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UNDERSTANDING THE INTERACTION OF COLLAGEN AND POLYPHENOLS:
MOLECULAR INSIGHTS ON VEGETABLE TANNING

Balaraman Madhan*, R.Ravikanth Reddy, B. V. N. Phani Kumar, Ganesh Shanmugam,

NMR Lab, Inorganic & Physical Chemistry Department, Organic & Bioorganic Chemistry Laboratory,
CHORD, CSIR-Central Leather Research Institute, Adyar, Chennai-600 020, India.
Academy of Scientific and Innovative Research (AcSIR), Anusandhan Bhavan, 2 Rafi Marg,
New Delhi 110 001, India.

Tanning is a process by which collagen matrix is stabilized to prevent putrefaction against heat,
enzymatic biodegradation, and thermo-mechanical stress. One of the tanning processes involves
with vegetable tannage, which consists of polyphenols. Hence the interaction of polyphenols with
collagen may provide valuable information to understand the tanning process involved leather
processing. Although several reports have been published on the interaction of collagen and
polyphenol interactions, the site-specific interaction of polyphenol with collagen is not completely
understood. One of the possible reason could be the lack appreciate technique which explores the
site-specific interactions of polyphenols. Although NMR is a powerful technique to extract atomic
level interaction between protein-polyphenol interactions, it is not an appropriate tool to investigate
collagen-polyphenol interaction due to high molecular weight of collagen which precludes the use of
NMR. However, in this study we have investigated the site-specific interaction of polyphenols such
as Gallic acid, Catechin, Epigallocatechin gallate and Tannic acid with model collagen peptide (MCP),
which has a molecular weight range of 10 kD, using spectroscopic techniques mainly 2D HSQC. MCP
mimics the triple helical nature of native collagen. The presentation will cover preferential binding
sites/groups in MCP for polyphenols.

Keywords: Collagen, polyphenols, NMR spin relaxation, STD and Circular Dichroism.

INTRODUCTION

Though tanning, particularly vegetable tanning dating back to the history of mankind, a precise
molecular insight on the same is still eluding. Understanding the molecular events implicated in the
tanning of collagen has been a great interest for leather chemists. Thestructural basis of collagen, the
leather making protein has been well investigated and understood. Out of XXIX types of collagen
identified till date, Type | is the most abundant protein of the extracellular matrices including skin.
Collagen comprises of three left-handed a-chains and are known to build up together a right-
handed triple helix, which is stabilized through inter-chain hydrogen bonds. Ramachandran and
Chandrasekaran suggested that collagen molecules are further stabilized by water-mediated
hydrogen bond. Earlier work has also traced the mechanism of stabilization of collagen brought
about by hydroxyproline through water-mediated hydrogen bonding. The hydrogen bonding
interactions proposed by the Madras Group are well exhibited in the structure that directly linked by



hydrogen bonds to the carbonyl oxygen atoms of Gly and the hydroxyl oxygen atoms of Hyp, as
reported in the previous structures like (Gly-Pro-Hyp).

The effects of a wide variety of tanning agents on the measurable properties of collagen through a
common (even semi-empirical) correlation. An attempt has been made in our group to relate
shrinkage temperature changes with long-range order and stability gained by collagen against
enzyme promoted hydrolysis with the inhibitory potentials of chromium and polyphenolic species on
collagenase. The role of structure and dynamics of water around the protein sites in tanning has
been believed to be important; Nuclear magnetic resonance (NMR) spectroscopic parameters most
useful in the study of water are the relaxation times. Water molecules exchange rapidly between a
free state, similar to that of neat lattice water and a bound state affected by the presence of
proteins and macromolecules.

MATERIALS AND METHODS

Gallic acid, Pyrogallol, (+)-Catechin, (-)-Epigallocatechin gallate, Quercetin, Tannic acid, Deuterium
oxide (D,0) and 4, 4-Dimethyl-4-silapentane-1-sulfonic acid (DSS) were purchased from sigma
Aldrich (Bangalore, India), Rat tail tendon collagen (type-1). Model Collagen Peptide mimicking the
collagen triple helical structure and functional behavior was custom made from Tufts University.

Sample Preparation
The NMR samples were prepared in 90 % H,0 and 10 % D,0 in 50 mM CDsCOOD and the pH of the
solution is 3.5-3.6.

NMR Spectroscopy

NMR experiments were performed on a Bruker Avance Il HD Nano Bay 400 MHz for the
characterisation of model collagen peptide (MCP), homonuclear experiments Such as Total
correlation Spectroscopy (TOCSY), nuclear overhauser enhancement spectroscopy (NOESY)
experiments are performed. NOESY spectra for MCP were obtained at mixing times of 350 ms with
64 scans. The 2D spectra were collected with 512 t1 increments and 1k data points in the t2
dimension. The spectral width is 10 ppm on both dimensions and 1 Hz line broadening was applied.
Total correlation Spectroscopy (TOCSY) spectra for MCP were obtained at mixing times of 80 ms with
64 scans. The 2D spectra were collected with 512 t1 increments and 512 data points in the t2
dimension. The spectral width is 10 ppm on both dimensions and 1 Hz line broadening was applied.
The 'H detected heteronuclear multiple quantum coherence spectroscopy (HMQC), HMQC TOCSY.
HMQC NOESY, HSQC TOCSY, HSQC and HSQC NOESY were collected with 128 t1 increments and 2k
data points in the t2 dimension using the echo-Anti echo method. The 27-mer (GXY) ; forms a trimer
with a triple-helical conformation in aqueous solution and undergoes a thermal transition to a
monomer at 60°C.

Assignments of MCP

The N heteronuclear Single quantum coherence spectroscopy (HSQC) shows signals for the four
labeled residues in the spectra. The HSQC spectrum of the MCP in 90% H,0 10% D,0 at 25°C where
the peptide is shows mixture of monomer and trimer peaks. The (GXY) s sequence contains 6 proline,
6 Hydroxyproline, and 9 glycines are present in each chain. Due to the extensive overlapping of the
resonance, we are not able to see all residues in each chain. Even though we identified using TOCSY,
NOESY, HSQC, HSQC TOCSY and HSQC NOESY. To observe trimer formation and the overlapped



signals we performed the experiments at different temperature at 52 C 252C and 552C. Each glycine
has additional peaks indicates signals from both monomer and trimers.through TOCSY, we identified
the amino acids and adjacent 15N labeled Glycines.

Adjacent amino acids sequence connectivity obtained from the NOESY spectrum. Sequential
connectivity was observed between Proline, Hydroxyproline, and Glycinel through NOESY spectrum
Sequential connectivity is observed between leucine and Glycine 3 which is further confirmed by
connectivity are observed between Alanine and glycine 3 through NOESY spectrum.
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Figure 1 Plant polyphenols used for understanding collagen-polyphenol interactions A) Pyrogallol
(PG) B) Gallic acid (GA); C) Quercetin (Quer); D) Catechin (CA), E) Epigallocatechin gallate (EGCG)
and F) Tannic acid (TA).

RESULTS AND DISCUSSION

The dynamics of water can be related to structural alterations in collagen and with the presence of
polyphenols had been studied. 1H longitudinal relaxation time (T,) and transverse relaxation time
(T,) decay profiles of native and polyphenol viz., GA, Quer, and CA were studied earlier’. We found
all the three polyphenolic molecules to affect the water structure around collagen, and Catechin
affected the water structure the most out of the three polyphenols studied, and the effect was
correlated with the shrinkage temperature rise, where it was seen that Catechin exhibits higher
shrinkage temperature than the other two polyphenols studied.



Recently, we have used saturation transfer difference (STD) NMR for probing collagen-polyphenols
interactions. STD exploits the protein magnetization as a reservoir and upon saturation, the protein
magnetization suffers from spin-diffusion / cross relaxation / magnetization exchange leading to
effective saturation of protein. Hence, the ligands which are in the close proximity of protein
binding will encounter major intensity enhancements due to the saturation transfer from protein to
ligand and subsequently provides fruitful information on ligand epitope-mapping. The molecular
level interaction between collagen and various small molecules such as a Gallic acid (GA), Pyrogallol
(PG), Catechin (CA) and Epigallocatechin gallate (EGCG) were studied with the aid of NMR
measurements like 'H spin-relaxation times (T; and T,) and saturation transfer difference (STD)
NMR. The 'H spin-relaxation and *C chemical shift data analysis reveal that -COOH group of GA
preferentially binds to collagen while PG does not show any significant binding affinity to collagen.
STD NMR data indicates that the resonances of H-6, H-8, H-2’, H-5" and H-6" protons of CA and H-6,
H-8, H-2', H-6', H-2"” and H6" protons of EGCG persist in the spectra, demonstrating that these
protons are in spatial proximity to collagen which is well corroborated with 1H spin-relaxation
analysis. The current NMR results thus provide an evidence for the binding of GA, CA, and EGCG to
collagen at a molecular level.
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Figure 2 (A) T, and T, relaxation times of the protons in GA (6 mM) and PG (6 mM) in the presence
of different concentrations of collagen. (B) 'H NMR spectrum of GA (6 mM) in the presence of
collagen (6 uM) and the corresponding STD NMR spectrum are shown in (l) and (lI), respectively.
Similarly, spectra for PG (6 mM) at the same collagen concentration are displayed in (lll) and (IV),
respectively.
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Figure 3 (A) 'H T, and T, relaxation times of CA in the presence of different concentrations of
collagen relative to CA (6 mM) alone. (B) 1D proton NMR of CA (6 mM) in the presence of collagen (6
MM) is shown in (1), while corresponding STD spectrum is displayed in (Il).
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Figure 4 (A) 'H T, and T, relaxation times of EGCG in the presence of different concentrations of
collagen relative to EGCG (6 mM) alone. (B) 1D proton NMR of EGCG (6 mM) in the presence of
collagen (0.6 uM) is shown in (1), while corresponding STD spectrum is displayed in (ll).

To further probe the site-specific interaction of collagen with polyphenols, Model Collagen peptides
(MCP) in its triple helical form has a molecular weight of 10 KD was used for studying its interaction
with the polyphenols viz., GA, CA, EGCG, and TA. MCP chosen for the study mimics the structure and
functionality of collagen. Earlier MCPs have been effectively used to understand the structure of



collagen triple helix using biophysical techniques. The challenges in crystallizing and performing
multidimensional NMR on collagen have been offset in part by the success of X-ray crystallography
and NMR studies on peptides. Our NMR spectroscopic studies reveals that polyphenols interact with
strongly with ionic amino acids flanked by proline or hydroxyproline amino acids. Further, we
observe that polyphenols interact with the triple helical structure of MCP but not with its
monomeric conformation. The detailed evidence on the site-specific interaction of polyphenol with
triple helical structure will be made in the oral presentation.
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MEASURING THE HERITABILITY OF LEATHER TRAITS IN SHEEP AND DEERSKIN

Geoffrey Holmes*, Sue Cooper, John McEwan, Kathryn M. McRae, Rayna Anderson, Jamie
Ward

New Zealand Leather and Shoe Research Association (Inc.), PO Box 8094, Hokowhitu, Palmerston North, 4446,
New Zealande-mail: info@lasra.co.nz

AgResearch Ltd, Invermay Agricultural Centre, Puddle Alley, Private Bag 50034, Mosgiel, 9053, New Zealand,
e-mail: john.mcewan@agresearch.co.nz

This study explored the genetic variability in the New Zealand sheep and deer populations for a
number of important skin traits.

Three hundred and five slaughtered progeny of Focus Genetics sheep-meat sires were evaluated for
a number of pelt traits. DNA profiles were used to identify the skins collected post slaughter, the
animals having previously been genotyped with lllumina 600K HD SNP chips as part of separate
FarmlQ meat quality project. Considerable phenotypic variation for pelt traits was observed with
around 30% of pelts identified as suitable for high value shoe leather production. Several key pelt
traits associated with high value leather production were found to be moderately to highly heritable.
This preliminary data will contribute to a larger study investigating if suitable lamb pelts can be bred
or identified for use as high value shoe leather.

A more traditional approach was applied to deerskins. Slaughtered eleven-month-old progeny
(n=310) from terminal (wapiti crossbred) and maternal (red) sire types were evaluated for 18
different quantitative and qualitative traits throughout processing to pearl-crust leather. For all traits
except evenness grade of the pearl-crust leather, the relationship with pre-slaughter live weight
covariate was significant (p<0.05) and positive. Sire had a significant effect (p<0.01) on eight traits
including critical strength and finished-leather attributes (p<0.01) indicating genetic variability in
these traits although larger numbers would be required for accurate heritability estimates.

This study provides a first insight into genetic variability in the properties of sheep and deerskins,
and has wide-ranging benefits for other animal types; including cattle, where SNP chip technology is
in an advanced stage of development.

Keywords: Heritability, leather, traits, phenotype

1. INTRODUCTION

The physical properties of lambskins have been measured in a number of studies (Milnes et al.,
1977, Haines, 1981, Ward et al., 1965), as they are very important in determining the uses to which
lambskin leather can be put. Traditionally, they have been used for clothing, a relatively low-value
use, but if strength was improved they could be moved into the more lucrative and dependable



footwear market. In previous studies of large flocks of sheep (unpublished work) LASRA has
identified significant variations between milk lambs (less than 3 months old) and more mature lambs
(6-9 months), and between black-face and white-face sheep of the same age. This suggests there
may be both genetic and age-related factors at play.

Estimates of the genetic parameters for skin and leather traits in mammals are extremely rare in the
literature. In sheep Scobie et al (2006) investigated the relationship between skin wrinkles and
leather quality finding that selecting animals without wrinkles improved pelt quality. Icelandic lambs
were found to be particularly suitability for use in reverse fur clothing due to their relatively light
weight and lower frequency of environmental faults such as insect bites (Hjartarson, 2000).
Woolskin traits in Icelandic sheep were reviewed by Adalsteinsson (1983), and wool quality scored in
a similar way to Gotland sheep, with the curl, lustre and wool density found to have low to moderate
heritability across three studies (Adalsteinsson, 1983). Eythorsdottir (1999) investigated a number of
pelt traits in an Icelandic sheep breed, including thickness and double hiding in salted and tanned
skins, with good correlation between traits measured on salted and tanned skins. Eythorsdottir
estimated heritability scores for wool density (0.31) and lustre (0.28) on autumn lamb pelts. Age was
found to have a negative impact on wool quality traits in all studies.

In subsequent work Nasholm and Eythorsdottir (2011) reviewed the characteristics and utilisation of
special pelt products from Icelandic, Swedish (Gotland) and Karakul breeds of sheep, focusing on
specific pelt traits associated with these breed, as well as Australian and New Zealand pelts, which
are characterised by large quantities of Merino and Merino-derived breeds in Australia and a variety
of different sheep breeds for woolskins and leather (Passman and Sumner (1987)) in New Zealand,
and found that pelts with high loose wool bulk were best suited for double face production but not
as well suited to leather tanning.

Similarly in cattle an autosomal recessive trait called vertical fibre hide defect (VFHD), which is a
structural fault in collagen fibre orientation which leads to poor interweaving and weakness has
been studied in Hereford cattle. VFHD phenotypes were diagnosed in pairs of offspring and dams by
Cundiff et al (1987) and are broadly reflective of numerous analogous skin conditions in humans.

Perhaps the major difference in sheep is that hair sheep normally have better quality pelts than wool
sheep (Oliveira et al., 2007, Cloete et al., 2000, Carneiro et al., 2010, Jacinto et al., 2004) although
results can be variable. Jacinto et al., (2004), found significant improvements in the tensile strength
and load of the skins of non-wool Morada Nova sheep compared with those from the Ideal wool-on
breed, the differences being partially explained by the relatively thicker grain layer on the wool-on
sheep and increased follicular and glandular density. In a study by Teklebrhan et al, (2012) physico-
mechanical strength properties were measured on both indigenous Ethiopian and cross-bred sheep,
which had their diet closely monitored. The cross-bred sheep were Ethiopian sheep, sired by Dorper
sheep imported from South Africa. Dorper sheep skins are highly regarded for their properties for
clothing and gloving production (Terblanche, 1979). In this case, the cross-bred skins were found to
have similar chemical characteristics and be of similar strength to those of the indigenous sheep,
although native breeds tended to produce slightly higher quality leather.

The purpose of the two studies reported here was to investigate whether different physical skin
properties, identified in the part-processed and resultant leathers were related to the genetic make-
up of sheep and deer, two economically important species for New Zealand. If genetic variability



exists, this can be exploited to improve the quality of deer and lamb pelts; and thereby increase their
value to farmers and skin processors.

2. MATERIAL AND METHODS
Collection and processing of deerskins

The first of the two trials was the more traditional evaluation of traits in red deer skins (Cervus
elaphus spp.) as part of the Deer Progeny Test (DPT), relying on progeny DNA pedigree information
extracted from the DEERSelect database for analysis (Ward et al., 2014). It was conducted across
three commercial deer farms in New Zealand between 2011-2013 years with the primary aim of
genetic improvement, while reducing variation in important traits related to meat and skin quality.
The skin traits reported here were measured on the 2011 birth cohort on hinds (N = 285) of the red
deer subspecies from two different age classes; rising-three-year-old (R3) and mixed age (MA) (rising-
four-year-old and above) on Invermay farm (Otago) and Whiterock Station (Canterbury) (Ward et al.,
2015).

All progeny from each farm were transported and slaughtered on a single occasion during October
2012, Animals were kept in lairage overnight with access to water and separated by mob/sex, then
slaughtered the following day (Ward et al., 2015). Following removal of the skin post-slaughter at
Alliance Group Makarewa, they were screen-washed with cold water to cool for two minutes. They
were drained, salted using a standard commercial recipe, stacked on wooden pallets and stored
covered with plastic for approximately 12 months. Subsequently, the salted skins were wet back and
processed through the commercial processing plant at New Zealand Light Leathers Ltd. (Washdyke,
New Zealand), following a conventional deer process, used for bulk production, with the only major
difference being that the skins were undyed and left unshaved in the crust state prior to dry
drumming.

Collection and processing of lambskins

The second trial was conducted on sheep progeny born in 2014 as part of the FarmlQ Awapai
Progeny Test from terminal sire composites (Primera), mated to a variety of maternal breeds but
predominantly Highlander ewes (Brito et al., 2015). The ewes were mob mated in large groups, with
sires assigned to progeny through DNA pedigree. There were 75 sires represented in the data, with
an average of 5 progeny per sire. All progeny were genotyped using the Ovine Infinium® HD SNP
BeadChip (Anderson et al., 2014). Both male and female progeny were slaughtered in February 2015.
Following removal of the skin post-slaughter, lamb skins were collected, and sent to Tomoana Pelt
Processors (TPP), Whakatu, for processing. At TPP the green skins were fleshed, individually labelled,
and a tissue sample collected for DNA identity matching. The skins were processed through to the
pickle stage at the fellmongery using a standard commercial process and set aside at pickle grading
for return to LASRA where they were converted to crust leather using a standard process known to
provide good strength properties.

Grain strain was measured on the depickled pelts after treating with Sortassist®, Stahl Holdings BV, a
pH-dependent blue pigment that highlights grain defects. They were then photographed and scored
for the extent and severity of grain strain on the flanks on a scale of 0 (none) to 4 (the most
severe/extensive seen). The two flanks of each pelt were assessed separately and the scores added



to give a minimum pelt score of 0 and a maximum pelt score of 8. Further testing was conducted on
the crusted skins after they were staked and toggled. Samples for physical testing were cut out using
press knives on a hydraulic press and conditioned at 20°C and 65% relative humidity (RH) for at least
24 hours before testing. Thickness of leather was measured in the neck, backline, midside area and
belly. Leather thickness was measured using a Specht leather thickness gauge. Tensile strength and
percentage extension of the leather was measured according to International Standard ISO
3376:2002 using an Instron® Model 4467 Universal Testing System. Testing was performed in
parallel and perpendicular in relation to the backline in quadruplicate on each skin, the results being
averaged. Tear strength of the leather was measured according to International Standard ISO 3377-
2:2002. Tests were performed in parallel and perpendicular in relation to the backline in
quadruplicate for each skin using the same Instron tensile testing machine as above. The results
were expressed both as the absolute force required to tear the leather (N) and as the force per unit
thickness of the sample (N/mm), and the values for each skin averaged to give a skin value. Grain
strength and extensibility was measured in triplicate for each skin using the ball burst test,
International Standard I1SO 3379:1976. The results for each skin were averaged to give a skin value.
Results were expressed as Newtons (N) of force and mm of extension. Finally, evaluation of flatness
was carried out by an experienced assessor, on a scale of 0 (completely flat) to 4 (extreme
bumpiness of the surface) on the crusted material. Because values vary widely over the skin, with
the neck region usually being significantly less flat than the rest of the skin, the neck area, the butt
and the rest of the skin were assessed separately. The three figures were then added to give a whole
skin grading between 0 and 12.

To match the skin number to individual animal ID, DNA was extracted from the tissue samples
obtained from the lambskins. A Sequenom parentage panel was run on each sample (Clarke et al.
2014), and these results were used to match to animal ID using stored HD genotypes from the same
animals.

3. RESULTS AND DISCUSSION
Deerskin data

Data were analysed using least squares means (LSM) analysis to test significance of the skin traits
and responses of the various factors (i.e., farm, year, mob, sex and sire type) and predict overall
responses of these factors including sire. Pre-slaughter live weight was independently fitted as a
covariate. Sire had a significant effect (p<0.01) on eight traits; all six crust-leather-tearing traits,
pearl-crust leather evenness grade and wet-blue thickness, measured mid-back. Range summaries of
these traits with significant sire-effects are presented in Table 1. Farm had a significant effect
(p<0.01) on eight traits ranging from wet-blue size and thickness, to crust leather strength. Wet-blue
area, width behind fore legs, thickness mid-neck and mid-side were all significantly positive (p<0.01)
for the Invermay Farm. Crust leather strength; parallel, perpendicular and mean were all highly
significantly (p<0.001) positive for the Whiterock Station progeny. Crust leather tear strength
perpendicular to the spine and wet-blue thickness mid-side were the only traits on which mob had a
significant effect (p<0.05). The responses for these two traits were negative for progeny of R3 hinds.
There was no significant effect of sex (p<0.05) on any of the traits measured. The discrete trait data
(i.e. rank and grade) presented quite skewed distributions in some cases. Wet-blue quality was the
most skewed with 204 skins in the top grade, 73 in the middle and only eight in the bottom grade.
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Table 1 Deer-skin traits of the 2011 deer progeny test birth cohort predicted by least squares means
analysis where sire (n=14) was a significant effect in the model.
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Wet-blue skin 270 | 1.95 1.95 2.07 1.84 | 0.07 | 3.6 0.23 <0.01 <0.0001 | 0.01 | 0.5
thickness at
middle of back
(mm)

Crust-leather tear- | 282 | 213 215 235 197 11 5.1 37.8 <0.0001 | <0.0001 1.84 | 0.9
force parallel to
spine (N)

Crust-leather tear 282 | 160 161 178 146 8.9 5.5 32.5 <0.0001 | <0.0001 14 0.9
force

perpendicular to
spine (N)

Crust-leather 282 | 186.1 | 188.3 | 206.5 | 171 9.96 | 5.3 35.5 <0.0001 | <0.0001 1.62 | 0.9
mean tear force of
both axis (N)

Crust-leather tear 282 | 108.4 | 110 113.7 | 104 | 2.6 24 9.6 <0.01 <0.0001 | 0.26 | 0.2
strength parallel to

spine (N/mm)
Crust-leather tear 282 | 87.2 88.2 93.9 81 3.37 | 3.8 12.77 | <0.0001 | <0.01 0.18 | 0.2
strength

perpendicular to
spine (N/mm)
Crust-leather 282 | 97.8 98.86 | 104 92.3 | 3.03 | 31 11.7 <0.0001 | <0.0001 | 0.22 | 0.2
mean tear force of
both axis (N/mm)
Pearl crust 282 | 1.76 1.78 2.14 1.47 | 0.2 11.2 | 0.67 <0.01 <0.05 0.01 | 0.5
evenness grade
(Rank 1-3)

Lamb pelt data

Data cleaning consisted of removal of records with duplicate animal IDs. For traits where multiple
values were recorded, trait average was used. Considerable phenotypic variation for pelt traits was
observed with around 30% suitable for high value shoe leather production.

Parsimonious models for fixed effects and covariates were identified for each trait separately via
backwards elimination using the GLM procedure (SAS Inst. Inc., Cary, NC). Fixed effects tested were
sex, weaning mob (WWTm), pre-slaughter weight (PRESLTWT), carcass weight (CWT), and depth of
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tissue 110 mm off the mid line in the region of the 12th rib (CGRM). Sex and carcass weight were
significant fixed effects for multiple traits (Table 2). The final dataset used in the analysis contained
records for 287 (138 male and 149 female) lambs (Table 2). Variance components were then
estimated using restricted maximum likelihood (REML) procedures fitting an animal model in
ASReml (Gilmour et al., 2015), for fixed effect models previously defined along with the genomic
relationship matrix (GRM) estimated in GenABEL (Aulchenko et al., 2007) using HD genotypes.
Heritabilities were estimated via univariate analyses on the respective traits.

Table 2 Descriptive statistics, repeatability and heritability for individual trait analyses in sheep.
Significant values are shown in bold. All mixed models included animal as a random effect.

Trait N Mean + SD Range Heritability Fixed effects
Neck 287 2.8+0.8 05-4 0.13+0.16 sex

Butt 287 22+1 0-4 0.21+0.17 sex
Belly 287 1.8+0.9 0-4 0.23+0.18 -
Overall 287 6.8+2.4 1-12 0.15+0.17 sex CGRM
Tear parallel (N/mm) 283 47.7+6.6 33.8-78.3 0.26+0.18 sex CWT
Tear perpendicular (N/mmz) 283 47.3 +58.7 28.1-1026.5 0.02 £0.12 -
Tensile parallel ext (mm) 286 35.616.1 23.4-92.3 NE -
Tensile parallel (N/mm?) 286 | 161.4:t24.2 | 105-245.7 0.85 +0.20 sex
Tensile perpendicular ext (mm) 286 57.6+11 32.4-90.4 NE PRESLTWT
Tensile perpendicular (N/mm?) 286 1104 +17.4 62.3-196.4 0.35+0.20 sex
Lastometer load (N) 285 26.56 12-44 0.54 £ 0.20 CWT
Lastometer ext (mm) 285 8.9+0.6 6.2-10.8 0.12+0.15 CWT
Strain 287 34+1.8 0-8 0.86 +0.21 PRESLTWT CWT

Note: NE = Not estimable

In general females and lighter lambs had pelts with lower strength characteristics. Several key pelt
traits associated with high value leather production were moderately to highly heritable; three of
the traits examined, tensile parallel, lastometer load, and strain, appear to have a significant genetic
component. It must be noted that the lambskin results use only 287 animals (whose skins could be
uniquely attributed to the individual), and therefore must be interpreted with caution. Further work
is justified to more precisely estimate the genetic parameters, investigate year to year variability,
examine a wider range of sire breed and define the genetic relationships between pelt traits and
production traits in sheep with greater precision. This will allow a formal evaluation of the potential
for in-plant and genetic selection to produce lines of pelts suitable for shoe leather production.
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4. CONCLUSION

The results from both of these studies indicate that there is genetic variability in the New Zealand
sheep and deer populations for a number of important skin traits, which provides useful knowledge
for predicting the properties of skins from animals of known genetic profile.

It is highly unlikely that farmers will breed either sheep or deer for their skin properties. Dual-
purpose sheep breeds in New Zealand derive most of their value from the wool and meat they
produce, with the skin being a by-product. Future work to identify traits of benefit to the farmer
(such as weaning or carcass weight) that have a positive correlation with traits of strength in the
animal’s skin, would mean that there was an additional purpose and reason to actively improve these
properties in the animal’s genetic profile.

In lamb skins, several key pelt traits associated with high value leather production were found to be
moderately to highly heritable, including grain and tensile strength. This preliminary data will
contribute to a larger study investigating if suitable lamb pelts can be bred or identified for use as
high value shoe leather. This study is an important milestone, as to our knowledge it is the first in
which SNP-chip technology has been used to investigate skin and leather traits

Much the same principles apply to deerskins. While the hair of deer has no value, they are purposely
bred for meat with by-products such as the pelt providing additional value. There was a significant
sire effect, indicating a genetic component, for a number of important deerskin quality traits
including tear strength, pearl-crust-evenness grade and mid-back thickness. These traits could be
genetically selected for if a suitable cost-effective way of tracing finished skins to individual animals
could be established. Environmental factors of farm and mob (effectively age-of dam) are also
important factors in the quality of deerskins. These factors could offer the opportunity to select
higher quality batches of skins based on farm information rather than fully tracing skins through the
slaughter and tanning process.
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CHROME-TANNED LEATHER SHRINKAGE PROBED WITH MODULATED
TEMPERATURE DIFFERENTIAL SCANNING CALORIMETRY

Richard L. Edmonds

Leather and Shoe Research Association, Palmerston North, 4412, New Zealand
Email:richard.edmonds@Ilasra.co.nz

In this work, the relatively new technique of modulated temperature differential scanning
calorimetry (MTDSC) was used to investigate the shrinkage reaction of chrome-tanned leather.
Differential scanning calorimetry (DSC) is in common use for the investigation of the leather
shrinkage reaction. However, by modulating the temperature treatment of the sample rather than
treating it to the flat temperature ramp normally applied in DSC, the transitions that occur can be
separated into reversing and non-reversing transitions. In this work, the chrome shrinkage reaction
is probed using MTDSC and the shrinkage reaction characterised as wholly non-reversing. This
contrasts with glass transitions and melting transitions, which are characterised as reversing.
Keywords: DSC, MDSC, shrinkage, collagen denaturation reaction

INTRODUCTION

For a long time differential scanning calorimetry (DSC) has been an important tool for measuring the
shrinkage reaction of skin and leather (Bao et al. 2007; Chen and Shan 2008; Chen and Shan 2009;
Ding et al. 2008; Heath et al. 2005; Kronick and Buechler 1986; Luo et al. 2011; Madhan et al. 2003;
Tang et al. 2003).

DSC measures the difference in energy input between the sample and a blank reference as the
sample reference pair are treated to a temperature profile (typically a simple ramp). The energy of
transitions are measured and can be illustrated as a thermogram.

By adding a modulated temperature profile to the ramp additional information can be gained from
the resulting experiments (Reading and Hourston 2006). The addition of a changing rate of
temperature allows for separation of thermal transitions which depend of absolute temperature
(kinetic transitions, such as irreversible chemical reactions) from those which also depend on the
rate of temperature change (dynamic transitions, such as reversible melting).

Earlier work of leather has indicated that at low scan rates of 0.5°C/min the reaction has a
reasonable fit to first order decay(Liu and Li 2010; Liu and Li 2015). This would imply that for these
low scan rate experiments no reversing signal would be expected. Recent application of MDSC to a
selection of tanned and untanned skin samples found that this was the case (Edmonds 2016).

In this work the methodology for application of MDSC to leather samples is briefly discussed and
then applied at a selection of scan rates in order to directly measure the reversing/non-reversing
nature of the chrome tanned collagen shrinkage reaction.
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MATERIAL AND METHODS

The methodology of the application of MDSC to leather samples has been recently described.
(Edmonds 2016). The method is briefly described here;

Samples of wet blue hide obtained from a cooperating hide tannery were initially prepared as per
conventional DSC with thin (50um) sections of hydrated wet blue cut from a block and loaded into
an aluminium DSC pan to produce a sample weight of approximately 10mg. Samples were then
hermetically sealed to await testing in the MDSC. Whereas DSC has one parameter of operation (the
scan rate), MDSC has three parameters of operation: The overall scan rate, the modulation
amplitude, and the modulation period. The process for determining those parameters has been
previously described for the purpose of the application of this technique to leather samples in
(Edmonds 2016). It was suggested that a scan rate of 0.5°C/min, and amplitude of 0.12°C and a
period of 2 minutes be applied. In this work, the amplitude and period are kept constant and the
overall scan rate adjusted in order to attempt to detect any potential reversing transition that might

be expected at higher scan rates.

Results and discussion
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Figure 1: MDSC thermogram of chrome tanned wetblue scanned at 0.25°C/min. Note no peak in
the reversing signal at this scan rate.
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Figure 2: MDSC thermogram of chrome tanned wetblue scanned at 0.50°C/min. Note no peak in

the reversing signal at this scan rate.
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Figure 3: MDSC thermogram of chrome tanned wetblue scanned at 1.00°C/min. Note no peak in

the reversing signal at this scan rate.
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Figure 4: MDSC thermogram of chrome tanned wetblue scanned at 1.50°C/min. Note the small
peak in the reversing signal at this scan rate.
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Figure 5: MDSC thermogram of chrome tanned wetblue scanned at 2.00°C/min. Note the peak in
the reversing signal at this scan rate.

As found previously, the reversing peak for the sample scanned at lower scanning rates (<=0°C/min)
is negligible, whereas a significant reversing peak was observed at higher scan rates (>1°C/min).
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However, the maximum scan rate is limited by the ability of the analysis system to resolve the
reversing and non-reversing signals from the modulated result data. In order to resolve the
transition there needs to be at least 4 periods of modulation within the transition of interest. In the
case of the higher scan rates investigated here there are only barely enough modulations within the
transition and it may be possible that the peaks observed here in the reversing signal are an artefact
of the analysis technique. Further work will need to be carried out to confirm the nature of the
reversing peak at higher scan rates.

It should also be noted that a possible reversing transition does not necessarily directly link to a
reversible reaction step. The influence of reaction mechanism steps on the reversing signal is
complex. The relationship between reversible reaction steps and the reversing signal will therefore
require more analysis in order to reconcile the observed results.

CONCLUSION

In this work, the influence of scan rate on the reversing component of leather shrinkage has been
investigated. At a scan rate of 1°C/min and below leather shrinkage has a negligible reversing
component, whereas at higher scan rates a significant reversing component was observed. Further
analysis will be required to link the mechanism of leather shrinkage to the results observed in this
work.
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The first part of this paper studied the influence of the composition of different types of
naphthalenesulfonic acid derivatives, used in the neutralization phase, on certain characteristics of
the leather when two dyes (Acid Black 210 and Acid Brown 83) were used separately.

This second part assessed the influence of these products on the same leather characteristics when
equal parts of the same dyes were used together and an amphoteric dyeing auxiliary was added.

The results confirm that the greater the molecular weight of the naphthalenesulfonic derivative, the
better the penetration of the dye mixture, and that this mixture behaves uniformly in terms of
penetration and levelness. The addition of an amphoteric dyeing auxiliary led to outcome
maximization.

Key words: auxiliary, amphoteric, naphthalenesulfonic, neutralization, dyeing

1. INTRODUCTION

After tanning the hide has an (approximately 4) acid pH and also a strong positive charge on account
of chromium complex cationicity (Morera 2003; Soler 2000). During the neutralization process and by
means of alkaline neutralizing agents, hide pH is increased to values close to 5-5.5. This operation,
however, is insufficient by itself to facilitate the penetration and distribution of retanning agents,
fatliquoring agents, and dyes (Heidemann 1993; Portabella 1962).

A change of charge in the hide, both on the surface and inside, is thus required through the addition
of anionic auxiliary products, such as naphthalenesulfonic acid salts, to allow good penetration and
distribution of further added products and consequently good physical and organoleptic properties
(Palop et al. 2008; Ballus et al. 2014).

Anionic auxiliaries are naphthalenesulfonic acid derivatives with a relatively small molecular weight.
On the one hand, they decrease the isoelectric point and thus facilitate the penetration of further
added products; on the other hand, they may act as dyeing auxiliaries. When applied as dyeing
auxiliaries they compete with the dye for fixation to the chrome tanned leather by decreasing
substrate-dye interaction, and provide better levelness and usually decreased dyeing intensity
(Covington 2009).

Non-ionic auxiliaries are also used to achieve good dyeing penetration. Because acid dyes are highly
reactive in chrome tanned leathers, their penetration and levelness can be improved by adding this
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type of auxiliaries. Non-ionic auxiliaries form complexes with the dye, block its reactive points and
decrease its reactivity. These compounds contain high quantities of oxygen atoms as well as a
nitrogen group that provides them with weak cationicity. Occasionally, they may also increase
dyeing intensity (Portabella 1962; Covington 2009).

The penetrating power of a dye depends on molecular weight, particle size, sulfonation, and
solubility. Given the wide range of currently available dyes, its choice in this study was mainly based
on its molecular weight. Two acid dyes with different molecular weights were selected. The dye with
a higher molecular weight is expected to penetrate less than the dye with a lower molecular weight.
This will allow assessing the influence provided by each auxiliary used.

In this study, the physical and chemical properties (molecular weight, number of sulfonic groups, and
chain length) of several naphthalenesulfonic acid salts were related to the properties they provide to
the leather, measured by anionicity penetration and dyeing properties (penetration, levelness and
intensity) when a mixture of two acid dyes was added. The influence of an amphoteric auxiliary on
dyeing properties was also assessed by measuring the above described parameters using a non-ionic
amine.

Therefore, characterizing naphthalenesulfonic acids is essential. Reversed-phase high-performance
liguid chromatography (RP-HPLC) allows to qualitatively determine the degree of condensation of
each product, and gel permeation chromatography (GPC) allows determining the relative molecular
weights of each product.

2. MATERIAL AND METHODS
Naphthalenesulfonics characterization

Six different products derived from naphthalenesulfonic acid were selected. RP-HPLC was first used
for qualitative determination. Jasco HPLC model PU-2089J equipment was used, with a 5um 25x0.46
Tracer Extrasil ODS2 column. A Jasco UV-2075 plus detector at a wavelength of 285nm was used.
Pressure and mobile phase flow were set at 110-130Mpa and 1ml/min, respectively. A mixture of
two solvents was used as the eluent solution: 0.01M of 99% TBAB in water and 1% in glacial acetic
acid as solvent A; and 0.01M TBAB in 99% acetonitrile as solvent B. These solvents were used in
different percentages in an elution program. At first 120 minutes a mixture of 80% of solvent A and
20% of solvent B were used, followed by 100% of solvent B during 40 minutes. Finally applied a
mixture of 80% of solvent A and 20% of solvent B for 10 minutes.

Quantitative determination was performed by GPC with the same equipment, with a Shodex KS 803
column and a Jasco UV-2075 plus detector at a wavelength of 227nm, flow rate 0.8 ml/min,
temperature 3092C, using a Jasco CO-2065 plus oven. The eluent solution was prepared with
acetonitrile and a Na,SO, 0,05M (80/20) solution. A polystyrene sulfonate standard was used for the
calibration curve.

Raw material

Wet blue Spanish cattle hide shaved at 2.2 mm was used for this study. The but was cut in pieces of
10 x 15 cm. Hides were treated in a 300 mm-diameter, 150-mm wide laboratory drum, model
Simplex-4 (Inoxvic), set at a rotation rate of 24 rpm. The test was performed in triplicate.
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pH control and anionization

Bromocresol green indicators and universal indicator were used to control leather pH, and a cationic
dye methylene blue solution was used to determine the degree of anionization. Bath pH was
determined with a GLP 21 pH meter.

Products used

Two variables were used in this test: variable 1 for tests performed without amphoteric auxiliary,
and variable 2 for tests performed with amphoteric auxiliary during the dyeing process. In variable 1,
naphthalenesulfonic-free tests were used as a reference. In variable 2, an amine ethoxylated at 35%
of active matter was used as amphoteric auxiliary (amine E), with amine-free tests used as a
reference.

Dyes

Dyes Acid Brown 83 and Acid Black 210 were selected (see characteristics in Table 1). The formula is
shown in Table Il (with % based on wet blue weight). Except for the dyes, the products were weighed
in a 0.01 g precision laboratory scale. The products used in this process were commercially available
products.

Evaluation of dyeing properties

In order to assess the dyeing properties of the different products used, dyeing intensity and
levelness were measured with a Color Data Spectraflash SF-30 colorimeter. The same colorimeter
was used to measure color levelness (AE* values: variation in total color) on ten points of the grain
surface versus a reference point located in the center of the sample.

In order to control bath exhaustion, filter paper strips were impregnated with the different residual
baths and allowed to dry. Colorimetric measurement of L* values was then performed.

L*=100 value indicates maximum luminosity, more white. L*=0 indicates minimum luminosity, more
dark or more fixed dyestuff.

Table |
Characteristics of the dyes and the amine used
Name Description Structure Mw
.Cu.,
o Re)
Acid -
Cu-metallized diazo acid "o Q N=N 557.5
Brown 83 ON N=N SOH
H,N

H

H,N N
Acid black NH, OH
Triazo acid O;N—Q—N:N: 1 1 :N=N_@_SOQNH0N=ND/ 861

210

HO,S S0;H
Table Il.
Procedure for the application of dyeing auxiliaries
PROCESS OPERATION OBSERVATIONS

Washing 200% Water at 352C, 0.2% Acetic acid, run 10 min.
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0.2% Non-ionic surfactant, run 10 min, pH =3.2.

Drain bath and wash 20 min.

150% Water at 352C, 2% formate, run 30 min

Neutralization 0.2% Sodium bicarbonate, run 60 min, pH=4.4 Control of pH and
Anionization ! ! degree of
5% Naphthalenesulfonic, run 120 min, pH=4.5-5.2. anionization in the
Drain bath and wash 10 min. leather.
100% Water at 452C

- 2% amine E, run 20 min
1.5% Acid Brown 83, 1.5% Acid Black 210, run 60 min.

5% Sulfated neatsfoot oil

Dyeing

Fatliquoring

5% Sulfochlorinated fatty oil, run 60 min

Control of
1% Formic acid, run 60 min, pH=3.8-4 penetration and bath
Drain and wash 10 min. exhaustion.

3. RESULTS AND DISCUSSION
Naphthalenesulfonic derivatives characterization

As previously mentioned, the purpose of this study was to assess the influence of each
naphthalenesulfonic on penetration, levelness and intensity at the end of the dyeing process. The
use of two chromatographic techniques allowed classifying naphthalenesulfonics according to their
chain length and relative molecular weight.

RP-HPLC allows determining the degree of condensation of the polymers and qualitatively relating
this degree to the chain length (n). This being a qualitative assessment, n values are mean and
approximate values, and naphthalenesulfonics are classified according to their chromatographic
profiles as long chain (n=12), medium chain (n=6) or short chain (n=2) products. Three
chromatographic profiles according to time (minutes) and degree of condensation of the polymer
are shown in Figure 1. Figures 1A and 1C correspond to the chromatographic profile obtained for the
longest chain (NS1) and the shortest chain (NS6) product, respectively. Figure 1B shows the
chromatogram of the medium chain products, that is, the remaining naphthalenesulfonics (NS2-
NS5). These chromatographic profiles are similar during the first 50 minutes, where the first peak is
obtained with the free monomer at a retention time of 20 minutes, followed by the dimer at 40
minutes, etc. These profiles start to differ as of 60 minutes, where the more condensed the polymer,
the longer the chain. This is how naphthalenesulfonics are first classified (see Table Il1).

GPC allows studying the molecular weights of the polymers and the distribution thereof.
Quantification is performed from calibration curves using polystyrene sulfonate as standard. Relative
molecular weights calculated from time-related polymer concentrations are shown in Table IIl. These
results are consistent with those obtained by RP-HPLC, where the longest chain product (NS1) has
the highest molecular weight, the shortest chain product (NS6) has the lowest molecular weight, and
the molecular weights of the remaining medium chain products lie between those two.
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Figure 1. Chromatograms of three naphthalenesulfonics obtained by RP-HPLC. Three degrees of
condensation: A long chain, B medium chain and C short chain.

Table lll.
Naphthalenesulfonics characterization by RP-HPLC and GPC
Relative
Product n molecular
weight (Da)

NS1 Long 3.000
NS2 Medium 1.200
NS3 Medium 1.400
NS4 Medium 1.200
NS5 Medium 1.300
NS6 Short 600

Assessment of dyeing properties

In order to assess the dyeing properties of the studied products, two control points were marked in
the process (Table Il). Hide pH and anionization were controlled at the end of the process (after
naphthalenesulfonic addition) and the values obtained were compared to the (naphthalenesulfonic-
free) standard process. At the end of the dyeing/fatliquoring process (after amine addition), color
intensity and degree of penetration of the dye mixture were assessed versus the amine-free
reference process.

a) pH and anionization control

At the first control, leather pH was checked with two indicators (bromocresol green and universal
indicator) and the degree of anionization and intensity was checked with methylene blue. Leather
pH control showed pH values of 4.5-5 with the products and somewhat higher values (5.5-6) with
the reference (see Figure 2(a)).
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b) Anionization

Penetration control with methylene blue is shown in Figure 2(b). Methylene blue allows observing
the degree of penetration of these products. This occurs thanks to the anionic element contained in
naphthalenesulfonic acids — the SO;™ reactive group —. This group reacts with the methylene blue
cationic dye to yield a deep blue color. As shown in Table IV, product NS1 has the highest
penetration (100%), followed by product NS3 (85%). The product-free reference has a null degree of
anionization (0%). Therefore, the higher the molecular weight, the better the penetration of the
product. Surface distribution on the grain side when using methylene blue is shown in Figure 2(c),
and color intensity (L*) is shown in Table IV. The lowest L* value is obtained with NS1 (23.5, highest
molecular weight) and the highest L* value (64.8) is obtained with the product-free reference. The
values obtained show that intensity and molecular weight are closely related, that is, the higher the
molecular weight, the higher the anionicity.
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Figure 2. Leather cross sections after naphthalenesulfonic application. (a) Leather pH control with
bromocresol green (left) and universal indicator (right). (b) Control of the degree of anionization of
the naphthalenesulfonic with methylene blue. (c) Surface distribution on the grain side with
methylene blue.

) Penetration and dyeing intensity control

The second control with the two studied variables was performed upon the completion of the
dyeing/fatliquoring process. This included penetration, intensity and levelness control without/with
amine E in the substrate, and bath exhaustion control.

Dye penetration without and with amine E after cutting the hide strip is shown in Figure 3(a). The
dye mixture shows color levelness in the penetration of both dyes (Acid Brown 83 and Acid Black
210).

The (higher relative molecular weight) NS1 product has the highest penetration in the two variables.
The (naphthalenesulfonic-free) reference has the lowest penetration. Dye penetration is notably —
and uniformly— increased by amine E. The comparison of product penetrations showed that the
lower the molecular weight, the higher the influence of amine E. Dye penetration was proportional
to anionicity penetration. Contrary to what was expected, the higher the molecular weight and the
size of the chain, the better the penetration, both of the anionic part of the naphthalenesulfonic and
of the dyes.
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The naphthalenesulphonic derivative reduces the cationicity of the leather surface, thus making the
product penetrate more easily. The higher the molecular weight, the higher amount of SO; groups
and cationicity of the leather is reduced to a greater extent. Figure 3(b) shows a schematic
representation of this explanation.

Table IV

Control of the penetration and surface distribution of naphthalenesulfonics, and of dye
penetration without / with amine E

Control after addin
.g Control after adding dyes
naphthalenesulfonics
Surface
Products . . . )
Degree of distribution Without With amine L.
L . . % Variation
anionization (%) | on grain side | amine E (%) E (%)
(L*)
NS1 100 235 100 100
NS2 70 314 75 80 6
NS3 85 27.0 84 92 10
NS4 60 32.8 75 89 18
NS5 60 37.3 78 90 15
NS6 50 37.4 65 88 35
Reference 0 64.8 45 55 22
Without amine E With amine E

_ )

=

=

FLESH

Figure 3. (a) Penetration control of dyes without amine E (left) and
with amine E (right). (b) Representation of the physical effect of naphthalenesulfonics on the hide
surface.

Color intensity (L*) on the grain surface is shown in Table V. The reference has the highest color
intensity (lowest L*), followed by NS6 (lowest molecular weight), in both variables. Dyeing intensity
is increased by adding amine E in the products with higher molecular weights (NS1, NS2, NS3).

d) Color levelness control

Color levelness values were obtained by measurements performed on ten points of each sample.
The higher the AE* values, the poorer the levelness. The values obtained for each product in the two
variables are shown in Table V. Color levelness gets poorer with decreasing molecular weights in the
variable without amine E. In this variable, AE* values show little variation between molecular
weights —from 3.000 (NS1) to 1.200 (NS2 and NS3) — with a sudden fall to molecular weight 600
(NS6) and much lower in the (product-free) reference. The addition of amine E improved the
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levelness values of all products (variation %), more significantly so with decreasing molecular
weights, and to a higher proportion as compared to the product-free variable (reference).

Table Vv
Color intensity and levelness values, with and without amine E
Color intensity Color levelness
Without With L. AE* AE* L.
Product ) ) Variation . . . Variation
amine E amine E (%) without with amine (%)
(L*) (L*) amine E E

NS1 31.3 26.4 15.6 3.8 3.6 5.2
NS2 311 29.4 5.4 4.2 3.8 9.5
NS3 30.8 26.2 14.9 4.3 3.7 139
NS4 30.3 30.6 -0.9 43 3.6 16.2
NS5 31.0 31.1 -0.3 4.4 3.6 18.2
NS6 27.9 27.4 1.7 7.0 4.0 42.8
Reference 21.3 21.7 -1.8 12.5 6.2 50.4

e) Bath exhaustion

Finally, the values obtained for dyeing exhaustion from baths are shown in Table VI. In the variable
without amine E maximum exhaustion was obtained with the reference (L*=84.2) and minimum
exhaustion was obtained with NS1 (maximum molecular weight). The rest of products showed
similar exhaustions, or exhaustions with minor variations. In the variable with amine E maximum
exhaustion was also obtained with the reference, and exhaustions unrelated to molecular weight
were obtained with the rest of products. The addition of amine E increased dye exhaustion in all
cases (by 15-17%). Exhaustion variation (influence of amine E) was maximum with NS1 (maximum
molecular weight) and minimum with the reference.

Table VI.
Bath exhaustion quantitative assessment
(L*) Exhaustion (L*) Exhaustion L.
Product . . . . Variation (%)

without amine E with amine E
NS1 44.3 58.6 30.9
NS2 57.1 67.6 18.3
NS3 50.2 58.0 16.7
NS4 53.6 60.7 13.2
NS5 49.8 58.7 17.8
NS6 52.4 64.9 23.8
Reference 84.2 85.0 1,0

4. Conclusion
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Six naphthalenesulfonic acid derivatives were characterized with two chromatographic techniques:
RP-HPLC and GPC. RP-HPLC allows qualitative determination of polymer chain length according to
their degree of condensation. For its part, GPC is highly suitable to ascertain the distribution of
polymer molecular weights. The application of these two techniques allowed determining the
structure of naphthalenesulfonics and thus relating their structure to the physical-chemical
properties observed in the application process.

In naphthalenesulfonic derivatives applied as neutralization auxiliaries, the higher the molecular
weight and the number of sulfonic products, the better their penetration and the penetration of the
dye mixture. While color levelness is increased with increasing molecular weights, bath exhaustion is
decreased with increasing molecular weights.

Non-ionic amine E is an excellent dyeing auxiliary that improves both the penetration and the
levelness of the dyes. Color intensity is notably improved in the products with higher molecular
weight. Finally, the addition of non-ionic amine improves exhaustion of all variables.
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Drying is one of the most important leather production processes which is necessary to obtain
usable leather form from skin and determines the basic structural, chemical and physical properties
of the leather. Using different drying methods in the footwear upper production affect the change in
surface area of the leathers as distinct from each other. Surface area gain has a great significance
since the footwear upper leathers are sold depend their size of the surface area. In this research, it is
determined that the surface area gain of the each footwear upper leathers which manufactured
using the wet-toggle and vacuum drying methods that are different drying processes, and the area
gain of the leathers are compared. As a result, it is observed that the significance changes occurred
on the surface area gain of the same origin upper leathers as using the different drying methods and
conditions. Especially, the wet-toggle for the drying of footwear upper leathers is a preferable drying
method because of the better surface area gain provided by the method.

Keywords: Shoe upper leather, wet-toggle drying, vacuum drying, area gain

1. INTRODUCTION

Different properties and fastness are expected from the finished leathers according to the utilization
areas of the products. The drying process has a big contribution, besides to the chemicals used for
the leather having these properties and fastness. The physical properties such as final structure,
softness and elasticity are basically formed as the result of the drying process.

In addition to desired physical properties, one of the most important factors is surface area gain for
the leather producer. Since the price of finished leathers is determined by the surface area size.
Leather production is a subject of commerce, so that gaining or retaining of the leather surface area
is had to handle as a very important concept. For this reason, most of the drying methods have
character increasing the surface area efficiency. Therefore, investigation of the effects of different
drying methods selected for leather drying and the variables of drying processes on leather surface
area efficiency is one of the very important research topics. Different drying methods are used for
drying of the upper leather like other leather types. Vacuum drying method is the most favourite
drying method for upper leather. In recent years, wet-toggle drying method have been widely used
since it provides features such as desired softness, handle and drum milling effect and provide a high
surface area gain for the leather.

The effects of hang drying, wet toggle drying and vacuum drying methods on surface area gain of
upper leathers were comparatively determined in this study.
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2. MATERIAL AND METHOD

2.1. Material
In this research, eighteen sides of wet-blue leathers for upper leather production originates from
Azerbaijani were used as material.

2.2. Method

Wet-blue side leathers were subjected to dyeing, retanning and fatliquoring processes with a recipe
suitable for standard upper leather treatment. Then, they were setting out after being horsed-up for
one night before drying.

2.2.1. Drying Process

After setting-out process, the eighteen side willows were divided into three groups for applying
different drying methods. Drying methods and conditions applied to the leathers are given below.

Hang drying: The drying hanger unit with the 600 meters total length and 2 m/min speed was used.
The temperature of closed drying cabin unit with 40 meters length where placed at the end of
hanger unit was adjusted at 70°C.

Wet-toggle drying: The temperature of the wet-toggle drying cabin used in the study was adjusted at
60°C and drying was applied for four hours.

Vacuum drying: The temperature of the vacuum drying unit used in the study was adjusted to 50°C,
and four different drying durations that are 50, 100, 200, 400 seconds were applied.

Drying process was completely terminated when the moisture level of the leathers reached 12 % for
all drying trials.

Dried side willows were subjected to staking, drum milling for three hours and staking processes,
respectively.

2.2.2. Area Measurement

The surface areas of wet-blue side leathers, side willows that were staked after the drying process
and drum milled after the staking process and staked after the drum milling process were measured
by using a surface measuring machine in order to determine the changes in the surface areas of side
willows by drying and mechanical processes after drying.

3. RESULTS AND DISCUSSION

The surface area of leathers is main topic for leather commerce. It is strongly influenced by drying,
stretching, storage conditions and any kind of heating in the dried state (Heidemann, 1993).
Generally, leather is sold based on surface area and maximizing of surface area yield is the aim of
leather commerce. This goal does not decrease quality of leathers (Manich et al., 2006).

31



The most common problem involved in the leather drying process is shrinkage. This problem is
mostly valid in leather tanned with metal ions, including chromium. Leather shrinks during drying
process like other hydrophilic materials. Surface area yield decreases by shrinkage. The shrinkage of
hydrophilic materials after removal of water is well-known behaviour. During water removal, voids
filled with water which is reduced by the influence of the internal pressure slowly tightening.
Therefore the material shrinks (Liu and Dimaio, 2000).

Although a little surface area could be gain by mechanical operations like sammying and setting out,
this case could be lost in the progressive stages. More persistent surface area gain is provided by
drying process which leather is stretched like toggled drying. Significantly surface area gain could be
obtained by biaxial stretching of leather (Leather International, 2006).

When drying is made without stretching, elastic strain would be loose. Surface area decreases
accordingly elasticity of leather significantly increase (Bienkiewicz, 1983).

Surface area measurement values are given in Table 1.

Table 1. Surface area measurement values of leathers (dm?).

Drying . Drum Drum Milling
n Wet-Blue |Staking " .
Methods Milling + Staking
Min. 68,00 68,00 68,00 68,00
Hang Drying |3 |[Max. |100,00 101,00 101,00 103,00
X+S.E. |86,00+9,45|87,00+9,85 |87,00+9,85 |88,00+10,41
Min. 74,00 89,00 85,00 86,00
Wet-Toggle
Drying 3 |Max. 98,00 122,00 120,00 121,00
X+£S.E. |83,3317,42|102,67+9,94 | 99,67+£10,49 | 101,00+10,41
Vacuum Min. 68,00 72,00 70,00 72,00
Drying 3 |Max. |[100,00 103,00 103,00 104,00
50°C50s X+S.E. |85,33+9,33|87,33+8,95 |86,00+9,54 |87,67+9,24
Vacuum Min. 81,00 82,00 81,00 83,00
Drying 3 |Max. [97,00 98,00 97,00 98,00
50°C100s X+S.E. [90,67+4,91|92,0045,03 |91,004+5,03 |92,67+4,84
Vacuum Min. 90,00 92,00 90,00 91,00
Drying 3 |Max. |102,00 108,00 106,00 107,00
50°C200s X+S.E. |97,33+3,71|100,67+4,67 | 99,00+4,73 |100,33+4,81
Vacuum Min. 75,00 79,00 78,00 79,00
Drying 3 |Max. ]90,00 92,00 91,00 92,00
50°C400s X+S.E. |83,6714,48|87,00£4,04 |85,67+3,93 |87,00+4,04

Surface area measurement values of leathers after staking process are higher than the surface area
measurement values of wet-blue leathers in all drying methods and conditions (Table 1). It can be
said that, the surface areas of the leathers dried by using different drying methods and conditions
were showed increase according to their surface area in wet-blue stage (Figure 1).
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Figure 1. Percentage increase according to surface area measurements of wet-blue.

Generally, the area retention of leather increases steadily with the increase of drying period.
Because, the longer drying period causes to remain less water in the leather and the lower residual
water content enables higher area retention. Decreasing the initial water content to a certain level,
this tendency steadily becomes reverse. With the increase of the drying period, this behaviour much
more revealed. Probably, the leather is too dry and loses the elongation ability during toggled drying
lead to lower area retention (Liu et al., 2002a).

After staking process, the leather usually goes to the drum milling process for increasing the softness
of the leather. Drum milling is a physical softening process in which leather is tumbled in a dry drum
fitted with wood dowels with atomized moisture injected into the tumbler. Desired softness can be
generally obtained by carefully control of the drum speed, period and humidity inside the drum (Liu
et al., 2011).

The cost of labour is low in the drum milling process and a more effective softness can be achieved
than the other staking methods. There is no negative effect of drum milling on the strength of the
leather, but the surface area loss is between 3-6%. Decrease of the surface area in the first four
hours is highest (Toptas, 1993).

It is seen that drum milling process applied after staking process is shown to reduce the surface area
of leathers in all drying methods except hang drying method (Figure 2).
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B Percentage decreases

Figure 2. Percentage decrease of the surface area after drum milling.

Liu et al. (2011) investigated that the effects of conditioning, staking and drum milling processes on
the retention of surface area gained by toggling process. The results indicated that toggling has
markedly effect on surface area retention, conditioning and staking have a little effect on area
retention, whereas the drum milling significantly decreased the surface area.

It is observed that the tendency of decreasing on surface area after drum milling is also higher in the
drying methods which provide higher surface area gain after staking process. Despite this decrease,
it is also seen that the surface areas after drum milling in all the drying methods are higher than the
surface areas of wet-blue leathers.

According to the measurement values of the leathers after drum milling, the surface areas of the
leathers were increased after the staking process (Figure 3).
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Figure 3. Percentage increase of the surface area after staking process applied after drum milling.
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It is commonly known that the drying process often causes the leather fibers to stick together.
Mechanical action from staking is necessary to break the weak adhesion within the fiber structure,
thereby promoting fiber mobility (Liu et al., 2002b).

4. CONCLUSION

Surface area of the leathers has been increased in all drying methods compared to the wet-blue
status. The maximum surface area gain was observed in the leathers that are subjected to wet-
toggle drying method. This was followed by vacuum drying processes. The leathers that were
subjected to the hang drying have been minimum surface area gain. The longest period vacuum
drying process achieved maximum surface area gain. The drum milling process hasn’t caused any
changes in the surface area of hang dried leathers, but has caused decrease in the surface area of
leather in all other drying processes. Maximum reduction in the surface area was seen in the
leathers dried by the wet-toggle drying method. It is understood that the surface area reduction
after drum milling is also higher in the drying methods which provide high surface area efficiency.

Adding staking after drum milling provided surface area gain of the leathers for all drying methods. It
is determined that staking process clearly helps to increase surface area yield of the leathers.
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Slaughterhouse byproduct management is an important issue for the green environment. The
byproduct from the slaughterhouse e.g. cow, buffalo, goat and sheep skin is the basic raw materials
for the tanning industry. After slaughtering cow and buffalo head skin is used in small scale for
leather processing. But in the case of goat and sheep, the head skins are disposed away without any
proper management to the environment from where gaseous air pollutants are continuously
merged to the atmosphere. In this study, an investigation was carried out for the adhesive
production for commercial use from the unused goat head skin by means of a cleaner environment.
Goat head skin was collected from the local slaughterhouse: soaked and heat treated to extract the
collagen in soluble phase. The extracted solution was dried and obtained adhesive was investigated
for commercial application. The produced adhesive could be used in the packaging industry,
furniture, plumbing, shoe making, book binding, etc. Adhesive was prepared from the goat head skin
by using the simple and easy technique with a few chemical. It was estimated that Bangladesh could
produce 625 MT adhesive per year only from the unused goat head skin.

Keywords: Goat head skin, Adhesive, Environment, Pollutant.

1. INTRODUCTION

The increasing growth of population is rising food demand. Meat is one of most good nutritious
foods which is obtained by slaughtering animal e.g., goat, sheep, cow, buffalo, etc. In the last three
decades globally meat production was double (Mekonnen and Hoekstra, 2012); it has been
anticipated a steady doubling growth of meat production until 2050 (Bouwman et al. (2013).
Slaughterhouse is most common in every country where along with meat a large amount of
wastewater and solid wastes e.g., raw hide/skin, trimmings, blood, dung, hair, etc. are generated.

Slaughterhouse byproduct management is an important issue for the green environment. The
byproduct from slaughterhouse e.g., cow, buffalo, goat and sheep skin is the basic raw material for
the tanning industry. After slaughtering cow and buffalo head skin is used in small scale for leather
processing. But in the case of goat and sheep, the head skins are disposed away without any proper
management to the environment.

The skin is mostly proteinaceous substances, which are hydrolyzed to amino acids by proteolytic
bacteria; amino acids are further hydrolyzed by bacteria and liberate NH3, H, and CO, (Ref). The skin
also contains some extend fatty substances which are hydrolyzed by bacteria and cause volatile fatty
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acids emission (Hashem et al. 2015). Individuals frequently inhale the liberated gases and suffer in
difficulties. The emitted gases are continuously merged to the air, which causes atmosphere
pollution. The residue of skin remained after degradation also has a diverse effect on soil and
aquatic life. In the rainy season, the dumped skins are washed away to low lying area and finally fall
into the river, which causes aquatic imbalance. Solid waste disposal is increasingly becoming a huge
challenge due to strict environmental legislations worldwide. The management of slaughterhouse
by-product is an important issue for the cleaner environment.

Animal skin contains 29.0% collagen (Sharphouse 1971). As the animal skins are collagenous
materials, the raw goat head skin could be a great source for the adhesive production. Adhesives are
capable of holding substances together by surface attachment. In our daily life, adhesives are used
for various purposes e.g., packaging industries, furniture, shoes, books, etc.

In Bangladesh, every year 30 million pieces of goats are slaughtered for meat purpose (Aziz 2012).
The huge number of unused goat head skin can be converted to adhesive production that will help
to keep the environment pollution free. In this study, an investigation was made to produce
adhesive for commercial use from the unused goat head skin by means cleaner production.

2. MATERIAL AND METHODS
2.1 Sample collection

Twenty (20) pieces raw goat head skins were collected from the local slaughterhouse Khulna,
Bangladesh as free of cost. The collected goat head skins were washed with wetting to remove blood,
dirt, etc., and unwanted parts were removed. The clean goat head skins were cut into small pieces to
facilitate the further operations.

2.2 Reagents
Commercial lime and wetting agent were collected from a tannery at Khulna, Bangladesh.
2.3 Adhesive extraction from goat head skin

The scheme for the preparation of adhesive from the unused goat head skin is shown in Figure 1.

Goat head skin collection
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Figure 1: Scheme for the preparation of adhesive from goat head skin

In liming of raw goat head skin, about 30 g sample was treated with 3% lime for 48 h. Then, the limed
skin was repeatedly washed with water to remove lime. The lime treated goat skin was heated in a
water bath for several hours to extract adhesive from the skin into the aqueous phase. The extracted
aqueous phase adhesive was centrifuged at 3000 rpm for 20 min. The supernatant of the mixture
was separated and dried in an oven at 60°C for removal of moisture.

2.4 Optimization of adhesive extraction

Assays were carried out to optimize the extraction process by varying the parameters such as
extraction temperature, extraction time and frequency of extraction so that higher amount of
adhesive could be attained in a large scale production. The optimized conditions were established by
investigating the amount of extracted adhesive.

To determine the optimal extraction time for adhesive extraction from the head goat skin, the
samples was allowed to heat for 2, 4, 6, 8, and 10 h respectively, while the other parameter time (6
h) remained constant. Different temperatures 60°C, 70°C, 80°C, and 90°C were investigated to
extract the maximum amount of adhesive from the goat head skin. To optimize the frequency of
extractions, the extraction process was repeated for 3 times.

2.6 Characterization of the prepared adhesive

The properties of adhesive were detected. The adhesive bond strength of the prepared adhesive was
determined by T-peel strength tests of leather-to-leather joining following the standard EN
1392:2007. The leather strips were cut into 20 x 100 mm size. The leather surface was roughed using
a roughing machine. The adhesive was applied to 20 x 80 mm surfaces of leather strip using a
metering rod to ensure adhesive film thickness. The leather strips were joined under a pressure and
it was left to dry in the open air. The T-peel strength was measured using an Instron 1011 Universal
Testing Machine (Instron Ltd, UK).

3. RESULTS AND DISCUSSION
3.1 Effect of time

The effect of time to extract adhesive from the goat head skin is depicted in Figure 2.
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Figure 2: Effect of time to extract adhesive from goat head skin

It is clear that with increasing temperature, amount of adhesive extraction was increased. During
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experimentation, it was observed that the amount of adhesive was increased significantly in the
initial stages while increasing time and subsequently, the amount of adhesive was decreased with
increasing the time. In the case of the less time period, the amount of adhesive was unsatisfactory. In
longer time duration, it is supposed that greater collagen breakdown had occurred. At 60°C, adhesive
extraction was 9 g per 100 g skin but at 70°C adhesive extraction was 11 g per 100 g skin. Therefore,
6 h was selected to be the optimal time to extract adhesive in this experiment.

3.2 Effect of temperature

In Figure 3 shows, the effect of temperature to extract adhesive from the goat head skin. It is clear
that with increasing the temperature the amount of adhesive extraction was increased. At 60°C
adhesive extraction was 9 g per 100 g skin but at 70°C adhesive extraction was 11 g per 100 g skin. It
seems that temperature at 90°C adhesive extraction was twice than adhesive was extracted at the
temperature 60°C. It is obvious that collagen protein breakdown above 80°C, therefore, higher the
temperature more adhesive was extracted at temperature 90°C (18.9 g adhesive/100 g goat head
skin). Based on the experimental result, 90°C was selected as the optimal extraction temperature.
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Figure 3: Effect of temperature to extract adhesive from goat head skin

3.3 Frequency of adhesive extraction

Adhesive from the goat head skin was extracted at different frequencies. In Figure 4 shows that at
the optimized temperature (90°C) after first 6 h 18.9 g adhesive was extracted per 100 g goat head

skin.
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Figure 4: Effect of number of extraction to extract adhesive from goat head skin

From the same goat head skin after 12 h and 18 h adhesives were extracted 11.0 g and 7.0 g per 100

39



g goat head skin. It is clear from the above Figure 4 that maximum three times adhesive extraction
could be done from the goat head skin. By extracting three times 36.9 g adhesive could be obtained
from each 100 g goat head skin.

3.4 Efficiency of the proposed process

In Bangladesh, every year 30 million goats are slaughtered for the meat production (Aziz 2012). It
was estimated that 3314 MT raw goat head skin are thrown away without producing any byproduct.
Yearly 625 MT adhesive could be extracted from the unused goat head skin to make as a valuable
product for using in our daily life. The disposed goat head skin makes the environment pollute.
Proper management could be a better option to save the environment.

3.5 Characteristics of the adhesive

The adhesive was brownish red in color. The peel strength of grain-to-flesh and grain-to-grain leather
joining was 8.33 N/cm and 6.86 N/cm respectively. The results reveal that the adhesive prepared
from the unused goat head skin has binding properties. The bond formed by joining two substances
is shown in Figure 5.

(a) (b)

Figure 5: Bond formed by prepared adhesive (a) grain-to-flesh and (b) grain-to-grain

4. Conclusions

In Bangladesh, all the goat head skins are disposed of without utilization, which is causing
environmental pollution. The present study was carried out to produce adhesive for commercial use
from the unused goat head skin by means of a cleaner environment. The glue was extracted from the
goat head skin using simple heat. In Bangladesh, yearly 625 MT adhesive could be extracted from the
goat head skin, which could be used in our daily life. The proper management process of the unused
goat head skin could to save the environment from pollution as well as produce valuable end
product.
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Casein, a natural polymer extracted from raw milk, has superior film-forming properties including
excellent adhesive force and strong heat resistance. Nevertheless casein film is easily spoiled by
bacteria attack, which might restrict its practical applications. In this paper, casein-based ZnO
nanocomposite leather finishing material was fabricated through in-situ polymerization aim at
improving the antibacterial activity of casein films. The structure and size of nanocomposite were
characterized. The water absorption of the films was also detected. DLS measurement results
showed that the size of nanocomposite latex particles was 249-459 nm. Moreover, the composite
film displayed superior mechanical property, high water resistance and excellent antibacterial
activity against S. aureus and E. coli. This work provides a feasible pathway for fabricating natural
polymer-based nanocomposite antibacterial films which will has great potential use in some fields.
Keywords: casein; ZnO; in-situ polymerization; antibacterial; leather finishes

1. INTRODUCTION

Bionanocomposite, a new generation of composite materials, has attracted great interests in the
frontier of materials science, life science and nanotechnology. Bionanocomposites are composed of a
natural polymer matrix and organic/inorganic filler with at least one dimension on the nanoscale
(Shafei et al. 2011). These bionanocomposites show remarkable advantages of biodegradability and
biocompatibility in tissue engineering, drug release, biosensor, photoelectricity, coating and
packaging applications.

Casein, a natural polymer precipitated from raw milk by acidification, is a promising polymer matrix
for controlled drug delivery, leather finishing, water-based ink and food packaging. In addition to its
biodegradability and biocompatibility, casein exhibits good film-forming property, such as excellent
adhesive force and strong heat resistance. Nevertheless, casein-based films often has less flexibility,
water resistance and tends to be easily spoiled by bacteria attack, which might restrict its practical
applications. In our previous research, SiO, (Ma et al. 2013), and TiO, (Xu et al. 2015) nanoparticles
were introduced into casein matrix separately to obtain casein-based SiO,/ TiO, nanocomposite, thus
endowing the composite with high-gloss, flexibility or self-cleaning property. To obtain antibacterial
casein-based nanocomposite, ZnO nanoparticles (ZnO NPs) were introduced into casein matrix via in-
situ conversion in the presence of precursor zinc acetate. Highlights of this method lies in the facile
fabrication process and less demand of organic solvent. Moreover, biodegradable and biocompatible

41


mailto:majz@sust.edu.cn
mailto:xxqqnn870304@163.com
mailto:fqleather@163.com

polymer matrix could stabilize the nanoparticles and better control the morphology and particle size
via in-situ formation (Mujeeb et al. 2015). The as-prepared film harbors excellent antibacterial
activity, superior tensile strength and well flexibility, which can be applied as film-forming agent for
leather finishing.

2. EXPERIMENT AND METHODS
2.1 Materials

Casein (CA) was purchased from Fonterra Co-operative Group Ltd. Caprolactam (CPL) and ammonia
were supplied by Tianjin Hongyan Reagent Factory. Triethanolamine (TEA) was obtained from Tianjin
Tianli Chemical Co, Ltd. Zinc acetate dehydrate was purchased from Tianjin Kemiou Chemical
Reagent Co, Ltd. All the reagents were analytical grade and used without further purification.

2.2 Preparation of casein-based ZnO nanocomposite ( CA-CPL/ZnO nanocomposite )

Various concentrations (0%, 1%, 1.5%, 2%, 2.5%) of ZnO precursor were introduced to prepare
casein-based ZnO nanocomposite. Firstly, 10g of casein were added to TEA aqueous solution with
constant stirring at 65°C for 2 h. When casein was completely dissolved, the temperature was raised
to 75°C, CPL aqueous solution and silane coupling agent were drop-wise added into the system
separately with suitable dropping speed allowing reacting for another 1h. Then pH of the system was
adjusted to an appropriate value with ammonium liquor. Zinc acetate solution was drop-wise added
into the system to prepare antibacterial casein-based ZnO nanocomposite.

2.3 Characterization and application

Characterizations. DLS (dynamic laser scattering) measurement of casein-based ZnO nanocomposite
was determined by using NANO-ZS90 (Malvern, Britain), each specimen was repeated in duplicate.
FT-IR spectra of CC and CCZ4 films were recorded from 400 to 4000 cm™ using TG-IR-GC instrument
(STA449 F3/VERTEX 70/Agilent 5977A, Bruker/NETZSCH/Agilent).

Water absorption rate. Each film was cut into 2 square centimeters. Before testing, all of films were
firstly air-dried at 25°C and then vacuum-dried at 60°C until constant weight (W) was obtained. The
latex films were immersed into deionized water at 25°C for 24 h. Then the latex films were taken out
and immediately weighted (W,) after wiping out the surface water. Each specimen was repeated in
duplicate. The water absorption was calculated using the following formula:

. W, -W
Water absorption = ———=

1

Antibacterial activity. The Halo Test method was performed using agar culture-medium. Filter papers
immersed by CA-CPL/ZnO emulsions were cut into 20mm circular slices. Then the slices were
attached to S. aureus-cultured agar and E. coli-cultured agar plates. After that the prepared culture
were incubated at 37°C for 48 h. A bacterial inhibition zone was formed around the film. The
diameter of the inhibition zone (W) was calculated using the following equation:

d; —d,
2

Winh =

where d; is the total diameter of the inhibition zone, d, is the diameter of the film (20 mm).
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Leather Finishing Application. Casein-based ZnO nanocomposites were applied in leather finishing
experiments with CA-CPL as the reference. The tensile testing, vapor permeability and water-vapor
permeability of the finished leather was studied according to the procedure detailed in reference
(Ding et al. 2015).

3. RESULTS AND DISCUSSION

3.1 Size distribution of CA-CPL/ZnO nanocomposite

Fig.1 CA-CPL/ZnO nanocomposite emulsion with different ZnO precursor dosages
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Fig.2 Particle size and PDI of CA-CPL/ZnO nanocomposite against precursor fraction

Fig.1 shows the appearance of CA-CPL/ZnO emulsion. After the generation of ZnO nanoparticles, CA-
CPL/ZnO emulsion became milk white from yellowish green. When the dosage of precursor was
increased to 2.5 %, delamination of CA-CPL/ZnO occurred. The particle size and size distribution of
CA-CPL/ZnO were also shown in Fig.2. It can be seen that the average size of CA-CPL is smaller than
that of CA-CPL/ZnO. More interestingly, the average size of CA-CPL/ZnO was increased as ZnO dosage
increases, which might due to agglomerates of ZnO nanoparticles and ZnO crystal growth. The PDI of
all samples was less than 0.7. It also shows that there was a uniform dispersion for CA-CPL/ZnO
nanocomposite with precursor dosage range from 0% to 2%.
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3.2 FT-IR
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Fig.3 FT-IR spectra of CA-CPL/ZnO nanocomposite with different precursor dosages, a) 0%; b) 2%

Fig.3 showed FTIR spectra of CA-CPL and CA-CPL/ZnO composite. The characteristic absorption peaks
of CA-CPL at 3278.20 cm™, 1629.86 cm™* and 1536.98 cm™ could be attributed to the stretching
vibration of N-H, stretching vibration of -C=0 and stretching vibration of the C-N, respectively cho
et al. 2014 ). CA-CPL/ZnO composite showed the similar characteristic peaks at 3276.98 cm™,
1627.78 cm ™! and 1541.51 cm™, while a new and weak absorption peak around 1405.86 cm™ was
observed in the spectrum of CA-CPL/ZnO composite due to asymmetric and symmetric stretching
vibration of COO-Zn (Vidhya et al. 2015). Meanwhile, another band near wavenumber 1024.21 cm™
also indicated the formation of composite (Xiong et al. 2013).

33 Water absorption

Table 1 Effect of ZnO precursor contents on the water absorption of CA-CPL/ZnO nanocomposite
0% 1% 1.5% 2% 2.5%
Water absorption dissolved within 1 h 232.0 125.0 43.9 —
rate (%)

“—" represent that the film containing 2.5% precursor was thin and rough and it was difficult

for measure.

As shown in Table 1, CA-CPL nanocomposite film was easily dissolved in water. After introduction of
Zn0 nanoparticle, water absorption of composite films was decreased. Moreover, with an increasing
of ZnO content range from 1% to 2%, water resistance presented a corresponding increased. It was
contributed to the reducing of hydrophilic group and the increasing of hydrophobic group. In alkaline
medium, the positively charged zinc complexes would be adsorbed onto the oppositely charged
surface of casein micelles and COO-Zn complexes was formed by the electrostatic interaction. The
reducing number of carboxyl relatively would be beneficial to reduce hydrophilic group. Moreover,
silane coupling agent used to increase the compatibility between organic and inorganic phase was
beneficial to increase the number of hydrophobic group. Thus casein-based ZnO nanocomposite with
superior water resistance was obtained.
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3.4 Antibacterial activity

Fig.4 Effect of ZnO precursor contents on the antibacterial property of CA-CPL/ZnO
nanocomposite, (a-e) E.coli and (a' - e') S. aureus: (a, a') 0%; (b, b') 1%; (c, ¢') 1.5%; (d, d') 2%, (e, e')
2.5%

Fig. 4 shows the inhibition activity of CA-CPL/ZnO nanocomposite against E. coli and S. aureus. The
diameter of inhibition zone shown could directly demonstate the effect of antibacterial property.
After incubating 2 days, CA-CPL composite was entirely spoiled by E. coli and S. aureus. However, the
participation of ZnO NPs endowed the CA-CPL composite with antibacterial activity and an obvious
inhibition zone was formed. With increase of ZnO content, inhibition zone was more obvious than
that of low content. Moreover, the Gram-negative bacteria E. coli was less affected by ZnO than the
Gram positive bacteria S. aureus. The nature of the cell wall structure was one of possible reasons
for the sensitivity. S. aureus is composed of multilayers of peptidoglycan with an abundant amount
of pores that renders them more susceptible to reactive species, leading to the cell disruption. The
cell wall of E. coli is relatively thin and is mainly comprised of peptidoglycan, while the outer layer
consists of lipopolysaccharide, lipoprotein, and phospholipids, which would be less vulnerable to the
attack of reactive species (Fu et al. 2015).

3.5 Leather Finishing Application
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Fig.5 Mechanical property and sanitation property of leather finished by CA-CPL and CA-CPL/ZnO

Figure 5 presents the mechanical property and sanitation properties of leather finished by CA-CPL
and CA-CPL/ZnO nanocomposites. As shown in Fig.5, ZnO nanoparticles had a distinct effect on the
mechanical property of leather samples since tensile strength and elongation at break was increased
by 87.77% and 13.7% respectively. It was mainly attributed that ZnO NPs have a relatively high elastic
modulus and available surface area thus it frequently acts as a mechanical reinforcement in
combination with various polymers. After introduction of ZnO, it was beneficial to obtain an efficient
inter-facial interaction between ZnO NPs and casein matrix which may prompt a good stress transfer.
A slight increase on vapor permeability and water-vapor permeability of leather samples was mainly
due to the irregular surfaces as well as the formation of channels in the film, which was favorable for
the penetration of vapor and water-vapor through the film (Liu et al. 2014).

4. CONCULSION

Casein-based ZnO nanocomposite was prepared via in-situ conversion of precursor zinc acetate. The
particle size of hybrid latex was enlarged with the increase of precursor content. The results showed
that casein-based ZnO nanocomposites harbor superior water resistance and excellent antimicrobial
activity against E. coli and S. aureus. Leather finishing application indicated that leather samples
finished by CA-CPL/ZnO nanocomposites possessed superior mechanical property and sanitation
properties.
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lonic liquids (ILs), the greener solvent media are regarded as preferential candidates for instigating
desired effect on proteins due to the easy tunability of cation and anion. The use of these “designer”
and “greener” solvents in leather processing has been explored in this study. Herein, we report the
investigations carried out on collagen at different hierarchical level using various ILs. The
conformational stability of collagen at the molecular level, thermal and dimensional stability at the
inter-fibrillar level and fibre structure at skin matrix level using different types of ILs viz,
imidazolium, choline, ammonium and phosphonium as cations with different anions have been
studied in detail. AlImost all ILs with the exception of choline destabilised collagen at fibrillar and skin
matrix level. Imidazolium IL made no changes at molecular level whereas ammonium and
phosphonium based ILs even altered the secondary structure of collagen. Imidazolium based ILs
were explored as unhairing cum fibre opening agents thereby eliminating the use of lime and
sodium sulphide during leather processing. Choline based ILs stabilised collagen and hence tanning
using choline salts has been attempted. Thus, ionic liquids have been evidenced to have both
stabilising and destabilising effects on collagen and the properties can be garnered and fine tuned
for various applications in leather processing. Future leather production will evince interest in the
use of ionic liquids as advanced chemicals for making the leather processing cleaner and greener.

Keywords: Collagen; lonic liquids; Thermal stability; Conformational stability; Unhairing; Fiber
opening; Tanning

1. INTRODUCTION

lonic liquids are molten salts comprised of cations and anions, and are liquid at room temperature
[Fujita et al. 2005]. Their high tunability, miscibility with water and solvents, low or negligible vapor
pressure, high ionic conductivity, non-inflammability and striking catalytic properties makes them
attractive for wide array of applications ranging in as media for green synthesis [Moniruzzamana et
al. 2010] to the electrolytes phases for biosensors [Wei et al. 2008], from the precipitating agents or
additives for proteins crystallization [Shamsi et al. 2007] to the mobile or stationary phase
separation in separation studies [Judge et al. 2009]. Different classes of ionic liquids include the
organic cations imidazolium, ammonium, phosphonium, sulfonium, pyrrolidinium, pyridinium with
weakly coordinating anions viz., chloride, bromide, iodide, acetate, hexafluorophosphate and
tetrafluoroborate.
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Collagen, a significant structural protein has extensive applications in the field of tissue engineering
such as matrices and scaffolds. It has been used as protein dietary supplements, food additives,
edible film and coatings apart from it being the primary leather making protein. This emphasizes the
need to understand the interaction of collagen with various additives, as they will have significant
implications in food, pharma and leather industry [Hashim et al. 2015, Lee et al. 2001 and Jaya
Kumar et al. 2015]. Although, interaction of ionic liquids with protein is not widely understood and
there are speculations that ILs follows Hofmeister’s series [Collins 2004].The kosmotropic and
chaotropic ions alter the hydration network of protein, thus having a stabilizing or destabilizing
effect on the protein [Zhang et al. 2006].

The interaction of collagen has been studied with various ionic liquids such as imidazolium,
phosphonium and choline dihydrogen phosphate. Imidazolium IL was demonstrated to influence
collagen at different hierarchical ordering [Mehta et al. 2014]. Ammonium [Tarannum et al. 2016]
and phosphonium ionic liquid with variable anions also substantiates destabilizing effect on collagen
due to the chaotropicity of anions [Tarannum et al. 2016], whereas choline dihydrogen phosphate, a
biocompatible ionic liquid was observed to stabilize collagen by exerting an electrostatic force on
collagen, thus making it a potential biocompatible crosslinker [Mehta et al. 2015].

Therefore the objective of this work is to investigate the effect of ILs on type | collagen at different
hierarchical ordering viz., the molecular, inter-fibrillar and skin matrix level. The secondary structural
changes were monitored using circular dichroic spectroscopy, fourier transform infrared
spectroscopy and thermal stability was determined using differential scanning calorimetry. The
effect of ILs on higher order structure of collagen viz. skin matrix was also studied. Choline
dihydrogen phosphate (CDHP), a biocompatible ionic liquid, was explored as a possible tanning
agent. Molecular interaction of IL with collagen fibres was found to stabilize the protein against heat
and enzymes. The effect of choline dihydrogen phosphate has been proved to be an effective
crosslinking agent; therefore combination tanning has been carried out to opt for less chrome
tanning system (LCTS). Also, ionic liquids were used as an auxiliary chemical for leather dyeing in
order to improve the sustainability of the dyeing process. 1-butyl-3-methyl imidazolium chloride
(BMIM Cl) was used as an additive along with dye. Final processed leathers were evaluated for
physical and organoleptic properties.

2. MATERIALS AND METHODS
2.1 Materials

lonic liquids, 1-butyl-3-methylimidazolium chloride (BMIM Cl), 1-butyl-3-methylimidazolium
tetrafluoroborate (BMIM BF,), choline dihydrogen phosphate (CDHP), diethyl methyl ammonium
methane sulfonate (AMS), tributyl methyl phosphonium methyl sulfate (PMS), tributyl ethyl
phosphonium diethyl phosphate (PEP) and choline sulfate were purchased from lonic Liquid
Technologies GmBH (loLiTec). All leather chemicals are of commercial grade.

2.2 Isolation of type | soluble collagen

Tails of six month old albino rats (Wistar strain) were excised for the extraction of high purity type |
collagen. The teased collagen fibers were washed thoroughly with 0.9% NaCl at 4°C, followed by
purification with 5% Sodium chloride. The obtained precipitate was collected by centrifugation. The
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dialysis was then carried out extensively against 50mM phosphate buffer. After dialysis, the collagen
was re-dissolved in 0.5 M acetic acid followed by final dialysis against 0.05 M acetic acid. The
concentration of collagen in solution was determined through hydroxyproline content by Woessner
method [Woessner 1961]. Purity of collagen solution was confirmed using SDS-PAGE
electrophoresis. The stock collagen solution was diluted using 50 mM acetate buffer (pH 4.0) for
further experiments.

2.3 Treatment of collagen with ILs

2.3.1 Molecular level: The concentration of collagen solution used in this study was 0.8 mg/ml. The
experiments were performed by treating collagen solution with varied concentration of ILs.

2.3.2 Inter-fibrillary level: Rat tail tendons was teased from tails of six month old albino rats (Wistar
strain) and were washed with 0.9% Nacl and millipore water at 4°C. The RTT fiber were further
treated with ILs and incubated at room temperature for 24 hours.

2.3.3 Skin matrix level: For treatment of ILs on skin matrix, the butt area of goat skin was taken and
assessed for various parameters.

3. DIFFERENT HIERARCHICAL ORDERING OF COLLAGEN
3.1 Molecular level
3.1.1 CD spectroscopic studies

The circular dichroic spectra of collagen can be detected under nitrogen atmosphere in the far UV
region ranging from 190 to 260 nm using Jasco 815 Circular Dichroism Spectropolarimeter.
Approximately, 400 pl of native collagen and collagen treated ILs was scanned with 0.2 nm intervals
with a path length 1 mm at 25°C with computer averaged three scans for each sample. The data
were obtained in milli degrees and further converted to molar ellipticity (deg.cm®. dmol™). Molar
ellipticity was plotted against wavelength in nanometers (nm).

3.1.2 FT-IR studies

The native collagen and ILs treated collagen samples were lyophilized under pressure of 6.4 Pa at -
40°C. Lyophilized samples were taken to study the interactions between collagen and ILs using Jasco
FT/IR-4200 (Fourier Transform Infrared Spectrometer) by KBr pellet method at 25°C with 60 scans in
the range of 4000-400 cm™ with resolution of 4 cm™.

3.2 Fibrillar level
3.2.1 Dimensional and thermal stability of RTT collagen fibers

Rat tail tendons were treated with ILs for 24h at 25°C and the changes in the dimensional stability
were monitored under Aven Inc., Digital Mighty Scope, 1.3 M (Product code: 48708-25, Made in
Taiwan) of 10x resolution.

The thermal stability of native and ionic liquid treated fibers was also confirmed using hydrothermal
micro-shrinkage tester. A small strip of native and ionic liquids treated RTT fibers were cut and
placed on a grooved microscopic slide along with appropriate medium. The slide was then placed on
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heating stage, which was kept under the microscope. The temperature at which fiber shrinks to one-
third of its length was taken as the shrinkage temperature, T..

3.3 Skin matrix level
3.3.1 Treatment of ILs at skin matrix

Choline dihydrogen phosphate has been proved to be an effective crosslinking agent; therefore
combination tanning has been carried out to opt for less chrome tanning system (LCTS). Different
percentages of IL has been offered (0-1%) during chrome tanning process with 4% BCS. Shrinkage
temperature of experimental leathers were found to be in the range of 100-110°C similar to that of
control leathers (without IL). Detailed description of leather processing is mentioned in table 1.

Leather dyeing is a challenging unit process due to their selection and addition of chemicals in post
tanning. The uniform distribution of the dye and shades of leather is a foremost task; to achieve this
dyeing auxiliary chemicals are usually added. In order to improve the sustainability of the dyeing
process, the dyeing of leather was carried out using 1-Butyl-3-methyl immidazolium chloride (BMIM
Cl), an auxiliary chemical. It was added as a pretreatment and additive along with dye. The leathers
treated with BMIM Cl| showed uniform shades when compared to the control leathers. Further,
studies on interaction between dye and ionic liquid would provide more feasibility in leather dyeing.
Detailed description of leather processing using BMIM Cl is mentioned in table 2. Goat wet blue
leathers were neutralized to pH 5.5 and post tanning operation was carried out. Metal complex dye
was offered along with different concentrations of BMIM Cl to check the uniform distribution of dye
on the surface of the leather. Finally, after fixing with formic acid leathers were rinsed and piled.

Table 1: Chrome tanning process

Process Chemical Percentage (%) Time (min) Remarks
Tannin Control Experiment
Pickle Water 40 40
BCS 4 4 40
CDHP - X 30
Sodium Formate 0.5 0.5 30
Sodium 1.3 1.3 3feeds 10430 pH set to 4,
Bicarbonate Drain/Wash/Drain

X=0.25,0.5,0.75,1

Table 2: Post tanning process

Process Chemical Percentage (%) Time (min) Remarks
Neutralization Control Experiment
Water 100 100
Sodium Formate 0.5 0.5 30
Sodium 0.3 0.3 10+30 pH set to 5.5,
Bicarbonate Drain/Wash/Drain

Post tanning
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Water 100 100

Dye 1 1 30 Check exhaustion

BMIM Cl - X 30

Synthetic 8 8 40

fatliquor

Formic Acid 3 3 3 feeds*10 Drain, rinse and
+30 pile

X=0.5and 1
4. Results and Discussion

4.1 Circular dichroism studies accrediting changes on secondary structure of collagen
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Figure 1. Effect of ILs on the secondary structure of collagen using circular dichroism

Circular dichroism is an excellent method for rapidly evaluating the secondary structure, folding and
binding properties of proteins. In the far UV region, pure collagen exhibit its minimum at 197 nm and
maximum at 222 nm, indicating a typical Polyproline type Il (PP IlI) conformation [Wang et al. 2004].
In figure 1, a plot of molar ellipticity values of collagen treated with different ionic liquids at 222 nm
is shown. It was observed that the molar ellipticity of collagen treated with BMIM Cl show tenuous
effect, when compared to native collagen. There was a sharp decrease in molar ellipticity values for
AMS, PMS and PEP treated collagen indicating the interaction of ILs with functional groups of
collagen indicative of structural deformation. Albeit, there was a remarkable increase in the molar
ellipticity values of collagen treated with choline dihydrogen phosphate (CDHP) and choline sulfate
(CS04), suggesting stabilization of secondary structure of collagen. This kind of behavior of
stabilization or destabilization of collagen can be due to the kosmostropicity or chaotropicity of
anions, which are responsible in altering the hydration shell around the collagen.

4.2 FT-IR studies accrediting changes on alteration of functional groups of collagen
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Collagen shows characteristic FT-IR spectrum, with absorption bands of C=0 stretching at 1640 cm™
for Amide I, N-H bending and C-H stretching at 1560 cm™ for amide II, carboxyl OH at 1240 cm™ for
amide Il [Chen et al. 2010; Belbachir et al. 2009], which are characteristic of the secondary structure
of collagen triple helix (Table 3). It is known that amide | and Il bands are attributed to polyproline
type Il structure of collagen. The presence or absence of peaks within the region unveils the
structural information regarding the molecule. Treatment of collagen with imidazolium ILs show
tenuous effect on the amide |, Il and IIl bands. A shift in amide | band was observed from 1642 cm™
in native to 1659 cm™ in the presence of choline dihydrogen phosphate. Also, there were shift in
peaks for choline sulfate from 1652 cm™ for amide I, 1566 cm™ for amide Il and 1261 for amide III. It
suggests the crosslinking effect stabilizing the helices of collagen. Also, a change in Amide A band
was observed. Shift in amide A band indicates that there is an increased H-bonding occurring in
collagen in the presence of choline dihydrogen phosphate and choline sulfate suggesting increased
physical crosslinks between collagen and choline based anions. Treatment of collagen with AMS,
PMS and PEP show little shifts in amide I, Il bands suggesting the changes in the microenvironment
of collagen upon its interaction, albeit there was an abrupt change witnessed for amide Ill bands
(from 1240 cm™ to 1235 cm™) indicating a plausible interaction of collagen with ionic liquids, altering
the micro-environment of collagen. Changes in the position of amide bands of collagen indicate the
altered secondary structure oninteraction of IL with collagen accentuating structural deformation.
Table 3. Effect of ILs on the band positions of collagen using FTIR spectroscopy

Bands Native BMIMCI AMS PMS PEP CSO4 CDHP

A 3370 3323 3284 3284 3284 3421 3414
B - - - - - - -

| 1642 1637 1642 1643 1642 1652 1659
] 1560 1563 1561 1563 1558 1566 1561
n 1240 1240 1235 1239 1237 1261 1241

4.3 Dimensional and thermal studies accrediting changes on RTT collagen fibers

BMIM Cl 10%

0
PEP10% \: ¥ “JcDHP 10%

1.1 mm

Figure 2. Effect of ILs at the inter fibrillar level: RTT treated with ILs after 24 hours at 25°C
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Table 4. Shrinkage (T,) temperature for RTT collagen fibers

Codes Ts (°C)
Water 5412
10% BMIM CI 43+2
10% AMS 40+2
10% CSO4 58+2
10% CDHP 58+2

Rat tail tendons (RTT) known to be the rich source of type | collagen fibers, were excised from albino
rats. It shows the characteristic macroscopic banding pattern in aqueous medium that reveals the
helicity of fibrils [Chandrakasan et al. 1976]. The integrity of RTT can be viewed as continuous wave
like banding pattern, indicating helical microstructure. Figure 2 connotes treatment of RTT with ILs
unveiling the impact on dimensional stability of RTT collagen fibers. Compared to control, a slight
swelling was observed in RTT treated with imidazolium ILs. This swelling could be due to increased
surface tension at the water-IL interface. No swelling effect of choline dihydrogen phosphate and
choline sulphate was observed on RTT, indicating negligible changes in RTT collagen fibers. AMS,
PMS and PEP explicates the huge impact on dimensional stability of RTT collagen fibers. A distortion
in wave pattern was observed within the hour of incubation. This could be due to the chaotropicity
of anions and high ionic strength that alter the structure of water molecule, which leads to distorted
wave pattern. Thus, it results in agglomeration and destabilization of RTT collagen fibers.

Table 4 unveils the thermal stability of RTT collagen fibre, when treated with different ILs and it was
carried out using hydrothermal microshrinkage tester. The shrinkage temperature of RTT treated
with 10% BMIM Cl was found to be 54°C. An increase in concentration of imidazolium IL treatment
was accompanied by decreased thermal stability of RTT. Even at lower concentrations, imidazolium
ILs offer only marginal stability compared to native RTT in aqueous medium. Also, there was an
increase in thermal stability for choline based anions around 58°C. This increase in thermal stability
suggests that choline based anions is likely to be involved in strengthening the integrity by
promoting increased physical crosslinks between collagen and its hydration shell.

4.4 Tanning using ionic liquid

Conventional chrome tanning was carried out with less chrome tanning agent and with the
pretreatment using IL as a tanning aid chemical. Different percentages of IL were offered with an
increment of 0.25 to 1%. After tanning, leathers were analyzed for shrinkage temperature. Control
and experimental leathers resisted temperatures in the range of 100-110°C. Visual assessment of
final wet blue leathers were analyzed and found to be satisfactory and ratings are given in the Table
5. From figure 3, it was observed that the experimental leathers were lighter in colour than the
conventionally processed leathers. With less chrome tanning agent, a significant increase in
hydrothermal stability was attained using IL as a tanning aid.
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Table 5. Organoleptic properties of dyed leathers

1C | 1E| 2C | 2E | 3C | 3E | 4C | 4E
Colour 7 |8 |7 |8 |7 |8 |7 |8
Grain Smoothness |8 |9 |8 |9 [8 |9 [8 |9
Softness 7 |8 |7 |8 |7 |8 |7 |8

C

Figure 3. Effect of CDHP on wet blue leathers (4% BCS & 1%)
4.5 Leather dyeing assisted with ionic liquid

Colour values are measured by just noticeable difference (JND) value and AE values above the 3.9
are considered as perceivable change in colour, which can be clearly recognized by the human eye.
Experimental leathers showed AE values higher than the counter parts as given in table 6. Post
tanned leathers were assessed for their colour values and organoleptic properties. From table 7, it
was observed that dye uniformity, dye intensity, grain smoothness and softness properties were in
par with conventionally processed leathers.

Table 6. Colour measurement values of dyed leathers
1C 1E 05C |O05E

*L | 42.207 | 59.547 | 39.910 | 52.496
*a | 24.983 | 19.254 | 24.664 | 22.505
*b | 26.517 | 17.784 | 25.051 | 24.147
AE | - 20.243 | - 12.586

Table 7. Organoleptic properties of dyed leathers
1C|1E|05C|05E

Uniformity 7 8 7 8
Dye intensity 8 7 8 7
Grain Smoothness | 8 9 8 9
Softness 7 8 7 8

5. CONCLUSION

lonic liquids are said to be preferential candidates for their easy tunability of cations and anions
making it unique for broader applications. As they are task-specific and green solvents, it is an
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emerging area of interest for biotechnological and biomedical applications. It can be seen from this
study that imidazolium, phosphonium and ammonium ILs combined with chaotropic anions show a
destabilizing effect on collagen. However, choline ion combined with a kosmotropic anion
demonstrated a stabilizing effect on collagen. It is important to note that anion plays a greater role
in altering the hydration shell of collagen. It clearly suggests that the anion interaction with protein
leads to the burial of hydrophilic environment followed by aggravation and protein unfolding.

lonic liquids have been considered as new age materials for leather processing. Combination tanning
was effectively carried out using CDHP and BMIM Cl was utilized for dyeing operations. However, an
elaborate study on pre-tanning and post tanning operations with ILs would aid in understanding and
improving the underlying mechanism and will further open avenues for the leather fraternity,
marking the beginning of new era in green technology to meet the existing environmental concerns
faced by the leather industry today.
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One of the unavoidable steps in the transformation of wet-blue to finished leathers is the filling up
of void spaces in the skin matrix. Drawback associated with chrome tanning, the lack of fullness is
being addressed during the post-tanning process by employing synthetic tanning agents. In general,
the syntans are manufactured by enhancing the molecular weight of aromatic compound such as
phenol and its derivatives, melamine etc., through condensation reaction. Commercially available
chromium syntan, which contains combination of chromium salt and phenol-formaldehyde
condensate polymer, is employed during the rechroming process to ensure the uniform chromium
content of wet-blue leather sourced from different places and also to impart fullness. However, in
order to improve belly filling more amount of melamine-formaldehyde condensate is used in the
subsequent re-tanning process. Liberation of free formaldehyde is one of the major limitations of
the conventional synthetic tanning agent. Keeping in mind the strictures of free formaldehyde and
selective filling, an attempt has been made to prepare a novel formaldehyde free chromium-
melamine syntan. The prepared product has been used in the rechroming process. The product
imparts selective filling/grain tightening effect on loose area/belly region and also increases the
thickness without affecting the area yield. The product provides good dye levelling, excellent
buffability with natural sheen, uniform milling pattern and apart from this upgradation of the lower
selections with improved cutting value is also obtained.

Keywords: Chromium, Melamine, Syntan, Rechroming

1. INTRODUCTION

The hides/skins used for leather manufacturing are anisotropic in nature. Removal of non-leather
making materials such as elastin, reticulin, proteoglycan, fat, etc. and carrying out various other
chemical/mechanical operations on hides/skins further increases the anisotropicity. The economic
value of the final leather strongly lies in the homogeneity of the substrate. Usage of vegetable
tannins in leather making provides tanning cum filling action thereby increasing the homogeneity of
the substrate. But today, 90% of the leather is made by using chromium (lll) salt due to the limited
availability of vegetable tannins'. Though chrome tanned leathers are superior to vegetable tanned
leathers in terms of hydrothermal stability and mechanical properties, the substrate homogeneity is
not obtained during chrome tanning process. In commercial language, tanners generally say
“chrome tanned leathers are empty in nature”. Leather industry in countries like India’, carry out an
operation called rechroming, in order to normalize the Cr,0; content in the batch of wet blues
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taken, which iturn results in uniform uptake of retanning chemicals by the leathers. The chromium
syntan used for this operation also improves the fullness properties.

The chromium syntan used during the rechroming operations is a masked chromium(lll) salt,
wherein chromium-ligand complexes are coupled to condensed aromatic sulfonates. In such
syntans, the preferred aromatic compound is the phenol or naphthalene and the condensation is
carried out in the presence of formaldehyde as cross linker (Samir, 1987). Use of this chromium
syntan results in the reduction/avoidance of aromatic syntans in subsequent post-tanning

In the case of ill fed animals, preferential belly filling is achieved in the retanning stage through use
of melamine-formaldehyde condensates (Swarna et al, 2012, Sreeram et al., Patent no:
0937DEL2014) Survey of the leather chemical market indicates that melamine-formaldehyde
products are devoid of metal ions. A lacuna of this kind forces the tanner to employ a variety of
aromatic condensates to achieve the desired fullness, roundness etc. Keeping in view of the above
overview of the leather industry and the auxiliary market, this work pertains to the application
studies associated with a newly developed product — chromium based melamine condensate devoid
of formaldehyde as cross-linker. Through this study, the ability of such a product to perform multiple
functions, viz., normalization of chromium content in a batch of wet blue and also the improved
fullness of the belly owing to the use of chrome-melamine syntan is evaluated.

2. MATERIALS AND METHODS

Chemicals used for the preparation of the chrome-melamine syntan were of commercial grade. Wet
blue cow sides of Indian origin were chosen for the study and were procured from local vendor. The
chemicals used for leather processing were of commercial grade and the chemicals used for analysis
were of analytical grade. The quantity chemicals used was based on shaved weighed.

2.1 PREPARATION OF CHROME MELAMINE SYNTAN
2.1.1 Preparation of Melamine Resin

Melamine was mixed with 600 to 1000% v/w, of water and the resulting solution was heated to a
temperature in the range of 75 to 90°C for a period in the range of 15 to 60 minutes under stirring
condition to obtain melamine dispersion. Then, 35 to 110%v/v, of organic acid was added to this
solution under stirring condition. This was followed by the addition of 45 to 150% v/v, of
formaldehyde free crosslinking agent. Stirring was continued for a period in the range of 30 to 120
minutes to obtain transparent pale yellow color solution. Pale yellow solution was then allowed to
settle for a period of 15 to 60 minutes, when the color of the solution turned dark orange.

2.1.2 Incorporation of chromium into melamine resin

Chromium(IIl) salt was dissolved in 500 to 1000% v/w and the solution treated with 5 to 50% w/w, of
organic ligand at a temperature in the range of 70 to 90°C to obtain masked chromium salt solution.
This solution was reacted with 0.1 to 1% v/v of the transparent dark orange liquid at a temperature
in the range of 80 to 90°C for a period in the range of 5 to 30 minutes to obtain melamine-chrome
complex liquid. This liquid was spray dried. The developed product could be represented by the
general molecular formula (C,H;N¢O,).-Cr(lll),’x” being an integer ranging from 5 to 9, ‘y’ an integer
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between 8 to 12, ‘Z’ an integer between 2 to 6 and ‘n’ an integer between 10-50.° The product is
described in the subsequent text as CMS.

2.2 Characterization of CMS

The prepared chrome-melamine syntan was characterized for various properties such as pH,
moisture content, total soluble matter and chrome content as per the standard procedures.7
Particle size analysis of the sample was also carried out using Malvern Zetasizer and was compared
with that of the commercially available chrome syntan.

2.3 Evaluation of Chromium-Melamine Syntan in Re-chroming Process

In order to evaluate the developed chromium-melamine syntan, four wet-blue cow hides having the
thickness of 1.1-1.2 mm were cut into two halves along the backbone and marked as left and right.
These left and right halves were grouped separately and their weights were noted. Left halves were
treated with commercial chromium syntan (Control) and right halves were taken for the
experimental process where developed chromium-melamine formulation was used as re-tanning
agent and the process recipe has been tabulated in Tables I.

Table 1 Evaluation of chromium-melamine syntan —Process recipe

Process % Offer Remarks
Acid Washing
Water 100
Acetic acid 1 2x10+45 min
Water 5 pH 3.0-.3.2
Re-Chroming
Water 100
Chromium Syntan (C or CMS) 6 60 min
Sodium formate 1 30 min
Sodium bicarbonate 1 2x10+60 min, pH 3.0-.3.2
Water 5 Pile over night
Washing
Water 100 10 min, Drain
Neutralization
Water 100
Sodium formate 1 30 min
Sodium bicarbonate 1
Water 10 3x10+30 min, pH 5.2-5.5
Re-tanning, & Fatliquoring
Water 100
Acrylic syntan 2 30 min
Phenolic syntan 4
Tara powder 4
Melamine syntan 4 90 min
Synthetic fatliquor 4
Semi-synthetic fatliquor 4
Water 20 2x15+60 min,
Protein Filler 2 20 min
Fixing
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Formic acid 2.5
Water 3x15+30 min, Exhaustion was
10 checked. Crust leathers were set
twice, hooked to dry and staked
Note: C: Commercial chromium syntan, CMS: Chromium-Melamine syntan

2.4 Organoleptic Properties and Physical Strength Characteristics

The control and experimental leathers were analyzed for various organoleptic properties such as
fullness, softness, grain tightness, grain smoothness and roundness by experienced persons from the
leather industry. They were rated on a scale of 1-10, where higher points indicate better properties.
The physical properties such as tensile strength (IUP 6, 2000), percentage elongation at break, tear
strength (IUP 8, 2000) and bursting strength (IUP 9, 1996) were examined for both control and
experimental leathers. The specimens for various testing as mentioned above were obtained as per
IULTCS standard method. Specimens were conditioned for 24 hrat 25+ 1 °Cand 65 + 2% RH™

2.5 Morphological Analysis

Samples from control and experimental crust leathers were cut from the belly portion and coated
with gold using an Edwards E306 sputter coater. A Quanta 200 series scanning electron microscope
was used for the analysis. The grain as well as cross-section was examined under the microscope at
varying magnifications. The micrographs were obtained by operating the SEM at a voltage of 30 KV
with different zoom level.

2.6 Analysis of Rechrome Liquor

The spent liquor after rechroming and basification was collected from control and experimental
trials and the volume was noted. The liquor was filtered and then analyzed for chromium content
(%Cr,03), total dissolved solids (TDS) and chemical oxygen demand (COD) as per standard procedure
(Clesceri et al., 1989).

3.0 RESULTS AND DISCUSSION
3.1 Preparation of Chromium-Melamine Syntan (CMS)

CMS has been prepared by condensing melamine without using formaldehyde as crosslinking agent.”
The prepared melamine condensate has been co-linked with masked chromium(lll) sulfate. The
prepared chrome melamine syntan has been used in the rechroming of wet blue cow leathers. This
product has dual benefit of having chromium and melamine linked together as a single product so
that retanning with chromium and filling of looser portion by melamine can be achieved at the same
time. During spray drying required amount of sodium bicarbonate has been added to the liquor in
order to bring the final pH of the 10% solution of CMS to be around 3.5+0.5.

3.2 Characterization of CMS

CMS has a moisture content of 10.3+0.4%, pH (10% solution) around 3.5+0.5 and Cr,0; content of
1210.5%. Particle size analysis results are depicted in Fig. 1. Intensity average diameter of CMS was
observed to be around 2616 nm. The particle size of BCS and commercial chrome syntan has also
been analyzed and observed to be around 1813 and 1644 nm, respectively. Thus, it could be inferred

61



that owing to complexation with melamine, CMS has higher particle size compared to conventional
BCS or commercial chromium syntan. This could probably lead to improved belly filling and firmness

of the final leather.

Size Distribution by Intensity
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Fig.1 Particle size distribution of Chrome-melamine Syntan
3.3 Physical Testing and Hand Evaluation of Leathers

Crust leathers rechromed using CMS have been characterized for physical and organoleptic
properties. Tensile, % elongation, tear strength, load at grain crack and distension at break for the
control and the leathers processed CMS are given in Table Il. It could be observed that the physical
properties of leathers rechromed with CMS are on par with that of the control leathers and the
values are higher than those of standard norms. The organoleptic properties of the crust leathers,
which are rechromed with commercial chrome syntan and CMS, have been detailed in given in Table

Fig. 2: Photographic images of control (left) and experimental crust (right) leathers

It could be clearly observed that the crust leathers rechromed using CMS showed better belly filling
and improved firmness compared to the leathers rechromed with commercial chrome syntan. The
images of the both control and crust leathers are depicted in Fig. 2. It could be clearly seen that both
the leathers have good color uniformity. In the case of experimental leathers, there are no color

patches or yellowness being found.
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(CMS) leathers

Table Il Physical properties of control (Commercial chrome syntan) and experimental

Characteristics Control Experiment
Tensile Strength (N/mm?) 23+1 21+1
Elongation at break (%) 60+1 62+1
Tear Strength 20.3+0.5 21.7+0.6
Load at grain crack (kg) 3241 29+1
Distention at grain crack (mm) 9.10+0.2 8.70+0.2

Table Il Hand Evaluation of crust Leathers rechromed using
commercial chrome syntan (Control) and CMS (Experimental)

Samples Control Experimental

Belly filling 8+0.5 9+0.5
Fullness 7+0.5 9+0.5
Roundness 7+0.5 8+0.5
Firmness 610.4 810.5
Softness 7+1 7+1

Color uniformity 9+0.5 9+0.5
Overall appearance 7+1 9+0.5

3.4 Morphological Analysis

Grain and cross section from the belly portion of the crust leathers obtained from control and
experimental process employing CMS have been analyzed using SEM (Fig. 3). Grain surface of the
experimental crust leathers was found to be clean without any deposits on the surface. SEM images
of the cross section of the experimental crust leather obtained from belly portions shows a compact
fiber structure. This could be attributed to the filling nature of CMS. Though the control and
experimental samples show comparable compactness in the fiber structure throughout the cross-
section indicating uniform filling of syntan, crust leather rechromed using CMS showed more

compact fiber structure.

CEG 5,00kV 11.4mm x100 SE

Figure 3 Scanning electron micrographs of grain and cross section of crust leathers rechromed with

commercial chrome and CMS syntan
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3.5 Analysis of Wastewater

TDS, COD and %Cr,0; are the three parameters that have been chosen for analyzing the

environmental impact of spent rechroming liquor. Results are provided in Table V. COD, TDS and

%Cr,0; values were on par for the wastewater from both control and experimental processes. Thus,

it could be inferred that the use of CMS does not give rise to any additional pollution load.

Table V Analysis of wastewater from control and experimental process
Effluent Analysis Chrome Syntan CMS
TDS (ppm) 20,000+24 20,000+28
COD (ppm) 6500+12 6800110
% Cr,0; 67315 606113

4.0 CONCLUSION:

In this work, CMS has been prepared and used in the rechroming of wet blue cow upper leather.
CMS had a characteristic Cr,03; content of 12+0.5%. The salient features of the leather treated with
CMS are given below.

Zero formaldehyde

Eco-friendly with no possibility of Cr(VI)

Selective filling and grain tightening effect on loose area and belly region
Provides fine grain with soft handle

Increase in thickness without affecting area yield

Good dye leveling, excellent buffability with natural sheen

Produces uniform milling pattern

Overall Upgradation and better cutting value
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NOVEL SURFACTANTS - IN LEATHER PROCESSING

V.Vijayabaskar* & J.K. Basu

Leather Chemicals, Balmer Lawrie & Co Ltd.,
Manali, Chennai

This lecture addresses mainly about surfmers — polymerisable surfactant and its copolymers used in
processing of leather. There will be a discussion on novel concept of making polymerized fat using a
surfmer based on renewable sources. A facile method was developed in-house containing a
dispersion of a selected amphiphilic copolymer and substantially free from organic solvents. They
impart light fastness characteristics, reduce fogging and minimize Cr (V1) a carcinogenic generation in
leather.

Another part of this paper will cover the synthesis of novel polymer based on surfmer with carboxyl
functionalities. This polymer binds the free chrome on to the collagen and Cr (VI) was below
detectable limits on leather on ageing.

BACKGROUND OF THE WORK

Many chemical and mechanical operations are involved in treating hides and skins to develop
leather. Two important chemical operations in the treatment of leather is fat-liquoring and
retanning. Fatliquoring is used to impart the desired strength and temper properties to tanned
leather. Fatliquors lubricate the leather fibers so that after the leather is dried its fibers are capable
of sliding over one another. In addition to regulating the pliability of the leather, fatliquoring
contributes greatly to the tensile and tearing strength of the leather. Retanning is done to impart
good filling and other mechnical and physical properties to leather.In other words,fatliquoring and
retanning in a operation is done to regulate softness and fullness of the article.

The first part of this paper deals with polymeric fatliquor which performs both as retanning and
fatliquoring agents and provides the treated leather with a number of desirable properties including
light fastness, strength, body etc. The main objective of the present investigation is to provide a
polymer for fatliquoring as well as retanning either partially or fully which provides the treated
leather with both the requisite strength and softness typically associated with the conventional
fatliquors and also provide superior light fastness. There will be also significant reduction in the
usage of conventional syntans and fatliquors in the processing of leathers

Another application as chrome fixing agents binding the free chrome in wet blue by incorporating
the copolymers based on non-ionic surfmers have been mentioned . These copolymers prevent the
oxidation of free chrome to Cr (VI) under ageing conditions

SURFMERS

The amphiphilic copolymers have been selected because of their ability to provide the leather with
desirable strength and aesthetic softness characteristics and filling while reducing the total
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consumption of syntan and fatliquor in the recipe substantially. It was found that dispersions of
these amphiphilic copolymers, preferably in the form of aqueous emulsions, are substantive, or in
other words they remain in the treated leather, and provide exceptionally good light fastness even
under stringent conditions. The selected amphiphilic copolymer must contain at least one
hydrophobic monomer or surfmer. The term surfmer refers to polymerisable surfactant.
Conventional surfactants are anchored on the polymer emulsion particle surface by physical forces
alone and, hence their adsorption-desorption equilibrium has a crucial role in governing the stability
and other characteristics of latexes prepared using them. It is desirable therefore to have the
surfactants covalently bound to the polymer latex for enhanced stability and performance. This can
be used by using reactive surfactants, which become an integral part of the polymer during
polymerization and would selectively reside on the surface of the latex providing it the requisite
stability. The area of reactive surfactants has witnessed a surge of activity during the last decade, in
part because of the combined efforts of many European laboratories.

There are three types of surface active agents with polymerising capabilities used in polymer
synthesis.

1. Transurf — Chain transfer agent 2. Inisurf — surfactant and an initiator and 3. Surfmer —
Surfactant and a monomer.
The examples are given below
Transurf Inisurf Surfmer

® Inisurfs incorporate a radical generator function Polymerisabie
double bond hydrophile
=

nsurf

® Anionic and nenionic examples known

T
R——HC=CH—@§ | —% R-=HC=Cs | | @& s nuacophie Ry ?' j;’ -
S T aropnone mydrepniie }—N:N_q g n Y

o eirop
X —a HS @ —» B———s= Radical generator > hydrophote ) I AN

Some reviews provide a comprehensive summary of the current status of this field. These
polymerisable surfactants have extensive applications such as in synthetic rubbers, paints,
adhesives, binders, additives in paper and textiles, impact modifiers, solid phase flocculants,
rheological modifiers, solid phase supports in catalysis, diagnostic assays, cell separation, and drug
delivery systems. In this work an attempt has been made to utilize these class of polymers in leather
treatment applications

PREPARATION OF POLYMERIC FAT PREPARATION THROUGH SURFMERS

Long chain esters with terminal vinyl groups are used as surfmers and are prepared by esterification
of fatty alcohols with carboxylic acids with vinyl ends. Different esters of with carbon number
varying from C-12 to C-18 were prepared. Finally it was optimized that copolymers based on lauryl
esters with acrylic acid were found to give better performance as compared to other esters. Acrylic
acid was used as other hydrophilic comonomer. The copolymer is prepared through inverse
emulsion technique by dispersing under vigorous stirring withl mole of hydrophilic monomer in 1.2
moles of surfmer. A very little amount of water with initiator dissolved in it is added just to form the
interface.The unreacted surfmer is determined by extraction with acetone. The copolymer after
acetone extraction is soluble in chloroform and can be characterized by H NMR spectroscopy. There
will be more than 90% incorporation of surfmer in the copolymer composition. This process also
helps in processing a copolymer with very high % solids. Such a high molecular weight polymer
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surfactant is very much useful in emulsifying most of the oils. The copolymer with surfmer units as
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its co-monomer is given below.

X

o
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The final copolymer is diluted to 30% solids and used a polymeric fatliquor and retanning in leather
applications. The polymerisable surfactant or surfmer is used in the present invention also act as a
chrome fixing agent and thereby, reducing the percentage of chrome loading in the effluents.

PREPARATION OF LEATHERS

The evaluation of the selected polymeric fatliquors with lessamount of syntans and other
conventional fatliquors was compared to standard recipe of known percentages of conventional
syntans and fatliquors to make upper type of leather. In Trial 1 Polymeric fatliquor alone is used and
compared with recipe of conventional process to make upper leathers. The physical and
organoleptic properties are given Table 2 &3.

Table -1 Percentage Usage

TRIAL 1 TRIAL 2
LHS RHS LHS RHS
Polymeric Fatliquor 15 - 12 -
Fatliquor - 5 - 5
Syntan - 20 3 20

Table -2 Physical Properties

Tensile 256.25 218.9 244.78 220.89

Strength(Kg/cm2)

Elongation(mm) 71 51 65 48

Grain Crack 39 24 32 26

Load(Kg)

Distension 1 11.75 10.1 9.60 8.5

Bursting Load (Kg) >65 32 >58 34

Distension 2 >12.28 11.30 >11.50 10.58

Lightfastness Grade 4 on grey Grade 3 on grey Grade 4 on grey Grade 3 on grey
scale scale scale scale

Table -3 Organoleptic Properties

Inner softness 3.5 4.5 3.8 4.5
Fullness 4.0 4.5 4.0 4.5
Surface touch 4.5 4.5 4.5 4.5
Grain tightness 4.5 4.5 4.5 4.5
Feel Slightly papery Leathery Slightly papery Leathery
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The slight papery feel could be adjusted by incorporation of little % of conventional fatliuquor in the
recipe

*Evaluated on a scale of 0-5

0-poor

5-excellent

We have launched fatliquors with surfmers as co surfactants and in the process of commercializing a
retan fatliquor with both filling and to provide softness to leather.

Chrome fixing agent.

A terpolymer with multiple carboxyl functionalities was prepared by solution technique radical
polymerization of maleic anhydride, acrylic acid and a non-ionic surfmer with allyl ends. This
polycarboxylate ether based polymer with multiple carboxyl ends binds more chromium to leather
and few leather trial showed that Cr (VI) generation is avoided. The allyl polyethylene glycol ether

based surfmer used is mentioned below

HQC:(I:H'
gz
0
1
Gy
CHy
+n
OH

In this trial Table 4 , 2% ter polyme based on the pelt weight is tried as a chrome exhaustion aid

Table -4
Trial with 2% Terpolymer Control
Cr (V1) as per DIN ISO 17075 under Nil 9 ppm
ageing conditions
Total Chromium (Cr) content % as 3.2 2.5
Chrome oxide ( Cr, O3)

There is a 30% improvement in chromium bound to collagen with the aid of multiple carboxyl
functionalities in the terpolymer. A product Balfix PAC 20 based on this approach was launched.

CONCLUSIONS

A synthetic route to prepare a polymeric fatliquor with maximum weight % of about 90 % of
polymerisable surfactant- surfmer in its copolymer composition. This polymeric fatliquor functions
both as a fatliquor and retanning agent matching the physical properties requirements of upper
leathers. Apart from this the light fastness imparted by this fatliquor could be taken as a major
advantage. This also minimises the loading of conventional fatliquors in the recipe which would
result is fogging. A terpolymer based on non ionic surfmer avoids the Cr(VI) formation by binding
more chromium due to probable complex formation with multiple carboxyl groups .
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A new metal free tanning system was developed by using a modified hybrid extract from Gallnuts,
Chestnut and Tara in combination with a cationic fatty ester (GEDT).

The hybrid extract obtained has self-tanning properties with a shrinkage temperature of over 80°C, a
very light colour and strong light / heat fastness.

The tannage by itself with the Gallic tanning agent is very anionic but by introducing a Cationic Ester
(CE) during tannage is possible to modify the reactivity of the system and the final leather has
amphoteric properties. The levels of exhaustion of retanning agents, dyes and fatliquors obtained
are very high as well as low COD and high biodegradability of the final effluent.

The system can be associated to traditional vegetable tanning systems and there are various ways of
carrying out the tannage including recycling of the pretanning and the main tanning liquor. A mass
balance of the tanning material was carried out and tannins content of the discharge liquor
monitored after several batches. The final pretanning and / or tanning liquor can be recycled to the
following batch to make “colouring” and exhaust the unfixed tannins prior to discharge.

By varying the retanning / fatliquoring all types of leathers can be obtained. The system works well
both on bovine and small skins.

A study on the effluent of the system was carried out and the biodegradability tested in a pilot
tannery’s effluent plant.

Introduction

In the leather industry, the awareness of environmental problems has increased considerably and,
during recent years, protecting environment has become a global issue. In fact, regulatory pressures
oblige tanners to make continuous improvements in the processing operations and consumers are
looking more closely at whether hazardous substances are present in leather and leather articles.
Furthermore today’s market requires a tannage that is:

=  Free from Chrome salts and other metals

=  Formaldehyde content less than 3 ppm

=  Aldehyde free processes (in the textile industry Glutaraldehyde has already been banned)

=  High heat and light resistance
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High tensile / tear strength

In respects of MRSL (Manufacturing Restricted Substances List), ZDHCS (Road Maps to Zero
Discharge)

Low % of chlorides and sulphates processes

Low COD processes

Soft, tight and light weight leathers

Good dyebility

Process easy to scale up in production / easy manufacturing of finished products

Low cost processes

Having thought about different solutions to match today’s requirements it came to mind the

marvellous most ancient system of tannage which is “Natural Vegetable Tannage”. The aim of this

work was to develop a system of natural tannage with selected tannin agents which can match, not

only the beauty of vegetable tanned leather but also the high performance values requested by the

OEMs. An important part of the research has focused on the impact of the process on nature by a

deep analysis of spent liquors, mass balance, recycling systems and biodegradability test to assure

the sustainability of the process.

1. MATERIAL AND METHODS

A natural tanning system was developed by using a Dispersed Ellagic / Gallic Tannin (GEDT)
of natural origin which has high fastness properties (Figure 1).

o 0 :(
HO OH
o 0.0 OH
HO r\ ) 0
O OH OH
HO OH o

Figure 1 Chemical structure of Ellagic Tannin (A) and Gallic Tannin (B).
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=  GEDT is obtained by extraction of some natural sources, such as fruits, pods and wood rich in
Gallic and Ellagic tannins. The leach extract is dispersed and hydrolysed to reduce its
astringency and improve penetration (Figure 2).

Natural Raw
Chipping
; Exhausted Biomass
Extraction
Fibres Power Pant
Purification Wooden
Pellets
Dispersion
& Hydrolysis
Spry-drying
Packing Sales

Figure 2 GEDT Production Process.

The final products obtained (GEDT) has self-tanning properties on pickled pelt and it shows the
following properties:

=  100% soluble

=  Near to white colour (light beige)

=  Good light fastness

=  Good heat fastness

=  Excellent penetration

=  Medium softness

= 12-15% powder required for Wet white pretannage — Shrinkage temperature 68-70°C

= 35-40% powder required for Full Tannage — Shrinkage temperature 75-80°C

= Leather like appearance of both wet white and full tannage

=  Easyto wet back

=  Good dewatering on sammying

=  Highincrease in thickness

=  Easy shaving

=  Sensitive to iron ions (black coloration)

=  High anionic charge (good dye shades but difficult to fix)
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The analytical values of the product in powder form obtained by spray drying are listed in Figure 3.

CHARATTERISTICS UNIT VALUES METHOD
APPEARANCE Light brown powder

TANNINS % 66,4 1SO 14088:2012*
NON TANNINS % 29,0 1SO 14088:2012*
INSOLUBLES % 0,0 1SO 14088:2012*
WATER % 4,6 1SO 14088:2012*
T/nT RATIO 2,29 1SO 14088:2012*
pH (10 %) 3,65 TAN/04
ASI;|ES ON DRY MATTER at % 209 TAN/06
650°C

FREE FORMALDEHYDE ppm <5p.p.m UNI EN ISO 17226-1
SULPHATES (SO4)* % <0,30 EPA 375.4

* Freiberg Hide Powder Lot 379 VK

Figure 3 Analytical values of GEDT.

With this tanning material it is possible to make tannage in two ways:
a) Pretannage to obtain a wet white.
b) Full tannage with GEDT.

a) Pretannage to obtain a wet white

12-15% of GEDT on limed weight is necessary to stabilise a bovine hide. A shrinkage temperature of
68-70°C is obtained. The hides are full and flat with a light brown colour (Figure 4) which becomes
ivory white on drying (Figure 5). No pretannage is required.

Figure 4 Pretanned GEDT hide.
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Figure 5 GEDT natural crust.

This stabilised hide can be sammed and shaved with regular chromed tannery machines. The
dewatering is excellent as well as the shaving. Being very sensitive to iron GEDT leathers may get
black iron spots which can subsequently be removed during washing with sequestering agents.
Opposite to conventional aldehyde pretannages GEDT has a leather look after drying and it wets
back very easily.

After shaving the character of the leather can be modified in retannage in order to obtain a very
wide range of articles.

b) Full tannage with GEDT

Leathers can be fully tanned with GEDT using any conventional vegetable tanning system: rapid,
semi-rapid or in pits. Around 35-40% material is required on limed weight without any pretannage.
After tannage the leather can be shaved, dyed and fatliquored. No retanning is required.

Cationic ester in combination with GEDT

The leathers obtained by pretanning and or retanning with GEDT are very pleasant, full and round
but the tannage is very anionic therefore as in most metal free systems the leathers have poor
reactivity towards common dyes and fatliquors. This means that it is difficult to fix anionic chemicals
and floats are not well exhausted.

Two techniques were follow to improve the very poor reactivity of the leathers:

a) Partial recycling of pretanning liquors to improve fixation of tannins.
b) Incorporation of a Cationic Ester (CE) in pickling and in retannage to improve dyeability.
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a) Partial recycling of the pretannage floats

At the end of wet white pretannage and main tannage the final floats which are high in COD values,
due to unfixed tannins, can be recycled just to do a pretannage of the following batch. In this way
the residual tannins are nearly completely fixed with a high reduction of unfixed tanning to the
drain. After this “colouring” the liquid is drained to the effluent plant with very low COD values and a
new float is prepared for the main pretannage / tannage (Figure 6).

Recycle

N\ Recycle
Pickling 1st Pretanning | 80,000 mg/l Pickling Pretanning 80,000 mg/I
batch / Tanning colouring / Tanning
S
7.000 ma/ Pickling
7.000 ma/l colouring

=

Pretannin
7.000 mall <
/ Tanning
Recycle
ETC... 80,000 g/l | pretanning Pickling J
[ Tanning colouring Recycle
80,000 mg/l

Figure 6 Pretannage / tannage with GEDT with recycling of floats.

b) Incorporation of a cationic ester in GEDT system

In order to increase reactivity and fixation of the anionic chemicals a cationic ester (Figure 7) was
used to incorporate cationic charges and increase the isoelectric point of the leather and thus its
reactivity.

R . . o 5 /O
\C/ \C/ \N/ \C/ \C\
/% \

)
Figure 7 Basic structure of cationic ester.
The collagen structure which is made of cationic and anionic groups in a balanced way (Figure 8),

suffers a strong “anionicity” due the the anionic charges incorporated with tanning materials, dyes
and fatliquors (Figure 9). For this reason it was studied a cationic ester that adds cationic charges to
bring back the number of anionic / cationic groups to a more balanced level (Figure 10).
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Figure 9 Chrome free GEDT crust.

76



Gallic Tannin

. @° L .e°

Fatliquors

Dyes

A Cation Ester

Peptide chain

Figure 10 GEDT + CE crust.

2. RESULTS AND DISCUSSION

The various leathers obtained with the GEDT tannage in combination with CE were evaluated in
comparison with conventional Glutaraldehyde / Tara / Syntan leathers in term of shrinkage
temperature, dye fixation, exhaustion of tannins by recycling the pretannage float, physical
properties of the leathers.

Shrinkage temperature

Shrinkage temperatures obtained with GEDT tannage are between 68 and 85 °C (Figure 11).
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°C
GTA* / Tara / Syntan crust 85 85 GEDT crust
ST 80-85°C ST 80-85°C
GTA pretanned hide 80 80
GEDT full tannage
ST 78-85°C
ST 75-80°C
75 75
70 70
GEDT pretannage
ST 68-70°C
65 65
60 60
GTA*: Glutaraldehyde \ )

Figure 11 Shrinkage temperature of different pretanning and tanning with GEDT.
Dye fixation

By the incorporation of the Cationic Ester (CE) further to the improvement of the exhaustion of
tanning materials, dyes and fatliquors there is a considerable positive effect on dye shades (Figure 12).

GEDT + CE in pickle + in retannaae

CE in pickle

Figure 12 Influence of cationic ester on dyeing.
Exhaustion of tannins by recycling the pretannage float
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Spent liquors of GEDT pretannage and tannage can be recycled for a pretannage of the following
batches obtaining a further exhaustion of up to 88% which brings the total uptake of tannins to 97%
of the amount offered (Figure 13).

Normal Pretannage float after Reduction
pretannage float | recovery in “colouring”
with GEDT

Density 11.4 Be 8.4 Be -88%

% Tannins 2.4% 0.3%

% of non tannins 9.8% 8.1%

T/nT ratio 0.24 0.04

Ash on dry matter 66.7% 92.7%

COD value (ppm) 74,800 ppm 21,000 ppm -72%

Figure 13 Spent liquors of GEDT pretannage and tannage can be recycled for a pretannage
Physical properties of the leathers

Physical properties obtained in the GEDT + CE crust are in line with conventional aldehyde /syntan
tara / systems regarding tensile strength. Tear values were found slightly higher (Figure 14).

GEDT + CE crust Conventional Glutaraldehyde
/ Tara / Syntan crust

Tensile strength (N) 62 62,2

Tear strength (N) 212 177

Grain looseness (1-5) 4.5 4.5

Light fastness (grey scale) 4.0-4.5 3.5-4.0

Heat fastness 120°C 24h 4.5 3.5

(grey scale)

Softness (softmeter) 3.2 3.6

Fogging (gravimetric) 2.8mg 2.8mg

Figure 14 GEDT + CE crust physical properties.

Possible leather range

By varying the retannage and fatliquoring a very wide range of articles can be obtained, such as
leather for automotive, furniture, shoe upper (Figure 15).
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Burnish leather

Nubuck leather

Upholstery leather

Bag leather

Figure 15 GEDT + CE leathers permit to obtain a huge range of articles.

Biodegradability of pretanning / tanning effluents:

Biodegradability tests were carried out on the spent liquors of pretanning with the GEDT and after

colouring. The test was made in a pilot biological treatment plant with a retention time of 65 days

using activated biological sludge from a tannery water treatment plant.

The test shows that spent liquor from pretannage is degraded 70% while the same liquor after

colouring is degraded 85%

Conclusion

It is possible to pretan / tan leathers with GEDT without the use of aldehydes and / or metals
Process is simple and assimilated to conventional Vegetable tannin systems.

It is possible to use cationic esters to improve softness, dyebility and strength properties of
conventional veg tanned leathers.

GEDT gives excellent light and heat fastness leathers compared to other FOC techniques.
Colour of GEDT leather in combination with CE is very light.

By recycling the final liquor of GEDT tannage for a precolouring of the following batch the
residual tanning material can be exhausted to very high levels.

By a combination of GEDT and CE very high performing leathers can be obtained.
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INTELLIGENT REAL TIME LEATHER DEFECT DETECTION SYSTEM
USING IMAGE PROCESSING TECHNIQUE
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The inspection of leather quality is very important in assessing the effective cutting value that can be
obtained from the leather when used for making leather products. Leather being a natural material,
quality of the leather varies due to the inherent variation in the raw material. The price of the skin or
leather varies quite considerably with the selection and hence grading is done with diligent care by
experienced assorters. However such a manual inspection is highly subjective and varies quite
considerably from one assorter to another and often this subjectivity leads to dispute between the
buyer and the seller of the leathers. Manual leather defect detection is tedious and subjective and
repetitive inspection often results in missing the defects due to fatigue leading to inaccuracy and
inconsistency.

To resolve the drawbacks of the manual method, an intelligent automatic leather defect detection
using image processing technique is proposed in this paper. In the proposed method, the optimal
texture features such as Entropy, Energy, Contrast, Correlation, Cluster Prominence Standard
Deviation, Mean, and local homogeneity that discriminate between normal and defective leathers
are extracted. The normal and defective leathers are classified using an artificial neural network
features. Experimental results on the leather defect image library database suggest that the
identification of leather defects can be automated with the application of image processing
technique based on feature extraction technique using ANN as Classifier.

Keywords: Leather surface inspection, Leather defect, Image processing technique, Artificial neural
network

Introduction

There is a growing awareness regarding the quality of consumer goods. Global market puts higher
demand on quality and hence there is an increasing role for quality control in leather production
process. As quality of the leather varies because of the inherent variation within the natural raw
material, an objective quality assessment plys a vital role in meeting the end user requirements.
Assessment of effective cutting value during the product manufacture is done based on the number
and location of defects present on the leather substrate. Therefore, price of the leather varies quite
considerably with its effective cutting value and hence it is an important exercise that is done with
diligent care by experienced assorters. There is no universally accepted grading rules defined based
on leather surface defects. Each buyer/seller sets their own grading rules, in grading the leather
which is highly subjective and varies quite considerably from one assorter to another and often this
subjectivity leads to dispute between the buyer and the seller of the leathers.
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Machine vision (Chin and Harlow 1982; Cho et al 2005; Newman and Jain 1995; Perner 1994;
Thomas and Rodd 1995) and Computer aided analysis (provides way for automatic surface
inspection and identification of leather surface defects. Image Analysis (Kumar and Pang 2004;
Wilson et al 1997;Yang et al 2002 and 2004) and Pattern Recognition are the potential areas of
research in automated leather surface inspection and assessment. New mathematical algorithms
based on image texture has been employed in this study to understand the nature of leather defects
captured by the industrial CCD camera images. Texture analysis of the leather images gives an
overall perspective of the spatial distribution of pixels. Image texture gives information about the
spatial arrangement of intensities in an image. It works similar to the visual perception of human
beings and handles uncertainties very effectively. Texture analysis (Haralick et al 1973; Kumar and
Shen 2002; Unser and Ade 1984; Tuceryan and Jain 1993) includes collective analysis of local pixel
regions, rather than relying upon spatial information from single pixel. This paper presents an
intelligent real time leather defect detection system to give quantitative feature description of
leather surface images for classification of different leather defects based on texture analysis.

Wavelet Transform

Wavelet transform offers an efficient representation and good visual for images. Wavelet had
proved that it is very useful for detection (Kim et al 1999; Tsai and Hsiao 2001; Serdaroglu et al 2006;
Strickland and Hahn 1996) and matching applications (Arivazhagan and Ganesan 2003; Choplet et al
2006; Padma and Sukanesh 2011) . Multiresolution analysis is one of the most important features in
the wavelet transform. Mallat and (1996) explained the application of repetitive low and high pass
filters and it gives the coefficients in four quadrants such as approximation(low low frequency),
horizontal (low high frequency), vertical(high low frequency) and diagonal (high high frequency) as
shown in Fig.1.

Al H1
V1 D1 Horizontal
Vertical Diagonal

Fig 1: Wavelet Transform Representation

Several bases are available in the wavelet transform. In this study, entropy based method has been
used to select wavelets (Patrick et al 2006). For optimal wavelet selection, information extraction
criteria and distribution error criteria were used (Leizhang et al 2005). Based on the property of
signal /image, wavelet were selected (Ahuja et al 2005). There is no unique technique or parameters
to choose the wavelet. Survey on mother wavelet selection method gives the broader view about
the wavelet selection method(Rafiee et al 2009). The property of discrete, orthogonality and
compact support properties were chosen to narrow down the selection of wavelets into four
wavelets out of fifteen wavelets. The four selected wavelets were Haar, Daubechies, Symlet and
Coiflet. Level of decomposition gives enhanced conception of an image. Based on the energy of the
sub bands, the level of decomposition is stopped. Two level decomposition was done and further
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decomposition was not required because the energy content became zero and hence two level
decomposition was carried out in this present study as depicted in Fig.2.

Original Image Decomposed Image

Fig 2: Defective and non-defective leather samples with Wavelet decomposition
Experimental

Intelligent real time leather defect detection system is designed in such a way to automate the
leather surface inspection for identifying the surface defects. The leather imaging setup consists of a
feed roller, a delivery roller, CCD camera attached to scanning carriage. As the leather is being
conveyed by the rollers, the scanning carriage moves the CCD camera horizontally and in each row
10 leather images are captured. Leather being natural material, the number of rows vary from 10 to
12 rows. The size of each acquired leather image is around 1600 X 1200 pixels. The database
contains the images of the representative set of defective and non-defective leather samples. The
stored the leather sample images are used for the training and testing to classify defective and good
or non-defective leather.

RESULTS AND DISCUSSION

MATLAB R2012, version Image Processing Toolbox was utilised in this analysis. Using the leather
surface imaging setup, the whole leather surface image was captured. These images aid real time
monitoring of the defective and non-defective leather regions. Fig. 3 shows the work flow diagram
for identification of the leather surface defects. To speed up the computation time, the captured
leather images were converted to greyscale and transformed to wavelet domain.

Wavelet analysis of leather images provides vital information about textural features reflecting the
coarseness, smoothness, contrast, and randomness of pixel distribution. Statistical measurements
such as higher order moments and correlation represent similarity of pixels. The feature set
comprising of Mean, Standard Deviation(SD) , Skewness, Kutosis, Homogeniety, Inverse Difference
Momentum (IDM), Mean Energy, Mean Absolute Deviation (MAD), Co-variance (CV), Inter Quartile
Range(lQR), Angular Radial Partitioning (ARP) Transform Domain Features act as predictor
coefficients to identify the leather surface defects. Figures 4 and 5 show the discriminative ability of
these extracted feature set. The good leather surface has a very smooth texture and was highly
homogeneous. This was quite evident with very low variance, in SD, MAD, CV and IQR. Similarly
randomness was very less with lower entropy values. Defects such as bacterial infection, fungal
attack, grain damage, pox mark, lime blast etc., showed porous patches with rough and coarse
texture. Hence, high SD, MAD and CV values, and randomness with high Entropy value. Defects
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such as Chrome Patch, dye patch etc., visually seem to be smooth texture with variable intensity
patches. The feature values reflected these defects with higher mean intensity, Probability
distribution (kurtosis), Skewness values and Homogeneity.

The extracted discriminant texture features values were given as input to the Artificial Neural
Network (ANN) to classify the leather surface images as defective and non-defective class. Fig. 6
shows ANN training plot. Initially with known input-output pair, the network was trained for 10000
number of epochs. The network converged after 8552 iterations (epochs) with error threshold of
0.118 thus resulted in the good accuracy for the test data. After training, network was used to
identify the defective and non-defective regions of the unknown whole leather images. The
classification accuracy was above 90%, with chrome and dye patch defects having close margin.

INPUT IMAGE CROPPING AND RESIZING

TEXTURE FEATURE
EXTRACTION

CLASSIFICATION

DECISION

Fig. 3 Work flow diagram for leather surface defect identification
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Fig.4 Box plot of the feature set
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Feature Vector of Good Ws Defective Classes

1 — Good Leather
] ——— Bacterial Infection
4 —— Chrome Patch
0.5+ ——— Dwye Patch
1 ——— Fungal Attack
1 Grain Defact
D—- — Grain Peel Defect
4 —— Growth Mark Defect
1 — Lime Blast Defact
4 — Pox Mark Defect
-0.5 ———— Secratch Mark Defect
1
T T T T T T T T T T T

u] 2 4 G =] 10 12 14 16

Fig.5 Feature vector plot of Good vs various types of leather defects
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Fig. 6 ANN training plot
CONCLUSION

This paper shows the application of the Machine vision and Computer aided analysis of leather
surface images to identify and classify the defects. Texture analysis based on spatial and frequency
domain features such as Mean, Standard Deviation(SD) , Skewness, Kutosis, Homogeniety, Inverse
Difference Momentum (IDM), Mean Energy, Mean Absolute Deviation (MAD), Co-variance (CV),
Inter Quartile Range(IQR), Angular Radial Partitioning (ARP) was used to characterize the various
types of defects. This feature set showed good discriminative ability and gave better results in
detection of defects for leather inspection. Neural network was used to classify the defects and has

shown 90% classification accuracy.
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Thus present approach using image processing algorithm for identification of leather defects and
neural networks appears promising for automatic inspection and has shown the technical feasibility
of an automatic intelligent real time leather defect detection inspection system. The system
inspects all the areas of the leather avoiding the problems of human fatigue, missing of defects etc.,
Automated leather defect inspection system delivers accurate results in identifying the surface
defects providing consistent and quality inspection thereby increasing the productivity and reliability
of assessment.
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AND GC-OLFACTOMETRY
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The odor component of leather is a mixture of various volatile compounds. Odor analysis of leather
has been performed mainly by gas chromatography-mass spectrometry (GC-MS). Each of the peaks
in the chromatogram represents an individual compound that was separated from a sample mixture.
However, it is unknown whether each peak represents an odor-active compound. For the odor
analysis of foods and flavor, gas chromatography-olfactometry (GC-0) is used. GC-O involves the use
of human assessors as sensitive detectors for odor-active compounds. The sensitive detector, the
human “nose”, enables the recognition of substances that cannot be identified using other methods
of analysis. In this study, the volatile compounds in leather were extracted using a solid-phase
microextraction fiber and then identified using GC-MS and GC-O. The results showed that more than
20 major volatile compounds were identified by GC-MS. Among them, hexanal, heptanal, octanal,
nonanal, heptanol, octanol, 2-ethoxyethanol, and 2-buthoxyethanol were the main compounds.
Aldehydes such as octanal and alcohols such as octanol were characterized by GC-O. In contrast,
solvents such as 2-ethoxyethanol were not characterized by GC-O.

Keywords: solid-phase  microextraction, gas chromatography-mass spectrometry, gas
chromatography-olfactometry, odor

1. INTRODUCTION

The protein collagen, which is the main component of leather, is odorless. The odor components are
added through various processes. In leather manufacture, various compounds, each with its own
odor, are used. These complex odors constitute the odor of the leather. Tannin gives off a unique
odor, while the compounds used for finishing have a solvent odor. In previous studies, the causative
substances of the leather odor have been investigated®. Leather odor analysis has been performed
mainly by gas chromatography-mass spectrometry (GC-MS). Each of the peaks in the chromatogram
represents an individual compound that was separated from a sample mixture. However, it is
unknown whether each peak represents an odor-active compound. In order to determine the
components of the odor, it is necessary to sniff the GC effluent. In 1964, Fuller, Steltenkamp, and
Tisserand published the first description of a GC method modified for this purpose®. For the odor
analysis of foods and flavors, gas chromatography- olfactometry (GC-O) is generally used. GC-O
involves the use of human assessors as sensitive detectors for odor-active compounds. In this study,
the volatile compounds in leather were extracted using a solid-phase microextraction (SPME) fiber
and identified using GC-MS and GC-O for determining the characteristic odor-active compounds in
leather.
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2. MATERIAL AND METHODS
2.1 Materials

Ten finished samples were selected from the leathers exhibited at the Hyogo New Leather Contest
2015 held in Hyogo Prefecture, Japan. Before analysis, all the samples were maintained at a
temperature of 20 °C and a relative humidity of 65% for 2 or more days.

2.2 Extraction

For sampling the volatile compounds in leather, a SUPELCO DVB/Carboxen/PDMS fiber (50/30 pm
thickness) was selected from the four types of SPME fibers. Before sampling, the SPME fiber was
reconditioned, and then, it was exposed for 10 min to the headspace of a 0.5 g sample in a 20 mL
headspace vial at 70 °C. After sampling, the SPME fiber was placed in the injection port of the GC-MS
system.

2.3 GC-MS analysis
The schematic of GC-MS and GC-O is shown Fig.1. The GC-MS analysis was performed using

PerkinElmer AutoSystem XL with a PerkinElmer Turbomass mass spectrometer.

Injector

\

- GC column

Sniffing port

Splitter
- /

MS GC

Fig. 1. Schematic of GC-MS and GC-O

The samples were analyzed using a fused-silica capillary column, DB-WAX (30 m x 0.25 mm, 0.25 um
film thickness, GL Sciences Inc.). The flow of the carrier gas (helium) was controlled and was set at
1.0 ml/min. The GC oven was temperature programmed from 40 °C to 230 °C at the rate of 10 °C
/min. The MS transfer line was 230 °C, and the mass spectrometer was operated in electron impact
(El) ionization mode (70 eV) with a mass range 50-400 m/z.

2.4 GC-0 analysis
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GC-0 analysis was performed on a GL Sciences Inc. OP275 instrument. The GC eluent from the
capillary column was split in 1:3 (v/v) ratio between the mass spectrometer and the sniffing port.
The samples were injected into the GC system in splitless mode. The GC conditions, transfer line
temperature, and carrier gas were the same as those described above. The odor identity was
decided at the sniffing port.

3. RESULTS AND DISCUSSION
3.1 Volatile compounds

A representative total ion chromatogram (TIC) of finished leather is shown in Fig. 2. The compounds
were identified using the NIST (National Institute of Standards and Technology) libraries. More than
20 volatile compounds were detected. The volatile compounds and their corresponding peak
numbers are listed in Table 1. The largest peak, peak 11, corresponds to 2-butoxyethanol, which is a
glycol ether.
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Fig. 2. A representative total ion chromatogram (TIC) of finished leather

It is a colorless liquid, which is miscible in water and soluble in most organic solvents. In the leather
industry, 2-butoxyethanol is widely used as a lacquer for spraying. Peak 5 represents 2-
ethoxyethanol, which has similar properties as those of 2-butoxyethanol. Peak 16 represents 2-
ethylhexanol, which is used as bis (2-ethylhexyl) phthalate used as a PVC plasticizer. These three
compounds are detected and characterized from lacquer finished leather. Peak 8 and peak 10
correspond to octanal and nonanal, respectively, which are lower aldehydes. The hydrocarbon
chains of lipids and fatliquoring agents form aldehydes when oxidized. Peak 14 and peak 17
represent heptanol and octanol, respectively. Octanol is used in organic synthetic solvents,
plasticizers, and surfactants. These alcohols are components of the finishing agents for leather. The
main volatiles detected from the 10 finished leathers are shown in Table 1. A total of 19 compounds
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were detected in most of the samples. Although many types of volatile compounds are emitted from
finished leathers, they are relatively low molecular weight components, such as alcohols and
aldehydes.

Table 1. Volatile compounds in finished leather

No. TimZ?rtﬁin.) Compounds No. Timi?rtr.]in.) Compounds

1 12.07  Hexanal 11 16.56  2-Buthoxyethanol

2 12.82  1-Methoxy-2-propanol 12 16.89  3-Methoxy-3-methyl-1-butanol
3 13.00  34-Dimethyl-1-pentanol 13 16.90  2-Octenal

4 13.67  Heptanal 14 17.01  Heptanol

5 14.16  2-Ethoxyethanol 15 17.46  2-Propyl-1-pentanol

6 14.28  2-Pentylfuran 16 17.48  2-Ethylhexanol

7 15.06  2-(2-Methoxypropoxy)propan-1-ol 17 18.23  Octanol

8 15.11  Octanal 18 20.76  2-Methyl-1-undecanol

9 15.24  1-(2-Methoxypropoxy)propan-2-ol 19 20.88  Diethylene glycol monobutyl ether
10 16.43  Nonanal

3.2 Odor-active compounds

In order to identify the odor-active compounds in leathers, the finished leathers were analyzed by
GC-0O. The detected odor-active compounds are shown in Table 2, listed in the order of their elution
time from the GC column. Five odor-active compounds were detected in the finished leathers.
Heptanal gave off a fruity odor, while nonanal and octanal gave off a green odor. Aliphatic aldehydes
such as heptanal, ocatanal, and nonanal are the important fragrance molecules that cause the citrus
scent. In addition, the odor quality changes with the concentration of the odorous compounds.
Oxidized oil odor emanated from heptanol and octanol. As with the case of the aldehydes, it is
considered that the odor quality changes depending on the concentration of the alcohol. Hence,
aldehydes such as octanal and alcohols such as octanol are the characteristic odor-active compounds
in the finished leathers. 2-Butoxyethanol is the most abundant component detected by GC-MS
analysis; however, it was not detected at the sniffing port. 2-Ethoxyethanol and 2-ethylhexanol were
not detected as well. Each odorant has its own odor threshold, which is the lowest concentration of
a certain odor compound perceivable by the human nose. The higher the odor threshold, the weaker
is the odor. Since the above-mentioned aldehydes have a low odor threshold, the odor can be
detected even at low concentrations. Conversely, 2-butoxyethanol has a high odor threshold and
hence is not detected by the human nose. Therefore, compounds with a high odor threshold are not
the characteristic odor-active compounds in finished leather.

91



Table 2. Odor-active compounds in finished leather

No. Compounds Odor No. Compounds Odor
4 Heptanal fruity 14 Heptanol oily
8 Octanal green 17 Octanol oily

10 Nonanal green

4. CONCLUSION

The odor-active compounds in finished leathers were analyzed by GC-MS and GC-O. A total of 19
compounds were detected in most of the samples by the GC-MS analysis. Five odor-active
compounds were detected by GC-MS and GC-O analyses. Aldehydes such as octanal and alcohols
such as octanol were the characteristic odor compounds in the finished leather, whereas solvents
such as 2-buthoxyethanol were not.
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The proposed amendment of the German regulation for the treatment of tannery wastewaters
(ATV-DVWK-M774-proposal 2015) emphasizes the minimization of the pollution burden before
treatment (inflow). Current regulations are directed towards setting limits to what may leave an ETP
(outflow). The new provisions, on the other hand, demand that a verifiable reduction of the
polluting load is realized before the water enters the treatment system. An absolute decrease at the
level of individual components requires the measurement of these components for a starting point.

This paper discusses the ways of expressing the exhaustion of a selection of fatliquors on chrome
and chrome-free leathers. Each product has a specific affinity to the tanned hide and an individual
environmental imprint. This specificity can be used for targeted reduction of the inflowing pollution
burden.

The findings of the study can act as a starting point for setting up an own methodology and a
detailed level of reporting for all who need to understand a fatliquor’s true affinity towards the
leather and those who endeavor to minimize the environmental impact of their processing.

Keywords: exhaustion, environment, fatliquor, chrome, FOC, ETP.

1. Introduction

The constitution of untreated effluent float depends on composition, quantities and manufacturing
of the chemicals used during the upstream process. Effluent constitution depends on the type of
processing in the tannery: the effluents of wet blue producers are different to those of tanneries
that process from raw to finish, which in turn are of other constitution than the floats from
producers that work from tanned stock and limit themselves to crusting and finishing.

Liming and tanning yield effluents of more or less known composition, but the inclusion of retanning,
fatliquoring and dyeing makes matters trickier due to the wide chemical range of the products
applied and the very complex variety of mixtures in the discharged floats.

Rules and regulations with respect to the treated effluent discharged have been based on its outflow
into the environment. The quality of the water that enters an ETP is of concern to the operators and
not to the authorities.

Newer regulations state that ,the volume of sewage and contaminant load is to be kept as low as
possible by the following measures: ...“. In the case of wet-end processing it is required to ,reduce
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the contaminant load in the raw wastewater in wet-end process by the optimizing retanning, dyeing
and fatliquoring” (ATV-DVWK-M774 — proposal 2015).

Whereas in the past it sufficed to demonstrate that the outflow from an ETP met with the specific
rules and regulations of the local authorities, future requirements will include the need to
demonstrate that active efforts have been taken to reduce the inflow’s pollution burden prior to
treatment.

The treatment of the discharged float cannot be seen separately from the process it stems from.
Processing and effluent water may be identical but are in practice two different departments with
little knowledge of each other and unequal levels of attention for their content. The operator of an
ETP needs to treat the sewage received from the factory and may not need to have an in-depth
knowledge of the effluent-generating processes, yet he or she needs to know what it is that the
factory discharges.

The cost of wet-end chemicals discharged into an ETP is threefold and the user pays

a price for the unused products
the operating cost for removing the unused products from the effluent
a fee for the disposal of the sludge

At the end of the wet-end processes in most cases the measure of exhaustion is the visible
inspection of the spent floats and a judgement of their transparency and color. A large variety of
products creates a mixture of unknown constitution and consistency which can lead to fluctuations
and failures in treatment and water quality. Knowing the quantities and of residual chemicals in
waste water and their influence on water treatment allows easier and more economical operation of
an ETP.

The results discussed in this paper are the outcome of a comparative investigation into fatliquors’
affinity to both chrome (wet blue) and chrome free (wet white) tanned leathers with the purpose of
finding tendencies and classifications to predict and control ETP-inflow and treatment.

Based on the percentage exhaustion of individual fatliquors the fatliquors can be allocated in groups
for their affinity for leathers of different tannage.

Moreover, the paper makes the assumption that for understanding the effluent load of any tannery
wet process the percentage exhaustion does not express the environmental burden of the non-
exhausted residue of the process. For a meaningful rendition of the facts the percentage exhaustion
is to be replaced by the percentage non-exhausted residue as concentration or oxygen demand of
the chemical or its constituents used.

2. MATERIAL AND METHODS
2.1 Materials

In this study chrome—tanned bovine of 1.1-1.2 mm and GTD-pretanned of 1.1-1.2 mm bovine hides
set up were used. Both leathers had been produced for automotive application and have been
processed according to the recipes in Table 1 (wet blue) and Table 2. (wet white).
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Two identical series of commercially available automotive range fatliquors were applied for both
applications: polymeric & natural softeners (fatliquor 1), blend of sulphated and sulphited vegetable
oils (fatliquor 2), lecithin (fatliquor 4), sulphated vegetable oils (fatliquor 11), blend of sulphited
vegetable and animal oils with synthetic oil (fatliquors 3, 8, 9, 10,

12), blend of natural oil with phosphated and succinic acid esters (fatliquors 5 & 7), sulphited fish
and animal oil (fatliquor 6).

2.2 Methods

The used processes differed in their design and were formulated considering the specific wet-end
processing practices for the two different tannages. The %-ages of fatliquor applied differ: 10%
applied for wet blue and 14% application for wet white. Both processes represent simplified forms of
commonly applied processes

COD, BOD and TDS determinations were performed at external testing institutes according to ISO
6060:1989 (COD), ISO 1899-1:2003 (BOD) and STAS 9187-84 (TDS)

Further analyses carried out were for TSS, TDS and BOD:s.

A fatliquor’s possible contribution to TSS only stems from improper emulsification and is therefore
related to the handling of the fatliquor and not the product itself.

Both TDS and BODs demonstrated the same patterns as found with the COD measurement. For this
reason the focus of this paper is on COD only.

Table 1. Leather processing recipe — wet blue automotive.

Process % | Product °C | Time
wash 300 | water 35
0,2 | formic acid (1:10) 15| 3,6
drain
neutralizing 100 | water 35
2,5 | sodium formate
0,7 | sodium bicarbonate 45| 5,5
drain
wash 300 | water 35 10
drain
retanning 100 | water 35
12 | Syntan DM 262 60
+ 1 | formic acid (1:10) 5+15| 3,8
drain
wash 300 | water 35 10
drain
fatliquoring 100 | water 50
10| FATLIQUOR 45
5+
+ 1 | formic acid (1:10) 15| 3,6
drain float sample
cold wash 300 | water 25 10
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‘ drain \ \ float sample ‘ ‘ ‘ ‘

Table 2. Leather processing recipe — wet white automotive.

Temp | Drum pH
Process % | Product °C Time
wash 300 | water 30 20
drain
neutralizing 70 | water 30
2 | sodium formate 30| 4,8
+ 10| Syntan DM 262 30
+ 10|SyntanS$S 330
+ 100 | water 50 10
+ 1,5|formic acid (1:10) 30
+ 1,5|formic acid (1:10) 90| 3,5
drain
wash 300 | water 35 10
drain
fatliquoring 100 | water 50
14 | PRODUCT 60| 3.4
+ 1 | formic acid (1:10) 10+20
drain float sample
cold wash 300 | water 25 10
drain float sample

3. RESULTS AND DISCUSSION

Twelve commercially available fatliquors have been compared under identical conditions and
acidified with a fixed amount of formic acid to the range of 3,5-3,7 for wet blue leathers and 3,3-3,5
for wet white leathers. All values have been based on a) the float before processing, b) the
exhausted float after acidifying and c) the subsequent washing float.

For a first comparison the exhaustion has been expressed in the manner commonly used by the
industry as %-age. This %-age relates to the original content of the float minus the residue after
processing (original COD — residual COD = exhaustion).

amount original float”

% exhaustion =
? [amount fixation + (amountwashing x 3*7)]

* - 10% for wet blue; 14% for wet white

** - the washing value is multiplied by 3 since the washing float has a length of 300% as compared to
100% float length used for retanning or fatliquoring.

It can be seen from Table 3 that not only between fatliquors the exhaustion %-age greatly varies but
that no general relation exists between their use on w/b and w/w.
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o
25 80%
9 E 70%
93 60%
50%
0%
fatliquor 0
i exhaustion (COD %) - w/b | 97% | 92% | 92% | 91% | 90% | 90% | 89% | 75% | 72% | 71% | 70% | 70%
m exhaustion (COD %) - w/w | 90% | 76% | 91% | 86% | 88%  67% | 87% | 60% | 48% | 49% | 55% | 62%

Figure 6 exhaustion %-ages of different fatliquors compared for wet blue and wet white

processing.

Of the fatliquors with a higher exhaustion %-age (<90%) nrs. 1, 2, 10, 12 demonstrate comparable
exhaustion %-ages on both types of tannage, while with nrs. 4 , 5, 11 the w/w exhaustion is inferior

to that of w/b .

Fatliquors of a lower exhaustion %-age on w/b without exception show inferior exhaustion %-ages to

varying degrees when applied on w/w.

Figures 2 & 3 illustrate how much the acidified bath contributes to the total %-age of residue, and
how much of the residue has been released by the washing bath.

60 3.0
*
50 £ 2.5
' 40 2.0
1]
=}
-
g X 30 - 15
8
3 20 1.0
10 l 0.5
- 0.0
fatliquor 5 4
smmmmms residue from wash -w/b 11 [ 12 |12 |11 | 12 | 4 4 4 6 7 2
BEERRN residue from acid fixation-w/b | 18 | 18 | 18 | 17 | 13 | 6 4 4 4 2 2
«ss.@... ratio wash/fixation 0.60|0.66|0.67 | 0.67 |1.00|0.69|1.31|0.86|0.91 | 1.47 | 2.64 | 1.44

ratio wash/fixation

Figure 2. %-age of generated by different fatliquors on wet blue stemming from the combined

acidified and washing floats
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%
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10
0
fatliquor
smmmmma residue from wash - w/w 19 |25 |20 |17 |20 |17 |12 | 6 8 9 5 8
Rl residue from acid fixation-w/w | 32 | 27 | 25 | 21 | 20 |16 | 12 | 6 6 4 4 3
«ss.@... ratio wash/fixation 0.61/0.96(0.83/0.77|0.95|1.05/0.93|0.891.22 | 2.22 |1.45| 2.76

Figure 3. %-age of residue generated by different fatliquors on wet blue stemming from the
combined acidified and washing floats

Both figures evidence that with increasing amounts of residue in the acidified fatliquor bath the
release of unused products by washing increases too.

The ratio between the residues from washing and fixation increases for products that leave only
small amounts of residue in the drained float: the bulk of the residue stems from washing. For those
fatliquors that leave a large amount of residue it is the other way round: the bulk of their residue
stems from acid fixation.

In figures 4 and 5 the %-age of residue is contrasted to the oxygen amount needed for treating the
residual float. It can be seen that equal %-ages of exhaustion can represent different degrees of
organic pollution. The tables have been prepared from lower to higher exhaustion %-ages to residue
make the conclusion more easily visible.
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Figure 4. %-age of residue on wet blue in relation to quantity of O, required for oxidizing the
residual fatliquor

100
90
0 &

" Sloorol >

50

40 @
30 @ @
20 %

10

w/fw - total residue
(g O,/1]

0% 10% 20% 30% 40% 50% 60%
w/w - total residue [%-age]

Figure 5. %-age of residue on wet blue in relation to quantity of O, required for oxidizing the
residual fatliquor

In The fatliquors show a particular grouping profile. When used on wet blue, the profiles are notably
more specific than when the are applied on wet white.

In both cases a particular gap between the groups is visible.

The exhaustion %-age can also be expressed as a fatliquor’s affinity for the substrate it is to react
with.

None of the fatliquors shows a better exhaustion rate on wet white than on wet blue. While others
show a reduced to significantly reduced tendency for binding to wet white when compared to wet
blue.
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Figure 6. the quantity of O, required for oxidizing the unused fatliquor in relation to the quantity
of O, required for oxidizing the residual fatliquor.

From the effluent data a classification of fatliquors into affinity classes can be made when the
individual fatliquor’s residual COD is opposed to its initial and unconsumed COD.

The graphic contrasting of the unused fatliquor’s initial COD with the COD of the residue it leaves
behind does not show a random distribution of properties. Instead it brings to light distinctive
groups representing the fatliquors’ affinity to the tanned hide.

e Fatliquors of low affinity to both wet blue and wet white are clearly defined groups of comparable
initial COD for the products before their use. They are only distinguished by the amount of residue
generated by processing wet blue or wet white. The fatliquors of both groups are near- identical.

e Fatliquors of high affinity to wet white are a clearly defined and fairly homogenous group. The
height of their residual COD appears to be related to their initial, unconsumed, COD.

e Fatliquors of high affinity to wet blue are less homogeneous in their behavior; their low residual
COD value is less related to their initial, unconsumed, COD value.

e Medium affinity is a classification that can only be applied when processing wet white. The group
consists of too few fatliquors (2) of a too large band width to clearly identify them. There appears
to be a general relation between their initial unconsumed COD value and the residue they
generate in the spent floats.

e One fatliquor of high affinity to both wet blue and wet white is separated from all the rest.
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4. CONCLUSION & DISCUSSION

Fatliquors to the greatest extent consist of organic compounds. Measuring the float’s COD is
sufficiently indicative of a fatliquor’s degree of exhaustion and the residue it leaves in the drained
float.

Based on COD measurements we find patterns that can not be related to the origin and composition
of the fatliquors used.

The commonly practiced method to express the exhaustion of fatliquors by the analysis of the
exhausted fatliquor float alone overlooks the fact that what is believed to be fixation is to a large
degree a reversible binding dependent on pH. The clean float and the pH increase that comes with
washing can cause the further release of substantial amount of fatliquors, some of them still unfixed
and others previously fixed. For drawing relevant conclusions, washing floats are to be included in
any calculation of the kind.

The thus calculated %-age of exhaustion still does not provide any information on the real degree of
pollution generated by the residue of a fatliquor. A seemingly good exhaustion can generate
considerable pollutant load while, on the other hand a lower exhaustion %-age can be relatively light
in pollution burden. The exhaustion expressed as %-age therefore has no value to illustrate a
fatliquors quality in environmental terms.

To do so, the oxygen demand needed for converting the residual organic material is a far more
suitable criterion to express a fatliquor’s environmental impact and compare it to the residues left
by other oils.

The tendency to exhaust can be expressed as affinity towards the tanned hide. Of the fatliquors
investigated none had a higher affinity for wet white than for wet blue. A small group shows
comparable affinity, but most of the oils demonstrate considerably lower affinity.

Randomness appears when attempting to reduce a fatliquor’s affinity to its composition or making.
None of the affinities found can be attributed to the chemical composition or to any of its main
constituents and appears to be a singular property of an individual fatliquor.

The research demonstrated that by applying a simple method and a specific juxtaposition of data
yields consistent values to define the affinity of any product towards the tanned hide during
processing and the pollution burden after its use. Further research would define whether this
behavior depends on a fatliquor’s chemical manufacturing and to any of its main constituents, or
whether it is independent of this and a is singular property of an individual fatliquor.
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Ovine leather has around half the strength of bovine leather and is therefore not suitable for high
value applications such as shoes. Previously it has been shown that strength in leather correlates
with the extent of collagen fibril alignment (orientation index). Here we applied biaxial stretching to
ovine skins during tanning. The skins were strained by 10% in two orthogonal directions during the
tanning process. Tear strengths were measured by standard methods in two orthogonal directions.
Collagen fibril orientation was measured using synchrotron based small angle X-ray scattering. The
in-plane collagen fibril orientation index of the manipulated samples rose from 0.4 to 0.6 (p-value =
0.01) (where 0 represents isotropic fibril arrangement and 1 is perfectly parallel fibrils). Biaxial
stretching during tanning therefore artificially induces greater collagen orientation. Tear strength
increased as orientation index increased from 33 N/mm to 43 N/mm (p-value= 0.03) suggesting that
the increase in collagen orientation due to stretching while tanning results in leather of greater
strength.

Keywords: collagen, leather, tear strength, small angle x-ray scattering, bi-axial stretching.

INTRODUCTION

Collagen structures provide strength and flexibility in the skin allowing the body to endure stresses
and strains. It is the collagen networks in the extracellular matrix that support the cells in the
epidermis through structures that strengthen and dissipate forces (Fratzl 2008). Collagen is the most
abundant protein in the body with its fibrous nature allowing it to possess a variety of strong and
flexible mechanical properties making it suitable to a variety of functions. The function of the
collagen is influenced by the load bearing forces on the particular piece of tissue as it is these forces
that determine the collagen fibers orientation. Tendons provide a good example of fiber
arrangements in response to force. Tough fibrous connective tissues link muscle to bone where the
collagen fibers are arranged parallel to load bearing forces giving this tissue the ability to transmit
forces and withstand tension during muscle contraction (Franchi et al. 2007). Sophisticated collagen
matrixes are present in skin where a more uniform fibril diameter (Ottani et al. 2001) and specific
web-like fiber arrangements (Gathercole et al. 1987) influence the tissues strength and location
specific behavior. The collagen’s ability to rearrange in skin has been primarily attributed to skin’s
tear resistance, where fibers re-orient to oppose the propagating tear forces (Yang et al. 2015).
However, if a tear does manage to propagate the skin heals over this area with scar tissue where
again we see the effects of collagen fiber orientations producing certain characteristics. The scar
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tissue skin which reforms over a wound has collagen fibers with a more parallel alignment (van
Zuijlen et al. 2003), a collagen arrangement which has been shown to produce a greater strength
(Basil-Jones et al. 2011). When the fibers align in the direction of the straining forces this places the
collagen’s characteristic triple helix in an optimal position to transpose the forces along its structure
(Brodsky & Persikov 2005), increasing the strength of the skin. Normal skin which covers mobile
areas like joints have fibers arranged in a more isotropic manner creating a mesh like structure
which allows for more flexibility (van Zuijlen et al. 2003).

Collagen structures produce properties in collagen based materials resulting from the fiber
arrangement in response to external forces and chemical treatments. Methods to create and
manipulate these collagen structures have been of interest for medical tissue engineering
applications (Charulatha & Rajaram 2003, Franchi et al. 2007, Freeman & Silver 2005, Gathercole et
al. 1987, Kayed et al. 2015, Purslow et al. 1998, Speer et al. 1980, Sturrock et al. 2004) as well as
industrial processes like the production of leathers (Basil-Jones et al. 2010b, Basil-Jones et al. 2011,
Basil-Jones et al. 2012, Kronick & Buechler 1986, Osaki 1999, Sizeland et al. 2013). Collagen
structures can be chemically or mechanically manipulated and these will be considered respectively
below. Chemical manipulations target the intra-molecular bonds which form between the fibrils;
these are called cross-linkages and are important to the collagen’s fibrous structure (Charulatha &
Rajaram 2003, Kayed et al. 2015, Zimmermann et al. 1970). Chemical treatments have been
investigated to encourage cross-linkages in collagen to increase tissue strength; the most successful
of these being treatment with glutaraldehydes to control the properties of the collagen structure
(Speer et al. 1980). Leathers tanned with glutaraldehyde have been shown to possess a greater
resistance to heat and moisture (Bowes & Cater 1965). While treating the strong collagen based
membrane which covers the heart , the pericardium, with glutaraldehye effected the cross-linkages
and also the alignment of the collagen fibers (Kayed et al. 2015). Tanning is a sequence of chemical
treatments which work to remove non-collagenous material from skins while maintaining the
natural collagen structure. The main chemicals used include chromium (lll) salts and tannins which
increase the denaturation temperature of the leather when compared to skin. This increase in heat
resistance is due to cross-linkages formed between the collagen’s fibers (Covington et al. 2001).

Applying mechanical strains to collagen based materials has also shown potential to influence the
organization of the collagenous matrix by encouraging the fibers to aligning parallel to the straining
forces. Leathers have been dried under biaxial stretching forces resulting in an increased tensile
modulus and stiffness due to re-orientation of collagen fibers (Sturrock et al. 2004). Not only does
this mechanical method influence the collagen matrix applying mechanical strain has also been
shown to effect the mineralization of the matrix by altering the locations of the calcium phosphate
nucleation sites, important for bone density (Nudelman et al. 2010).

To observe the effects of both chemical and mechanical action on the collagen fibers X-ray scattering
has been used to provide insights into collagen fibril orientations and fibril D-spacing (Basil-Jones et
al. 2010b, Basil-Jones et al. 2011, Hulmes et al. 1995, Purslow et al. 1998). The technique has also
been used to measure the change in collagen fibril alignment in leather under tensile strain (Basil-
Jones et al. 2012) where it was shown that fibrils become more oriented up to a certain point after
which the collagens ability to re-orient begins to diminish and the forces begin to be observed at an
individual fibril level with an increase in d-spacing (Gathercole et al. 1987).
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Collagen orientation, which is a measure of fibril alignment relative to one another at a certain
azimuthal angle where 1 represents perfect alignment and O represents random alignment. The
collagen orientation has been investigated in leather and has been shown to have a significant effect
on the leathers strength. Collagen fiber alignment appears to have a directly proportional
relationship with the strength; where more aligned collagen produces stronger leather with a great
variability between various mammals (Sizeland et al. 2013). Ovine leathers are inferior to bovine
leathers for high value applications such as footwear due to considerably lower strength resulting
from less fibril alignment (Basil-Jones et al. 2011, Basil-Jones et al. 2013). Methods to enhance the
strength of ovine leathers could have wide application in the tanning industry to make this leather
competitive with those from bovine origins.

Measures of strength have been defined by industry standards in the form of conventional tear test
(ISO 3377-2:2002) where the force to tear a sample is measured and used to quantify its strength.
Our understanding of skins ability to re-arrange collagen fibers in response to forces to increase
strength and resist tear propagation and the effects of tanning on collagen orientation suggests two
mechanisms which could provide the potential to enhance leather strength.

Here we performed structural and mechanical studies to determine firstly if mechanical collagen
realignment while tanning in skin was possible and if the realignhment would be permanent after
tanning and secondly we examined the effects of this realignment on the strength, or resistance to
tear propagation, of the leather produced.

MATERIAL AND METHODS

Leather was prepared from ovine pelts using conventional beamhouse and tanning processes. The
ovine pelts were from 8 to 10 month old New Zealand Romney sheep from the wider Manawatu
region. After rehydrating the skins, adhering fat and flesh was removed mechanically and
conventional lime sulphide paint (140 g/L sodium sulphide, 50 g/L hydrated lime and 23 g/L
pregelled starch thickener) was applied to the flesh side of the skin at a rate of 400g/m”. Following
incubation at 20 °C for 16 hours keratinaceous materials were removed and the skins washed in
water to remove the lime. Following the last wash ammonium sulphite was added into the water to
lower the pH to 8 and a commercial bate enzyme, Tanzyme (0.1% (w/v)), was added before the skins
were incubated at 35 °C for 75 min. Following further washing in water the skins were pickled in 20%
(w/v) sodium chloride and 2% (w/v) sulphuric acid.

Control and test leather samples (each 270 x 270 mm) were obtained from the pelts at the official
sampling positions with the orientation to the backbone recorded for all samples. See Figure 1 for
details. The test squares were mounted in a custom made biaxial stretching device which applied
and maintained stretch during the beamhouse and tanning process. Samples were processed with
even bi-axial forces applying a stretch force lengthened the samples by 10% in both directions. The
control samples were processed without tension.
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Figure 1: Sampling positions for stretching and tearing from the official sample position (OSP) on the
Ovine skin.

Following pickling the control and test samples were degreased in 4% non-ionic surfactant (Tetrapol
LTN, Shamrock, New Zealand) for 90 min and then washed. After being neutralized in a 1% disodium
phthalate solution (Feliderm DP, Clariant, U.K) for 30 min. the samples were process overnight at 25
°C in a 5% chrome sulphate solution (Chromosal B, Lanxess, Germany). The following day the
samples were neutralized in 1% sodium formate and 0.15% sodium bicarbonate solution for 1 hour,
washed in water, and retanned with 2% synthetic retanning agent (Tanicor PW, Clariant, Germany)
and 3% vegetable tanning (mimosa) (Tanac, Montenegro, Brazil). Finally the skins were treated with
a 6% fatliquor solution and fixed with 0.5% formic acid for 30 min. After a final wash in cold water
the stretched samples were removed from the biaxial stretching devices and left to dry with the
control samples.

Tear strengths were measured according to standard methods (ref ISO 3377-2:2002) and normalized
for thickness. Samples were cut from the official sampling position and treated at constant
environment conditions (20 °C and 65% relative humidity) for 24 hours before tear strengths were
recorded on an Instron 4467 instrument.

For SAXS analysis squares (5 x 5 mm) we taken to perform edge-on measurements were analysis was
performed vertically across a cross section of the sample from the grain surface to the corium of the
leather. These were mounted normal to the X-ray beam without tension. Six measurements were
recorded spanning the cross section with a 0.1 mm sample spacing between points.

X-ray beam perpendicular to surface

i Xeray beam
! edge-on

Figure 2: Orientation of sample relative to the X-ray beam to produce edge-on measurements.

106



The diffraction patterns were recorded on the Australian Synchrotron SAXS/WAXS beamline. A high-
intensity undulator source was utilized with an energy resolution of 10 from a cryo-cooled Si(111)
double-crystal monochromator. The beam size (fwhm focused at the sample) was 250 x 80 um with
a total photon flux of about 2 x 10** photons s™. All diffraction patterns were recorded with an X-ray
energy of 8 keV using a Pilatus 1M detector with an active area of 170 x 170 mm and a sample to
detector distance of 3371 mm. The exposure time for diffraction patterns was in the range of 1- 5
seconds, and data processing was carried out using the SAXS15ID software (Cookson et al. 2006).
Intensities displayed are all absolute detector counts (one X-ray detected one detector count),
except where stated otherwise.

The collagen orientation was determined from the azimuthal angle for the maximum intensity of the
D-spacing diffraction peaks. The orientation index (Ol) was the primary measure used where Ol is
defined as (90 °-0A)/90 °, where OA is the minimal azimuthal angle range, centred at 180 °, that
contains 50% of the micro fibrils (Basil-Jones et al. 2010a, Sacks et al. 1997). The Ol range takes us
from perfect alignment which is represented by an Ol of 1, through to an Ol of 0 which suggests high
miss aliment or isotropy. The Ol was calculated from the spread in the azimuthal angle of the D-
spacing peak at 0.059 - 0.060 A™. Each Ol value presented here represents the average of 14 - 36
measurements of one sample.

RESULTS AND DISCUSSION

Sample sets were cut from different animal skins and were composed of a stretched sample and its
non-stretched counterpart. These samples had a series of tear tests performed at two orientations,
perpendicular and parallel, relative to the backbone with their normalized tear strengths calculated
to show the effects of stretching, Table 1. To contribute to understanding the variation in tear
strength due to the effects of stretching orientation index measurements (Ol) we determined
through SAXS imaging.

x direction y direction Normalized Normalized Tear
sample stretch stretch Tear Force Force Ol (edge on)
(% of length (% of length (parallel) (perpendicular)
gained) gained) (N/mm) (N/mm)

1 10 10 38.0 46.2 0.5
1(c) 0 0 36.6 42.6 0.5
2 10 10 38.8 41.4 0.7
2 (c) 0 0 25.6 27.0 0.4
3 10 10 36.9 41.0 0.7
3 (c) 0 0 25.5 28.8 0.5

Table 1: Sample matrix showing the tear strength, normalized for thickness, in both parallel and

perpendicular directions relative to the animals backbone and the edge-on orientation index (Ol).

The SAXS patterns of the samples placed under biaxial stretching can be compared with those
processed normally revelled a change in the orientation of the collagen fibres. The scatter patterns
(Figure 2, left) show the fibres angular distribution to be more uniformly oriented in the stretched
sample (Figure 2, top) with greater peak intensities laying along the plane of the stretch forces (0°
and 180°, where 90° represents alignment from the grain to corium). The sample tanned without
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strain on the other hand has a more circular intensity pattern suggesting a more isotropic
arrangement where fibres are more randomly arranged between the grain and corium.

Plots of a single meridional arc at g~0.05 A™ (right) again shows the stretched sample as having a
greater preferred fibre orientation with greater intensity peaks at 0 ° and 180 °. The un-stretched

sample has lower intensity peaks and a more narrow spread of fibres oriented around the preferred
direction.
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Figure 2: Example of SAXS scatter patterns (left) and their corresponding integrated intensity plots
around the 5" diffraction peak (I versus q) for edge-on imaging of a stretched leather sample (top)
and a normal, non-stretched, leather sample (bottom).

Applying bi-axial stretching forces in the X and Y directions produces a statistically significant change
in collagen orientation (edge-on Ol of 0.43 (non-stretched sample) versus 0.64 (Stretched sample),
p-value = 0.01) (Figure 3). In applying bi-axial stretching forces to skins before tanning we increase
the orientation index (Ol). A change in the Ol, when compared with the normal, non-stretched
samples, demonstrates collagen re-alignment has occurred where fibers have been encouraged to
become more oriented in the direction of the stretch forces. This produces leather with more
anisotropic characteristics where fibers are more like a laminate and lie in the plane of the leather as
suggested by Figure 2.
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Figure 3: 3D plot of y-direction stretch and the x-direction stretch applied to the sample
corresponding in to the edge-on orientation index (Ol). The different colors represent different

sample replicates.

The double edge tear test has been used as a measure of leather strength (ISO 3377-1:2011). The
standard requires two types of tear samples to be taken. What differentiates these two types of
samples is their orientation to the backbone; one is taken parallel and the other perpendicular
(Figure 1). The reason for taking samples in two directions is due to the natural collagen alignment
observed in skins which are arranged for functional purposes while on the animal (Osaki 1999). This
region is defined as the official sampling position (OSP) providing the best location to sample skins
(ISO/FDIS 2418). The standard requires tear samples be taken from here. The natural alignment
found in skins results in the perpendicular tear strength measure tending to require a greater tear
force than that is required when tearing is propagated parallel to these fibers. We observe this here
when comparing the two tear tests in Figure 4 (parallel tear force (left); perpendicular tear force
(right)).We can also see that the stretched samples have a greater overall tear strength in both

sample tear directions (parallel, 29N/mm versus 38N/mm, p-value = 0.02 and perpendicular, 33
N/mm versus 43 N/mm p-value = 0.03 to the backbone).
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Figure 4: 3D plot of y-direction stretch and the x-direction stretch applied to the sample
corresponding in to the parallel (filled shapes, left) and perpendicular (shape outlines, right) tear
strength positions relative to the backbone, normalized for thickness in N/mm. The different colors
represent different sample replicates.

Corium thickness has been attributed to strength and it is worth noting that this thickness has not
been considered here. A thicker corium layer would contribute significantly to strength as it contains
a greater concentration of collagen which is more highly oriented and has a shorter d-spacing
(Oleary & Attenburrow 1996).

Correlating the collagen fiber orientations with the tear strengths we notice a linear trend where a
greater Ol results in greater tear strengths, Figure 5. This relationship is true for both tear directions
and the application of bi-axial straining forces while tanning exaggerates these effects. Stretched
samples have greater overall tear strength in both tear directions when compared with their non-
stretched counterparts (Figure 5).
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Figure 5: Edge on orientation index (Ol) versus normalized tear forces parallel to the backbone

(shape outline) and perpendicular to the backbone (filled shapes). The different colors represent
different sample replicates where points with cross-hairs are the controlled, non-stretched samples.

CONCLUSION

Preliminary results show that applying even bi-axial stretching forces to skins during tanning results
in leathers of greater strength. SAXS has shown the collagen fibrils re-orient in the direction of the
stretching forces producing an increase in the edge-on Ol. These leathers display a greater tear
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strength which can be correlated to the greater collagen alignment (Basil-Jones et al. 2012, Sizeland
et al. 2013).

To better utilize the effects of stretching on collagen alighment in skins, considerations into the
natural collagen alignment could allow for better customizations in the application of stretching
forces to produce specific results in the leathers produced. By applying uneven stretch forces can we
enhance natural alignment? Or if we apply greater straining forces perpendicular to the natural
alignment can we reform the collagen arrangement to something more customized and suited to the
end product?

ACKNOWLEDGEMENTS

This research was undertaken on the SAXS/WAXS beamline at the Australian Synchrotron, Victoria
Australian. Nigel Kirby, Tim Ryan, Adrian Hawley and Stephen Mudie assisted with data collection
and processing. Richard Edmonds and Geoff Holmes from New Zealand Leather and Shoe Research
(LASRA) assisted with experimental design and data collection.

REFERENCES

1. Basil-Jones MM, Edmonds RL, Allsop TF, Cooper SM, Holmes G, Norris GE, Cookson DJ, Kirby N &
Haverkamp RG (2010a): Leather structure determination by small-angle X-ray scattering (SAXS):
Cross sections of ovine and bovine leather. J. Agric. Food Chem. 58, 5286-5291.

2. Basil-Jones MM, Edmonds RL, Allsop TF, Cooper SM, Holmes G, Norris GE, Cookson DJ, Kirby N &
Haverkamp RG (2010b): Leather structure determination by small angle X-ray scattering (SAXS):
Cross sections of ovine and bovine leather. J. Agric. Food Chem. 58, 5286-5291.

3. Basil-Jones MM, Edmonds RL, Cooper SM & Haverkamp RG (2011): Collagen fibril orientation in
ovine and bovine leather affects strength: A small angle X-ray scattering (SAXS) study. J. Agric.
Food Chem. 59, 9972-9979.

4. Basil-Jones MM, Edmonds RL, Cooper SM, Kirby N, Hawley A & Haverkamp RG (2013): Collagen
Fibril Orientation and Tear Strength across Ovine Skins. Journal of Agricultural and Food
Chemistry 61, 12327-12332.

5. Basil-Jones MM, Edmonds RL, Norris GE & Haverkamp RG (2012): Collagen fibril alignment and
deformation during tensile strain of leather: A small-angle X-ray scattering study. J. Agric. Food
Chem. 60, 1201-1208.

6. Bowes JH & Cater CW (1965): Crosslinking of collagen. Journal of Applied Chemistry 15, 296-304.

7. Brodsky B & Persikov AV (2005) Molecular Structure of the Collagen Triple Helix. In Advances in
Protein Chemistry. Academic Press, pp. 301-339.

8. Charulatha V & Rajaram A (2003): Influence of different crosslinking treatments on the physical
properties of collagen membranes. Biomaterials 24, 759-767.

9. Cookson D, Kirby N, Knott R, Lee M & Schultz D (2006): Strategies for data collection and
calibration with a pinhole-geometry SAXS instrument on a synchrotron beamline. J. Synchrotron
Radiat. 13, 440-444.

10. Covington AD, Lampard GS, Menders O, Chadwick AV, Rafeletos G & O'Brien P (2001): Extanded
X-ray absorption fine structure sudies of the role of chromium in leather tanning. Polyhedron 20,
461-466.

11. Franchi M, Triré A, Quaranta M, Orsini E & Ottani V (2007): Collagen Structure of Tendon Relates
to Function. Thescientificworldjournal 7.

111



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Fratzl P (2008) Collagen: Structure and Mechanics, an Introduction. In Collagen: Structure and
Mechanics (Fratzl P ed.). Springer US, Boston, MA, pp. 1-13.

Freeman JW & Silver FH (2005): The effects of prestrain and collagen fibril alignment on in vitro
mineralization of self-assembled collagen fibers. Connect Tissue Res 46, 107-115.

Gathercole LJ, Shah JS & Nave C (1987): Skin-tendon differences in collagen D-period are not
geometric or stretch-related artefacts. International Journal of Biological Macromolecules 9,
181-183.

Hulmes DJ, Wess TJ, Prockop DJ & Fratzl P (1995): Radial packing, order, and disorder in collagen
fibrils. Biophysical Journal 68, 1661-1670.

Kayed HR, Sizeland KH, Kirby N, Hawley A, Mudie ST & Haverkamp RG (2015): Collagen Cross
Linking and Fibril Alignment in Pericardium. RSC Adv. 5, 3611-3618

Kronick PL & Buechler PR (1986): Fiber orientation in calfskin by laser-light scattering or X-ray-
diffraction and quantitative relation to mechanical-properties. J. Am. Leather Chem. Assoc. 81,
221-230.

Nudelman F, Pieterse K, George A, Bomans PHH, Friedrich H, Brylka LJ, Hilbers PAJ, de With G &
Sommerdijk NAJM (2010): The role of collagen in bone apatite formation in the presence of
hydroxyapatite nucleation inhibitors. Nat Mater 9, 1004-1009.

O'leary DN & Attenburrow GE (1996): Differences in strength between the grain and corium
layers of leather. Journal of Materials Science 31, 5677-5682.

Osaki S (1999): Distribution map of collagen fiber orientation in a whole calf skin. Anat. Rec. 254,
147-152.

Ottani V, Raspanti M & Ruggeri A (2001): Collagen structure and functional implications. Micron
32, 252-260.

Purslow PP, Wess TJ & Hukins DW (1998): Collagen orientation and molecular spacing during
creep and stress-relaxation in soft connective tissues. The Journal of Experimental Biology 201,
135-142.

Sacks MS, Smith DB & Hiester ED (1997): A small angle light scattering device for planar
connective tissue microstructural analysis. Ann. Biomed. Eng. 25, 678-689.

Sizeland KH, Basil-Jones MM, Edmonds RL, Cooper SM, Kirby N, Hawley A & Haverkamp RG
(2013): Collagen Orientation and Leather Strength for Selected Mammals. Journal of Agricultural
and Food Chemistry 61, 887-892.

Speer DP, Chvapil M, Eskelson CD & Ulreich J (1980): Biological effects of residual glutaraldehyde
in glutaraldehyde-tanned collagen biomaterials. Journal of Biomedical Materials Research 14,
753-764.

Sturrock EJ, Boote C, Attenburrow GE & Meek KM (2004): The effects of the biaxial stretching of
leather on fibre orientation and tensile modulus. Journal of Materials Science 39, 2481-2486.
van Zuijlen PPM, Ruurda JIB, van Veen HA, van Marle J, van Trier AJM, Groenevelt F, Kreis RW &
Middelkoop E (2003): Collagen morphology in human skin and scar tissue: no adaptations in
response to mechanical loading at joints. Burns 29, 423-431.

Yang W, Sherman VR, Gludovatz B, Schaible E, Stewart P, Ritchie RO & Meyers MA (2015): On
the tear resistance of skin. Nature Communications 6.

Zimmermann BK, Pikkarainen J, Fietzek PP & Kiihn K (1970): Cross-Linkages in Collagen.
European Journal of Biochemistry 16, 217-225.

112



IVL O-16

CHROME-FREE TANNAGE: SUEDE GARMENT LEATHERS FROM RURAL
VEGETABLE SHEEP CRUST LEATHERS

A.E Musa* and G.A Gasmelseed
Department of Leather Technology, College of Applied and Industrial Sciences, University of Bahri,
Khartoum, Sudan, P.O.Box 12327
E mail: musaalileather@gmail.com

Department of Chemical Engineering, Faculty of Engineering, University of Science and Technology,
Khartoum, Sudan
E mail: gurashigar@hotmail.com

Worldwide research is being focused on chrome-free tanning systems. Many studies based on less
chrome and chrome-less technologies have emerged in the recent past. The tannin molecules in
vegetable tanned leathers form multiple hydrogen bonds with collagen and create a polyphenolic
tanning matrix. The hydrothermal stability of vegetable tanned leather is in the range of 70-85°C. By
retanning of vegetable tanned leather with metals the shrinkage temperature (Ts) can be elevated
considerably in a process that is commonly known as semi-metal tanning. Semi-metal tanning
systems have gained importance in recent times as an alternative for chrome tanning. In this study,
an attempt has been made to manufacture of semi-alum garment leathers from sheep rural garad
tanned crust leathers. Sheep rural garad tanned crust leathers carefully sorted for size, substance,
and grain quality, so that the customers’ requirements can be met accurately. The selected crust
leathers followed the subsequent processing, viz, stripping, bleaching, retannage with aluminium
sulphate prepared solution, neutralization, dyeing, fatliquoring, drying and finishing. Full chrome
tanned garment leathers from sheep skins used as control leathers. The physical and chemical
characteristics of experimental leathers are comparable to control leathers. The experimental trial
resulted in very soft and flexible leathers with high tensile strength. However, the stripped rural
garad tanned leather retanned with 2% Al,Os; resulted in shrinkage temperature of 102°C. The
experimental trial resulted in leathers with good organoleptic and strength properties. The semi-
alum tanning system provides significant reduction in the discharge of total dissolved solids in the
wastewater. The work presented in this paper established the use of semi-alum tanning system as
an effective alternative cleaner tanning methodology

Keywords: Garad, Semi-alum, Stripping, Shrinkage temperature, Crust leather

INTRODUCTION

The skins of all animals have, in their time, been used for garments. However, because this is the
most worthwhile use for them, most clothing leathers are now made from the skins of woolled
sheep or lambs killed for the meat trade. Other sheepskins, such as those of hair sheep, tanned
primarily for glove leather, are also used for clothing. Much clothing leather is made from East Indian
and other vegetable tanned sheep and goat skins after a chrome retannage. Both grain and flesh
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splits from bovines are also used. The latter often provide a particularly inexpensive raw material,
but in all these cases the original tannage is not specifically designed for clothing leathers."

The substance of garment leather must be uniform and varies between 0.5- 0.8 mm (suede garment)
or between 0.6-0.8 mm (grain garment). The substances of lower grades are sometimes kept
between 0.8-1.0 mm. The garment leathers must be of light weight, soft and flexible with some
amount of ‘spring’ but should never be too stretchy to make the garment de-shaped during wear.
The other desirable properties of clothing leathers are a good drape, uniform appearance, low
density and a satisfactory tear-strength.

Leather tanning is dominated by the use of chromium (lll) salts, because it gives leather
unmatchable hydrothermal stability and excellent organoleptic properties. However, chrome
tanning has some negative attributes, posing serious challenges to our continued reliance on it. As a
limited resource, chromium (V1) is a well-known carcinogen, but chromium(lll) is considered as non-
toxic. The chromium (lll) existing in leather might be transformed into chromium(VIl) in some
extreme conditions. Therefore, the chrome remaining in wastewater and the solid wastes may be
harmful to the environment. Nevertheless, the one property, which chromium has not been able to
provide is fullness, as chrome tanning alone is known to produce leathers which are empty in nature.

Vegetable tanning has been considered as a suitable ecofriendly option to replace chromium.
However, vegetable tanning has some shortcomings such as the fullness of vegetable leathers which
prevents its use for some end products. Vegetable tannins are also difficult to biodegrade. Amongst
mineral tanning agents, aluminium, titanium, iron, zirconium have been explored for their solo
tanning potential but each one has associated disadvantages. Iron tanned leathers darken during
ageing, zirconium salts are high cost items and the hydrothermal stability of aluminium tanned
leathers is low compared to chrome tanned. Combination tannages are thus being considered as
suitable alternatives for chrome-free tanning systems.

In vegetable tanned leathers, tannin molecules form multiple hydrogen bonds with collagen and
create a polyphenolic tanning matrix. The shrinkage temperature (Ts) of vegetable tanned leather is
in the range of 70-85°C. By retanning with metals such as aluminium the Ts of vegetable tanned
leather can be elevated considerably in a process that is commonly known as semi-alum tanning.
Similarly, retanning of vegetable tanned leather with metal salts has been referred to as semi-metal
tanning.

Semi-chrome leather is used as substitute for chromium tanned goatskin, particularly when a
heavier substance is required, for example, for unlined casual footwear and slippers. The classical
raw material for this leather is East Indian goatskin from India exported in the lightly vegetable
tanned crust state. Alternative and expanding supplies are available from Pakistan, East and West
Africa, and the Middle Eastern countries. The quality of these leathers has improved recently as far
as the process in itself is concerned; but commercial factors affect their qualities, which suffer from
the fact that these skins are mainly produced by small tanners, who cannot afford the high prices
paid by the larger chrome tanners for their raw skins. These leathers are sold by weight in the crust,
so that they are often adulterated with Epsom salts (magnesium sulphate), colloidal earths, added
fats. The incidence of faults attributable to the presence of large quantities of natural and added fats
in increasing, particularly in suede leathers, so that solvent degreasing of the crust goatskins is being
carried out by some dressers.
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Semi-chrome leather is first vegetable tanned and subsequently retanned with chrome salts. The
accepted model of the principal interaction in semi-metal tanning is based on complexation of metal
ion by the metal-polyphenol (Fig. I). The chelated complexation of the metal centre creates
crosslinks in the polyphenolic tanning matrix resulting in the formation of an extended
supramolecular tanning matrix around the collagen. Subsequently, the shrinkage temperature is
increased considerably.

HO
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\

\
/
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Figure 1: Basis of the semi-metal tanning reaction (Covington, 2009)

Acacia nilotica pods which are widely used by the industry in both the rural and mechanized sectors
has been given different names by different tribes viz. Bagaruwa or Gabaruwa (Hausa in Negeria)
and Sunt-garad (Sudan)™ . Sudan has various indigenous tanning materials. Some of these, such as
Garad pods (Acacia nilotica sub. sp. nilotica) and Talh bark (Acacia seyal) are used extensively in the
Sudan by rural tanners. The tannin content of garad pods is fairly high and amounts to
approximately 30% of the total weight, soluble nontans are nearly 20%, while moisture and
insolubles make up the remainder. The main constituent of the garad tannin is presumably
leucocyanidin gallate i.e. gallic acid esterified with a flavanoid. Garad tannin is reported to contain
chebulinic acid, gallic acid and to have a high sugar content, factors which are common in
hydrolysable tanning materials. Garad tannins are therefore mixed tannins i.e. containing condensed
tannins as well as hydrolysable tannins containing gallic acid esterified with glucose. The basic
objective of this study is to develop a chrome free tanning system based on a semi-metal from rural
vegetable tanned crust leathers for production of garment leather.

MATERIALS AND METHODS
Materials

Sheep rural garad tanned crust leathers without any grain defects have been taken for tanning trials.
The selected leathers dipped in water, piled for several hours to condition uniformity, and then
shaved at thickness 0.8 mm. The usual process consists of wetting back , stripping, bleaching,
retanning with aluminium salt solution, neutralization, dyeing, fatliquoring, drying, and finishing. The
leathers are weight after shaving. The aim of stripping is a light detannage in order to obtain
increased uptake of aluminium sulphate salts. Chemicals used for post tanning processes have been
of commercial grade. Chemicals used for the analysis of spent liquor have been of analytical
reagents.
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Basic Aluminum sulphate solution

A known amount of Aluminum sulphate has been taken in a beaker and 150% of water (% based on
the weight of Aluminum sulphate) has been added and the solution stirred for 15-20 minutes,
subsequently required amount of ligand (sodium citrate and sodium tartrate) have been added and
stirring has been continued for 45 min followed by slow addition of sodium carbonate until the pH
has been raised to 3.5. For 0.5M of Aluminum sulphate 0.1M of ligand has been added.

Methods
Procedure for processing the garment leathers

The experimental process for rural garad tanned crust leathers is given in Table I. The amount of
aluminum sulphate used for the experimental trial is 2% Al,0;. The control process for full chrome
garment leather from Sheep skins using 8% basic chromium sulphate (BCS), is given in Table Il. The
post tanning process as mentioned in Table Il has been followed for experimental and control
leathers.

Shrinkage temperature

The shrinkage temperature of control and experimental leathers has been determined using Theis
shrinkage tester'’. 2X0.5 cm? piece of tanned leather cut from the official sampling position has been
clamped between the jaws of the clamp and has been immersed in solution containing 3:1 glycerol:
water mixture. The solution has been continuously stirred using mechanical stirrer attached to the
shrinkage tester. The temperature of the solution has been gradually increased and the temperature
at which the sample shrinks has been measured as the shrinkage temperature of the leathers.
Table |
Recipe of the experimental trial for semi-alum leathers from sheep
Rural garad tanned crust leathers

Process % Chemicals Duration Remarks
(min)
Washing 100 water 15
Stripping 100 Water 60 Single feed, washed well
1 Sodium bicarbonate after stripping
Bleaching 100 Water 60 1 feed, pH should be 3.5
drain 50% of bath
1 Oxalic acid
Semi alum 2 Al,O3 (prepared 90 Check for penetration in
tanning Aluminium sulphate cross section
solution))
Basification 0.75 Sodium bicarbonate 3x 15 Check the pH to be 4. Drain

the bath and pile overnight.
Next day sammed and
shaved to 0.8 mm. The
shaved weight noted.
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Table ll
Recipe of the control trial for full chrome garment leather from Sheep skins

Process % Product Duration Remarks
(min)
Soaking 200 Water
Painting 10 Water
2 Sodium sulphide
4 Lime Apply the paste on to the

flesh side and pile over
night. Next day unhairing.

Reliming 100 Water
8 Lime Dip the unhaired skins in
this lime liquor for 2 days.
Then do fleshing
Deliming and 100 Water
Bating
1 Ammonium Chloride 60
0.25 Bating Agent 60 pH 8-8.5
Pickling 100 Water
10 Salt 10 °Be 6-7
0.2 Formic Acid
1 Sulphuric Acid 3x15+45 pH 2.8-3, Two day ageing
Chrome tanning 50 Pickle float
50 water
8 Basic Chromium 90
Sulphate
Basification 1 Sodium formate 20
Sodium bicarbonate 3x15+45 Check the pH to be 4.

Drain the bath and pile
overnight. Next day
sammed and shaved to 0.8
mm. The shaved weight
noted.

Physical testing

The leathers were sampled as per IULTCS methods™ and conditioned at 80+42F /65+2 % R.H. for 48
hrs. Tensile strength, elongation, tear strength and grain crack were investigated as per standard
procedures. Each value reported is an average of four tests (2 along the backbone, 2 across the
backbone).

Organoleptic properties

Experimental and control crust leathers have also been assessed for softness, fullness, grain
smoothness, grain tightness (break), general appearance and dye uniformity by hand and visual
examination. Three experienced tanners rated the leathers on a scale of 0-10 points for each
functional property, where higher values indicate better property of leathers.
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Analysis of spent tan liquor

The spent liquor from control and experimental tanning processing were collected, filtered and
analyzed for chemical oxygen demand (COD), Biochemical oxygen demand (BODs) and total Dissolve
solids (TDS) as per standard procedures.

Chemical Analysis

The chemical analysis of the leathers viz. for total ash content, % moisture, % oils and fats, % water
soluble, % hide substance, % insoluble ash and degree of tannage were carried out for control and
experimental leathers as per standard procedures.(Triplicates were carried out for each sample and
the average values are reported.

Table I
Recipe of post-tanning process for control and experimental leathers
Process % Chemicals Duration Remarks
(min)
Washing 200 | Water 10
Neutralization 0.75 | Sodium bicarbonate 3x 15 pH: 5-5.5
Retannage 100 Water
7 Syntan 120
Fatliquoring 14 Synthetic fatliquor 90
Dyeing 3 Acid dye brown 30
Fixing 1 Formic acid 3x 10+ 30 pH 3.5

* - % chemical offer is based on shaved weight of the tanned leather

RESULTS AND DISCUSSION

Experimental leathers treated with 2% Al,Os resulted in garment leathers with higher temperature.
Experimental trial resulted in leathers with shrinkage temperature 102°C, whereas control tanning
using full chrome resulted in a shrinkage temperature of 105°C. (Table IV)

Table IV
Shrinkage temperature of control and experimental tanning processes

Experiment Shrinkage temperature (°C)
Semi-alum (control ) 102+ 1
Full chrome 105+ 0.5

Organoleptic properties of crust leathers for experimental and control

Crust leather from both control and experimental processes has been evaluated for various bulk
properties by hand and visual evaluation. The average of the rating for the leathers corresponding to
experiment has been calculated for each functional property and is given in Fig. 2. Higher numbers
indicate better property.

The experimental leathers exhibit similar or comparable softness and fullness compared to control
leathers. Grain smoothness and general appearance though not higher, are comparable to that of
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conventionally processed leathers. Overall the performance of both control and experimental
leathers are similar.

Physical strength characteristics of crust leathers for experimental and control

It is essential to study the influence of the tanning system on the strength properties of leathers. The
physical strength measurements viz., tensile strength, elongation, tear strength, load at grain crack
and distension at grain crack were carried out for the control and experimental crust leathers and
the data is given in Table V. From the table it is observed that full chrome and semi alum crusts
leathers showed improved strength properties on par with the standard range for garment leathers.
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Figure 2: Graphical representation of organoleptic properties of the Experimental and control

leather
Table V
Physical strength characteristics of experimental and control crust leathers
Parameter Experimental (semi-alum) Control (full chrome)

Tensile strength (Kg/cm?) 195420 205+5
Elongation at break (%) 52+0.75 56+1.48
Tear strength (Kg/cm) 49+2 5415
Load at grain crack (Kg) 25+1 21+1
Distention at grain crack (mm) 1240.5 1310.5

Analysis of Spent liquor

The COD, BODs and TDS of the spent liquor for both experimental and control trials were
determined and are given in Table VI. From the table it is observed that the COD, BODs and TDS of
the spent liquor processed using semi-alum tanning system (experimental) are lower than control
tanning trial.
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Table VI
Characteristic of spent liquor for experimental and control

Experiment COoD(mg/I) BOD;s(mg/l) TDS (mg/1)
Semi-alum (Experimental) 1114004+2000 14400+1500 64400+2000
Full chrome (control) 128600+2850 2520011050 9216011500

Chemical analysis of the crust leather

The chemical analysis of crust leathers from control and experimental tanning trials are given in
Table VII. The chemical analysis data for the experimental leathers is comparable to the control
leathers. However, the water soluble matter for the control leathers is more than the experimental

leathers.
Table VI
Chemical Analysis of crust leather of experimental and control

Parameter Experimental (semi-alum) Control (full chrome )
Moisture % 13.20 12.50
Total ash content % 2.20 2.80
Fats and oils % 3.10 6.30
Water soluble matter % 3.60 4.50

Hide substance % 51 48

Insoluble ash % 1.4 1.45
Degree of tannage % 54.31 56.77

CONCLUSIONS

The strength and organoleptic properties of the experimental leathers are generally comparable to
those of the control leathers. One of the main benefits of our work is the lower environmental
impact. The spent tan liquor analysis shows significant reductions in COD, BODs and TDS loads
compared to a conventional chrome tannage. Hence, these results suggest that this semi alum
tanning system can be used commercially for making garment leather.
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IVL O-17
EFFECT OF BINDER SELECTION ON TOPCOAT PROPERTY RETENTION AFTER
ACCELERATED WEATHERING
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ENungesser@dow.com,RPRosen@dow.com

Within the new car purchasing process, the selection of leather seating is viewed as a premium
upgrade over less-expensive alternative options. In keeping with this premium status, leather
seating carries with it high expectations for comfort, appearance, and durability. To meet these
expectations, Dow Leather Solutions has developed an acrylic topcoat binder with an exceptional
balance of performance properties when combined with conventional polyurethane dispersion
(PUD) binders. When considering state of the art topcoat systems, however, a continuing unmet
need involves retention of properties after seating materials are subjected to a range of accelerated
weathering conditions.

This paper compares the performance of fully finished automotive upholstery leathers after they are
subjected to a range of accelerated weathering conditions including heat, hydrolysis, and several
xenon-arc chamber conditions. A broad range of PUD chemistries and blends of chemistry types
were tested, along with an examination of the effect of blending each of these with an acrylic
topcoat binder in a standardized upholstery screening formulation. In order to assess performance,
measurement of color, gloss, and flexibility were conducted before and after exposure to each
accelerated weathering condition.

An examination of the data showed that xenon arc methods using quartz filters resulted in the
lowest performance with performance dropping proportionally to the length of the test. An
analogous xenon-arc method involving use of an auxiliary lantern and filters was found to result in
comparable sample damage, but only after much longer exposure duration. Exposure to hydrolysis
and dry heat conditions produced the fewest changes in the samples. The data made evident that
certain classes of PUD binders were preferred depending on the weathering specification being
considered. Regardless of the various strengths and weaknesses of a particular class of PUD, a strong
moderating effect was noted in many PUD-acrylic blend systems. This indicates that the two
chemistries produce a measurable synergistic effect when used together in leather upholstery
topcoats subjected to accelerated weathering conditions.

1. INTRODUCTION

High performance automotive upholstery leather must meet many stringent original equipment
manufacturer (OEM) specifications. These include aesthetic properties such as color, gloss, and
touch, as well as flexibility, abrasion resistance, and chemical resistance. These quality control tests
are conducted shortly after production, yet the true measure of quality is how well the upholstery
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performs after many years in service. To ensure that newly manufactured seating can stand the test
of time, OEMs also specify a number of tests designed to predict long term durability. The variety of
these methods, including exposure to UV light, heat, humidity, and combinations thereof, is partly
due to the difficulty in developing a truly predictive accelerated weathering specification
(Chomiczewski M et al. 2001).

When considering topcoat binder selection, formulators and tanneries typically choose polyurethane
dispersions (PUDs) due to their excellent property balance. The hydrogen bonding across polymer
chains and alternating hard-soft morphological domains of PUDs allow them to simultaneously
provide high levels of toughness, flexibility down to low temperatures, and minimal tack. The
isocyanates chosen to synthesize automotive upholstery PUDs are universally aliphatic, typically
isophorone diisocyanate, which supports long-term durability. Conversely, a variety of polyols are
used and each has unique strengths and weaknesses with implications for weathering. Polyester
polyols often have an excellent cost/performance balance and are not particularly susceptible to UV
radiation, but the ester linkages contribute to degradation through hydrolytic cleavage under hot,
humid conditions. Polyethers are more resistant to hydrolysis, but are susceptible to UV
photooxidation of the ether groups leading to chain scission (Scott 2012). Polycarbonate-based PUDs
are more durable than the former types (McGinn and Comes 2013), but usage tends to be limited
due to higher cost. An additional complication is that most systems used for upholstery finishing
contain more than one class of PUD.

Traditionally, formulators and tanneries have viewed acrylic binders as inferior to PUDs when used
for topcoat formulations. This perception is changing, however, as acrylic performance steadily
improves. In a recent publication, Dow Leather Solutions introduced a new acrylic particle designed
for gloss control and described its enhanced durability over existing PUD based particles (Hoefler et
al. 2011). The primary factors studied were aesthetics such as touch, color, and gloss after
accelerated weathering. More recently, Dow Leather Solutions reported development of new acrylic
binder technology with performance capable of fulfilling typical automotive topcoat requirements
(Hoefler et al. 2013). The present study considers the performance after accelerated weathering of
not only pure PUD systems of the types mentioned, but also coatings using PUDs blended with this
new class of acrylic binder.

2. MATERIALS AND METHODS

Materials:
Leather Preparation — Commercial full-grain automotive crust was cut into 1ft* test pieces. A

basecoat with the composition shown in Table 1 was applied in two hand sprayed applications at a
total wet add-on of 13.0-16.0 grams. The freshly basecoated leather was dried for 4 minutes at 90°C
after each coating. The pieces were stored overnight to facilitate complete curing and were
smoothed afterwards at 135°C using a Finiflex ironing machine. A topcoat (as shown in Table 2) was
then spray-applied in two applications to a total dry add-on of 2.0-2.5 grams. The topcoats were
dried for 2 minutes at 90°C between applications and again for 4 minutes after final coating.
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Table 1: Basecoat Formulation

Material Parts
Water 200.0
Black pigment dispersion 120.0
Softening agent 150.0
Polyurethane resin 1 320.0
Polyurethane resin 2 80.0
Acrylic resin 100.0
Matting agent 90.0
Performance silicone 10.0
Urethane thickener 4.2
Total 1074.2

Table 2: Topcoat Formulation

Formulation with PUD Formulation with PUD and acrylic

Material Parts Parts
Water 245 245
Unbound duller (no binder) 294 294
PUD binder 286 143
Functional acrylic binder 143
Flow agent 10 10
Performance silicone 70 70
Black pigment dispersion 15 15
Polymeric isocyanate 80 80
Urethane thickener 25-30" on a #2 ZAHN cup

Total 1000 | 1000

The finished leather was allowed to cure for at least 5 days at ambient conditions and then cut into
smaller pieces and subjected to accelerated weathering processes.

Methods:
Sample Testing Workflow - The present study explores a number of binder variables in the context of

coating performance after accelerated weathering. A variety of polyurethane dispersion binders
were used including polyester, polyether, and polycarbonate polyol chemistries, as well as blends of
polyester and polycarbonate polyols. Multiple examples of each polyol type were tested in order to
provide averages of performance, but the conclusions drawn can not necessarily be extended
beyond the specific binders tested.

In addition to variations in the PUD binder, an acrylic binder designed for use in leather topcoats was
substituted for 50% of the binder solids in a number of experiments. This was done in order to test
the effect on performance of a combined PUD/acrylic topcoat system after accelerated weathering.

After application of the leather finishes, leather swatches of each topcoat were subjected a variety
of accelerated weathering methods comprising:
e SAE J-2412: A method which involves high heat and exposure to UV and visible light
generated by a xenon arc within a controlled irradiance chamber. The method also includes
a dark cycle at high humidity conditions. This method was run at an irradiance level of 225
kJ/m?.
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e FLTM BO 116-01: A related method which utilizes auxiliary glass panels designed to filter
light below a wavelength of 335nm. Exposures using this method were conducted at levels
of 225 and 976 kJ/m”.

e Dry heat: Exposure to heat was accomplished by placing the samples in an oven at a
temperature of 90°C for 500 hours.

e Hydrolysis-producing conditions: Hydrolysis was promoted by placing the samples in a
controlled humidity chamber at a temperature of 50°C and 95% relative humidity for 500
hours.

e A control sample stored at ambient conditions

After exposure, the leather samples were evaluated for change in gloss, color stability, and Bally
flexibility. Additional details related to weathering and leather test methods may be found below.

UV _Exposure - Samples were cut into 14.0 x 6.5 cm test strips and placed in an Atlas Ci5000
WEATHER-OMETER (Atlas corporations, Mount Prospect, Illinois).

Hydrolysis Exposure — Similar-sized leather test strips placed in a Stability Environments model
33HR-S1 hotpack (SEl, Inc., Warminster, PA) set to maintain 50°C/95% relative humidity for 500 hrs.

Thermal Exposure — Similar-sized leather test strips placed in a model 1350FSM forced draft oven
(VWR Scientific, Radnor, PA USA) set at 90°C for 500 hrs.

After the exposures were completed, samples were removed from the chambers and allowed to
equilibrate at ambient conditions for at least 1 day before testing.

Gloss — Measured at 60° with a BYK-Gardner Micro-TriGlos (part# 5420). Each sample was measured
in triplicate. After the completion of accelerated weathering, gloss measurements of weathered and
control samples were compared in order to calculate a ratio indicative of gloss stability. This method
allowed normalization of different initial gloss levels and focuses only on changes to gloss, where a
result of “1” indicates no change in gloss after weathering.

AE (Color difference) — CIE L*a*b* color was measured using a X-Rite spectrometer Model Ci7 (X-

rite, Grand Rapids MI). Conditions used were D65/10 degree observer with a 25mm aperture. An
unexposed sample was used as the control in order to allow calculation of a AE value.

Bally Flexibility - Samples were cut into 6.5 x 3.8 cm test strips and subjected to flex testing using a
Bally flexometer (Otto Specht, Stuttgart, Germany, Model 739). After either 5,000 or 100,000 flexing
cycles at ambient conditions, the leather was evaluated using a stereomicroscope at 45x
magnification to assess damage to the topcoat finish such as cracking and crazing. A rating of 1-10
was applied to each of the samples depending on the extent of the damage to the topcoat. A rating
of 1 indicates severe damage, while a rating of 10 indicates no damage after flexing.
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3. RESULTS AND DISCUSSION

Gloss Evaluation of Weathered Systems:

Figure 1 shows average normalized gloss levels for pure PUD and mixed PUD/acrylic systems as the
exposure method was changed. In general, the data shows that the exposure methods involving UV
exposure resulted in the largest gloss changes, while oven and hydrolysis chamber exposure
produced small changes. At equal irradiance levels, the modified wavelength distribution of the Ford
method resulted in minimal gloss changes when compared to the SAE J-2412. However, when the
irradiance under the Ford method was tripled, much larger gloss changes were observed, indicating
that in this case the milder spectral light distribution delayed, but did not prevent, coating
degradation.
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Figure 1: Normalized 60° Gloss Averages by Exposure Type

A comparison was also made between the performance of topcoats containing solely PUD binders
versus a 50:50 blend of PUD and acrylic binders. After exposure to the J-2412 test, a system of
combined PUD/acrylic polymer types manifested improved performance over pure PUD, with an
average normalized gloss level much closer to 1.0. In all cases, the addition of the acrylic binder
resulted in at least comparable performance. An additional beneficial effect of adding acrylic content
was that the standard deviation of many of the gloss measurement averages decreased, indicating
more consistent, predictable performance after weathering.

A more detailed view of the data is shown in Figure 2, where normalized gloss performance is shown
for each type of PUD chemistry. Here the same trends as described in Figure 1 are visible, but
additionally, the various strengths and weaknesses of individual PUD chemistries are apparent. The
polyester-based PUD type, in particular, showed comparatively poor performance, especially in the
oven and hydrolysis chamber tests. The best performance was observed in the case of the
polycarbonate PUDs, which manifested only slight gloss changes after each of the weathering
methods employed. An additional observation was that the PUD binders containing a combination of
polyether and polycarbonate polyols tended to show the weaker performance of the pure-polyether
systems, rather than a compromise between the two pure systems.
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The beneficial effect of adding acrylic content to the topcoat systems was observed in the case of
the polyester, polyether, and mixed polyether/polycarbonate PUDs. In almost every case, the
normalized gloss of the blended systems was closer to “1”, showed lower experimental scatter, or
both.
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Figure 2: Normalized 60° Gloss by Binder and Exposure Type

Color Stability of Weathered Systems:

Colorimetry data was also collected for both the unexposed and exposed samples and reported as a
delta E value, as shown in Figure 3. Once again, the samples underwent the most change after
exposure to xenon discharge weathering methods, with delta E values in excess of 2.0 being
recorded. The performance was again very similar when comparing the SAE method at 225k} of
exposure and the Ford method at 976kJ, although significantly less color change was recorded when
the Ford method was run at a 225kJ exposure. When the samples were exposed to the heat and
hydrolysis conditions, only minimal changes were noted. As with the gloss measurements, increased
stability was observed in the coatings using PUD/acrylic blended polymer chemistries, with several
delta E levels being reduced by approximately 50% and in no case were the delta E measurements
higher in an acrylic-containing sample. Similar or lower standard deviations were also seen in the
acrylic-containing topcoats.
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Figure 3: Delta E Averages by Exposure Type

A more detailed look at the colorimetry data is provided in Figure 4, where performance as a
function of PUD type is provided. Here, the generally poor performance of the polyester-type PUD is
shown, especially after heat and humidity exposure, although relatively poor performance after UV
exposure was also demonstrated. As shown when considering gloss change, the polycarbonate was
clearly the best performing class in terms of color stability. As shown previously, preparing a mixed
polyether/polycarbonate PUD largely resulted in reproducing the weaker performance of the pure
polyether binder rather than performance in between that of the two pure types.

Addition of acrylic content to the topcoat systems had the largest effect when the weakest PUD
types were used. In many of those cases, the introduction of the acrylic polymer improved
performance noticeably. This effect was most readily seen after UV weathering by the SAE and Ford
methods when the polyether/polycarbonate blend was used and in the case of the polyester type
after oven and hydrolysis chamber exposure.
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Bally Flexibility of Weathered Systems:

In addition to appearance measures, the flexibility and softness of leather articles is often negatively
impacted by weathering processes. In order to assess this property, the Bally flexibility test was run
on the samples produced for this study. While the standard specification calls for 100,000 flex cycles,
many of the weathering conditions led to catastrophic failures after this large number of flexes. In
order to better assess the relative performance of all of the experimental systems, the much less
demanding level of 5,000 cycles was also selected.
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Figure 5: Bally Flex (5,000 Cy) Averages by Exposure Type

As shown in Figure 5, the samples exposed to 225 KJ of energy using the SAE J-2412 method
underwent the most dramatic changes, manifesting a large increase in embrittlement. By contrast,
the Ford BO-116 method at the same irradiance level showed almost no change, indicating the light-
filtering effect of the bandpass filters in the lantern. When the irradiance level of the Ford test was
increased to 976KJ, a more noticeable decrease in performance was observed, however,
performance was still higher than after testing using J-2412.

When considering aging in dry heat conditions, the trends observed when testing gloss and color
were maintained. The average performance was high at the test level of 5,000 cycles. Similarly, only
a small loss of performance was observed after exposure in the hydrolysis chamber.

The results averaged across PUD types did not show a measurable improvement in flexibility based
on the presence of the acrylic binder. However, performance was also not harmed by the acrylic
addition.

When considering the performance of individual PUD types as shown in Figure 6, it can be shown
that performance was similar across PUD types after 5,000 flexes. A notable exception was in the
case of the polyester PUD, which suffered a significant loss of flexibility after hydrolysis. Another
observed trend was that the polycarbonate PUDs retained the most flexibility after being exposed to
the solar testing methods.
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Figure 6 also shows the effect of acrylic polymer addition to the experimental systems. These data
indicate that the acrylic effect was most beneficial when added to the polyester and
polyether/polycarbonate blended PUD. In those cases, it tended to improve hydrolysis and UV
weathering resistance.
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Figure 6: Bally Flex (5,000 Cy) Results by PUD and Exposure Type
A second set of Bally tests evaluated performance of the samples after 100,000 room temperature
cycles. Due to extensive cracking, none of the samples exposed to 225 kJ using J-2412 or 976 kJ
using the Ford method were evaluated after 100,000 cycles and are omitted from Figure 7, below.

MMEZZZLvEr

Mszz
9} Logun

Bally SKRT

MaL6E
9l Logun
amnsodx3y

A00%/o06
1eaH

SI400S
HY%56/205
yoedioH

However, at the same 225KJ exposure level using the Ford test, a measure of performance was
retained. Exposure of the samples to both heat and hydrolysis conditions produced modest
decreases in performance.

Addition of acrylic polymers to the experimental systems modestly improved performance when
exposed using the Ford method and had no negative consequences in the other cases.
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Concerning the performance of specific PUD chemistries in Figure 8, these data indicated that the
polyester-containing PUDs tested showed lower overall performance than the polyester- and
polycarbonate-containing polymers, with polycarbonate PUDs manifesting the best performance.
The polyester composition primarily showed weakness after oven and hydrolysis chamber aging. As
discussed above, the polyether/polycarbonate binder had UV resistance worse than either of the
pure compositions.

Addition of acrylic polymers to these systems was beneficial in improving flex performance after
exposure using the Ford method, especially when using polyether PUDs. The heat and humidity
resistance properties of the polyester backbone were also improved by addition of acrylic polymer.
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Figure 8: Bally Flex (5,000 Cy) Results by PUD and Exposure Type

4. Conclusions

A study was undertaken to examine the performance of topcoat formulations as the PUD and acrylic
binder composition was systematically varied. The finished leather samples were exposed to
accelerated weathering methods involving UV, heat, and humidity exposure and then tested for
gloss and color stability as well as flexibility. An analysis of the data allowed a number of conclusions
to be drawn:

With regard to the exposure conditions, the most rigorous were the xenon methods, which included
UV light in addition to heat and humidity. This is not surprising in that UV light is known to produce
chain scission and radical generation in a number of coating systems in addition to chain degradation
brought about by hydrolysis (Scott 2012; Hunter 2000). Furthermore, heat exposure may induce
stiffening of films due to loss of plasticizing solvents and hydrolysis due to generation of water
through thermal oxidation (Levantovskaya 1971). The Ford BO 116-01 method was found to be less
destructive than the SAE J-2412 method at equal irradiance. When the irradiance under the Ford
method was increased to three times the irradiance of the SAE method, the performance was found
to be similar across both methods. This effect is thought to be due to the long-wavelength bandpass
filters used with the former method, which filters out wavelengths shorter than 335nm. When
compared to natural sunlight, the J-2412 method supplies an unnaturally high irradiance of these
short UV wavelengths which leads to destructive photochemistry in many polymers (Chomiczewski
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2001). The filters employed under the Ford method sharply reduce the intensity of these
wavelengths.

Exposure of the polyester polymers under conditions of heat and humidity consistently led to
significant loss of performance. This is attributed to the tendency of the ester linkages to undergo
hydrolysis under humid conditions. Oven aging can also lead to hydrolysis as described by
Levantovskaya (1971) as hydrogen peroxide formed through thermal oxidation decomposes,
producing water molecules.

In further considering polymer chemistry, the polycarbonate class of PUDs was shown to
consistently demonstrate the best balance of properties in gloss and color stability as well as
retention of flexibility. The relatively high expense of this class of PUDs has often led formulators to
choose a different chemistry or minimize the polycarbonate content. Minimization of polycarbonate
may be accomplished through use of auxiliary binders of a different composition or a single product
utilizing a polycarbonate blended with a different class of polyol. The use of these mixed polyol
systems may not be an effective solution if weathering resistance is a desired property. This study
showed that in many cases, PUD systems containing both polyether and polycarbonate polyols did
not have performance in between the two pure systems, but instead tended to perform like the
weaker component.

One subject of particular interest was the effect of combining PUD and acrylic binders. Traditionally,
formulators and tanneries have been reluctant to incorporate acrylic polymers in high performance
automotive topcoats since a very high PUD content was regarded as necessary in order to achieve
the stringent performance requirements. This study showed a significant acrylic binder fraction may
be used without a performance penalty when considering the properties studied. In fact, in many
systems, addition of 50% acrylic binder solids had the effect of improving performance, including
flexing performance. Acrylic polymers were especially effective at improving overall UV weathering
performance and also the hydrolysis resistance of polyester PUDs.
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The aim of enzymatic unhairing is allow the separation of the outer sheath of hair root from the
dermal connective tissue. It’s considered an ecofriendly process. It’s not necessary more expensive
since if it’s applied on the epidermis surface enzymatic extracts could be saved. The purpose of this
work was to analyze the changes in pilosebaceus unit, basal lamina by unhairing enzyme action.
Various keratinolytic fungi, previously isolated and selected from different soil samples were used:
Neurospora crassa, Verticillum albo-atrum, Trichophyton ajelloi, Chrysosporium sp, Aspergillus
sidowii, Paecilomyces lilacinus and Acremonium murorum. Fungal isolates were cultivated in solid
state conditions using hair waste obtained from the hair-saving unhairing process as substrate.
Enzyme extracts were characterized according to their keratinolytic and proteolytic activity and
protein content. Bovine skins were placed in plastic plates where the epidermis contact with
different solutions: fungal enzyme extracts with commercial tensioactives (0.1%, 0.5%), biocide
0.2% w/w (wet skin) for 4 h (soaking) and 24 h (unhairing) at 25°C and 40 rpm. Samples of skin with
and without enzymatic treatment were fixed in 4% formaldehyide, dried on increasing concentration
of ethanol and analyzed with scanning electron microscopy. It was observed that the enzymes
altered the epidermis, where detachment of corneocytes and empty hair follicles were observed.
Characteristic patterns of hair cuticle and collagen fibres were preserved in skin control with buffer.
The strongest depilatory effect was observed in Trichophyton ajelloi. It was concluded that the
enzyme penetration through epidermis could provide beneficial effect for the application of
reagents during the handcrafted tanning of leather.

Keywords: unhairing, keratinolytic fungal enzymes, permeability, epidermis

1. INTRODUCTION

The epidermis is a keratinized stratified squamous ephithelium derived from ectoderm and is the
outermost layer of the skin. The cells of this layer are categorized into two major groups:
keratinocytes and nonkeratinocytes. The epidermis layers can be classified from the basement
membrane to the outer surface as follows: stratum basale (basal lamina), stratum spinosum (spinous
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or prickle layer), stratum granulosum (granular layer), stratum lucidum (clear layer) and stratum
corneum (horny layer) (Monteiro-Riviere 2006).

In bovine skin the main barrier for substances is located in the upper layer, stratum corneum. To
allow enzymes reach the pilosebaceous unit and basal lamina without collagen damage, they should
diffuse through the epidermis involving transport across a series of resistances (Gupta 2012). These
are crucial elements for the design of an unhairing system. Trabitzsch (1966) refers the technical and
operational conditions for the loosening of hair, and indicates that even though corium (dermis) is
thicker than epidermis (grain layer), enzymes diffuse faster through dermis (Cantera et al. 2004).

Stratum corneum keratin acts as a barrier, in this layer there is a continuous sheet of cells rich in
protein (corneocytes) embedded in an intercellular matrix of lipids. These cells are highly organized
and stacked one upon another to form vertical interlocking columns with a flattened
tetrakaidecahedron shape that provide a minimum surface: volume ratio. The transepidermal water
loss is a function of the integrity and permeability of this layer because of this special arrangement,
typical of hairy skin. Also in recent years follicular penetration processes have been considered.
More recent studies strongly suggest that skin appendages play an important role in penetration
processes of substances (Knorr et al. 2009).

For enzyme diffusion, it is necessary to generate channels through this barrier to allow the enzymes
to reach the pilosebaceous unit. Ideal enzyme unhairing will be achieved when proteolytic activity is
directed towards basal lamina and pilosebaceous unit with minimal effect on collagen producing as a
result a good quality of leather.

The changes of epidermis and the generation of routes more accessible for enzyme diffusion would
let unhairing substances reach the basal lamina, minimizing in this way undesirable activity on
collagen like when enzymes diffuse across the corium (dermis).

The objective of this research was to analyze the penetration of fungal enzymes, tensioactives and
biocide through bovine epidermis to reach pilosebaceous unit and basal lamina evaluating
morphological changes and depilatory effect by scanning electron microscopy.

2. MATERIAL AND METHODS
Fungal strain isolates: cultures and characterization

Strains were isolated from alkaline-calcareous, neutral and alkaline-sodium soils (Eliades et al. 2010).
Then fungal strains were screened in order to determine their ability to produce keratinolytic
enzymes using Keratin Azure (Sigma K-8500) as substrate (Scott et al. 2004; Cantera et al. 2003).

Neurospora crassa, Verticillum albo-atrum, Trichophyton ajelloi, Chrysosporium sp, Aspergillus
sidowii, Paecilomyces lilacinus, Acremonium murorum were the selected fungal strains.

Fungal crude enzyme extracts (CE) were obtained by solid state culture in hair waste substrate from
the hair-saving unhairing process as described by Galarza et al. (2004). They were characterized
according to their keratinolytic and proteolytic activities and protein content in presence of biocide
and tensioactives.
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Tensioactives used were: Isogras AN: ethoxylated fatty alcohol, anionic, used in soaking; Baymol AZ:
non-ionic tensioactive, free of nonylphenol and nonylphenol-ethoxylates, used in unhairing step.

Biocide’s solution wused was: (Thiocyanomethylthio)benzothiazole (TCMTB) 27%, N,N-
Dimethylethylamine (penetrating/emulsify) 10%, cresol 63% (FUBA Chem).

CE from selected fungi (CE) were tested in a permeability assay in the soaking and unhairing steps.
Assessment of protein content and proteolytic activity

Protein concentration was determined by Bradford’s method (Bradford 1976).

Assay of proteolytic and keratinolytic activities

Azocaseinolytic activity was determined using azocasein as substrate (sulphamide azocasein, Sigma
Chem.Co., St. Louis, MO). Reaction mixture containing 100 ul of crude extract and 250 pl of the 1%
(w/v) substrate solution in 0.1 M Tris-HCI buffer pH 9, Isogras AN 0.1% 50 ul and Baymol 0.,5% ul was
incubated for 30 min a 37°C, stopped by addition of 1 ml trichloroacetic acid (TCA) 10% (w/v) and
centrifuged (3000xg, 15 min). One ml of NaOH was added to 0.9 ml of the supernatant, agitated and
measured at 440 nm (triplicate). Blank was performed using enzyme solution inactivated for heating
at 100°C, 5 min (Liggieri et al 2004). Azocasein activity unit (Uazoc) is defined as the amount of
enzyme that, under the test conditions, causes an increase of 0.1 Abs440nm per minute.

Keratinolytic activity was assayed by using hair waste as substrate (washing with tensioactives, dried
at 45°C, ground, autoclaved at 121°C and retained with 850 um sieve, USA Standard ASTM E 11-61).

Reaction mixture containing 150 ul of CE and the 1%(w/v) substrate in buffer Tris-HCl 0.1 M, pH 9
(Yamamura et al. 2002), Isogras AN 0.1% 50 ul , Baymol AZ 0.5% 50 pl and biocide TCMTB (relation
biocide/enzyme (w/w): 100 pg biocide/1 pg CE protein) was incubated at 37°C in agitation (100 rpm)
for 60 min. Reaction was stopped by addition of 1 ml of trichloroacetic acid (TCA) 10% (w/v),
centrifuged (5000xg 15 min) and the supernatant was measured at 280 nm (triplicate). Reaction
blanks were performed by incubation 60 min: substrate, tensioactives and buffer. After that CE,
biocide and TCA 10% (w/v) were added and procedure was the same as before. Keratinolytic activity
unit (Uk) was defined as the amount of enzyme that, under the test condition, causes an increase of
0.01 Abs280nm per minute.

Permeability assay of bovine skin epidermis with fungal enzyme extracts

Fresh bovine skin from the butt was placed in plastic plates of 26 cm length and 14cm width with 8
wells of 5 cm diameter and 20 ml volume (Fig. 1). These plates allow the contact between epidermis
and substances without spilling. The skin was held up horizontally with wooden boards of 20 cm
length and 2 cm width and tightened with fixing nuts and placed on orbital shaker. The wells with
circular shape allowed watertight compartments to test different solutions (Figs.2 and 3) (Garro
2012).

Soaking step: Each well was filled with 8 ml of different CE, Isogras AN 0.1% w/v and biocide (0.2%
w/w wet skin) (duplicate). Incubation was done during 4 h at 25°C with agitation (40 rpm).
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Unhairing step: Baymol AZ 0.5% was added in each well after soaking. Incubation 48 h at 25°C,
agitation 40 rpm.

Control wells: I.- 8 ml buffer Tris-HCI 0.1 M pH 9 and biocide (0.2% w/w wet skin); Il.- 8 ml buffer Tris-
HCl 0.1 M pH 9, Isogras 0.1% p/v, Baymol 0.5% and biocide (0.2% w/w wet skin); lll.- fresh skin
without incubation.

After treatments, samples of skin from each well were fixed 2 h and postfixed for 24 h in 4%
formaldehyde, dehydrated in 30%, 50% and 70% ethanol with three changes of 15 min in each. The
day of microscopic analysis one change of 100% ethanol was made. After this, samples were treated
by critical point drying, mounted and metalized prior to the examination by scanning electron
microscope (FEI-Quanta 200, LIMF Laboratorio de Investigaciones de Metalurgia Fisica, Facultad de
Ingenieria, UNLP, Argentina)

Fig. 2.- Plastic plates. Fig. 3.- Wooden boards.

136



3. RESULTS AND DISCUSSION

Protein concentration from fungal CE References
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Fig. 4. Protein concentration in different fungal CE

Paecilomyces lilacinus CE showed the highest protein concentration (0.514 pg/ml) whereas the
lowest value was found with Chrysosporium CE (0.190 ug/ml) (Fig.4). Both strains have been
reported as proteolytic genera; even so Chrysosporium have reported keratinophilic activity (Wilson
et al. 2007; Khan et al.2003).
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Fig.5. Azocaseinolytic activity in different fungal CE
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Keratinolytic activity from fungal CE
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Fig.6. Keratinolytic activity in different fungal CE

Trichophyton ajelloi produced a CE with the highest enzymatic activities (proteolytic and
keratinolytic): 0.075 Uazo and 30.1 Uker (Fig.6). This in accordance with “dermatophyte” taxonomic
classification. Althougt this fungal strain is not pathogenic towards human or animals, keratinases
are expressed. “Sulphytolisis” is the mechanism whereby filamentous fungi break down insoluble
keratin by keratinases (Kunert 2000).

SEM observation

The morphological changes were observed by scanning electron microscope. Control skin with buffer
and biocide had hair cuticle preserved (Fig.7). CE from Neurospora crassa, Chrysosporium sp,
Aspergillus sidowii and Paecilomyces lilacinus (Fig.9) did not cause any effect in skin epidermis. In
Verticillum albo-atrum and Acremonium murorum (Fig.8 and 10) a detachment of corneocytes have
been found. CE action of Trichophyton ajelloi displayed empty hair follicles, stratum corneum with
normal characteristics and collagen fibers with typical pattern (Fig.11.1-11.2).

Fig.7 Control: buffer and biocide: hair cuticle preserved 2500 x
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Fig.8. Verticillum albo-atrum(VA): corneocytes
detached 400x

Fig. 9. Paecilomyces lilacinus (PL): hair and epidermis with
normal characteristics 200 x

Fig.10 Acremonium murorum (AM): detached
corneocytes 704x

Fig.11.1 Trichophyton ajelloi (TA) (1): empty hair follicles,
stratum corneum with normal characteristics, 600 x

Fig 11.2  Trichophyton ajelloi (TA) (2): collagen
fibers with characteristic pattern 2000 x

4. CONCLUSIONS
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Correspondence of enzyme activity and depilatory effect was found in Trichophyton ajelloi CE,
although the action was lower than other assays with immersed skin (Galarza et al. 2016).

Finally, it was concluded that the enzyme penetration trough epidermis could provide beneficial
effects for the application of reagents during the handcrafted tanning of leather.
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PAN fiber for textile has similar mechanical properties to wool, such as good elasticity and intensity,
but its moisture absorption and hand feeling are unsatisfied because its composition is different
from wool. Collagen protein from leather has good moisture absorption and affinity to skin, the
combination of collagen protein on PAN fiber surface can improve its properties difference from
wool. In our research work, the cyano-group on PAN fiber surface is hydrolysed into carboxyl-group
by NaOH, and acidylated into acyl chloride group, then reacted with collagen protein, to obtain
surface modified PAN fiber. By this modifying method collagen protein is fixed on PAN fiber surface
through covalent bond.

Infrared spectrum and SEM results show collagen protein has been combined on the surface of PAN
fiber. Weight analysis shows the collagen protein content in the modified fiber is about 8%. The
water absorption property of the modified fiber is 18.2%, which is improved by 93.6%. The moisture
regain is 5.74%, which is improved by 280.1%. The specific resistance is reduced by 99.2%. The
performance of PAN fiber is improved to a great degree after surface modified by collagen protein.
Keywords: Collagen protein, PAN fiber; Surface modification; Property anylysis

1. INTRODUCTION

PAN fiber has good elasticity and strength properties, and has the name of “synthetic wool”, but its
application is limited in decoration and knitwear due to its disadvantages of bad antistatic property
and moisture regain property. Many chemical and physical modification methods are applied in the

manufacture of PAN fiber to meet the customer’s demands for comfortableness!*?.

Collagen protein is isolated from animal skin and has the similar compositions to human skin, can be
applied in many fields related to human life, such as cosmetic products, health care products and
medical products. Collagen protein has good property of moisture absorption and affinity to skin, it
can also be applied in the modification of synthetic fiber to improve its handle and moisture regain
property®®. There are several methods to modify PAN fiber with collagen protein, such as collagen
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protein co-polymerized with acrylonitrile monomer™®®  or collagen protein mixed with

polyacrylonitrile®®”), to get collagen protein and polyacrylonitrile composite spinning solution and get
collagen protein modified PAN fiber after spinning.

In this paper we take PAN fiber as raw material directly, and make collagen protein combine on the
surface of the fiber, and give the fiber a collagen protein layer to improve its antistatic property and
moisture regain property. This modifying method can avoid the destruction of fiber inner structure
and improve the utilizing value of collagen protein which is on the fiber surface.

2. MATERIAL AND METHODS

The PAN fiber used in this work is 19mm=*1.5D short fiber purchased from Shanghai Kafa Special
Fiber Co., LTD. Collagen protein was isolated from chrome shavings by alkali hydrolysis method.
Sulfoxide chloride was purchased from Tianjin Fucheng Chemical Reagent Company. CBB(coomassie
brilliant blue) G-250 was purchased from Shanghai Puzheng Biological Sci. & Tech. Co., LTD.

PAN fiber was dispersed in 12% NaOH solution and hydrolyzed at 80°C, then washed with deionized
water to reach neutral and dried for further process application. Hydrolyzed PAN fiber (1g) was put
into a three mouth flask, reacted with sulfoxide chloride at 80°C for 30 minutes. Residual reactant
was removed by reduced pressure distillation. 50 ml collagen protein solution was added into the
flask and react with the acylated PAN fiber, and NaOH solution was added at the same time to adjust
the pH value during the modifying reaction. The modified PAN fiber was washed by deionized water
several times until the washing waste water show colorless, and then the fiber was dried and
analyzed.

Collagen protein content of the modified PAN fiber was calculated as following:

W2 -W,
x100%

W2

W,: Weight of the fiber after modified with collagen protein
W;: Weight of the PAN fiber as raw material before hydrolysis

Fiber was soaked in water for 1 hour, then remove the unbound water by centrifugation, the water

absorption of the fiber was calculated as following:
Wy -Ws

x100%
W

W3: Weight of the dry fiber before soaking
W,: Weight of the fiber after soaking and centrifugation

Fiber was put in the condition of temperature 20°C and humidity 65% for 24 hours, then dried. the

moisture regain property of the fiber was calculated as following:
Ws - Ws

=x100%
Wi

Ws: Weight of the dried fiber
Ws: Weight of the fiber after moisture absorption treatment
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3. RESULTS AND DISCUSSION

3.1 The main factors affect the collagen protein content of the modified PAN fiber

Ls(3") orthogonal experiment was carried out to study the main factors of the reaction between
collagen protein and acylated PAN fiber in the modifying of PAN fiber. The factors include
temperature, reaction time, amount of NaOH and amount of collagen protein. The factors and levels

of the experiment is shown in table 1.

Table 1 Factors and levels of the reaction of collagen protein with acylated PAN aiber

D
F rs A B C
. ) Con. of

Levels Temperature(°C) 10%NaOH (ml) Time (min) _

protein (%)
1 40 0.5 5 2
2 60 1.0 10 5
3 100 1.5 30 7

Table 2 Results of orthogonal experiment of the reaction

ors Collagen protein content
A B C D . .
Experimen in the fiber (%)
1 1 1 1 1 1.77
2 1 2 2 2 2.83
3 1 3 3 3 1.49
4 2 1 2 3 5.17
5 2 2 3 1 4.88
6 2 3 1 2 3.01
7 3 1 3 2 1.61
8 3 2 1 3 2.05
9 3 3 2 1 1.07
Ky 6.09 8.55 6.83 7.45
K, 13.06 9.76 9.07 7.72
K3 4.73 5.57 7.98 8.71
ky 2.01 2.85 2.27 2.48
k, 4.35 3.25 3.02 2.57
ks 1.58 1.86 2.66 2.90
R 2.77 1.39 0.75 0.33

From the results of the orthogonal experiment, the order of the factors affects the collagen protein
content in the modified PAN fiber is: reacting temperature, amount of NaOH, reacting time,
concentration of collagen protein. The reacting temperature and the amount of NaOH are the most
important factors to increase collagen protein content of the modified PAN fiber.
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3.2 Influence of reacting temperature on the collagen protein content of the modified PAN fiber

The modifying reaction under different temperature was studied, and the amount of NaOH solution
in the experiments is 0.8ml, 1.0ml, 1.2ml respectively. The reaction time in figure 1 is 5 minutes, and
the reaction time in drawing 2 is 10 minutes.

From the results we can find high temperature is good for the reaction between collagen protein
and acylated PAN fiber. But if the temperature is higher than 75°C, the collagen protein content in
the fiber decreases with the temperature rising. This because acylated PAN can react with water at
higher temperature, and the amount of collagen protein combined with PAN fiber is decreased
accordingly. So the preferred reacting temperature is 75°C, under this temperature acylated PAN is

easy to react with collagen protein and difficult to react with water.
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= 65
3
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Figure 1 : Reaction under different
temperature (5min)

3.3 Influence of the amount of NaOH on the collagen protein content of the modified PAN fiber

Figure 3 shows the collagen protein content of the modified fiber prepared with different amount of
NaOH under the condition of temperature 75°C,
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reacting time is 5, 10 and 30minutes respectively.
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Figure 3 Influence of the amount of NaOH on the reaction

At the first the collagen protein content of the modified fiber goes up with the amount of NaOH
solution increasing, this is because NaOH can neutralize the acid produced in the reaction and
accelerate the reaction. When the amount of NaOH exceeds 1.2ml, the collagen protein content
goes down with the amount of NaOH solution increasing, this is because if there is too much alkali in
the system the acyl chloride group in acylated PAN fiber will react with water, and the amount of
combined collagen protein in the fiber decreased. So the preferred amount of NaOH solution in the
reaction is 1.2ml, the modified fiber with highest collagen protein content can be obtained.

3.4 Influence of reacting time on the collagen protein content of the modified PAN fiber

Figure 4 shows the collagen protein content of the modified fiber prepared at different reacting time
under the condition of temperature 75°C, amount of NaOH solution 1.2ml. The reaction between
collagen protein and acyl chloride group was very fast, it was finished within 10 minutes. The
reacting time is 10 minutes preferably, and the collagen protein content of the fiber at this reacting
time is 8.45%. The collagen protein content goes down with the reaction is prolonged further,
because long reaction time make collagen protein hydrolyzed under alkaline condition.

8.45
84| s
L2 b / —m— Amount of NaOH 1.2ml
8.0 | .
78 - /
[ |

76

74

Protein content (%)

72|
70f \

6.8

Reacting time (min.)

Figure 4 Influence of the reacting time on the reaction

3.5 FTIR-ATR analysis of the fiber

Comparing the infrared spectra of collagen protein modified PAN fiber with the original PAN fiber,
there are new characteristic absorption peaks of protein amide bond 1669cm™1550cm™ and
hydroxyl group 3360cm™ on the modified fiber spectrogram, at the same time the intensity of

characteristic absorption peak of cyanogroup is decreased, indicating cyanogroup is hydrolyzed and
collagen protein was fixed on the surface of PAN fiber.

146


file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///D:/dingzhiwen/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);

2030.42
3360.906 .
— Collagen Modified PAN ]:_'ibe,-rl

I\

1
1669.D4
1452.35

2243.14

T(%)

2243 .14

—___Original PAN Fiber]

1093 g0
804 2
4000 3500 3000 2500 2000 1500 1000

wavelength (cm-1)

Figure 5 FTIR-ATR spectra comparison between modified PAN fiber and original PAN fiber

3.6 Amino acid analysis of the collagen protein modified PAN fiber
Table 3 Amino acid content analysis result of modified fiber

Amino Acid Retention Time (min) Content (%)

1 Aspartic Acid (Asp) 10.547 0.220
2 Threonine(Thr) 11.912 0.035
3 Serine(Ser) 12.861 0.050
4 Glutamic Acid(Glu) 15.733 0.810
5 Glycine(Gly) 20.461 2.120
6 Alanine(Ala) 21.699 0.915
7 Cystine(Cys) 22.579 0.060
8 Valine(Val) 23.869 0.230
9 Methionine(Met) 25.741 0.075
10 Isoleucine(lle) 28.243 0.160
11 Leucine(Leu) 29.293 0.320
12 Tyrosine(Tyr) 31.749 0.090
13 Phenylalanine(Phe) 33.805 0.030
14 Histidine(His) 38.021 0.080
15 Lysine(Lys) 41.227 0.280
16 Arginine(Arg) 45.749 0.420
17 Hydroxyproline(H-pro) 9.575 1.255
18 Proline(Pro) 16.733 0.920

Total 8.070

The analysis result shows the modified PAN fiber has 18 kinds of amino acid, which is similar to
collagen protein. The total amino acid content of the modified fiber is 8.07%, it is lower than 8.45%
which is measured by gravimetric method. This is because the amino acid combined with PAN can’t
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be hydrolyzed totally and separated in the course of amino acid analysis. The amino acid analysis
demonstrates that collagen protein is fixed on the PAN fiber.

3.7 SEM images of the PAN fiber before modifying and the PAN fiber after modifying

Figure 6 and figure 7 show that after modifying the surface of the PAN fiber is covered a layer of
collagen protein, and the inner structure of the PAN fiber is unchanged which is good to keep the
strength of the fiber.

20. 9.2mm x2.00k SE(M)
a ) PAN fiber b ) modified PAN fiber
Figure 6 SEM images of the outer surface of PAN fiber and modified PAN fiber

a ) PAN fiber b ) modified PAN fiber

Figure 7 SEM images of cross section of PAN fiber and modified PAN fiber

3.8 Mechanical properties of the modified PAN fiber

Table 4 shows the mechanical properties of PAN fiber and modified PAN fiber. After modifying the
tensile strength of the fiber is increased by 43.0%, and the elongation of the fiber is decreased by
17.4%. The results indicate that the modifying reaction may form cross linking on the surface of the
PAN fiber.
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Table 4 Mechanical properties comparison of PAN fiber and modified PAN fiber

Increased
PAN fiber Modified PAN fiber
percentage ( % )

Tensile

3.72 4.32 43.0
strength ( cN/det )
Elongation ( % ) 24.22 20.01 -17.4

3.9 Antistatic property of the modified fiber

Table 5 shows the resistivity of PAN fiber and the collagen protein modified PAN fiber. The specific
resistance and volume specific resistance of the PAN fiber are all decreased by 99.2% after
modifying. Low resistance is good for further processing of fiber, and suitable for clothing.

Table 5 Resistivity comparison of PAN fiber and modified PAN fiber

] N ] Decreased
PAN fiber Modified PAN fiber
percentage ( % )

Specific

g _ , 2.02x10" 1.65x10° 99.2
resistance (Q-g/cm”)
Volume specific

_ , P 6.5x10" 5.3x10° 99.2

resistance ( Q-g/cm® )

3.10 Moisture regain property of the modified fiber

Moisture regain property is very important for clothing, it is related to comfortable wear of clothes.
Pure PAN fiber has poor moisture regain property, it is only 1.51% from the result of table 6.
Moisture regain of collagen protein modified PAN fiber can reach 5.74%, which is increased by
280.1%.

Table 6 Comparison of moisture regain between PAN fiber and modified PAN fiber
PAN fiber = Modified PAN fiber  Increased percentage(%)

Moisture regain ( % )  1.51 5.74 280.1

3.11 Water absorption property of the modified fiber

Collagen protein has good water absorption property, and the PAN fiber surface-modified by
collagen protein has much better water absorption than pure PAN. Fig. 8 shows the water
absorption of modified PAN fiber with different collagen protein content. Water absorption of the
PAN fiber without modifying is 9.4%, water absorption of the PAN fiber with 4.88% collagen protein
is 12.1% which is increased by 28.7%, water absorption of the PAN fiber with 8.45% collagen protein
is 18.2% which is increased by 93.6%.
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Fig.8 Water absorption of modified PAN fiber with different collagen protein content

4. CONCLUSION

The preferred conditions of the reaction between collagen and acylated PAN fiber is temperature
75°C, reacting time 10min, amount of 10%NaOH solution 1.2ml, collagen protein solution
concentration 5%. The collagen protein content of the modified PAN fiber is 8.45%.

FTIR-ATR analysis, amino acid analysis and SEM images of the modified fiber demonstrate that
collagen protein is combined on the surface of PAN fiber.

The water absorption property of the modified fiber is 18.2%, which is improved by 93.6% to PAN
fiber. The moisture regain is 5.74%, which is improved by 280.1%. The specific resistance is reduced
by 99.2%. The properties of PAN fiber is improved to a great degree after surface modified by
collagen protein.
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The recycling technology is one of the most important ways to realize the clean production in leather
industry. In this study, a novel closed recycling technology of unhairing-liming and chrome tanning
wastewater has been applied in mass production scale in a local tannery. In the recycling process,
the content of various ions and TOC of the wastewater were measured. The collagen fiber dispersion
and the distribution of ions in pelts were characterized. The shrinkage temperature and mechanical
properties of leather obtained by the recycling technology were also tested.

All the trials showed that the novel closed recycling technology worked well without impairing the
quality of the resultant leather and the zero emission of unhairing-liming and chrome tanning
wastewater was realized. In the unhairing-liming step of the novel technology, the dosage of water,
sulfide and lime were reduced by 80.8%, 33.3% and 23.4%, respectively. The collagen fiber bundles
of limed pelts were split well. The distribution of calcium ion and sulfion in limed pelts was more
uniform. 70% of salt and 20% of chrome tanning agent could be saved by recycling of chrome
tanning wastewater. The shrinkage temperature of wet blue from different recycling times (from the
first time to the 30 times) was all above 100°C. With the increase of the recycling times, the grain
surface color of the wet blue tended to be similar. Furthermore, the mechanical properties and yield
of the leather in the recycling technology were improved.

Keywords: unhairing-liming wastewater; tanning wastewater; recycling technology; zero discharge;
mass production

1. INTRODUCTION

The unhairing-liming and chrome tanning are two of the most important steps in the production
process of leather making. The quality of unhairing-liming and tanning process will affect the
following process as well as the properties of the finished leather. The traditional unhairing-liming
wastewater contains large amount of sulfide, lime, protein and its degradation product. The tanning
wastewater contains chrome complex and neutral salt. Therefore, the unhairing-liming and chrome
tanning wastewater is the main source of pollution in leather manufacture. The terminal control
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method is usually used in the liming and chrome tanning wastewater treatment. But the treatment
fee is high and the treatment system is not very effective.

The recovery and reuse of wastewater is one of the effective ways to realize the clean production of
liming and chrome tanning (Thanikaivelan et al. 2005; Hu et al. 2011; Saravanabhavan et al. 2004;
Rao et al. 2003), which has been paid more and more attention by researchers. In recent years,
several patents have been granted to BIOSK chemical company about closed cycle technology of
liming and chrome tanning effluent (Zhang et al. 2009; Zhang 2011; Zhang 2014).

According to the principle of this technology announced by BIOSK, the closed cycle technology of
unhairing-liming and chrome tanning wastewater in production of cattle shoe leather was
investigated. The aim of this research is to explore the technical points of the recycling technology of
liming and tanning wastewater, and evaluate the effect of the process and the quality of the
obtained products.

2. MATERIALS AND METHODS
2.1 Materials

The experiment chemicals were as following: Na,S, NaHS (70%, flakes), lime and chrome powder
were industrial grade. Degrease agent AN-C was supplied by LANXESS Inc. The liming auxiliary DO-
pro and ELIPO, fungicide DK and basifying agent BE were supplied by BIOSK CO., Ltd. Lime dispersing
auxiliary CR-2 was purchased from American BK Company. Especially for special illustration, the
dosage of chemicals was calculated according to the weight of salting hide.

2.2 Liming wastewater recycling process

The traditional hair persevering process was shown in Tab. 1. The wastewater of experimental
process was collected and then reused in the next production batch. Because of the restriction of
experimental condition, only 80% of the liming wastewater was collected. The recycling route of the
liming wastewater was shown in Fig. 1. A certain amount of sodium sulphide as well as the lime was
supplemented in each recycling.

Tab.1 Conventional hair saving unhairing process

Process Chemical % Temp.°C | Time

Water 80 25
Lrgr;:mzatlon AN-C 01

DO-pro 0.8

NaHS 0.2 Run: 30 min

. Run: 20 min,

Lime 1.2 standing: 20 min
Unhairing stage | NaHS 0.8

Na,S 0.2 Run: 30 min

Water 20 25
Hair separation Filtration with 30 min
Liming stage DO-pro 0.4

Lime 1

152



Na,S 1 Run: 30 min
Run: 10min every half hour
(4x)
Lime 0.5
Water 50
CR-2 0.2
Lime 0.8 Run: 30 min
Run: 5min every hour until
next day
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2.3 The recycling formulation of chrome tanning wastewater

The operating process of the chrome tanning wastewater was shown in Tab.2. The chrome-
contained wastewater of experimental process was collected and then reused in the next production
batch for pickling and tanning. Due to limitations of the experimental conditions, only 90% of
chrome tanning effluent was collected. The recycling route of the chrome-containing wastewater

Sludge

|<=| Chrome wastewater I

| Tanning wastewater |

| 45%

| Pickling

\ 4
| Chrome tanning |

h 4
| Basifying

A 4

Fig.1 The recycling method of liming and chrome tanning wastewater

was shown in the right side of Fig. 1.

Tab.2 The pickling and tanning process

. Dosage | Temp. | Time
Process | Chemical % & (°C) P min) Remark
Pickling | Salt 2-4 25
Chrome tanning effluent 100
Formic acid (85%) 0.5 1:10 diluting
Sulfuric acid (96%) 1.7 1:10 diluting
Pickling auxiliary D 0.2 1:10 diluting
Mildew preventive DK 0.2 120 pH: 2.0-2.5
Chrome | Conducted in the pickling
tanning | solution
Chrome tanning agent 5 180
Pickling auxiliary agent D 0.2 25
Basifying agent BE 0.2 120 pH: 3.2-3.4
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Chrome effluent (60°C) 100 240 Stay for overnight
Run for 30min in the next
day, pH:3.2-3.4

2.4 The chemical analysis of liming wastewater

The sample of liming wastewater was precipitated firstly. After natural sedimentation, 500 mL of the
wastewater of different recycling technology was filtered by double layer gauze for two times. The
filter liquor was taken to analysis.

2.4.1 The determination of Na,S content

The content of sulfide in the wastewater was determined by filtration and iodimetry
(Balasubramanian et al. 2000).

2.4.2 The determination of Ca content

2.4.2.1 The content of Ca in liming wastewater

The content of Ca was determined by EDTA complexometry method (Barrows et al. 1962).
2.4.2.2 The determination of Ca content in the pelt

The leather sample was ashed at 550°C firstly. Then the 1:1 hydrochloric acid was used to resolve
the ash. Lastly, the sample was diluted. The titration process was similar to the determination of Ca
in the wastewater.

2.4.3 The detection of Total Organic Carbon (TOC)

The TOC was detected by a TOC analyzer (TOC-L CPH CN20, SHIMADZU). The liming liquid waste was
diluted 500 times and filtered through filter membrane (0.45 um) before analysis.

2.4.4 The detection of buffer capacity

The buffer capacity of the liming liquid waste was detected by an automatic potentiometric titrator
(zDJ-4A, Rex Electric Chemical)..

2.5 Ts and analysis of chrome tanning wastewater

The TOC of chrome tanning wastewater was detected as mentioned above. The Ts of wet blue and
the content of Cr,0; in wastewater were also determined in accordance with Chinese standard QB/T
2713-2005 and GB 30486-2013.

2.6 The morphology and energy spectrum analysis of limed pelt

The limed pelt (1.5 cmX1.5 cm) was dehydrated for four times by 100 mL ethanol overnight and
drying 24 h at 40°C. The grain and vertical section of the dried samples were analyzed by super
depth of field microscope (ZEISS Smart zoom 5, Germany) and Environment Scanning Electron
Microscope (ZEISS EVO18, Germany).

2.7 The physical and mechanical properties of the finished leather

154



The tensile strength, bursting strength, tear strength, contents of Cr,0; and other related properties
of the finished leather were tested according to Chinese industrial standard QB/T 2710-2005, 2712-
2005, 2711-2005, 3812.15-1999, et al.

3. RESULTS AND DISCUSSION
3.1 Analysis of liming wastewater recycling technology

In our recycling experiment, the weight of leather was about 10 ton every time. The dosage of
rawhide, sulfide, water, lime and waste lime solution in the recycling process were shown in Tab. 3.
The dosage of water, sulphide and lime were reduced by 80.8%, 33.3% and 23.4%, respectively, as
shown in Tab.4. In the whole process, the wastewater discharge was zero. Compared with the
normal craft, the pelt obtained by this recycling technology was evenly swelled. The pelts also
showed a clean surface and an obvious weight gain.

Tab.3 Information about the dosage of hides, chemicals and water in process

No. The number of Weight Water Recycled lime Sulphide Lime
hides (kg) (t.) liquid (t.) (kg) (kg)
0 300 11126 15 0 245.8 389.4
1 243 9458 4 7.5 160.6 283.5
2 324 9370 1 11 149.8 280.7
3 317 11080 2 10 177 331.8
4 311 10586 2.5 12 168.5 307.8

Note: O represent the normal liming unhairing craft. “1” represents the first time recycling craft. “2”
represents the second time recycling. “3” represents the third time recycling. “4” represents the
fourth time recycling.

Tab.4 The saving materials in recycling process

No. Water-saving rate (%) Decrease in sulphide (%) Decrease in lime (%)
1 65.2 34.7 27.2
2 91.7 39.1 27.9
3 83.3 28.0 17.4
4 82.8 314 21.0
Average 80.8 33.3 23.4

3.1.1 The Na,S content analysis of liming wastewater

The Na,S content of liming wastewater in different recycling time was shown in Fig. 2. The sulfide
content of liming wastewater in normal process was higher than 5 g/L. The Na,S content of
wastewater in different time of recycling process was in the range of 4~6 g/L.
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Na,S (glL)

Fig.2 The Na,S content of liming wastewater in different recycling time

3.1.2 The Ca content analysis of liming recycling wastewater

The variation of Ca content in different liming recycling wastewater was shown in Fig. 3(a).
According to the results, the Ca content of wastewater in normal process was the highest. The
content was about 2.25 g/L. In the following recycling technology, the Ca content in wastewater was
in the range of 1.87~2.03 g/L. The rangeability is small. The variation of Ca content in different
recycling process indicated that the recycling technology not only decreased the dosage of lime, but
also decreased the residue content in the wastewater. The Ca content in the pelt was shown in Fig.
3(b). Compared with the conventional liming process, the Ca content of pelts in different recycling
time decreased a little.

204 1.4 4

054

0.0- 0.0

Fig.3 The content of Ca in liming waste liquor (a) and pelt (b)
3.1.3 The TOC analysis of liming wastewater

In order to analysis the content of organic material in the wastewater, the TOC was determined to
characterize the pollution of organic material in the wastewater. The results were shown in Fig. 4.
The TOC of wastewater from conventional method was 14750 mg/L. This was due to the dissolution
of interfibrillar substance in liming process. In the liming process, the interfibrillar substance as well
as part of collagen fiber would dissolve in the liming wastewater. Therefore, the content of organic
material in waste water would increase. At the same time, the collagen fiber was dispersed
sufficiently.
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With the increase of recycling time, the TOC of wastewater increased due to the dissolution of
organic material. After 4 times recycling, the TOC of waste water tended to be constant.
Furthermore, the viscosity of liming wastewater did not tend to thicken. These might attribute to the
hair persevering technology. In the hair filter process, part of the organic material would be
absorbed into to the shedding hair and then filtered out the recycling system. So the recycling
process could be carried out.

20000

15000
10000
5000
o0

0 1 2 3 4

Fig.4 The TOC content of liming wastewater

TOC (mg/L)

3.1.4 The buffer ability of liming wastewater

The solubility of lime is limited, so the pH of saturated lime solution is in the range of 12~13. The
mild liming condition makes the alkaline swelling slowly and uniformly. The operable and safety of
lime swelling are attributed to the chemical property of lime. The potentiometric titration results of
liming wastewater of different recycling time were shown in Fig. 5.

According to Fig. 5, the titration curves of Ca(OH), solution had an obvious pH abrupt points. On
contrary, no obvious abrupt point appeared in the titration curves of liming wastewater. So the
liming wastewater displayed the outstanding buffering ability. This might be attributed to the
existence of degradation products of interfibrillar substance in wastewater. Polysaccharose
substance and protein showed a good buffering property, so the pH of the liming wastewater
changed slowly when the acid was added. In the liming recycling system, the buffering properties of
the liming wastewater would slow down the swelling rate of the raw hide. Furthermore, the
occurrence of liming wrinkle in the liming pelt decreased. Then the obtained pelt became smoother
and the yield of crust increased.
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Fig.5 The potentiometric titration curve of liming wastewater at varied cycles

3.1.5 The fiber morphology of limed pelt

The morphology of grain of limed pelt was investigated by super depth of field microscope. The
morphology of grain of limed pelt obtained by normal hair persevering process was shown in Fig.
6(a). The morphology of grain of limed pelt obtained by fourth times recycling process was shown in
Fig. 6(b). The results indicated that the hair of two pelts was removed thoroughly. The hair pores
were both clearly visible. This mean the hair root was also removed thoroughly. So the recycling
technology of liming wastewater was safe and reliable. The SEM pictures of limed pelt from the
original technology and the fourth times recycling process were shown in Fig. 7. According to Fig. 7,
the dispersion of collagen fiber obtained by the fourth times recycling craft was similar with the

normal craft.
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3.1.6 The distribution test of Ca and S and SEM analysis

The EDS spectrum of the leather sample obtained by the conventional technology was shown in Fig.
8(a). The EDS spectrum of the sample obtained by the fourth time recycling process was shown in
Fig. 8(b). It indicated that the Ca content (red) of grain layer and flesh side was higher than that of
the middle layer. After 4 times recycling, the distribution of Ca was uniformly distributed in the
whole vertical section of limed pelt. This might attribute to the existence of large amount of organic
material in the recycling liming wastewater. The swelling process was assuasive. The liming process
was more uniform. As a result, the penetration of Ca was better. The S (blue) distribution in the
samples from the conventional technology and the fourth time recycling process were similar. This
might attributed to the solubility of sulfide. The penetration property of sulfide was higher than
lime.

The distribution of Ca in the pelt obtained by the normal craft and the fourth time recycling craft
were shown in Fig. 9. The Ca distribution in the pelt of the grain layer, middle layer and flesh side
were 37.29%, 6.14% and 27.97%, respectively. Compared with the normal craft, the Ca distribution
of pelt obtained by recycling craft in the grain layer, middle layer and flesh side were 29.33%,
12.95% and 23.91%, respectively. The results were in accordance with Fig. 8. The distribution of Ca in
different layer was more uniformly.

Fig.8 The EDX photo of cross section of pelt from conventional process (a) and recycling process for
four times (b)
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Fig.9 The distribution of Ca in the pelt obtained by the normal craft (a) and the fourth times
recycling craft (b) (three layers form grain to flesh side of limed hide)

3.2 Chrome tanning wastewater recycling process

The Ts of wet blue obtained by different recycling time was determined. The experimental results
were given in Tab. 5 and Fig. 10. According to Tab. 5, the Ts of wet blue didn’t change so much with
the increase of recycling time. The Ts of wet blue was in the range of 101~107°C. The color of the
grain surface of wet blue was consistent with the increase of recycling time as shown in Fig.10.

The variation rule of TOC and Cr,0; content in the chrome tanning wastewater in different recycling
time was shown in Tab. 6. According to Tab.6, the content of TOC and Cr,0; in the recycling
wastewater increased with the increase of the recycling time until the tenth time recycling. Then,
the total organic compounds and remaining Cr component in the tanning wastewater reached
equilibrium.

Tab.5 The variation of Ts of chromed leather with recycling times
Recycling time | O 1 2 5 10 15 25 30
Ts (°C) 103.2 | 100.8 | 101.1 | 103.7 |104.8 |104.5 | 106.5 | 102.5
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Fig.10 The relationship between the colour of chrome leather and recycling times

Tab. 6 The variation of the content of TOC and Cr,0; with recycling times in chrome waste liquor

Recycling times 0 1 2 5 10 15 20 25 30
TOC(mg/L) 1750 | 1753 | 1767 | 2498 | 2823 | 2800 | 2872 | 2904 | 2787
Cr,05 (g/L) 172 | 1.70 | 1.73 | 191 | 236 | 246 | 2.64 | 255 | 2.61

3.3 The physical mechanical properties test of finished leather

In order to assess the novel recycling technology, the physical mechanical properties of the finished
leather samples obtained by conventional process and the recycling technology were compared. The
results were shown in Tab. 7. The results indicated that the physical mechanical properties of
finished leather were not influenced by the recycling technology. On the contrary, the tensile
strength and tear strength of leather sample from the recycling technology were better than that of
the sample obtained by the conventional technology. Furthermore, the yield of leather in the
recycling technology was 95%, while the conventional technology is about 93%. This might attribute
to the uniform swelling process of the collagen fiber in the recycling of liming wastewater, and the
loss of the collagen content was less.

Tab.7 The physical and mechanical tests of the resultant leather

Tensile )
Tear strength Bursting .
Samples  strength i Cr,03 Yield of
. Crosswise strength
No. Crosswise (%) leather (%)
5 (N/mm) (N/mm)
(N/mm?)
0 10.58 54.35 22.38 4.82 93
4 10.86 59.60 21.83 4.98 95

4. CONCLUSION

A novel closed recycling of wastewater technology was applied and the zero discharge of liming and
chrome tanning wastewater was realized. Compared with the normal process, the novel recycling
technology could save more than 80.8% water, 33.3% of sulfide and 23.4% lime in liming process.
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While in the chrome tanning wastewater recycling craft, 20% of the chrome tanning agent as well as
70% of salt were saved.

In the liming wastewater recycling process, the reduction of the dosage of lime and sulfide didn’t
affect the removing efficiency of hair. The distribution of lime in the limed pelt was more uniform. In
the chrome tanning recycling process, the special auxiliary can prevent the deterioration of the
chrome tanning wastewater.

The physical and mechanical properties of the leather sample obtained by recycling craft were
similar with the sample obtained by the normal craft. Furthermore, the yield and the chrome
content in the leather sample obtained by recycling craft are higher than the leather sample
obtained by the conventional process.
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Leather industry has undeniable economic and environmental importance converting by-products of
the meat industry in value-added products. However, leather production generates huge amount of
solid wastes. Usually, tanning process is done with chromium salts. Consequently a substantial part
of the wastes are chromium tanned leather shavings (CTLW), which are mostly disposed of through
landfill or incinerated. CTLW are collagen residues produced in tanneries which are very stable
towards temperature and enzymatic degradation thanks to natural cross-links in the collagen
structure and chemical cross-links between collagen fibers formed in the tanning step. As collagen is
organic matter it can be considered for biogas production through anaerobic digestion but to ease
enzymatic degradation and produce biogas a previous denaturation of the structure has to be
carried out.

The goal of this study is to accelerate and improve biogas production when using CTLW. Autoclaving,
extrusion, and hydrothermal treatment were performed as pre-treatments of the wastes. The pre-
treated samples were analyzed regarding their degradation degree. Results showed that the pre-
treatments accomplish to degrade the structure. Those that underwent autoclave treatment (120
°C) show more than 90% enzymatic degradation after 192 minutes of pre-treatment. Results for the
extruded samples vary with operation conditions, and it was possible to reach 35% of degradation at
170 °C. The hydrothermally treated sample at 170 °C reached 90% of degradation. The untreated
CTLW was only 6% degraded. During biogas production pre-treated samples were able to start
production approximately five days before the untreated sample and presented higher biogas yield.

Keywords: Leather wastes, Biogas, Collagen

1. INTRODUCTION
1.1. Chromium tanned leather wastes and their disposal

In 2014, the manufacture of leather and related products in the European Union generated EUR 54
billion in turnover and employed 447.535 people (GROW 2016) highlighting the importance of the
leather industry in this region. This industry also has an important environmental role, since its main
raw material (hides) is a by-product of the meat industry.
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Europe alone is responsible for the largest part of the global leather production, around 25%,
generating about 170,000 ton of tanned leather wastes annually (Dahalayan et al. 2007). As the
chromium-based tanning process is predominantly followed worldwide (Agrawal et al. 2006) most of
these wastes will contain Cr** and need special handling. Currently, in most cases the chromium
tanned leather wastes are disposed of through landfill or incineration processes, despite the
ecological consequences (Pati et al. 2014). In disposal sites the leaching of Cr** from wastes can
pollute groundwater. The incineration at elevated pH (9-10), in the presence of an excess of oxygen,
can lead to conversion of Cr** to Cr®, which is a well known carcinogen (IULTCS 2008; Kolomaznik et
al. 2008).

Increased environmental restrictions and escalating landfill costs have encouraged the leather
industry to develop cleaner technology by minimizing wastes generated and maximizing those
reused (Mu et al. 2003). Attempts have been made to replace the chromium in the tanning process
but the obtained results cannot reach the quality of the chromium tanned leather. An option would
be using vegetable agents in the tannery process, but those tanning agents cannot be considered
more environmentally friendly than chrome tanning, due to the high waste water load and low
treatability in conventional systems (IULTCS 2008). Therefore, the leather industry continues to face
the handling and disposal problems of CTLW.

1.2. Alternative management of CTLW

Among the methods of reutilization of CTLW the biogas production through its anaerobic digestion
stands out due to its ability to reduce the final amount of wastes and generate renewable energy
simultaneously, low level of process complexity and low cost. Until present few studies about this
subject have been published. They demonstrate that it is possible to produce biogas from CTLW but,
due to very long times needed for the digestion, this method must be further developed to reach
industrial feasibility.

The process is nothing more than anaerobic digestion of organic matter, a quite complex microbial
process that takes place in the absence of oxygen with many types of strictly and facultative
anaerobic bacteria (Murphy and Thamsiriroj 2013; Deublein and Steinhauser 2008). Biogas is the
final product, which is a mixture of methane (55-70%) and carbon dioxide (30-45%) with traces of
other gases (Deublein and Steinhauser, 2008). Mata-Alvarez et al. (2014) examined the papers about
anaerobic digestion published between 2010 and 2013 and concluded that the most frequent main
substrates studied are animal manures (54%), sewage sludge (22%) and the organic fraction of
municipal solid waste (11%). At the same time, the most used co-substrates are industrial waste
(41%), agricultural waste (23%) and municipal waste (20%).

As CTLW are considered complex wastes due their high chromium content, most of the biogas
production papers analyzing the digestion of tannery wastes focus their efforts in the digestion of
fleshings (Shanmugam and Horan 2009), sludge from the wastewater treatment (Kameswari et al.
2014a), wastewater (Banu and Kaliappan 2007), or the co-digestion of two of them (Zupancic and
Jemec 2009; Thangamani et al. 2010 and 2015; Kameswari et al. 2011; 2012; 2014b and 2015;
Ravindranath et al. 2015).

Tanned leather wastes are composed of organic matter, hence they can be used as raw material to
produce biogas, even though leather itself is slowly biodegradable. The treatment to which hides

164



undergo to produce leather with different chemicals (tanning process) makes them even more
stable. This approach would become more feasible if a simple method to reverse the effects of
tanning could be developed (Covington 2009).

More recently the investigation of CTLW’s anaerobic digestion has started. Dhayalan et al. (2007)
and Ferreira et al. (2010) studied the anaerobic digestion of CTLW. The former concluded that the
degradation of this waste is possible using anaerobic sludge and it is better than vegetable tanned
leather waste and the latter that the results are dependent on the anaerobic sludge concentration.
Agustini et al. (2015) also studied the degradation of CTLW and detected 45% of methane in the
produced biogas. In all cases, the experiments lasted one to four months, a time considered too long
for industrial purposes.

Due to these difficulties there are currently no biogas plants in the industry using CTLW as main
substrate. However, the tannery SUDLEDER (Rehau, Germany) already has a biogas plant in
operation using their own tanning wastes (hair, protein, fat, and waste water) to produce energy
(Schuberth-Roth 2013). This kind of initiative illustrates the interest of the industry in biogas
production, nevertheless the use of a substrate as complex as CTLW needs to be further developed.

Chrome tanned leather is a collagen fibrous material. Hence to understand leather it is important to
begin by understanding the structure of collagen, which is among the most common fibrous proteins
and it is present in tendons, ligaments, bones, dentin, skin, arteries, cartilage, and in most of the
extracellular matrix in general (Fratzl 2008).

1.3. Collagen structure

At present over 50 collagens and collagen-like proteins are known, type | collagen being the most
common protein in mammals (Hulmes 2008). These molecules are assembled in different fibrous
structures with quite different properties, such as elastic skin, soft cartilage, and stiff bone and
tendon (Fratzl 2008). What all the collagen molecules have in common is that they are composed of
three polypeptide chains forming a triple helix arrangement. Each of the chains contains one or
more regions characterized by the repeating amino acid motif (Gly-X-Y), where X and Y can be any
amino acid (Hulmes 2008).

Several collagen molecules are stabilized by the development of molecular cross-links between them
forming the fibrils and, subsequently, different kinds of tissues (Wess 2008). The resulting high
mechanical strength and resistance to heat and bacterial degradation of collagen fibers motivated
their use in the leather industry. Despite the natural collagen features there is a need to further
stabilize collagen fibers by chemical cross-linking increasing their mechanical strength, their
denaturation temperature, and susceptibility to enzymatic degradation (Avery and Bailey 2008). This
chemical cross-linking process applied to hides is known as the leather manufacturing process.

As mentioned above, collagen molecules are not susceptible to degradation by enzymes because of
their stable structure, and the tanning process increases this stability. The anaerobic digestion is
based on this kind of degradation; hence this characteristic would preclude the digestion. To enable
the process it is necessary to perform a prior degradation of the structure, which is normally
accomplished increasing the temperature up to the denaturation temperature. Denaturation of
collagen happens when this material is exposed to the denaturation temperature or higher. In this
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process the collagen structure collapses into gelatin chains (Avery and Bailey 2008). The random
structure of gelatin loses the former high stability and can be easily degraded. However, CTLW has a
denaturation temperature between 110 °C and 120 °C, which requires a denaturation process at
these temperatures. After such treatment the chrome tanned collagen is as degradable as the raw
collagen, and the denatured collagen behaves just like any other protein, but containing some inert
Cr*" (Covington 2009).

1.4. Objectives

The aim of this study is to accelerate and improve the biogas production process through anaerobic
digestion of chromium tanned leather shavings (CTLW) enabling its application in the industry. For
this purpose, CTLW underwent pre-treatment with different heating and mechanical technologies.
The modifications caused in the collagen structure of this waste were evaluated with different
methods, and some of the pre-treated samples were tested for biogas production.

2. MATERIAL AND METHODS

This study was developed in three different steps. At first, CTLW underwent pre-treatment to initiate
material degradation. Thereafter, the pre-treated samples were assessed regarding their degree of
degradation with different methods. Finally, the biogas building potential of some selected samples
was investigated through biogas production trials in order to prove the feasibility of this method.

2.1. Material

Chromium tanned leather shavings (CTLW) samples from the shaving operation of the leather-
making process were obtained from a local tannery and characterized regarding their volatile matter
(DIN EN 1SO 4684:2005 — Leather — Chemical tests — Determination of volatile matter), ashes (DIN EN
ISO 4047:1998 Leather - Determination of sulphated total ash and sulphated water-insoluble ash),
and chromic oxide content (DIN EN ISO 5398-1:2007 - Leather - Chemical determination of chromic
oxide content). The results for the CTLW characterization are shown in Table 1.

Table 1: Leather shavings characterizations.

CTLW

Volatile Matter (%) 20.9+0.18
Ashes (%)* 11.0+0.01
Chromium (%)* 4.4 +0.05

*Dry basis; mean * standard deviation, n =3
2.2. Pre-treatments

In order to denature the CTLW and favor the waste degradation and biogas production different
heat and mechanical pre-treatment techniques were tested.

2.2.1. Autoclave

In order to reproduce the autoclaving conditions (high temperature and pressure) the trials were
carried out using screw cap micro tubes tightly closed through O-ring sealing and a block heater
(Stuart SBH130D) at 120 °C.
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The CTLW were prior moistened with distilled water until saturation and left overnight at room
temperature. This procedure is carried out in order to favor collagen denaturation, the main aim of
this pre-treatment. All the samples were placed in the micro tubes, tightly closed, and subsequently
placed in the block heater at 120 °C. The micro tubes were preheated for 3 minutes and 30 seconds,
the estimated time necessary for the samples to reach the autoclaving temperature. Each sample
was exposed to the autoclaving conditions for a predetermined time (3 to 384 minutes). Thereafter
the samples were dried in a drying oven at 30 °C for one day.

2.2.2. Extrusion

Extrusion was performed with a co-rotating twin-screw-extruder Werner & Pfleiderer ZSK 25 at
different temperatures (100 °C, 130 °C, 150 °C, and 170 °C) and humidity conditions (dry or wet) in a
continuous process. The wet CTLW were prior moistened with water, well homogenized and left
overnight. The dry samples were handled without any humidification process, exactly as delivered
from the tannery. This process starts by feeding CTLW from a hopper into the barrel of the extruder.
Subsequently the material is gradually degraded by mechanical energy generated by turning screws
and by heaters arranged along the barrel, taking approximately 3 minutes.

Samples originated from dry and wet CTLW differ in appearance. The extrusion of dry CTLW resulted
in samples with granular appearance, on the other hand the wet CTLW gave rise to a powder
sample.

2.2.3. Hydrothermal treatment

CTLW were subjected to hydrothermal treatment through a continuous autoclave system attached
to a refiner (ANDRITZ) at different temperature and pressure conditions. The temperature was
adjusted regarding the saturated steam relative pressure. However, due to technical reasons the
temperature was not as exact as expected (140 °C, 150 °C, and 170 °C). The pre-treatment time was
approximately 45 seconds.

2.3. Assessment of the pre-treated samples

The susceptibility to anaerobic degradation of the pre-treated samples and the leather shavings
were evaluated with two methods. The enthalpy measured with the DSC (differential scanning
calorimetry) method represents the enthalpy of the denaturation process. In other words, the
necessary energy to break down the hydrogen bonds that stabilize the triple helix. The degradation
by trypsin breaks down covalent bonds between carbon atoms, a process similar to the actual
enzymatic digestion.

2.3.1. DSC

Thermal profiles of the pre-treated samples were taken from 0 to 130 °C using DSC (DSC 1 STAR®
System Mettler Toledo) to assess thermal changes as a function of input temperature. pH was
previously adjusted to 7 washing the samples with a KH,PO,/K,HPO, buffer solution.

2.3.2. Degradation by trypsin
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The denaturation degree of the pre-treated samples was measured with the aid of trypsin, an
enzyme that acts to degrade protein. This enzyme test is based on the measurement of the
degradation speed of heat treated leather. As the not denatured collagen is stable against enzyme
degradation it is possible to determine the fraction of the samples which was denatured in the pre-
treatment. The samples are placed in safe-lock microcentrifuge tubes with buffer solution and left
overnight. Then the trypsin solution (1382 U/mL) was added at 37 °C (block heater Stuart SBH130D)
during 5 hours. The degradation degree by trypsin at certain time (DD,) is the portion of the sample
that solubilizes in water after treatment with trypsin and it is represented by Equation 1:

DD, = 100 — (*£.100) % Eq. (1)

Wy
Where wqy (mg) is the onset weight of the CTLW samples and w; (mg) is the weight after the
predefined treatment time, both weights were considered on a dry basis.

2.4. Biogas Production

Anaerobic digestion experiments were performed under mesophilic conditions (37 °C + 2 °C)
according to VDI 4630 (2006) in triplicate. The tests were conducted using 65 ml reactor flasks in two
batches, with agitation (shaking water bath julabo SW-20C at 150 rpm) and without agitation (drying
unit Fratelli Carlessi ARMADIO 5B). The gas production was monitored on a daily basis with a digital
manometer (Leo 3 Keller). The mesophilic anaerobic inoculum was anaerobic sludge from the local
sewage treatment plant. Biogas production is given in norm liters (273 K and 1013 hPa) per kg of
organic dry matter (Iy.kgopwm).

At the end of the process the resulting biomass was analyzed regarding its pH, volatile matter (DIN
EN ISO 4684:2005), ashes (DIN EN ISO 4047:1998), and chromic oxide content (DIN EN ISO 5398-
1:2007). The results were useful to develop the mass balance necessary to understand the ongoing
processes in the biogas production and the actual final degradation of the substrates.

3. RESULTS AND DISCUSSION
3.1. Assessment of the pre-treated samples

Based on analysis of DSC and degradation by trypsin results (Figure 1) it is possible to conclude that
the pre-treatments accomplished to degrade the triple helical structure of the samples. In all cases
the degradation by trypsin is more sensitive to evaluate the susceptibility of the pre-treated samples
to enzymatic degradation than DSC. The good results presented by the pre-treated samples even
with more than 4% chromium content indicate that chromium in this quantity is not toxic for trypsin,
which implies that the waste will probably not be toxic for the enzymes in the anaerobic digestion.

The autoclaved samples (Figure 1.a) even with short pre-treatment times presented high
degradation. After only three minutes of thermical pre-treatment the degradation of the wastes
went from 6.7% to 25.8% and within only 24 minutes it was possible to have more than 50% of
degradation reaching more than 90% after 192 minutes. After 192 minutes of heat treatment the
degradation reaches a plateau and any longer autoclaving process would not be worthwhile.

Figure 1.b shows that with extrusion it is possible to increase the degradation degree by trypsin of
the untreated sample from 6.7% up to 35.2% at the highest tested temperature. Results showed an
increasing tendency of degradation with increasing extrusion temperature. The previously
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moistened extruded samples obtained slightly higher degradation levels. Nevertheless, it is still
preferable to perform the process of humidification of the samples before the extrusion due to the
ease of handling with granular samples instead of powder.

The a) othermally treated samples showed a linear growth trend with the temperature. The
sample pre-treated at 170 °C reached a degradation by trypsin of 90% (Figure 1.c). The samples also
differed in appearance. The sample pre-treated at 170 °C, which reached the highest degradation
degree, had its collagen structure affected by the high temperature turning completely into gelatin.
Samples pre-treated at 150 °C and 140 °C are very similar, with a doughy

appearance.
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Figure 1: Enthalpy of the denaturation process and degradation degree by trypsin of CTLW and
autoclaved samples as a function of the pre-treatment time (a), extruded samples (b), and
hydrothermally treated samples as a function of the pre-treatment temperature (c).

3.2. Biogas Production

Two of the extruded samples and the untreated leather shavings were tested for biogas production.
The sample extruded dry at 100 °C (E100D) and extruded wet at 170 °C (E170W) were selected as
they represent the extremes of the extrusion treatment, being E100D the sample with the lowest
degree of treatment and E170W the highest degree of treatment. Results are represented in Figure
2.
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Figure 2: Cumulative biogas production for CTLW, E170W and E100D in agitated bioreactors (a)
and in non-agitated bioreactors (b).

Comparing the untreated and the extruded samples for biogas production, the pre-treated samples
were able to start production approximately five days before the untreated sample. Moreover after
a lag-phase the extruded samples start to produce again, and diauxia (two phase decomposition)
was observed, while the leather shavings remain stagnated. Diauxic growth is commonly seen in
aerobic systems but not much information is available for anaerobic systems. Marin et al. (2010)
reported diauxic growth curves for substrates containing protein and its occurrence was attributed
to the presence of easily accessible biodegradable compounds that are digested first. The shape for
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the CTLW curve indicates a retarded degradation, what happens when the substrate degrades with
difficulty (VDI 4630 2006).

In comparison with the untreated sample, the extruded samples presented higher final biogas yields
in both cases indicating that the pre-treatment is able to ease the process. When comparing the
extruded samples it is possible to see that they presented very similar results, which happened in
the agitated and non-agitated reactors, although E100D was less degraded by trypsin E170W. A
reason can be, that this sample is a powder like material favoring the mass transfer inside the
reactors and hence its contact with the inoculum and anaerobic bacteria.

A comparision of the results for both batches (with and without agitation) indicated that agitation
favors the biogas production. The E170W sample had final biogas yields of 325.0 + 7.6 and 273.4 +
14.5 Iy.kgopy in the trials with and without agitation respectively. The E100D sample had final biogas
yields of 371.2 + 52.7 and 280.8 + 20.1 Iy.kgop, an increase of more than 30% for the trials with
agitation. For the untreated sample the final yield in both batches were very similar. Probably the
agitation of the system facilitates the mass transfer in the bioreactors and favors the biogas
production.

Table 2: Biomass characterization after digestion and estimation of the final organic matter
destruction.

Agitated bioreactors

pH Volatile Ashes Chromium Organic Matter
Matter (%) (%)* (%)* Destruction (%)
Blank 8.07 97.9+0.5 61.2+0.2 0.9+0.0 -
CTLW 8.50 94.7 +£0.2 36.0+0.1 2.2+0.0 27.0+0.4
E170W 8.56 96.2+0.0 53.7+0.1 3.9+05 76.7+1.4
E100D 8.57 95.7+0.7 54.9+0.6 22+0.1 71.8+0.4
Non-agitated bioreactors
pH Volatile Ashes Chromium Organic Matter
Matter (%) (%)* (%)* Destruction (%)
Blank 8.05 97.8+0.0 59.4+0.6 0.6+0.1 -
CTLW 8.58 95.1+0.0 38.3+0.2 21+0.1 37.6+2.4
E170W 8.65 96.4+0.0 53.6+0.1 3.1+0.3 81.4+0.5
E100D 8.66 96.5+0.1 54.3+0.1 2.1+0.0 81.2+0.1

*Dry basis; mean + standard deviation, n =3

The characterization of the final sludge enabled the estimation of the final organic matter
destruction (Table 2). The extruded samples presented organic matter destruction between 70% and
82%, a very high destruction of the original substrate, while the untreated sample could only reach
27% to 38%. This indicates that the CTLW is a complex substrate and the pre-treatments are very
important to assure the reduction of the final wastes.

4. CONCLUSION

Three different pre-treatments were carried out to ease the anaerobic digestion of chromium
tanned leather shavings. The evaluation of the pre-treated samples showed that it is possible to
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increase the degradability of the wates, reaching more than 90% of degradation by trypsin in the
cases of the autoclaved and hydrothermally treated samples, and 35% for the extruded samples.

In the biogas production trials with extruded samples the pre-treatment decreased the onset time of
biogas production of the leather shavings by 5 days. The extruded samples also presented higher
biogas yields when compared to the untreated sample, reaching up to 370 Iy.kgop while the latter
could only reach 233 Iy.kgop. The agitated trials were proven to have a better performance for the
tested pre-treated samples, facilitating the mass transfer inside the reactors. The extrusion pre-
treatment also increased the leather destruction while producing biogas. It was possible to destruct
approximately 80% of the pre-treated samples.

Results up to now show that the pre-treatments can increase the efficiency of the biogas production
out of chromium tanned leather shavings. The pre-treatments accelerate the process and improve
the final yield apart from enhance the wastes destruction. All these improvements increase the
suitability of this method for the industry.
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Chrome tanning remains the best known available technology to thermally stabilize collagen, the
main structural protein of any hide or skin. Multiple research studies of all mineral tanning
processes over several years have shown that Cr Il sulfate performs best due to two key reasons: 1.
The Cr lll ion forms an extremely stable complex with the inner structure of the protein triple helix,
and 2. The tanning production process of penetration and fixation is easily controlled.

Tanners have traditionally focused, arguably quite logically, in the first instance on the quality of the
resulting wet blue and crust leather and thus designed the process accordingly. This unfortunately
has resulted in tanning processes commonly not being optimized in terms of efficiency and
sustainability. Approximately only 40% of the initially offered amount of chrome tanning material
(CTM) ends up in the final leather. The remainder (i.e. up to 60%) of the CTM is either washed during
processing, or is in the solid waste, mainly shavings. Recycling is possible for most of this “waste.”
Chrome containing sludge can be safely, legally and usually economically disposed of, so it is
acceptable from an environmental perspective. However, from a sustainability point of view (and
most probably also from a longer-term economic view), this endless “dumping” of finite resources
needs to be questioned, and the sooner the better.

In the following article, two alternatives to the “standard” chrome tanning process are discussed.
High-exhaustion technology and/or hybrid tanning technology would lead not only to a major
improvement in the mass balance for chrome tanning material, it would also in turn be of immediate
benefit in terms of the public perception of the leather sector and most probably also critical for the
long-term future of the entire tanning industry.

Keywords: chromium, tanning, mass balance, effluent, waste, exhaustion

1. INTRODUCTION

The main “operating” step in leather manufacturing is the tannage, which stabilizes the collagen and
chemically converts this protein into leather. Due to the ideal chemical characteristics of chromium
in the valence state lll, this element can enter inside the triple helical structure of collagen where it
uses its special complexing and cross-linking behavior to stabilize the protein matrix. The geometric
dimensions of the resulting Cr(lll) complex fits in perfectly with the surrounding 3-D protein
structure of the collagen. The macroscopic result is a significant increase of the denaturation point (=
shrinking temperature) of the leather above 100 °C that can only be achieved with a chrome tanning
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material (CTM) and not with any other metal tanning agent on its own. Decades of research were
necessary to understand the ideal, complex chemistry of chrome tanning scientifically and several
theories have been developed which explain the different phenomena of this process step. One
famous theory is the principle of covalent tanning with chrome tanning materials (CTM) within the
link-lock mechanism (1). Another important and fundamental finding is the principle of
olation/oxolation of metal ions (2).

1.1. The principle of olation

Reference is often made to the cross-linking of CTM, and rather less frequently to olation, a type of
“in-situ” inorganic polymerization (3), but this is still fundamental and critical for understanding the
tanning process. At a low pH (i.e. “pickle”) many metal ions exist in solution as complexes with a low
molecular weight that are unreactive or rather less reactive to collagen. As the pH increases (i.e.
“basification”), these complexes start to react with each other to form larger molecules (metal ion
oligomers) with higher reactivity towards the collagen subunits, up to a level where they become
insoluble. The tendency is to form bigger molecules rather than cross-linking collagen, up to a level
where no reaction with the protein takes place anymore, and the ability to steer this with suitable
ligands depends on the nature of the metal. Here, only chrome(lll) has the right pH-dependent
balance between increasing both molecular weight to the right size and reactivity toward collagen,
also steering this easily with suitable ligands like sulfate or acetate.

1.2. Other mineral tanning technologies

It is known that other metals can provide a stabilization effect such as aluminum, zirconium or iron,
to name the most important ones in order of tanning power. The stabilization effects follow a
different mechanism as described in (1) and even the pH-dependent olation/oxolation phenomenon
(3) has different (for leather tanning unfavorable) characteristics. Subsequently, all these alternative
metal tanning systems result also in a lower denaturation point of the resulting substrate. So far, no
alternative tanning agent for leather exists that fulfills the unique property profile of CTM.
Therefore, non-chrome systems usually require some degree of “compensation” especially in the
retanning step. This results in additional amounts of conventional retanning chemicals being
required, thus changing sustainability profile and haptic and technical performance, although
application-wise a chrome-like character is possible.

1.3. Advantages and challenges of the chrome tanning process

The chrome tanning process is the dominant tanning system also because it is a relatively easy,
stable and robust process. It results reliably in a safe, high-performance technical substrate. The
speed of penetration of CTM can be easily steered via simple measures and controlled even visibly.
The following process step involving the cross-linking reaction of the chromium in the leather can
again mainly be managed by pH adjustment with harmless basification agents. Thus about 85% of
the world’s leather production is still based on chrome-tanned leather, and this has been the case
for more than 100 years and is expected to continue in the foreseeable future.

To continue the future-proof development of chrome tanning both in general and especially from a
sustainability point of view, a closer look at two important aspects is required. First: process rules to
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avoid the formation of Cr VI in leather. Second: process concepts to increase the utilization of CTS
further in order to keep the release of chromium into the effluent to an absolute minimum.

For the first topic, clear process rules to be followed have already been established and are well
known as a best available technology (3). In order to have a closer look at the second topic, a simple
mass balance needs to be performed to compare different chrome tanning process alternatives.

2. MASS BALANCE OF DIFFERENT CHROME TANNING PROCESSES

Here, the mass balance of three different process alternatives is compared and all should result, with
relatively minor adjustments of the retanning recipe, in similar crust articles:

1. Standard chrome tanning
2. High-exhaustion chrome tanning
3. Hybrid tanning — wet white pre-tanning with high-exhaustion re-chroming

2.1. Standard chrome tanning process

In a standard chrome tanning operation, initially up to 8% of CTM is offered (in relation to pelt
weight — Table 1), corresponding to an absolute amount of 17-20 kg Cr203 based on 1,000 kg pelt.
About 60% of this chromium will be chemically fixed (via covalent bonding) to the protein while
approx. 40% remains still unfixed (either in the float or in the liquid within the leather matrix after
the tanning operation). During the subsequent washing and processing steps (samming, retanning),
about 40% of the initially offered CTM will be washed out in the effluent and should be separated by
further treatment. In a modern tannery operation, the majority of this discharge could be separated
and recycled. However, good equipment and especially proper and intensive quality controls of the
recycled chrome material are necessary to ensure that the quality of the wet blue is comparable to
the usage of only CTM from a reliable supplier. If the chrome is not recycled it must be safely and
legally deposited at appropriate, usually municipal, approved facilities.

Furthermore, up to approx. 20% of the initially offered CTM will end up in the solid waste as
shavings. The majority of the chrome in the shavings will either end without a specific functional
requirement in an upstream basic raw material (e.g. for construction or energy generation) or again
end up on as waste in a landfill.

Considering these two “losses” in a normal retanning process, without additional re-chroming only
around 40% of the initially offered amount of CTM ultimately ends up in the final leather. From this
remaining chromium in the final leather matrix only a very small part (some ppm) is not strongly
bonded and can be extracted with artificial sweat from the dried crust leather. This is what is usually
referred to as the “leachable” chrome part.
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Standard chrome tanning

79 7% %

offering for 1.000 kg splitted pelt: 6-7% CTS on pelt &%

= 17-20 kg Cr203 | unbonded bonded
tanning float: ~10-20% = 1.5-4 kg Cr203 - recyclable 20%
samming/washing: ~10% = 2kg Cr203 - recyclable
shaving ~ 5kg Cr203 content difficult to recycle
~ 500 kg wet blue (shaved) ~ 9-10kg Cr203 content | |
retanning: ~10% = 2 kg Cr203 - difficult to recycle ﬁ
~250 kg dried crust (~220 gm) ~7.5 kg Cr203 | so% ]
extractable range (100 - 400 ppm)  0.1-0.4 kg Cr303 / 250 kg crust based on wb ﬂ

Table 1: Mass balance of a standard chrome tanning process

2.2 High-exhaustion chrome tanning process

As an alternative to standard chrome tanning processes, in Table 2 the mass balance of a typical
high-exhaustion chrome tannage is illustrated. The sustainability is considerably improved, because
the majority of chrome originally offered ends up in the leather. Furthermore, this process can be
run with the same equipment as the standard chrome tanning process; no special investment needs
to be made and in principle every tannery worldwide should be able to switch to a high-exhaustion
process.

As less chromium will be washed out into the effluent with this high-exhaustion process, the initial
offer can be reduced down to 4.5 - 5% (based on pelt weight). This alone represents an almost
quarter reduction in CTM use compared to the standard process. Through the addition of special
fixing agents — high-exhausting chrome tanning agents — the exhaustion can be improved
significantly, not only in the tanning, but also in the retanning process step. Subsequently, the
resulting amount of chrome in the raw effluent is so low that most legal requirements for the
chromium content of the discharge can be met without any problem. This process also results in a
high score in the Leather Working Group (LWG) audit, which requires an uptake of at least 97%. The
total amount of chromium in the final leather is comparable to the standard chrome tanning
process. The key difference is that the unfixed proportion, which normally gets washed out during

processing and ends up in the effluent in the standard process, is effectively eliminated.

Cr303 balance High Exhaustion Tanning
4-5% CTS on pelt 4.8%

offering for 1.000 kg splitted pelt:

= 14- 16 kg Cr203 | bonded |
plus High Exhausting Chrome agent incl. samming <3% = <0,4kg Cr203 - recyclable I:‘
shaving ~ 5kg Cr203 content difficult to recycle -
~ 500 kg wet blue (shaved) ~ 9kg Cr203 content | |
plus High Exhausting Rechroming agent ~5% = 0,5-1 kg Cr203 - difficult to recycle i
~250 kg dried crust (~220 gm) ~8kg Cr203 ]
extractable range (100 - 400 ppm) 0,1-0,4 kg Cr303 / 250 kg crust based on wb ”

Table 2: Mass balance of a high-exhaustion chrome tanning process
2.3 Hybrid tanning technology — wet white pre-tanning followed by high-exhaustion re-chroming
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With the term “hybrid tanning technology” we refer to the combination of wet white pretanning
with a synthetic tanning agent. For the most sustainable wet white technologies (e.g. ref. 3) there is
even no need to pickle. Obviously, no chromium can end up in the effluent, or any by-products such
as shavings; the process up to the wet white intermediate stage is completely free of chrome.

In order to get a similar intermediate like a wet blue, the retanning process then has to start with a
re-chroming step. A high-exhausting re-chroming agent is added, approx. 5-7% based on shaved wet
white weight, which correlates to only around 2-2.5 kg absolute Cr203 based on 1,000 kg split pelt.
(Shaved wet weight has about 30-50% of the weight of a pelt, depending on water content and
shaved thickness.)

With a special fixing re-chroming agent the exhaustion in this process step is extremely high. Close to
100% of the initially offered Cr203 ends up in the crust leather, with only a tiny amount of Cr203
washed out in the retanning floats. Visible for all by their lack of color, these floats are
correspondingly virtually colorless and transparent. After re-chroming, the typical organic retanning
process completes the process, usually with only slight adjustments in the recipe being necessary in
order to reach a similar crust to that achieved with a traditional wet blue intermediate.

High-exhaustion

rechroming

5-7% RCon

offering for 1.000 kg splitted pelt: ca. 2-2,5kg
Cr203

tanning float:
samming/washing:
shaving
~ 500 kg wet blue (shaved)
retanning: <D.5kg Cr203 I
~250 kg dried crust (~220 gm) ca. 2kg Cr203 I:I

Table 3: Mass balance of a hybrid tanning process — wet white pre-tanning followed by a high-
exhaustion re-chroming process

2.4 Discussion of the three chrome tanning processes

The comparison of the mass balances of the three tanning processes show that, from a sustainability
point of view, the two suggested alternative processes are more favorable compared to the standard
chrome tanning process. Since there are so many parameters that can influence the outcomes, such
as local conditions, recipes, raw material quality, beamhouse preparations, etc. we have purposely
entered only rough numbers for chromium content in the effluent. However, many production-scale
examples have shown that running a high-exhaustion process already reduces the chromium
content of the effluent to such an extent that in most cases the effluent can be discharged directly to
a wastewater treatment plant without any pre-treatment or chrome separation required. Also in the
case of sludge, it has such a low chromium content that it is not considered to be a hazardous
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chemical (according to most of the legal requirements). This already is a considerable process
achievement.

In our industry today there still remains the issue of Cr-containing shavings, which concerns massive
volumes. The ultimate sustainable process and best available compromise where you still have all
the advantages of a chrome-tanned article without this issue is considered to be the “hybrid tanning
process.” Zero chrome in the effluent and the shaving byproduct is obviously guaranteed during a
wet white pre-tanning step. With the use of a special high-exhausting re-chroming agent, the leather
will virtually fix all offered active chromium ions afterwards; therefore nearly all offered amounts of
chromium will end up in the final leather sold, and not in any waste.

3. CONCLUSION

Stainless steel can be produced only with chromium, i.e. there is no other element in the periodic
system which gives a similar stabilization of the iron. Similarly in leather making there is no other
known technical possibility of stabilizing the protein than in a chrome-tanned leather. There are
different ways to chrome tan a leather. In order to strive for the best available sustainability
performance it has been shown that the two proposed alternatives to standard chrome tanning
would provide an interesting sustainable opportunity: either a high-exhaustion chrome tanning
process including a downstream use for the wet blue shavings, or — even better — a wet white
retanning process followed by a shaving and a re-chroming step of the shaved material. In both
cases the overall material mass balance would be improved. Depending on adjustments in the
retanning process. even the resulting final crust in all three articles would be comparable.
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Formaldehyde and leather have a relation of over one hundred years, since formaldehyde is a very
common building block for the synthesis of syntans and resins and has even been used for tanning as
such. While there is a lot of literature and best practice around how to minimize formaldehyde in
leathers on the basis of extraction methods, acetaldehyde is not used as a building block and rarely
appears in extraction assays. However, it contributes to significant problems in emission test for
automotive leathers, especially to meet the standards in the Chinese market. This article will reveal
new emission data assembled by new measurements. A new, facile method will be introduced and
exemplified with data across the process of leather making, from tanning to finished leather and
across various chemistries applied.

Keywords: Formaldehyde, acetaldehyde, emission, scavenging.

1. Introduction

While formaldehyde is a widely used building block for the synthesis of syntans and resins in leather
(1), acetaldehyde is a natural product, not used in the process of leather making. While
acetaldehyde has not created problems after extraction measurements of leather according to ISO
17226, it does appear in emission tests and the results created concerns (2), especially in automotive
leather for the Chinese market, due to Chinese legislation: GB/T 27630-2012. So far, there are
several emission chamber tests on the market, but the results are difficult to compare and only few
data points about acetaldehyde emission can be created since the measurement takes several
hours. We established a method for acetaldehyde emission suitable for screening to gain insights
not only on finished leather, but also within the process of leather making and in order to compare
the contribution of products.

2. Material and Methods

In VDA 275 aldehyde emission can be detected from water, stored on the bottom of a bottle with a
piece of leather above the water. In these tests only a few ppm acetaldehyde are detected. In case
of chamber emission measurements, the leather is conditioned in a closed chamber and the air is
removed and analyzed for aldehydes. In these measurements significant values of acetaldehyde are
detected. Automotive companies use these chambers to analyze volatile organic compounds either
with raw material for the interior of cars, such as finished leather, textiles, or plastic, or with already
assembled parts for the interior of cars. We developed a chamber on the basis of a rotation
evaporator in which pieces of leather can be analyzed. The leather remains in the closed apparatus
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at 80°C water bath temperature and remains there for thirty minutes. Finally, the air is removed
from the chamber via evaporation pump and aldehydes are derivatized to their dinitrophenyl
hydrazones in a cartridge (3) positioned between the rotation evaporator and the pump, as shown in
scheme 1. The hydrazone is washed off the cartridge and quantified via calibration curve on a HPLC.

leather
aldehydes are piece in
trapped here flask, heated

to 80°C

vacuum Pump

Scheme 1. Acetaldehyde determination in a rotation evaporator
3. Results and Discussion

Initial measurements revealed that the acetaldehyde emissions are highest in the early stages of
leather making like wet blue and are minimized on crust basis. It should be taken into account that
the water content in wet blue is significantly higher than in crust. After finishing acetaldehyde
emissions rise marginally, as can be seen in figure 1.

ppm Acetaldehyde per 80 cm2

18
16
14
1,2

1
08
0,6
04
0,2

0

Figure 1. Acetaldehyde emission in three stages of the leather making process
These findings are similar within the wet white process. Although the boiling point of acetaldehyde is
only twenty one degree Celsius the emissions from the leather do not minimize over time. In a long
term study with finished leather the values of acetaldehyde emissions stayed the same in a period of
ten month, as depicted in figure 2.

ppm Acetaldehyde Acetaldehyde in ppm

1,4
1,2
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finish C finish C 10 month later
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Figure 2. Acetaldehyde emission over time

Comparison of various wet end products like syntans, polymers, resins, or vegetable tannins did not
reveal significant differences. This is why we focused on process modifications. In a study with three
vacuum evaporations within the leather making process until crusting, about a 30% reduction of
acetaldehyde emissions was achieved, compared to a leather made with only one evaporation after
crusting. In this modified process, vacuum was applied once on wet blue, a second time in the
middle of the wet end process between re-tanning and fat-liquoring and a third time after crusting.
Results are shown in figure 3.

ppm Acetaldehyde per 1 g dry substance
0,18
0,16
0,14
0,12
01
0,08
0,06
0,04

0,02

m A: hang dry (1 x vac) B: hang dry (3 x vac.)

Figure 3. Reduced acetaldehyde emission after three evaporation, compared to one evaporation
after crusting

The acetaldehyde emission were undertaken not directly after the vacuum on crust basis, but after a
subsequent twelve hours hang drying in order to re-establish a comparable dry content. The dry
content has a significant impact on acetaldehyde emission.

Scavenging substances for acetaldehyde were screened for emission reduction, but only few showed
significant and reproducible results. As depicted in figure 4, a scavenger that was applied in a flesh
side treatment via spraying on finished leather lead to a 30 % reduction of emissions.

ppm Acetaldehyde per 80 cm2

Finish Finish w. scavenger

Figure 4. Reduced acetaldehyde emission after flesh side application of a scavenger via spraying
compared to the untreated finished leather.

The same amount of scavenger applied in wet end did not lead to the same results, as achieved with
flesh side application on finished leather.

Interestingly, acetaldehyde occurs in nature in the degradation of glucose and of threonine by
microorganisms. However, while it is well possible that these microorganisms exist in the raw hide
and produce acetaldehyde there, the possibility that these microorganisms survive the beam house
and continue to function later stage in leather, is difficult to imagine.
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4. Conclusion

We established a method to monitor the acetaldehyde emission within the process of leather
making and on product basis by comparing different products on a one to one basis. While emissions
are high in early stages, like wet blue, they are minimized on crust basis. After finishing acetaldehyde
emissions rise marginally. Comparison of wet end products did not lead to significant reduction of
emission. This is why we focused on process modifications. Applying vacuum three times in crusting
compared to one time, lowered the emissions. However, this process modification adds complexity
to the leather production process. Through application of a scavenger on the flesh side of finished
leather, promising results were achieved.

While formaldehyde occurs in extraction analysis, if products with high formaldehyde content are
used within the leather making process, acetaldehyde is not used as a building block, but appears in
emission test. We managed to reduce acetaldehyde emissions via process modification and
scavenging but the chemical / bio-chemical source of acetaldehyde remains to be discovered.
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Leather is one of the most important commodities used globally for various applications with an
annual trade of 120 billion USD. However, leather-processing industries are recognized as one of the
major polluting sector. Conventional way of leather making is water intensive, in which 25-50 liters
of water is employed for processing 1 kg of hides/skins. Although several technological options are
available to reduce the water consumption, the volume of water used for leather manufacturing is
still in higher order. It is projected that about 1.8 billion people will live in countries or regions with
absolute water scarcity by 2025 AD. As water scarcity is emerging as a major threat for future
generation, minimization of usage gains highest importance. Therefore, water usage and
wastewater generation in industrial processes would be a sensitive issue in future and it is
imperative to develop ‘zero water use technologies’. Use of no water for chrome tanning does not
only facilitate minimization of water but also provide a viable solution to the problem of chromium
pollution. However, ‘waterless chrome tanning’ is highly challenging, as water is the best solvent for
the transportation of chromium into hide network. The strategies adopted for waterless tanning
include exploiting the matrix water for achieving the penetration of chromium into hide network.
The developed technology has already been validated and commercialized and translated to many
tanneries. The benefits are many folds, which include cost reduction, pollution reduction, avoidance
of pickling and basification and finally improved quality of leather. In addition to the above benefits,
the developed approach would provide a new paradigm in ‘leather science’, in particular, to the
century old ‘chrome tanning’.

INTRODUCTION

Generation of huge quantities of wastewater is a major concern for leather manufactures around
the world." Chrome tanning leads to as high as 1500-4000 ppm of trivalent chromium containing
wastewater along with about 15000-50000 ppm chlorides.” * Use of common salt during pickling
process leads to high total dissolved solids (TDS) and chlorides generation.® Environment regulating
agencies are very stringent on the discharge of chromium and TDS and they stipulated norm of 2 and
2100 ppm, respectively for the release of tannery effluent to inland water bodies.” Several chrome
management systems such as high exhaust chrome tanning,® pickle-basification free chrome
tanning,® >’ direct chrome liquor recycling,® chrome recovery and reuse® systems were developed.

12, 13

. 1 11 . . 11,1
The use of chrome exhaust aids,™ less chrome,™* chrome-free and alternative medium** based

technologies have also been developed to meet the regulatory norms.
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Research Initiatives for Waterless Tanning (RIWT) is one of the projects of Xl Five Year Plan Period of
CSIR-CLRI. The core objective of the project is to study, understand and explore the possibility of a)
use of alternative eco-friendly medium for leather manufacturing process and b) use of medium.
Water is required for the hydrolysis of chromium(lll) species in order to initiate strong binding with
the carboxyl functional groups in collagen and hence it is a challenging task to perform chrome
tanning without water. Studies to understand the possibility of using green solvents, ionic liquids
and supercritical carbon dioxide in place of water have been conducted. The role played by water as
a medium in the transportation of chemicals into the hide network has also been understood. This
scientific epiphany incited to experiment the tanning process sans water or any other medium. It
became conspicuous that by fulfilling certain process requirements, it was possible not to use water
for chrome tanning. The designed process also brought about the benefit of doing away with the
unit process of pickling. And therefore, there is a matching benefit of reduction of salinity and total
dissolved solids (TDS). The process accordingly designed had been experimented and perfected
initially at laboratory scale and then at pilot scale. Taking into considerations, the requirements of
shop floor, the process was fine-tuned and standardized at commercial scale. The influence of the
process on the properties of the immediate product that is wetblue and the final process that is
finished leather has also been studied.

PILOT SCALE STUDIES TO FIND THE ROLE OF PROCESS WATER IN CHROME TANNING

This study is an attempt to revolutionalise the currently employed chrome tanning methods to
completely eliminate chromium effluent by enhancing water economy during chrome tanning
process. Notionally, no effluent is let out after chrome tanning. The conventionally delimed cow pelts
were pre-treated suitably to make the matrix weakly anionic or non-ionic state." Then the pelts were
treated using Basic Chromium Sulfate (BCS) of 33% basicity. No water was administered during the
tanning process. Because of the non-availability of water, much of the BCS is in anionic state. The
chromium is transported into the hide network due to the concentration gradient created. Additional
chemical auxiliaries were added to facilitate the penetration. Once the chromium is penetrated, it
undergoes hydrolysis very slowly and binds with skin/hide matrix. For the chromium to get fixed, the
matrix water was found to be sufficient. And therefore, chemicals such as sodium bicarbonate are
not needed for fixing the chromium with the pelt. In the initial trials, process water was varied as 0,
25, 50, 75 and 100% and chrome tanning was carried out using 7% BCS.

Experimental leathers were characterized for chrome content, hydrothermal stability and strength
properties. Shrinkage temperature of experimental leathers were in the range of 108-111°C, as seen
in Table 1, which was similar to conventional chrome tanned leathers. The exhaustion of chromium is
near 100% at 0% float. Organoleptic properties ascertain that there were no patches and leathers
appeared like conventional tanned wet blue with smooth grain even at zero float (Figure 1). It is seen
that the chromium is distributed uniformly in all the layers and the amount of chromium is higher
when the float is very low or zero (Figure 2). Physical strength characteristics meet UNIDO normes,
which assure the required characteristics for end applications (data not shown). The study reveals
that the chrome tanning can be carried out without any float. Therefore, this methodology provides
zero discharge of chrome tanning effluent, as there is no process water employed for chrome
tanning, thereby providing an ecofriendly tanning system.
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Table:1 Percentage exhaustion and shrinkage temperature
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50 90 111
75 89 108
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Figure 1. Characteristics of wet blue leathers
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Figure 2. Layer-wise distribution of chromium in wet blue leathers
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COMMERCIAL LEVEL VALIDATION OF WATERLESS CHROME TANNING PROCESS

In continuation to the pilot scale trails carried
out at CSIR-CLRI, a commercial scale validation
of the Waterless Chrome Tanning was planned.
With the consent for M/s EKHM tannery,
Erode, India, a commercial scale validation was
carried out. The raw material was procured
from M/s EKHM tannery. The team CSIR-CLRI
visited the tannery for carrying out the
commercial scale validation of the technology.

About 1 ton of delimed cow pelt were pre-
treated and taken for waterless chrome
tanning (0% float and 7% BCS). To enhance the
better distribution of chromium, acid stable
fatliquor was used prior to addition of BCS.
Acid stable fatliquor helps in avoiding acid
shock and also immediate fixation of chrome
on the surface of the pelts. It also aids in
dispersing the chromium molecules from
aggregation as well as avoiding the cohesion of
the fibers for improved penetration and
fixation of chromium during the waterless
chrome tanning process. The wet blue leathers
made from regular chrome tanning and
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Figure 3. Leather experts analyzing the quality
of wet-blue leathers

waterless chrome tanning processes were assessed by the tanners and experts (Figure 3) and the

observations are presented in Table 2. The colour of the wet blue was little darker in shade when
compared with the conventional wet blue with better fullness. This may be due to the higher offer of
BCS and enhanced uptake of chromium in waterless chrome tanning process.

Table 2 Observations on the quality of the wet blue leathers

Observations
Parameter Wet blue from conventional Wet blue from Waterless
chrome tanning chrome tanning
Color Light Blue Dark Blue
Chrome patches Nil Nil
Scud marks Covered Covered
Grain smoothness Good Good
Uniformity of color Good Good
Drawn grain Nil Nil
Fullness Good Better

The tanners and experts have expressed satisfaction on the overall quality of the wet blue from the
trials in comparison to the conventional lot. The tanner was happy to see that such an easy solution
exists to solve chrome problem through this technology. He also feels that this technology would
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form a promising solution for TDS management. The wet blue leathers made from waterless chrome
tanning trials were converted in to crust leathers employing regular process. The quality of the crust
leathers is comparable to that of the leathers processed by M/s EKHM.

TRANSLATION OF WATERLESS CHROME TANNING TECHNOLOGY IN INDIA AND ABROAD

The commercial level demonstration followed by

workshop is the strategy followed for the translation of Demonstration
waterless chrome tanning technology to the interested of

tanners in India. The First demonstration trials at Waterless
Chrome
Tanning

commercial level was launched at Erode, the wet blue
hub of India on 5 June 2016, the World Environmental
Day to signify the importance of this technology for
environmental sustainability. After successful
demonstration trials followed by workshop at Erode,
Kanpur was chosen as the second cluster for
demonstration-cum-workshop. Demonstration of this

technology was carried out in three tanneries (Bihari,
Homera and Northern tannery) and it was followed by a
workshop on 28" July 2016 (Figure 4). Third
demonstration was carried out at Jalandhar cluster.
Team CLRI visited Jalandhar during 27 August to 1st
September 2016 to carryout demonstration and

workshop of waterless chrome tanning to the Jalandhar
leather cluster. Waterless Chrome Tanning Technology Figure 4. Demonstration-cum-
was demonstrated in three tanneries; M/s Paulbro
Leathers Pvt. Ltd.; M/s Punjab Hide Co. and M/s Jay Dee

Leathers Pvt. Ltd. After successful demonstration, a workshop was held on 31 August 2016 to

workshop at Kanpur leather cluster

discuss about technological and commercial aspects of the WLCT process. The processed wetblue
leathers from all those demonstrated units were also displayed in the workshop. Team CLRI visited
Kolkata during 23rd to 27th October 2016 to carryout fourth demonstration and workshop of
waterless chrome tanning to the Kolkata leather cluster. Waterless Chrome Tanning Technology was
demonstrated in two tanneries; M/s Zia Hides Pvt Ltd and M/s Indian Tanning Industries Pvt. Ltd at
Calcutta Leather Complex (CLC), Kolkata. After successful demonstration, a workshop was held on
27" October 2016 to discuss about technological and commercial aspects of the WLCT process. The
processed wetblue leathers from all those demonstrated units were also displayed in the workshop.

So far the technology has been licensed to about 50 tanneries in India. Unique license numbering
system was adopted along with license certificate. About 30 commercial level demonstrations with a
total of more than 100 tons of drum loads spanning between 1 to 9 tons each of different raw
materials such as cow, buffalo, goat and sheep skins were carried out in various clusters as part of
demonstrations cum licensing. Brochures were prepared in 3 languages namely English, Hindi and
Tamil to meet the needs of the various clusters. A short video was also prepared for workshops.

CSIR-CLRI's “Waterless chrome tanning technology” has now found PAN INDIA acceptance, with
tanners in all clusters enrolling for its adoption. This paved way for global reach and several
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countries including Ethiopia,'® South Africa, Spain,*” the Netherlands, Bangladesh,'® Sri Lanka, New
Zealand, Vietnam® and Brazil, where several tanners have evinced interest in this technology. Now
this technology is making a footing in Ethiopia and further moving forward to other countries of
importance.

CONCLUSIONS

Pilot and commercial level studies for developing waterless chrome tanning were conducted. The
suitability of the process for the manufacture of different kinds of leathers and the repeatability had
been verified. The versatility of the process has also been studied using skins of goat and sheep and
hides of Indian cow, buffalo, Ethiopian cow, French cow calf, etc. It was found that the quality of
wetblue and finished leathers were on par with the conventionally processed leathers. The
roundness was found to be better than the conventional leathers. The process is highly repeatable
and yields product of more consistent quality. The process is suitable for all kinds of raw materials.
Based on economic, environmental and safety requirements, waterless chrome tanning process
appears to be an attractive and practically viable alternative to conventional water mediated chrome
tanning process. Further commercialization of this technology in leather industries was attempted
through appropriate business plan and joint venture with industrial associations.
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The concept of sustainability is not new, dating back to the late 19" Century. Within the leather
industry, evidences of growing concern regarding effluent issues were recorded in the late
1800s/early 1900s in various articles published during that period. Introduction of legislations to
protect the environment were also seen around the same time. Simple effluent treatment
procedures were practiced, as well as various effluent treatment options being investigated.
Hexavalent chromium was still in use, however the negative impacts were noted and solutions
proposed.

As the leather industry moved to the middle of the 19™ Century, focus on effluent treatment
increased. Single bath chromium tanning using trivalent chromium was introduced and rapidly
became popular, so that in the late 20" Century use of hexavalent chromium was discontinued. The
IULTCS (International Union of Leather Technologists and Chemists Societies) effluent commission
was formed. The Waste Framework Directive was introduced along with the concept of waste
hierarchy. Effluent treatment started to be a standard procedure for many tanneries. The
emergence of pressure groups such as ‘environmentalist’ and ‘consumerist’ was also observed
during this period.

In the 21* Century, the leather industry has moved beyond simply treating effluent. Focus on
certification and authentication has increased. Corporate Social Responsibility has become an
integral feature for many organisations. Community and economy are just as important as
environment. For a sustainable business strategy it is important to measure the social and financial
impact along with the environmental aspect. Therefore, it is becoming critical to adopt the concept
of ‘triple bottom line’ and consider all three aspects; social, environmental and economic
sustainability, to ensure a sustainable leather industry.

Key words: sustainability, triple bottom line, backcasting

Introduction

Sustainability is now considered a key aspect of modern leather manufacture due to growing
concerns about environmental and social welfare.

The concept of sustainability may date back to over 130 years to an idea known as spaceship earth,
introduced by economist and philosopher Henry George in his book ‘Progress and poverty’ (Alhaddi
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2016; George 2009). This concept over the years saw the emergence of the term “sustainable
development” from the Brundtland Report in 1987 (United Nations 1987). The report defined the
term as the “development that meets the needs of the present generations without compromising
the ability of the future generations to meet their own needs”. The leather industry is and has often
been associated with causing environmental pollution in a number of ways: the use of harmful
chemicals, water consumption, the generation of large volumes of effluent, end of life disposal and
carbon footprinting are still current sustainability issues facing the global industry today.

Late 1800s to early 1900s

Morrison (1911) showed the rising concern regarding pollution within the leather industry, which
was certainly not a new phenomenon. The harmful impact of pollution on public health and the
environment was recognised. New legislation such as in UK Public Health Act 1875 and River
Pollution Prevention Act 1876 was introduced (Bailey 1969).

The leather industry started to react accordingly. A simple treatment option such as filtering tannery
effluent before discharge was suggested as a standard procedure (Morrison 1911). Research then
followed into a range of treatment options such as precipitation of tanning liquor with lime,
biological treatment of sludge using bacteria and purification of liquid tannery waste by oxidation
(Morrison 1911). Screening and sedimentation, settling of suspended solids and chemical
precipitation was also suggested (Pearse 1915). In addition, good animal husbandry, flaying and
preservation practices and process efficiency were mentioned as options to ensure raw material
quality in order to reduce wastage. Thoughts were also given to the conversion of waste to energy
(Blockey 1915). It is interesting to note that these suggestions are still relevant today.

Although a large number of research articles were published addressing the scientific underpinning
of leather technology, the hazardous impacts of certain chemicals were yet to be recognised. For
example, arsenic was used during the unhairing processes (Eitner 1907) and the two-bath chromium
tanning system with the use of hexavalent chromium was being practiced in the early 1900s.
However, the issues of using hexavalent chromium such as development of acute sores in contact
with skin wound were noted (Lewin 1908; Bateson 1917). Stomach and kidney diseases among
workers were also associated with the application of hexavalent chromium. It was however
appreciated that trivalent chromium did not have such hazardous effect (Bateson 1917).

Mid 1900s

According to the literature, the application of hexavalent chromium was limited mainly to the
production of glazed or glacé kid leather, but single bath chromium(lll) system was becoming
popular (Eye 1962; Progress in Leather Science 1920-1945, 1948). This transition was due less to the
potential toxicity of hexavalent chromium, but more to fact that the single bath process was more
efficient in terms of chromium uptake, the leather did not exhibit any yellowish tone and it allowed
reductions in labour and material costs.

The Chemistry and Technology of Leather, Volume lll, published by the American Leather Chemists’
Association in 1962, noted that tannery effluent still contained arsenic along with lime, sulfide, fats,
greases, salts, surfactants, soluble proteins and solid waste such as flesh, trimmings, hair. However,
focus on environmental pollution also increased. Bailey (1969) reported that “public health act 1961
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together with the rivers (prevention of pollution) act 1961 the conditions attached to the discharge
of trade effluent to sewers and watercourses have become considerably stringent and also costly in
most instances”.

Analysis of biological oxygen demand (BOD), pH, solids, e.g., total, dissolved, suspended and
settleable solids, presence of chlorides, sulfides, nitrogenous compounds and grease were
addressed. A number of suggestions, such as monitoring effluent discharge, modification of
processes, substitution of hazardous chemicals, recycling, recovery and reuse of usable material in
addition of good housekeeping and personnel training (Eye 1962) were suggested, which today
would be considered as best practice.

Late 1900s

By the end of 1900s, use of the two-bath chromium tanning system became unthinkable, although
mention of alleged practical variations does occasionally still occur. The International Union of
Leather Technologists and Chemists Societies (IULTCS) effluent commission was formed and the first
meeting was held in September 1970 in Holland (Bailey 1971). The commission discussed the use of
low float systems, reuse of water, oxidative unhairing as an alternative to sulfide unhairing,
application of enzymes in unhairing, reduction of chemical usage such as lime and vegetable tanning
agents to reduce the pollution load. The commission also focused on various options for effluent
treatment, such as mechanical treatment or filtration, sedimentation, chemical dosing and biological
treatment. These options still form the basis of effluent treatment in the 21* Century.

In 1974, the U.S. Environment Protection Agency produced a guideline titled ‘Effluent guideline on
pre-treatment standard of leather tanning and finishing’ (Environment Protection Agency 1974), and
in 1978, a booklet ‘Wastes from Tanning, Leather Dressing and Fellmongering’ was published by The
Department of the Environment in UK (The Department of the Environment 1978) to assist leather
manufactures in managing waste and pollution. During this period, The Waste Framework Directive
(1975/442/EEC; 1991/156/EEC) (Department for Environment Food & Rural Affairs 2011a) was
published, which introduced the concepts of ‘the polluter pays’ and a ‘waste hierarchy’.

The late 1900s also saw the emergence of environmental pressure groups. Sykes (1973) mentioned
the impact of the ‘environmentalists’ and ‘consumerists’ on the leather industry. He also referred to
comments such as: “Chromium is fifty times more toxic than cyanide”, in the Sunday Times 5th
March 1972, and “We also tested all our samples for arsenic, cadmium and chromium — other
poisons” published in Which Magazine of the Consumers’ Association January 1973. Sykes (1973)
stated that the actions taken by the pressure groups are driven more by emotion than by logic and
emphasized the responsibilities of the industry to ensure product quality and performance, as well
as responsibilities towards employees and stakeholders.

21% Century

In the 21st Century, technologies have been developed that enable the leather industry to deal with
effluent reasonably. Issues with salinity and disposal of solid wastes have remained major concern,
but are manageable. Worldwide, regulations have been imposed and adopted to avoid and minimise
pollution and the leather industry has reacted accordingly, working towards a ‘zero discharge
concept’.
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The revised Waste Framework Directive 2008/98/EC (Department for Environment Food and Rural
Affairs 2011b) introduced the five defined levels of how to manage waste (see Figure 1); prevention
must be considered first followed by reuse, recycle, recover and the final option would be disposal.
Directive 2000/53/EC (Commission Decision 2005/293/EC), Article 7 specifies that, as of January
2015, 95% of a vehicle required to be reused or recovered and 85% of the vehicle to be reused and
recycled based on the vehicle average weight. Perhaps as a consequence, focuses on the wet white
technology has increased in order to ease disposal of the end-of-life leather upholstery.

\ Prevention
\ Preparing for re-use /
\ Recycling /

Other Recovery

Figure 1. Waste hierarchy model (Department for Environment Food and Rural Affairs 2011b).

Adoption in the leather industry of carbon footprint to measure environmental impact is still a much
debated issue: although this calculation may have certain limitations, nevertheless, it remains a
major tool to assess product impact. In addition to carbon and water, the TOX footprint, the impact
of restricted and harmful substances and resources was suggested by BASF (Wegner and Paczkowski
2014).

One of the key issues that the leather industry may have to face is the end of life product disposal.
Global footwear consumption in 2010 was estimated at 20 billion per year (Staikos and Rahimifard
2007). Nowadays, the polluter pays concept is operating: for example electronic appliances, such as
mobile phones, computers, televisions etc. can often be returned to the retailers/manufacturers to
be recycled or otherwise dealt with. This could mean a similar burden for leather manufacturer.

Various restricted lists have been developed, of which probably the most significant one is the EU’s
REACH (registration, evaluation, authorisation, and restriction of chemicals) regulation, for defining
the application of chemicals to protect consumers, workforce and the environment. The importance
of certification (environmental auditing, environmental management certification and eco labelling)
became apparent towards the late 20th Century (Sykes 1973), which is now considered one of the
key ways of demonstrating that regulations are followed and standards are met.

The rise of pressure groups in the 21° Century, ‘environmentalists’, ‘consumerists’ as well as ‘animal
right’ activists, have had a considerable influence on the the international leather industry.
Therefore, just focusing of managing environmental pollution is no longer an adequate measure for
the survival of the industry. Integrating corporate social responsibility (CSR) as part of the business
strategy has become vital, for example the ‘Tannery of the Year’ not only showcases but celebrates
the CSR practices in tanneries.
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In 2015, the United Nations launched ‘Sustainable development goals - Transforming our World: The
2030 Agenda for Sustainable Development’, in which decent work and economic growth is one of
the 17 aspects that was featured along with human rights and an environment focus (United Nations
2015). However, people and the environment are also major elements to be considered. True
sustainability can only be achieved when all elements are considered simultaneously (Figure 2);
hence the triple bottom line (TBL) concept was developed.

Profit
& Sustainable
90i,a by O %‘g\e |
=
People '  Planet
(]
L
[==]

Figure 2: Triple Bottom Line concept illustrating all three aspect of sustainability
(adapted from Miller 2015)

In this concept, all three elements, people, profit and environment are given same priority. Progress
is evaluated through measuring economic benefit, reduction of negative environmental impact (e.g.
reduction of resource consumption and disposal of waste) and social welfare. The environmental
and economic benefits are easily measurable, but measuring social benefit can be challenging:
nevertheless, TBL is a useful tool to measure the sustainability of an organisation.

United Nations Industrial Development Organization (2003) published a report that demonstrated
the influence of triple bottom line on the leather sectors in four Asian countries, India, Pakistan, Sri
Lanka and Thailand. This showed that, by adopting the concept, the companies made overall profit,
the pollution loading and hence the environmental impact were reduced and the product quality
and working conditions were improved, which improved health and safety.

In future, according to Rahimifard et al. (2013) manufacturers will additionally have to consider
population growth, depletion of resources and climate change.
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Figurers 3: Elements for manufacturers to consider by 2050 (Rahimifard et al. 2013).
Is the leather industry reactive or proactive?

This study showed that the leather industry has always adopted new ideas and concepts and
modified them accordingly, whether it has been forced to by the change in legislation, due to
pressure groups or because it was simply the right thing to do. However, now and again, it might be
beneficial not always to be reactive, but occasionally to be proactive and actually set the goals. The
industry as a whole are capable to take the leap to lead leather manufacturing to the future whilst
considering the key elements of climate change, population growth and source depletion.

It is common for an organisation to be reactive and make decisions based on forecast and
predictions. Conversely, instead of relying on forecasting, Backcasting defined by Quist and Vergragt
(2006) as “generating a desirable future, and then looking backwards from that future to the present
in order to strategize and to plan how it could be achieved”. The theory was proposed in 1970 and
have been applied in resource management such as energy (Quist and Vergragt 2006; Giurcoa et al.
2011), water (Sewar, Xu and Turton 2015), development of policy on sustainability (Vergragt and
Quist 2011, Paehlke, 2012) and waste management (Head 2015).

The three classic scenario of a strategy development are (Vergragt and Quist 2011);

e What will happen: business as usual scenarios based on trend extrapolations
e  What could happen: Strategic scenarios based on forecast, i.e., analysis of past and present
data
e What should happen: Normative scenarios based on future vision or desirable futures
Backcasting theory provides a mechanism for setting up future visions or goal that the organisation
wants to achieve and then working backwards to set objectives to achieve the final goals (Head
2015). The final vision is shaped by the organisational needs and functions.
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Figure 4: Schematic representation of Backcasting theory; A: directional studies; B: short-
term studies to achieve goals; C: forecasting studies and D: other alternatives and visions
(adapted from Dreborg 1996).

Transitions towards sustainability require combinations of technological, cultural, social, institutional
and organisational changes which can only be implemented through pro-active leadership and the
involvement of a broad range of stakeholders, while taking in to account the demand side and the
supply chain as related production and consumption systems (Quist and Vergragt 2006). Classical
success models of a world that was rather than a world that is developing have often been followed
suggesting that leadership is from those who stand, command and protect their followers. The
leather industry needs not to settle for classic models but to widen the gap to great leadership.
Successful 21* Century leadership has been shaped by environmental change and understanding of
the three key aspects of sustainability. The pro-active approach is defined by answering three
guestions (Torres 2013):

. Where are you looking to anticipate change?

o Making the decision right now to make a difference rather than reacting
because it's mandatory.

. What is the diversity measure of your network?

o The capacity to develop relationships with people who are different (biological,
physical, functional, political, cultural, socio-economic). Despite all differences they
trust you enough to work with you to achieve a shared goal. Networks are not just
your stakeholders or your company contacts but the workforce, your colleagues,
your staff, your employers, your friends and your family.

. Are you courageous enough to abandon the past?

o Don’t reside to keep doing what you’ve always been doing, dare to be different.
People who agree with you are usually those who are different from you yet are
willing to join you to take the leap.

The leather industry today has the option to follow business as usual by forecasting based on
collective data; or involve a broad range of stakeholders, not only when defining the problem but
also when searching for solutions, leaving the past behind to develop visions and goals for a more
sustainable future.
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WET BLUE LEATHER MANUFACTURE.
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Greentech + Associates, Moulton Lane, Boughton, Northampton, NN2 8RF, UK,
E-mail r.daniels@greentech.plus.com
BIOSK, No.6, East Chang Jiang Rd, Development Zone, Shangqui City, Henan Prov, China,
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It is acknowledged that within the chemical processing of hides into leather that the liming, acid
pickle and chromium tanning processes are the major contributors of pollutants. This is in terms of
biological load, suspended solids, sulfide, nitrogen, chromium, salinity, and the resultant sludges for
disposal.

This loading includes unused chemicals that are discharged from these processes due to their poor
process efficiencies. Many attempts have been made to lessen this waste at source, but
technologies in common use have basically remained unchanged for decades.

Solutions to these problems are far reaching, and the details set down in this paper describe a
technology that addresses and resolves these matters. This information was compiled through
independent on-site studies within three major tanneries, where approximately 60,000 wet salted
US, European and Australian hides per week have been processed since 2013. Accordingly, this
paper describes in detail this radical new approach to leather manufacture.

The initial investigations by BIOSK required the building of a full scale wet blue manufacturing plant,
and five years of developments before the technology was introduced to industry. The practicality
and value of this technology has been since been verified by continuous full scale manufacture by
tanners that commenced in 2011.

The technology involves the complete retention and reuse of used floats from liming, pickle and
tanning in self-contained loops, and eliminates associated washing cycles. This ensures the complete
uptake of processing chemicals, a significant reduction in water use, and zero effluent discharged
from these critical manufacturing stages.

1.0 INTRODUCTION

Conventional liming, acid/salt pickling and chrome tanning processes are inefficient in the use of
chemicals, and create considerable pollution that has to be addressed within waste water
treatment. This effluent is high in biological load, nitrogen, sulfide and suspended solids from the
dehairing and liming processes, together with neutral salts and chromium as residual chemicals from
tanning. High volume sludge’s are also created for disposal.

A five year investigation took place by BIOSK to seek the most effective way to make full use of the
chemicals used in process, avoid waste water pollution, and optimise the management of unwanted
solids. These objectives were achieved by creating an advanced recycling system — known as BIO-

3)

cycle™ - which resulted in no waste waters being discharged from unhairing/liming, acid/salt pickling
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and chromium processes. This technology was subsequently introduced to industry in 2011 for full
scale manufacture.

The information set down in this paper is based on details provided by independent on-site studies
4 that have since 2013 processed between them 60,000 wet salted USA,
European and Australian hides per week

in three major tanneries

2.0 METHODOLOGY

From initial small scale trials it became clear that the way towards high efficiency liming, pickling and
chromium tanning processing would be based on recovering and reusing used floats from processes
that remained undiluted by washing cycles. The technology was then developed in a custom built
experimental plant fitted with three drums of size 1.8 x 2.2 m diameter for loadings of 40 hides per
load, and a series of collection sumps for holding used floats from process.

These findings were refined one year later in a purpose built full scale pilot plant. This included three
stainless steel processing drums 5.8 x 6.3 m diameter working with loadings of up to 600 hides /load,
two whole hide fleshing machines, and 15 sumps each of size 16 x 3.3 x 2.5 m. These sumps were
built into the fabric of the plant during its construction for holding various used floats and wash
waters from wet blue manufacture, to optimise their collection, delivery and reuse. See Figure 1:

Figure 1
The BIOSK development plant

Collection sumps for holding the various waste water discharges from wet blue
manufacture are shown in the foreground. In tanneries from where the
technology has been reported”, floor mounted holding tanks are used instead
of sumps.
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The technology was considered suitable for use on commercial scale one year later, and it was then
offered to industry. This included the three tanneries”” where information for this paper was
sourced in June 2016 that were manufacturing 60,000 hides per week combined at the time of the
study. See Table 1:

Table 1:

Tanneries as sources of information'!

Tannery Wet blue production Date of commence
Hides/week full-scale manufacture.

Xing Ning Tannery, 30,000 2013

Jiang Su Province, China

Ruisen Leather, 18,000 2011

Fujian Province, China

Xinge ye Leather, 12,000 2011

Fujian Province, China

The outcome is high-quality high-volume manufacture of chromium tanned hides for sales as wet
blue, contract tanning, and in-house processing for finished shoe upper leathers. Central to the
system are two self-contained loops:

e Aliming recycling process that includes hair recovery
e A pickling and tanning recycling process that includes a combined acid pickle and chrome
pretanning stage.

Furthermore, there are no washing cycles following either of these procedures. Both loops rely on
the continuous reuse of concentrated used floats that are collected from processes without any
dilution with wash waters. Accordingly, due to the absence of washing cycles, there are no residual
waste waters for treatment. The technology has been amended by each tannery to suit each
individual needs, but details that follow present an accurate summary of the working process.

2.1 The technology for wet blue manufacture from wet salted hides

The processing vessels are conventional wooden drums, loaded with between 450 — 500 wet salted
hides. These hides receive a dirt soak, with the used float being discharged. After green fleshing, the
hides receive a main soak, with the used float either discharged, or recovered and reused for the dirt
soak.

2.1.1 The application of BIO-cycle technology in the liming process
The technology follows these basic steps;

e Undiluted used lime floats that have been filtered, collected and mixed (in a lime-holding tank
that serves all of the liming drums) replace the fresh water normally used as float for
conventional liming and unhairing

e Chemicals are added for a hair recovery process.
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e After two hours the hair is filtered from the float, and the filtered float returned to the liming
drum.

o The float is increased using recovered lime liquors from the lime-holding tank, followed by water
for controlled osmotic swelling. This can be performed in several additions.

e When the liming process is complete, the float is re-filtered to remove residual hair.

e The load is discharged without any washing, and delivered to a dedicated area for loading onto a
line conveyor for feed to the lime fleshing operations. This is followed by lime splitting.

e All of the spillage and drainings from these procedures are collected using dedicated drainage
and delivered to the lime-holding tank for reuse in subsequent operations.

There are no washing cycles at the end of the liming process, so the recovered floats remain
undiluted. Moreover, they are free of odour and hair residues.

The chemicals offered to the process are conventional - lime, sodium sulfide and sodium
hydrosulfide, - although auxiliary products'® can be included. These additions are at a reduced level
when compared to conventional processing due to the presence of unused chemicals that remain in
the recovered used liming floats.

2.1.2 The application of BIO-cycle technology in acid/salt pickle and chromium tanning

After lime splitting, the hides are delimed and bated, then drained and washed as conventional
practice. The hides may be unloaded from the deliming vessels, then loaded in to the tanning drums.
If, however, they are delimed in the tanning drums they must be thoroughly drained before the
pickle stage. The technology then follows these basic steps:

A minimum volume of fresh water is added as float for the distribution of salt and acid in the initial
pickle stage.

e A small amount of common salt is added, then an acidification using 0.5% formic acid diluted
with water.

o Recovered float from previous chromium tanning processes is pumped into the drum at constant
rate together with diluted sulfuric acid. This acid has been previously diluted with recovered
chrome float.

e The hides are then run for 90 — 120 minutes according the weight range in this simultaneous acid
pickle and chrome pre-tannage.

e The main tannage commences with an addition of standard chromium tanning agent, and run for
another 4-hours.

e More recovered chromium float is added, then run for a further 4-hours. This includes a
basification stage.

e The hides are dumped without any washing, then delivered to a dedicated area for stacking
before blue samming.

All of the chromium containing spillage and drainings are collected using dedicated drainage,
screened/filtered to remove suspended solids and grease, then delivered to two-holding tank. One
tank is for reuse in subsequent acid dilution and for pre-chroming. The second tank is for the offer of
chromium that follows the main tannage operations.
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3.0 RESULTS AND DISCUSSION
3.1 Managing the technology
There are practical aspects that are required to ensure that this technology works correctly:

The plant must be clean and well managed. All of the pipework and drainage arrangements need to
be separate for each stage to avoid any contamination.

The collection tanks are of sufficient size to hold all of the used floats from the processing drums.
These tanks are fitted internally with coils for heat exchange, and the temperature adjusted
precisely by heat pumps. Typically, the recovered lime floats are adjusted to 22°C, the recovered
chromium float used for pickle and pre-chroming to 22°C, and the recovered chromium float for
tanning to between 55 — 65°C. These temperatures vary according to the ambient temperature and
to accommodate summer winter variations.

This is a hair recovery system, and the hair recovered is very clean, intact, and compact. Being
fibrous and clean it is easy to manage and dispose of when compared to contaminated sludge’s
following conventional effluent treatment. This hair can be composted and has potential to be used
in higher value products.

Water is added in the liming process. This makes up the volume balance as it replaces water taken
up by the hides in the swelling phase in previous liming cycles. This continuous removal of water
together with dissolved neutral salts causes a levelling or a plateau of the salts content in the
otherwise closed loop system.

The pickle/tanning system works in a similar way. The hides swell with water from the delimed state
to the final chromium tanned condition in previous cycles, and this uptake is replaced by fresh water
addition. This continuous water removal enables a levelling of the salts content at a concentration
suited to chromium tanning.

3.2 Technical advantages

The technology offers 100% use and uptake of active chemicals. Moreover, the conditions required
within the chemical processing do not need to become extreme to achieve a high uptake.

The pH at the end of tanning does not need to be unusually high, the floats very low, or specialised
products and control to achieve a chromium uptake that might be good, but always less than 100%.
For example, in this situation the final float at the end of tannage is higher than found in many
processes and may be as great as 150%. More moderate conditions can prevail through the process.

The leathers produced are clean, have no remaining hair or residues, show no signs of chrome
staining, and are relaxed and well extended. They have high commercial value as indicated by the
volume of production and the acceptance of this technology in the three major tanneries which form
the base for this paper.
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Each tannery has adjusted the technology to meet their own individual needs, and so there are no
absolute values to judge advantage. However, savings in chemical use and water have been given,
and can be expressed as a spread of values across the three tanneries. See Table 2:

Table 2:
Reductions in offers of chemicals and water
(spread of values from three tanneries)

Water / chemicals Reduction in chemical offer %
(on wet salted weight)
Sodium  sulfide + sodium | 0.4-1.5

hydrosulfide

Lime 1.0-35

Common salt 3.0-4.0

Chromium tanning agent 1.0-25

Water savings 200 — 300 litres/hide

Similarly, the chemical saving as a percentage of the original chemical offers have also been given.
See Table 3:

Table 3:
Reductions in chemicals and water based on

previous (conventional) processing

(spread of values from three tanneries)

Water / chemicals Reduction %
(on wet salted weight)
Sodium sulfide + sodium | 18 —50

hydrosulfide

Lime 17 -43
Common salt 57-71
Chromium tanning agent More than 29
Water savings Up to 50%

(excluding saving made by any reuse
of used soak floats)

4.0 CONCLUSIONS

A radically different approach to the manufacture of chromium based tannages has been developed.
This technology centres on self-contained systems for unhairing/liming and pickle/tanning that
ensure that the uptake of processing chemicals in these manufacturing stages is complete.

This approach reduces the offers of active chemicals that are required for processing, eliminates the
chemical waste from these process stages, reduces water use, and avoids the treatment of sulfides
and chromium from wet blue manufacture. This has not been previously achieved.
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The technology requires only the most basic chemicals and equipment although auxiliary products
can be included. In manufacture, the focus can remain on making a high quality product and side-
step the many technical problems associated with high uptake systems that may be sensitive to
control and never 100% efficient.

The technology provides very significant environmental advantages, although these cannot be
accurately quantified. This is because each of the tanneries not only manufactures wet blue hides,
but continues to process to the finished state. Some of the wet blue are also sold to other tanners or
are part of contract tanning. Moreover, process changes have been made since the introduction of
this technology to retanning/fatliquoring processes to meet changing customer demands. There
were also changes in water consumed to take into account, and although the waste waters from
each tannery came from different departments, these waste waters were mixed together for
effluent treatment.

However, sulfides are no longer an issue for treatment, and this has resulted in an absence of odour
across the effluent treatment plants. There are no chromium based compounds in the waste water
from wet blue manufacture, thus avoiding the route of separation, collection, precipitation and
possible regeneration.

The biological load is reduced, there is less nitrogen from hair breakdown, and the sodium chloride
and TDS content is reduced. The volume of settled solids is significantly reduced, and the
management associated with these sludge’s and their disposal as waste. The hair that is recovered is
very intact, low in moisture and volume, and uncontaminated by products from subsequent
processing.

The energy use is also reduced as aeration is no longer need for the removal of sulfide. There are
also energy savings for aeration in the biological stage and sludge dewatering. Energy is also saved
due to the reduced water requirement and associated temperature controls in manufacture.

Not only does this technology provide environmental advantage, but its commercial viability and
value is demonstrated by long-term high-volume leather manufacture of high quality.
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1. INTRODUCTION

Since the introduction of industrial processing in the tanneries only little innovation has taken place.
And certainly, most of the new developments were not introduced in the terms of sustainability. Yet,
modern times ask for more natural alternatives to the traditional solutions.

Processing hides and skins to manufacture leather involves generating very high amounts of
wastewater and solid residues, many of them valuable for other applications if they are not
contaminated with chemicals.

For example, 1 tonne of bovine salted hides requires 500 KG of chemicals to produce 250 KG of
finished leather (Joint Research Center; Rydin, Stefan; Black, Michael; Scalet, Bianca Maria;, 2013).
Therefore, tanners must manage huge excesses of non-leather materials to avoid pollution. When
applying R3 environment strategies (European Commission, 2008), main potential actions will focus
on:

e Reducing chemicals through efficient methods that optimize dosing and ensure full
exhaustion of processing agents and eliminate or improve efficiency of auxiliaries.
Consequently, reduction of effluent charges will be expected by improving COD and BOD
values, salinity and toxicity.

e Reusing some chemical auxiliaries that remain in the effluents and solid residues that could
be applied in the leather process as raw material for, e.g., retanning agents.

e Recycling solid residues by deriving protein, fats and other components to other industries of
high value like cosmetics, medicine, food among others. (Adzet Adzet, 2010)

Nowadays, biotechnology is suitable to support tanners to implement R3 environment strategies by
reducing the need of synthetic chemicals, improving exhaustion and adding value to by-products.
Additionally, technology based on probiotics presented in this work leads to other sustainable
benefits, like natural fermentation process, fully renewable raw material, 100% biodegradable, safe
biochemicals, reduction of carbon footprint and at the same time improving the quality of the
leather articles.

2. TECHNOLOGY FUNDAMENTALS

The word probiotic has been in common use for more than 25 years (Hamilton-Miller, 2003) and
definitions have been refined but most describe probiotics as live microorganisms that confer health
benefit. Probiotics is on the cutting edge of developing technology to apply the concept of
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“probiotics” in a variety of industries and applications — from human health, to agriculture, to
industrial waste management, textile processing, leather processing, hospitality products and many
others. (Proviera.com, 2016)

Probiotics Technology utilizes beneficial and effective microbes to repopulate environments with
healthy microorganisms. This work presents the application of the biochemicals in the leather
process obtained from a proprietary fermentation and formulation technology. Carefully particular
natural raw material is fermented with a probiotic mother culture resulting in metabolites composed
by a mixture of biochemicals.

The mother culture is a selection of microbes grown in “consortia”, in a process of co-growth that
combines multiple strains during production. Each strain develops while interacting with other.
Through the consortia culturing processes, the microorganisms become a small eco system-- much
more resilient and capable of working together synergistically. This methodology is more similar to
how microorganisms actually survive in the natural environment. In nature, strains never exist in
isolation or as a pure culture. Microbes are always interacting with others. (SCD Probiotics, 2016)

Significant differences can be noted when comparing the innovative and disruptive probiotic
technology with traditional chemical synthesis:

i Fermentation is a complete natural bio-reaction and does not require additional sources
of external energy. Therefore, carbon footprint is minimized and does not cause
greenhouse gas emissions.

ii. Biochemicals derived from fermentation using probiotics do not have potential
toxicological effects like synthetic chemicals and are non-corrosive.

iii. Probiotic technology uses raw materials from renewable and sustainable resources and
do not depend on other industries like crude oil.
iv. Fermented biochemicals are 100% biodegradable.

Each microbe strain carries specific properties together with its metabolites that enable them to
offer functions such as degreasing, dispersing, conditioning etc. These end properties are derived by
the cautious use of additives, which are processed using specific manufacturing systems
(Proviera.com, 2016).

3. GENERAL PROPERTIES OF PROBIOTIC BIOCHEMICALS

i.  Probiotic biochemicals are hydrotropes and possess the ability to increase the solubility of
sparingly soluble organic molecules in water (Travis K. Hodgdon, 2007). The biochemicals
composition includes some hydrophilic and lipophilic, like typical surfactants, but they contain a
very small hydrophobic fraction (Vividha Dhapte, 2015) that does not allow to form aggregates
such as micelles. Dirt, dung, waxes, phospholipids among soluble or non-structured proteins,
such as hyaluronic acid, dermatan sulfate, elastin, glyco-amino-glycans, globulins, in the hides
and skins are cleaved off, solubilized and dispersed into the floats during the first stages of the
leather processing, mainly in the soaking operations. Processing chemicals, such as tanning and
retanning agents, fatliquors and dyes, are dosed in water solutions to bond the functional
groups of the collagen for tanning or to provide all physical properties to the leather articles in
the wet-end operations.

Besides, hydrotropes are recognized as excellent wetting agents when they are in contact with
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ii.

iii.

collective structures, such collagen fibers. They allow the media to accept water, working like
surfactants, breaking the surface tension of water and help the water transfer from particle to
particle (Mark Czernota, 2013). Consequently, water molecules can permeate the fibrous
collagen structure into the fibril and micro fibril tissue, up to the a-helix, break hydrogen bonds
and activate the protein functional groups. This wetting effect is associated to a slight lyotropic
swelling. It produces a relaxation of the fiber structure and allows the fixation of ionic
substances. (Ylla-Catala Genis, 2008).

In summary, probiotic biochemicals have strong capabilities to eliminate, or at least to reduce
and combine, all kind of soaking and wetting agents, enzymes, degreasers, dispersing agents,
solvents, dye auxiliaries, ammonia, extensively used in tanneries in the beamhouse and wet end
operation. Most of these agents have high contribution on the effluent pollutants and are not
fully biodegradable.

Because they action aims to reduce superficial tension, surfactants require additional washes to
be removed from the leather. Potentially, probiotic biochemicals save water consumption as
they do not foam.

Probiotic biochemicals are compatible with all chemicals used in the leather making process and
do not require to adjust the conditions, such as pH and temperature, beyond those required in
the manufacturing operations.

Except under unusual conditions, such as deficient preservation, long soaking, water
conditions..., the soaking operation using probiotics biochemicals is free of bactericides and can
reduce bad odors or putrefaction. All though the need for bactericides in soaking depends on
the totality of all the prevailing conditions (Covington, 2009), they are habitually added in the
tanneries. Handling biocides requires adequate safety equipment, increase effluent charges like
COD and impact on the efficiency of the biological reactors in the wastewater treatment plants.

Probiotic biochemicals cannot be considered as bactericides, however, they are capable of
delaying for a limited time the harmful consequences of certain putrefying bacteria like Bacillus,
Staphylococcus spp, Sreptetoccus spp, Klebseilla, E. coli and Listeria, because of bacteria
competition exclusion or quorum sensing (Bonnie Bassler, 2006).

4. MATERIAL AND METHODS

This work compiles a set of trials carried out on different materials in industrial drums and pilot

plant, from salted to fresh hides from different origins and sheep and goat skins and wet-blue. All

demonstrations followed the same processing scheme and the doses and conditions were adjusted

as is described below.

Three different probiotic biochemicals (patent pending) have been designed to be differentiated by

their hydrophilic-lipophilic-balance (HLB). This was intended to obtain a higher soaking, dispersing or

degreasing properties. The products were named as a Probiotic Soaking Agent (PK), Probiotic

Dispersing Agent (PS) and Probiotic Degreasing Agent (PD).

Beamhouse:
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Wash and presoak:

Objective: Removal of dirty substances from animal (manure, blood...) and preservation substances
(salt, biocides...). In salted hides or skins, additional washes are used to reduce salt concentration
measured in °Bé. Superficial degreasing to eliminate external waxes and phospholipids on the hair
and epidermis.

Dosing: On green weight:
Washes: 0.1% PK and 0% + 0.05% PD. No pH adjustment
Pre-Soak: 0.2% to 0.5% PS, higher in salted raw material + 0% to 0.05% PD. No pH
adjustments.

Alternatives to: The probiotic biochemicals replaced surfactants and enzymes (soaking agents) and
degreasers. Biocides were not added.

Main soak:

Objective: Re-hydrating hides and skins and bring them to a flaccid condition for subsequent
operations. Removal of some globular proteins that will interfere with the tanning process
(Thorstensen, 1985).

Dosing: On green weight:
0.3% to 0.5% PK. Higher on fresh raw material + 0% to 0.3% PS.
Products are added prior alkalis to adjust pH=8.5-9.5 for liming.

Alternatives to: Most of the chemical soaking agents, either surfactants or enzymes.

Unhairing/liming:

Objective: Removal of the hair and further completion of globular proteins by the action of the alkali.
(Thorstensen, 1985).

Dosing: On green weight:

0.2 % PD, prior to lime and sulfide.
Alternatives to: Eliminate or reduce the use of amines, organic reductive agents and polyphosphates,
all of them are typical auxiliaries in the unhairing and liming processes.

Degreasing:

Objectives: Strip off natural fats from adipose tissue, specially inside skins. Disperse natural fats in
the float and solubilized them by emulsification with surfactants or hydrolyzation under the action of
lipases.

Dosing: Tests were carried out after deliming, before or during the bating for bovine hides, goat
skins and sheepskins, or after pickling/depickling for sheepskins. Posterior washes, in most cases,
using non-ionic surfactants with high emulsifying effect. Dosages are based on lime pelt weight.
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0.5% to 3 % PS + 3% to 6% PD, depending of the natural fat content. Degreasing can need 1
to up to 3 washes.

Alternatives to: Probiotic biochemical can replace and, at least, drastically reduce and have
synergies with degreasing agents based on blends of surfactants and lipases. They can replace the
need of using solvents as natural fats can be easily stripped off from pelts.

Wet-end:

Objectives: Preservation and conversion of hides and skins into useful commercial article. Achieve
resistance to bacterial attack and to high temperatures. Typical tanning methods: mineral (chrome
mainly), vegetable and organic (aldehydes, oils, other)

Dosing: On limed pelt weight:
2% to 5% PS
Alternatives to: Dispersing agents and tanning auxiliaries.

Wetting back/washing:

Objectives: Rehydrate tanned leather, wet blue, wet white of vegetable, after a period of piling or
storage. To wash leather to obtain regular surface and obtain regular re-hydration. Chelating
metallic cations leached from mineral tanning.

Dosing: On shaved weight:
0.5% to 2 % PS, depending on cleanness of tanned leather + 0% to 1 % PK, depending on the
dryness + 0% to 1% PG depending on grease content.

Alternatives to: Probiotic biochemical can replace surfactants, ammonia and oxalic acid commonly
used to washing and cleaning up wet blue, wet white or vegetable leathers.

Retanning/Fatliquoring/Dyeing:

Objective: Adding and fixing processing chemicals such as retanning agents, fatliquors and dyes, to
achieve the final features of the leather articles.

Dosing: On shave weight or double on crust (pearl) weight:
0.5%to 2 % PS or PG

Alternatives to: Surfactants, ammonia and dyes auxiliaries derivate from naphthalene sulfonic and
ethoxylated amines.

5. RESULTS AND DISCUSSIONS:

Innovative, all-natural probiotic biochemicals can replace traditional chemicals in the leather tanning
industry. Using unique probiotic formulations, the biochemicals are able to improve leather quality,
increase  yield, lower  operating costs and reduce environmental pollution
(http://www.provierabiotech.com/, 2016).
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Raw hides and skins vary in animal type (bovine, sheep, pig, etc) and across breeds, fat content
(prefleshing-mechanical removal of fat from raw hide, different animal types have different levels of
natural fat and other characteristics), origin (temperature is the largest indicator for fat content-the
colder the more fat, diets vary, species) method of preservation (salted, sun dried, chemical
preservatives, raw) as well as cleanliness (raw hides are covered in blood, dung, dirt, etc). Raw hides
vary by region. Each of these raw hide characteristics influences the application rate of probiotic
biochemicals (Proviera.com, 2016).

In addition to raw hide characteristics each tannery will follow a unique process to produce their
desired leather. This includes: brand of chemicals used in each stage, quantity of chemicals used in
each stage, process time in each stage, machinery used (drums vs paddles), speed of drum rotations
at each stage, water saving methods, mechanical actions, sophistication level of the tannery (fully
automated or man power), environmental regulations will vary in each country (sometimes within
the same country), hair saving methods or dissolved hair systems, type of tanning (chrome vs
vegetable), presence of a wastewater treatment plant, climate, etc. Each of these processing
characteristics influences the application rate of probiotic biochemicals (Proviera.com, 2016).

Probiotic biochemicals deliver performance as good as the best of chemicals / enzymes even while
offering flexibility in application. They can be applied at wide pH and temperature range. Probiotic
biochemicals are compositions, fully biodegradable, non-harmful, safe for tannery workers and
leather article consumers. Figure 1 describers each of the products used in the trials and the effects
on the leathers.

They can be applied in different stages of the leather making process and general results and
benefits are listed below.

Probiotic Degreasing Agent (PD) Probiotic Dispersing Agent (PS)
Effects: FAT DI RT Effects:

Str Dispersing organic material

Dispersing process chemicals
Cleaning

Operations:
Pre des/skins Operations:

Pre soaking, esp. salted hides

Liming

Retanning, fatliquoring, dying

DRY

Probiotic Soaking Agent (PK)
Effects:
Soaking fresh hides & skins/hydrating
Remo f non-structured proteins

Operations:
M

Figure 1: Probiotic biochemical range
Beamhouse:

Wash/presoaking: Avoid putrefaction and bad odors without bactericides. Reduce the soaking time

if raw material is very dry. Cleaning and degreasing raw hides/skis surface. Reduction of COD values
or increase of BOD/COD ratio. No foaming.

Main soaking: Uniform wetting back. Hides and skins are very clean with slight lyotropic swelling that
enhances fiber sponginess and relaxation. Reduction of soaking time when raw hides or skins are dry
or became very dry after a long period of storage time. Reduction of COD values or increase of
BOD/COD ratio. No foaming.
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Typical results of COD analysis of the soaking floats give values ranged between 25 Kg O, / tonne of
hide to 35 Kg 02 / tonne of hide. With the use of probiotic biochemicals the range was reduced to 15
Kg 02 / tonne of hide to 25 Kg 02 / tonne of hide.

Unhairing/liming: Improve dispersion of lime and open wrinkles. Avoids draw marks and limed pelts

are more relaxed and flatter. Easier removal of scud and hair roots. This influences on the up-taking
of tanning agents, e.g. higher chromium (lIl) oxide (Cr,03), and potentially improves quality sorting of
leather and increases area yield.

Degreasing: Probiotics biochemicals improve the efficiency of the degreasing proses, even though
emulsifiers or lipases must be used in high fatty raw materials. Natural fats impact on the COD and
BOD values of the effluent and they can be reduced with probiotics biochemicals. Figure 2 shows the
efficiency of degreasing using conventional degreaser agent when 1/3 has been replaced with the
same quantity of probiotic degreasing agent (PD).

Tanning: Dispersing of tanning agents to achieve leather more uniform in fullness among different
parts, including flanks. Better fixation of tanning agents and potential reduction. Better penetration
of tanning agents. Increase of shrinking temperature in wet white leathers.

. Wet End:

90

:ﬁ Washing/wetting back: Clean and uniform surface
:‘0’ on the leather. The leather is of a brighter and
a0 cleaner appearance than standards. Additionally,
- - probiotics biochemicals do not impact water
10 resistance when manufacturing waterproof articles.
o . :

Double Face Nappa NO foa m i ng.

W Initial fat content Retanning/fatliquoring/dyeing: Better dispersion

Standard: commercial degreasing agent . . .
g g3g and exhaustion of leather processing chemicals.

2/3 commercial degreasing + 1/3 PD Brighter and more uniform colors. Better shade
Figure 7: Degreasing efficiency on sheepskins bu”(_j_.uP and féUIF co_verage_ from dypfSthfS'

Additionally, probiotics biochemicals do not impact
water resistance when manufacturing waterproof articles. Potential reduction of nitrogen and
sulfates on effluent when probiotic biochemicals replace auxiliaries that highly contribute on these
contaminants. Figure 3 compares color intensity and brightness of dyeing using different dye

auxiliaries.

AMMONIA ETHOXILATE AMINE NAPHTHALENE SULF PROBIOTIC AUX

Figure 8: Dye auxiliaries, brightness and intensity
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Figure 4 shows the potential COD reduction

250 T
using probiotic biochemicals. Based on

5 . . .

- standards, which are widely applied and
5 Finishi -

2 150 g found generally acceptable (i.e. tends to
5 Post tanning . . . L. A .

< » aTanningoperations  18NOre  specific individual  situations).
=] . .

) m Rest beamhouse Variables that influence the results are the
8 so B Soaking chemicals already used in the tannery, origin

of raw hides, preservation methods,
Standard Probiotic mechanical action, etc. (UNIDO, 2016). COD

Figure 9: Improvement of COD values processes with probiotic biochemicals were
gathered from trials on wet salted bovine

hides with better results. The potential reduction of COD obtained for the whole process, from wet
salted raw bovine hides up to finished leather was up to 24%.

6. CONCLUSIONS

Probiotics is path breaking technology that enables unmatched processing results across various
industries with no impact on environment (Proviera.com, 2016)

Metabolites from proprietary fermentation process of natural ingredients from renewable sources
with probiotics are consortia of biochemicals characterized by their hydrotropic properties and
capable of delaying the damages caused by bacterial putrefaction, as well as the bad odors
produced. Such qualities offer to tanners an exceptional opportunity to replace some chemicals
auxiliaries based on chemical synthesis of oil derivate with natural, biodegradable and sustainable
alternatives without amending existing manufacturing processes.

The application of probiotic technology to prepare hides and skins for the tanning and the successive
operations of leather making improves the quality of the leather articles, save water consumption
and costs while reducing environmental impact.

Compared with traditional chemical auxiliaries, probiotic biochemicals are able to transfer water
molecules into the smallest interspaces of the fibril collagen structure up to the protein chain, cleave
off and disperse substances from hides and skins not suitable to be converted in leather, solubilize
organic material and improve the uptake of the reagents that confer final leather properties.

This work demonstrates the potential of the probiotic biochemicals in different stages of the leather
manufacture improving the leather quality and reducing effluent pollutants.
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CLEAN SALT RECOVERY AND WATER RECYCLING USING NANOFILTRATION
AND REVERSE OSMOSIS

Wolfram Scholz
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Email: wolfram@w2oenvironment.net

Tannery wastewater is a complex mixture of organic substances derived from the hide and inorganic
substances such as salts and chemicals, which are added during the Beamhouse and Tanyard
processing. In tannery effluent high concentration of Sodium Salts such as Sodium Chloride and
Sodium Sulphates are found, which remain in the effluent after Primary and Biological treatment,
resulting in high Total Dry Solids (TDS) levels after conventional treatment. Consequently many
tanneries and leather business parks had to implement Zero Liquid Discharge systems to achieve
strict TDS discharge limits, which comprise of a complex Tertiary treatment with Reverse Osmosis
and Evaporators. The evaporation of the Reverse Osmosis concentrate shows difficulties, due to the
nature and complex mix of residual salts causing scaling, which goes along with difficult disposal of
the waste salts.

Nanofiltration membranes retain bi-valent ions and residual organics and leave salty water
containing only Sodium Chloride, permeating the membrane. Nanofiltration is operated at a lower
pressure of about 8-10 bars, thus consuming less energy than Reverse Osmosis and achieves higher
recovery rates of up to 90%. This membrane technology is a suitable pre-treatment, due to the
separation of scaling compounds and can improve the performance of Reverse Osmosis and the
following Evaporators. The residual salt, after evaporation is pure Sodium Chloride, which can
potentially be re-used for salting or pickling.

This combination of Nanofiltration with Reverse Osmosis and Evaporation can improve the overall
performance of Tertiary tannery effluent treatment allowing for clean salt recovery and consistent
high quality water re-use.

Keywords: Tannery effluent, Nanofiltration, Reverse Osmosis, salt recovery, water recycling

INTRODUCTION

The application of recycling normally relies on suitable process technology for water purification.
The wide fluctuation in tannery effluent quality coupled with the requirements for process water of
reliable quality tend to favour the application of membrane processes. Membrane filtration
processes inevitably play nowadays a key role in modern water recycling since they can produce a
water of consistent and reliably high quality. Membranes form a highly selective barrier and are
tolerant to shockloads. Therefore the produced permeate quality is varying little with the feed water
quality [2]. The main advantage of a membrane based process is that the concentration and
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separation is achieved without a change of state and without use of chemicals or thermal energy,
thus making the process energy efficient and ideally suitable for recycling. [5]

NANOFILTRATION

Nanofiltration (NF) is a pressure drive membrane process, where hydraulic pressure is used to
exceed the osmotic pressure of the wastewater, to filter water (permeate) through a semi-
permeable Nanofiltration membrane. The residual feed stream (reject) is concentrated up during the
filtration process and retains divalent and multivalent ions such as calcium, magnesium, sulphates
and metals, which are to large to filter through the membrane.

Picture: 1: Nanofiltration plant installed in France

Nanofiltration technology is suitable for high quality water recycling and re-use for most leather
processes, where the recycled process water may contain minor concentrations of Sodiumchloride
[6]. The Nanofiltration membrane offers a small pore size of 400 — 600 Dalton, which retains
efficiently multivalent ion such as total hardness and certain charged or polar molecules. However,
sodium chloride a mono-valent salt, passes the membrane. The spiral-wound modules are densely
packed offering a high membrane surface and therefore require only minimum of space. High
reductions of COD, BOD and colour are achieved, due to the fact that the Nanofiltration membrane
retains organic fractions. The produced permeate is reduced in COD, completely clear and contains
minor concentrations of Sodiumchloride. The consistent quality of the NF enables water re-use [4].
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Picture: 2: Holding Tank with Nanofiltration permeate for water recycling

Reverse Osmosis

Reverse Osmosis (RO) plants are using a high pressure pump to increase the pressure on the salt side
of the RO and force the water across the semi-permeable RO membrane, leaving almost all (around
95% to 99%) of dissolved salts behind in the reject stream. The amount of pressure required
depends on the salt concentration of the feed water. The more concentrated the feed water, the
more pressure is required to overcome the osmotic pressure.

The desalinated water that is demineralized or deionized, is called permeate (or product) water. The
water stream that carries the concentrated contaminants that did not pass through the RO
membrane is called the reject (or concentrate) stream.

As the feed water enters the RO membrane under pressure (enough pressure to overcome osmotic
pressure) the water molecules pass through the semi-permeable membrane and the salts and other
contaminants are not allowed to pass and are discharged through the reject stream (also known as
the concentrate or brine stream). The water that makes it through the RO membrane is called
permeate or product water and usually has around 95% to 99% of the dissolved salts removed from
it.

RO system employs cross-flow filtration, where, the wastewater passes along the membrane filter
with the salt-free permeate passing through the membrane and the salt containing concentrate
being retained. To avoid build up of contaminants, cross flow filtration allows water to sweep away
contaminant build up and also allow enough turbulence to keep the membrane surface clean.

Table 1: Comparison of Nanofiltration and Reverse Osmosis technology

Comparison Nanofiltration Reverse Osmosis
Salt retention Ca*, S0, Cr** Nacl

Permeate NaCl Salt free
Purpose Water softening Desalination
Recovery rate 75-90 % 65-75%
Operational Pressure 8-12 bars 18-25 bars
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Zero Liquid discharge treatment for tannery CETPs

Many tannery business parks, particularly in India and Tamil Nadu, are operating Zero Liquid
Discharge ZDL systems to comply with strict environmental regulations in respect of Total Dissolved
Solids, TDS [3]. ZDL effluent treatment systems comprise of Primary and Biological Treatments,
using Reverse Osmosis for tertiary Treatment to allow for full water recycling for leather processing.
The saline reject derived from Reverse Osmosis is then evaporated in Multiple Effect Evaporators
(MEE), with the condensate transferred back for leather processing together with the Reverse
Osmosis permeate. The salt residue collected from Evaporation is a mix of mono and multivalent
salts, organics and chemicals, which consequently make disposal impossible [1].

The concept of integrating Nanofiltration

A Nanofiltration (NF) plant consists of a pre-pressure pump that transfers the effluents via a
cartridge filter to the high-pressure pump. The NF plant has several streets of membrane modules
containing 7 membranes each assembled in series and is operated at a pressure between 8-12 bars.
Nanofiltration requires less energy than equivalent Reverse Osmosis systems for a similar Feed
quality. The slightly salted permeate is collected in a holding tank and can be either recycled back for
leather processing or transferred to the following Reverse Osmosis treatment. The plant is fully
automatic and shuts down at low level or with changes of the operational pressure. Then the
membranes are automatically flushed out with permeate. Compared to Reverse Osmosis higher
recovery rates of 75% - 90% can be achieved, which results in a much smaller volume of
concentrated brine.

The application of Nanofiltration has shown to completely retain contaminations of larger organic
molecules and bi- and multi valent salts, allowing only minor concentrations of Sodium Chloride to
filter through the membrane. Nanofiltration treatment is suitable to be integrated into ZLD systems
as an ideal pre-treatment before Reverse Osmosis (RO). The slightly salted Permeate contains only
Sodium Chloride and can be either re-used for leather processing or diverted for further
concentration to the Reverse Osmosis plant. Following Nanofiltration, the performance of the RO
plant can improve considerably due to reduced scaling effects, thus achieving higher recovery rates.
The concentrate salt brine of the Reverse Osmosis retentate can be evaporated with the multi stage
Evaporators achieving a highly clean salt residue, which can be re-used in the tanneries for re-salting
or Pickle.
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Picture 3: Concept of integration of Nanofiltration into Zero Liquid Discharge treatments

CONCLUSIONS

The integration of Nanofiltration into a ZLD systems can achieve between 75 and 90% of water
recovery The high quality permeate, containing only reduced concentrations of Sodium Chloride, can
be either re-used for leather processing or be further treated with Reverse Osmosis.

The concentrate of the reverse Osmosis contains only Sodium Chloride, which improves the process
of evaporation and reduces scaling of the evaporators. Pure Sodium Chloride salt is achieved, with
the following crystallization, which can be re-used for re-salting hides or for Pickle.

Nanofiltration produces a considerably reduced volume of retentate with a significantly lower TDS
compared to Reverse Osmosis.

This combination of Nanofiltration and Reverse Osmosis membrane technologies offers a route of
treatment and recovery of high quality water and salt at lower treatment costs. Where appropriate,
the quantity of recycled water and salt can be carefully managed to achieve a cost-effective recycling
solution.
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The discharge of dye-containing effluents in leather production without adequate treatment is a
matter of environmental concern. White-rot fungi have been reported for its ability in the treatment
of synthetic dyes. This study aimed to investigate the biodecolorization potential and enzymatic
activity during the treatment of six leather dyes from aqueous solution by a native fungus collected
and isolated in South-Brazil. The strain was identified as Trametes villosa PR-01 based on a molecular
analysis of the internal transcribed spacer (ITS) region sequences. The results were compared with
data obtained with Trametes sp. SCS-10, previously collected and isolated in a different local and
selected for their efficient decolourization ability against different leather dyes. Both strains
achieved more than 85% of colour removal of almost all days within 144 h of treatment under
submerged fermentation conditions. The increase in the extracellular enzymatic activity laccase
(1000-1800 UL™) was directly linked to the biodecolorization. UV-Vis analyses and tests performed
using enzyme inhibitors (NaN3) suggested enzymatic biodegradation as the mechanism responsible
for colour removal. Trametes sp. SCS-10 was tested in different culture conditions to assess its real
potential for treatment of dye-containing effluents produced in laboratory scale. The treatment was
analysed by means of biodecolorization, laccase activity, TOC and TN removal.

Keywords: White-rot fungi, Trametes villosa, leather dyes, dyeing effluent, biodecolorization,

1. INTRODUCTION

Dyeing is an important step in the production chain of leather, where the sensory characteristics are
imparted to the final product. This stage is carried out in the post-tanning operations and is
conducted in aqueous medium in drums (Piccin et al. 2012, Piccin et al. 2016). Different chemical
compounds such as deacidulants, retanning agents, fat liquoring oils, surfactants, chemical
auxiliaries and acids are also added to the wet finishing process to guarantee the desired physical—-
chemical properties of leather and good exhaustion and fixation of dyes. The composition of the
wastewater produced in this step is very variable and depends of various factors such as tanning and
dyeing technology applied, type of leather and dye selected (Plintener 2000).

223



Tannery effluents are characterized by the high biological oxygen demand (BOD), high chemical
oxygen demand (COD) and high concentrations of organic carbon and nitrogen (Gutterres et al.
2015). The discharge of dye-containing effluents without adequate treatment is a matter of serious
concern by the negative impacts on the environment. Effluents produced in tanneries are usually
treated with mechanical, physical-chemical and biological treatments. Wastewaters from wet-
ending processes are difficult to treat by conventional methods because of the presence of dyes
(Gomes et al. 2016). Advanced technologies such as electrochemical methods (Martinez-Huitle and
Brillas 2009), ozonation (Srinivasan et al. 2009), photocatalytic oxidation (Paschoal et al. 2009) and
alternative adsorbent materials (Gomes et al. 2016; Piccin et al. 2012), are being widely studied.
However, these advanced wastewater treatment techniques are not much used in the leather
industry (Gutterres et al. 2008).

Biological strategies are presently earning importance in the treatment of dye-containing
wastewaters. White-rot fungi (WRF) have demonstrated ability to remove dyes from wastewater by
their highly oxidative, non-specific and non-stereoselective enzyme system. In addition to enzymatic
biodegradation, WRF present alternative mechanisms that are involved during dye removal
processes, such as biosorption and bioaccumulation (Kaushik and Malik 2009).

Several publications have shown the ability of white-rot fungi to biodegrade/biodecolorize synthetic
dyes from aqueous solution; however the treatment of real wastewater is scarcely reported.
Previously, Trametes sp. SCS-10 showed great potential for biodecolorization of three leather dyes,
due to the mechanisms of enzymatic biodegradation from aqueous solution (Ortiz-Monsalve et al.
2015) and biosorption of leather dyeing from synthetic effluents (Puchana-Rosero et al. 2016).

This study aimed to investigate the biodecolorization potential, enzymatic activity and biomass
production during the treatment of six leather dyes from aqueous solution by two native fungal
strains collected and isolated in South-Brazil, and the treatment of dye-containing effluents by the
previously isolated Trametes sp. SCS-10.

2. MATERIAL AND METHODS
2.1. Fungi and screening

New isolated fungus PR-01 was collected in decayed wood from Farroupilha Park, South Brazil. The
strain was identified as Trametes villosa PR-01 based on a molecular analysis of the internal
transcribed spacer (ITS) region sequences. T villosa PR-01 was screened among other fungi for its
potential to produce ligninolytic enzymes in solid state fermentation, revealed for positive reactions
with the indicators ABTS (Jarosz-Wilkotazka et al. 2002) GUA (Kiiskinen et al. 2004) and SYR in three
conditions (SYR added alone, SYR + H,0, and SYR + catalase) (Barrasa et al. 2014). Trametes sp. SC-
10 was collected and selected in a previous study for their efficient decolourization ability against
different leather dyes (Ortiz-Monsalve et al. 2015).

2.2. Media and inoculum

Both strains, PR-01 and SC-10, were maintained on Potato Dextrose Agar (PDA, Difco) at 4 °C. Solid
state fermentation was performed in Petri dishes containing 20 mL of Malt Extract Agar (MEA, Merk)
supplemented with indicators at 100 mg L™. Submerged fermentation experiments were performed
in 250 mL Erlenmeyer flasks containing 150 mL of Malt Extract Broth (MEB, Merk) and dyes at 200
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mgL™. For inoculum preparation, each strain was grown on MEA plates for 7 days at 30 °C. Agar
plugs of growing mycelium (3 mm) were used to inoculum preparations (one disc for solid media and
three for liquid media).

2.3. Dyes and effluents

Six dyes were provided by Lanxess (Sao Leopoldo, RS, Brazil): Acid Yellow 79 (AY49), Acid Orange 142
(AO142), Acid Brown 414 (AB414), Acid Red 357 (AR357), Acid Blue 161 (AB161) and Acid Black 210
(AB210), which were used in biodecolorization assays from aqueous solution.

Dyeing effluents were produced in laboratory—scale tannery drums (Mathis LFA model) using a wet-
end formulation with the following chemicals for each processing step: (1) Soaking: 200% water,
0.2% formic acid and 0.2% surfactant’; (2) Deacidification: 200% water, 1.0% sodium formate, 0.5%
sodium bicarbonate and 1.0% neutralizing agent’, (3) Washing I: 200% water, (4) Fatliquoring,
retanning and dyeing |: 100% water, 8% retanning agent®, 4% vegetable tanning agent®, 1%
dispersing agent’, 2% dye®, 6% synthetic oil’ and 2% formic acid, (5) Washing Il: 200% water, (6)
Dyeing Il: 100% water, 1.5% dye and 1% formic acid and (7) Final washing: 100% water.

lEusapon L-DE®; %Sellasol NG®, 3Basyntan LB-BE®, *Weibull Light®, >Tamol NA®, 6Baygenal Red GT®
(Acid Red 357, A,,.x = 494 nm) and 7Lipodermliker LA-SLF® .

The residual waters generated in each step were collected and two wastewaters were composed.
Composite wastewater (W1) was obtained by mixing all residual water produced from the steps (1)
to (7): soaking to final washing. Composite wastewater W2 was prepared similarly collecting the
effluent from the step (2): deacidification to (7) final washing. In this case the wastewater produced
in the initial soaking step was not used with the aim of avoid dilution in the dye—containing
wastewaters. All wastewaters were stored at 10°C.

2.4. Biodecolorization assays from aqueous solution

Dyes (AY49, AO142, AB414, AR357, AB161 and AB210) were added to liquid media and incubated
under submerged fermentation conditions. The assays were performed using the active mycelial
pellets of T. villosa PR-01 and Trametes sp. SCS-10 growing in dye-containing media as described
above. Dye AR357 was selected to obtain kinetics of biodecolorization with both strains in the
presence of the enzyme inhibitor sodium azide (0.1 mM). Biodecolorization was determined by UV-

Vis spectral analysis in a range between 400-800 nm, and was expressed in terms of

. - - o Ag—A I
biodecolorization efficiency:BE (%) = A—’ x 100, A, and 4; represent the initial and observed

o

absorbance post-treatment, respectively, at the Ay, of each dye.
2.5. Biodecolorization assays from dye-containing effluents

The assays of decolourization of the effluents were performed assessing two different conditions of
addition of carbon and nitrogen sources. In the first conditions (N1) the composition of the medium
MEB was emulated: 2% (m/v) of malt extract and 1% (m/v) of glucose. In the second condition (N2)
the concentration of nutrients was reduced at 50% (1% of malt extract and 0.5% of glucose). These
nutrients were aseptically added to the wastewaters (W1 and W2). All wastewater were inoculated
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as described earlier and incubated under submerged fermentation conditions (30 °C and 200 rpm for
15 days). Biodecolorization was measured as indicated above.

2.6. Analytical procedures

To study the kinetics of biodecolorization related to colour removal and enzyme activity, samples
were withdrawn from the liquid cultures or effluent every 24 h, centrifuged and micro-filtrated. The
supernatant was used to measure biodecolorization and laccase enzyme activity. Extracellular Lac
activity was determined by monitoring the oxidation of ABTS at 405 nm (€405 = 3.6 x 104 M~ cm™)
for 5 min. The reaction consisted of an aliquot of enzyme extract added to ABTS solution containing
1 mM ABTS in 0.2 M sodium acetate buffer (pH 4.5) (Wang and Ng 2006). Wastewater compositions
were characterized before and after the treatment by fungi. Samples were analysed by pH, total
organic carbon (TOC) and total nitrogen (TN). TOC and TN were assessed in a TOC/TN-L analyser
(Shimadzu SSM- 50004, Japan).

3. RESULTS AND DISCUSSION
3.1. Isolation and screening of leather dye biodecolorization by fungi

From six fungal strains isolated and assessed for the ability to produce ligninolytic enzymes and
decolorize leather dyes in solid media, the strain PR-01 showed activity in the medium with guaiacol
and ABTS, revealed by the formation of coloured zones around microbial growth (Fig. 1). These
reactions with the indicator substrates suggested the activity of extracellular oxidases (Jarosz-
Wilkotazka et al. 2002; Kiiskinen et al. 2004). Laccase activity was confirmed by the positive reaction
with SYR in presence of catalase and in absence of H,0, (Barrasa et al. 2014). Additionally, PR-01
showed the best results for decolorization of all six dyes assessed in solid media. These results are
similar to those obtained with the reference strain Trametes sp. SCS-10 (Tab. 1).

b) <) 00l

Figure 1 — Collection, isolation

and screening of Trametes villosa
PR-01 strain: a) fungal growing in
nature; b) pure culture in MEA (5
days at 30 °C); c) MEA-GUA (7
days — bottom view); d) MEA-
ABTS (5 days — bottom view) ; e)
MEA-SYR (5 days — bottom view).

226



Table 1 —Screening of native fungi to produce ligninolytic enzymes and to biodecolorize leather
dyes in solid media.

Agar plate screening for Agar plate screening for dye
Strain ligninolytic enzyme production biodecolorization
GUA | ABTS | SYR® | SYR" | SYR® | [AY79 |AO142|AB414 | AR357 | AB210 |[AB161
T. villosa PR-01 + + ++ + + ++ + ++ + + +
Trametes sp. SCS-10| + + ++ + + + + + ++ + ++

(+) Positive test; (-) Negative test; (++) Better qualitative reaction as compared to control strain;

® Reaction with indicator substrate added alone; ® Reaction with indicator substrate SYR in the
presence of catalase; © Reaction with SYR in the presence of hydrogen peroxide (H,0,).

3.2. Biodecolorization of leather dyes from aqueous solution

Two white rot fungi, newly isolated T. villosa PR-01 and previously isolated Trametes sp. SCS-10,
were used to biodecolorize six leather dyes while growing in dye-containing media. Both strains
showed potential to grow and biodecolorize all six leather dyes assessed in different rate and extent
(Fig. 2). T. villosa PR-01 showed the best results for the dyes AB161 and AR357, achieving 89.44 +
2.78 and 85.71 = 1.20 % of colour removal, respectively. However, Trametes sp. SCS-10 achieved
higher values of biodecolorization for the same dyes, 91.43 + 0.47% for AB161 and 91.43 + 0.47 for
AR357, confirming previously results presented by Ortiz-Monsalve et al. (2015). Similarly, AO142
decolourization was approximately 80% by Trametes sp. SCS-10 and just 60% by Trametes villosa PR-
01. Instead, PR-01 strain showed better results than SCS-10 in the colour removal of AB414, AB210
and AY79. The different efficiency of biodecolorization of each strain in the same conditions of
treatment is related with the difference in the structure of dyes. The fungal metabolisms are
affected by the presence of functional groups linked to dye molecule such as aromatic compounds,
heavy metals, salts and chromophores functional groups. The presence of these agents may also
cause changes in pH and inhibit both mycelial growth and production of ligninolytic enzymes
associated with biodegradation, reducing the dye removal efficiency (Kaushik and Malik 2009; Ali
2010). The different results obtained with both strains demonstrate the importance to continue
searching for native strains with ability to treat a wide range of industrial dyes. Some qualitative
results are shown in Figure 3.
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Figure 2 — Biodecolorization of different leather dyes from aqueous solution by
native strains of Trametes villosa PR-01 and Trametes sp. SCS-10: AB161 (Acid
Blue 161), AR357 (Acid Red 357), AY79 (Acid Yellow 79), AO142 (Acid Orange
142), AB414 (Acid Brown 414) and AB210 (Acid Black 210).

a) b) <

c) d)

tAtaAn
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Figure 3 — Biodecolorization of leather dyes by a native isolate of Trametes villosa PR-01: a)
Acid Yellow 79; c¢) Acid Orange 142; e) Acid Brown 414 and Trametes sp. SCS-10: b) AY79; d)
A0142; f) AB414. All photos were taken after 8 day of incubation in MEB broth at 30 °C and
200 rpm. The Erlenmeyer at left of each photo represents the abiotic control for each dye.
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Biodecolorization (BE,%)

Trametes villosa PR-01 and Trametes sp. SCS-10 showed high efficiency of biodecolorization of
AR357 dye. This leather dye was selected to study the kinetics of biodecolorization, related to colour
removal and enzyme activity with both strains (Fig. 4). In Figure 4a is shown how the greatest
performance of Trametes sp. SCS-10 was correlated with the activity of laccase. The strain achieved
15% of colour removal in the first 48 h of treatment; however, after 96 h it increased above 90%. In
this period (72 — 96 h), Lac showed the higher levels of activity (1,636.85 +32.30 UL-1). Similarly,
Trametes villosa PR-01 reached the maximum rate of biodecolorization within 96 h, the period when
Lac activity increased to 1,299.26 + 47.52 UL™" (Fig. 4b). The involvement of laccase as mechanism of
biodecolorization was studied in a test performed using enzyme inhibitors. Laccases of both strains
were inhibited about 98 — 100 % by NaN; at 0.1 mM (Fig. 4a—b). These enzymatic inhibitions lead to
values of colour removal of 15 and 10% with Trametes sp. SCS-10 and T. villosa PR-01, respectively.
The colour removal observed in presence of inhibitor or when enzymatic activity was not detected in
the first 24—-48 h of treatment without inhibitors is related to a mechanism of dye adsorption by the
fungal mycelium (biosorption). Similar results were reported in other species of Trametes, which
colour removal where related to biomass adsorption and biodegradation, such as T. versicolor in the
removal of Gryfalan Black RL metal complex dye (Aksu and Karabayir 2008) and T. trogii in
biodecolorization of commercial anthraquinonic and azo dyes (Park et al. 2007).
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¥ -2 < —t 3
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/ - 1500 o < - 1500
- ¥ 7
/ = = i 2
=]
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¥ - 1000 < g <
40 // é % 40 .g
/ ot 8 | E
/ - 500 E 2 20 300
20 5 | 5 2 = g
(T g K = sl g & =
— & (=% 9
O: | 24 | 4I8 | 7|2 | 9I6 | 12|0 | 1x|14 | 16:3O 04 7296 L0 14168
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—e—BE-SCS-10 —&— BE - SCS-10 with NaN3 —BE-PROL 4—BE - PROL with NaN3
—e—LAC -SCS-10 ¢—LAC-PR01
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2.0 7 Treatment with SCS-10
E L5 1 Treatment with PR-01
=
e
5 107 Treatment with SCS-10 in presence of
A i Sodium Azide 0.1 mM
< 0.5 Treatment with PR-01 in presence of
Sodium Azide 0.1 mM
0.0 +— e
400 700 800

500 600
Wavelength (nm)

Figure 4 — Biodecolorization kinetics of AR357 by a native strain of a) Trametes sp. SCS-10; b)
Trametes villosa PR-01; c) UV-Visible spectrum analysis during biodecolorization of leather dyes by
SCS-10 and PR-01 strains in presence/absence of enzymatic inhibitor NaN;.
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3.3. Treatment of leather dyeing wastewater

Trametes sp. SCS-10 was selected for its great potential to biodecolorize six leather dyes from
aqueous solution to treat leather dyeing effluents. The fungus showed also ability to biodecolorize
all wastewaters tested, achieving over 90% of colour removal in all conditions tested (Table 3). In the
decolourization profile of the wastewaters (Fig. 6a) is shown a similar behaviour to that observed in
the kinetics of decolourization of AR357 from aqueous solution; the maximum biodecolorization
efficiency was correlated with the highest activity of laccase. An initial mechanism of biosorption
was observed in the first period (24-96 hours) of treatment. However, this step was followed by a
mechanism of enzymatic biodegradation and the mycelium preserves its original colour after
treatment. When the conditions of concentration of nutrients were tested, a slightly improvement in
biodecolorization was observed. For example, in the case of wastewater W1, the increase in the
concentration of nutrient sources lead from 95.38 + 0.31+ 1.01% (N2) to 97.58 + 1.06% (N1) of
colour removal. Similar results were obtained for W2, when the increase in nutrients conditions lead
from 92.57+ 0.66% (N2) to 94.65 + 0.31% (N1) of decolourization. However, laccase activity was not
affected and peaks of activity were observed between 1500-1800 UL' for both treatment
conditions. This may explain why the variation in the nutrient concentration did not show significant
influence (p < 0.05) on the biodecolorization efficiency, under the conditions assessed. Figure 5b
shows the profile of biodecolorization of wastewater W1, displaying the relation with the increment
of Lac activity. UV-Vis spectrum analysis showed changes in the peak patterns. All wastewater
conditions showed the same characteristic peak at 494 nm of AR357. In Figure 5b is showed how the
characteristic peak of W2 wastewater disappeared completely within 168 h in both treatments N1
and N2.

Decrease in TOC and TN was also observed after biodecolorization of the composite wastewaters.
Above 80% of reduction of TOC was observed in both treatments N1 and N2. Although reduction of
TN was not so expressive. This efficiency in the reduction of total organic carbons suggested the
disrupting reactions of dye molecules and other chemical compounds present in wastewater into
simpler fragments. Similar results were reported by Asgher et al. (2014) in the treatment of textile
effluents by crude ligninolytic enzymes extract from Schyzohyllum commune IBL-06. Rosales et al.
(2011) also found a reduction in TOC when compared the efficiencies of the decolourization of
leather dyes by enzymatic and electrochemical treatments. However, authors reported just 23% of
TOC reduction by the commercial laccase from Trametes versicolor. Similarly, Novotny et al. (2011)
studied the colour removal and TOC reduction of dyes from aqueous solution based on the
enzymatic degradation by fungi Irpex lacteus followed by anaerobic degradation in bacterial
reactors. Authors reported TOC reduction with fungi treatment; however the second step using
bacteria was more efficient in TOC removal. According with authors, an additional treatment is
necessary to complete the TOC removal from wastewater, since fungi can initiate the degradation of
recalcitrant compounds, however are not able to achieve complete mineralization (Hai et al. 2008).
Therefore, the treatment of dye containing wastewaters may be enhanced using microbial
consortium consisting of both fungi and bacteria may be efficient in biodegradation and
mineralization of synthetic dyes and other organic xenobiotics (Ali 2010). The pH values during the
process of decolourization were cosntant during the tratment in a range of (4.5-6.0). However was
observed that in the treatment of wastwewater W1 were obtained slightly higher values of
efficiency of decolourization and lac activity. pH of W1 wastewater varied between 4.5-5.0. This pH
value is close to the optimum for laccase activity. treatment of dyeing effluent, since it usually has an
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alkaline character (Rodriguez-Couto, 2015). Previoulsy, Trametes sp. SCS-10 showed high
biodecolorization and Lac activity in a wide pH range (4.0-7.0) (Ortiz—Monsalve et al. 2015). Similar
behaviours were reported in other strains of the genus Trametes: T. maxima at pH 6.0 (Hernandez-
Luna et al. 2008) and T. trogii at pH 6.0—11 (Yesilada et al. 2002). Although the increase in the
concentration of dyes and other xenobiotic compounds as salts and surfactants have been reported
as inhibitors of the capacity of white rot-fungi to treat wastwewaters, no significant difference was
found in the treatment with Trametes sp. SCS-10 of the W1 and W2 composite wastewaters under
the conditions tested .
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Figure 5 — a) Biodecolorization kinetics of leather dyeing wastewater (W2—-N1 and W2-N2) by a
native strain of Trametes sp. SCS-10; b) UV-Visible spectrum analysis during biodecolorization

Table 2 — Biodecolorization, Laccase activity, TOC and TN removal during treatment of dye-containing effluents by
Trametes sp. SCS-10

TOC(mg L™)® TN (mg L™)°
CompositeW BE® (%) Lac® (UL'l) —Time (h)* Before After Removal Before  After Removal
astewater treatment treatment (%) treatmen treatmen (%)
t t

W1-N1 97.58 £ 1.06 1731.48 +88.38-144 2150.01 334.12 84.46 27 44 23.60 13.96
W1-N2 95.38 £ 0.31 1775.52 +12.83 -168 285.25 86.73 19.01 30.72
W2 -N1 94.65 £0.31 1562.96 +79.80-144 1886.50 212.61 88.73 26.35 17.87 32.20
W2 —-N2 92.57+ 0.66 1628.96 +195.04 — 168 262.97 86.06 20.33  22.83

® Biodecolorization efficiency after 10 days of treatment; ® Laccase activity peak during treatment;  Time of maximum
peak of Lac activity; 4 Total organic carbon (TOC); ® Total nitrogen (TN).
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4. CONCLUSION

The new isolated strain of Trametes Villosa PR-01 showed activity of extracellular oxidases and
laccase activity and good decolourization for all six dyes (AY49, AO142, AB414, AR357, AB161 and
AB210) assessed in solid media. These results were similar to those obtained with the reference
strain Trametes sp. SCS-10. In aqueous solution comparing the dyes, T. villosa PR-01 showed high
biodecolorization efficiency for AB161 and AR357, achieving 89.44 + 2.78 and 85.71 + 1.20 % of
colour removal, respectively. However, Trametes sp. SCS-10 achieved higher values of colour
removal for the same dyes, 91.43 + 0.47% for AB161 and 91.43 £ 0.47 for AR357. In the study of the
kinetics of biodecolorization of AR357 dye the strains of Trametes sp. SCS-10 and Trametes villosa
PR-01 achieved above 90% of colour removal after 96 h when Lac activity showed peaks of activity
(1,636.85 +32.30 UL and 1,299.26 + 47.52 UL UL™), respectively. The fungus Trametes sp. SCS-10
also showed ability to biodecolorize the dyeing wastewaters tested, achieving over 90% of colour
removal and above 80% of TOC reduction for all assays, with two composed wastewaters each one
with different conditions of carbon addition and nitrogen sources.
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NOVEL FORMALDEHYDE SCAVENGER CONTAINING ACTIVE METHYLENE FOR
THE EFFICIENTLY REMOVAL OF FORMALDEHYDE IN LEATHER

Ting Zhang*, Xuechuan Wang, Longfang Ren

College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science and
Technology, 710021, China
Email: wangxc@sust.edu.cn

As a kind of harmful substances, formaldehyde has some effect in induced carcinoma and promoted
cancer process. Formaldehyde is a common chemical feedstock for numerous of industrial
processes, it also used for the product of resin, rubber, coating, adhesive, etc. In leather technology,
formaldehyde used as preservative, biocide and it also a raw material of amino resin and synthetic
tanning agent. In order to meet the increasingly stringent formaldehyde evaluation standard, many
approaches have been widely developed for eliminating formaldehyde. Chemical reaction is one of
the most effective measures for scavenging formaldehyde in a certain short period. Formaldehyde
eliminated by its high chemical reactivity, but most of the reactions belong to reversible reaction,
easy to cause secondary pollution.

Methylene hydrogen of a-hydrogen containing compound type which has high activity can react
with formaldehyde at normal temperature. Above all, this reaction is irresistible. According to this
mechanism, a hyperbranched polymer containing active methylene (HAMP) was designed through
transesterification reaction. The characteristics of hyperbranched polymer which has high
functionality of terminal group cause its excellent reactivity, the unique structure of hyperbranched
polymer can clear formaldehyde by physical adsorption for the molecular cavity.

The structure of HAMP was characterized by fourier transform infrared(FTIR), nuclear magnetic
resonance(NMR), gel permeation chromatography(GPC) and dynamic light scattering(DLS).
Formaldehyde-removal capacity of HAMP has been investigated in leather retanning process. The
results indicated that the optimum amount of HAMP was 4wt% and the reaction time was 2h.
Removal rate achieved 88.4%, formaldehyde content of leather disposed by HAMP was lower than
180mg/kg. Meanwhile, the treated leather has been investigated by scanning electron microscope
from that we can see collagen fibers became looser. Physical-mechanical property had slightly
changes. Tensile strength changed from 8.31 N/mm? to 8.17N/mm? and tearing strength reduced to
22.57 N/mm from 29.54 N/mm, softness achieved 8.5.

Key words: formaldehyde scavenger, active methylene, leather
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1. INTRODUCTION

Formaldehyde (HCHO), one of the most typical volatile organic compounds (VOCs), plays an
important role in the chemical production due to its high chemical reactivity!**\. HCHO is a common
chemical feedstock for numerous of industrial processes, it also is used as the raw material of resin,

“_In leather manufacturing process, HCHO mainly is used as

rubber, coating, adhesive, etc
preservative, biocide and the raw material of amino resin and synthetic tanning agent. As far as the

HCHO of leather is concerned, its use as a component of tanning agent is of special significance.

Discussion about HCHO as a possible carcinogen starts from 1980 when the influence of HCHO on
mice was reported. HCHO is identified as class 1 carcinogen in 2004 by World Health Organization
(WHOQ), it has some effect on induced carcinoma and promoted cancer process[s]. Low concentration
of HCHO can easily result in respiratory disease after long-term inhalation exposure. Human
immunity begins to decline at high concentration due to the crosslinking and solidification of HCHO
and protein molecules and it is probable to result in the nucleus gene mutations, DNA protein
crosslinking and DNA crosslinking with a single bond'®”!. Therefore, it is urgent to develop practical
and effective approaches to eliminate HCHO.

In order to meet the increasingly stringent HCHO evaluation standard, many approaches have been
widely developed for eliminating HCHO, including physical adsorption’®, chemical reaction,

absorption by using plant™®, biological filtration™ [12]

, photocatalytic oxidation and plasma
purification™**. However, HCHO removal is still a challenging problem due to different restrictions.
Physical adsorption method easily causes secondary pollution, photocatalytic oxidation is invalid at
night for the lack of ultraviolet and the equipment of plasma purification is expensive ™). These
applications were hard to apply to actual situation due to its low efficiency and high energy
consumption 8. Chemical reaction is one of the most effective measures for scavenging HCHO in a
certain short period. HCHO can be eliminated by its high chemical reactivity, but most of the

reactions belong to reversible reaction, as a result, it is easy to cause secondary pollution.

Methylene hydrogen of a-hydrogen containing compound type which has high activity can react
with HCHO at normal temperature (Scheme 1). Above all, this reaction is irresistible **?%. According
to this mechanism, a hyperbranched polymer containing active methylene was designed through
transesterification reaction. The characteristic of hyperbranched polymer which has high
functionality of terminal group is excellent reactivity, as well as the unique structure of
hyperbranched polymer can scavenge HCHO by physical adsorption for the molecular cavity. Beyond
that, leather softness improved when the polymer as a kind of adsorption material is applied in the
leather process.

Polymer backbone

o o
Scheme 1 Reaction mechanism for condensation of hyperbranched polymer with acetoacetyl
group and formaldehyde
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2. EXPERIMENTAL
2.1. Materials

Sheep skin was supplied by Hebei Dongming Leather Co., Ltd. Ethyl acetoacetate (C¢H1003) and acetyl
acetone (CsHgO,) were provided by Tianjin Kermel Chemical Reagent Co., Ltd. Formaldehyde solution
(HCHO) and anhydrous potassium carbonate (K,COs) were purchased from Tianjin Baishi Chemical
Co., Ltd. The hydroxyl-terminated hyperbranched polymer (C,,H4NgOg) was purchased from Weihai
CY Dendrimer Technology Company. All the reagents based on the above were of analytical grade
and used without purification. Meanwhile deionized water was used in this experiment.

2.2. Synthesis of the formaldehyde scavenger

Ethyl acetoacetate (2) and K,CO; were added to a three-neck flask equipped with a stirring rod, a
separatory funnel and a set of distillation device. K,CO; played a role of catalyst in the reaction.
Rising temperature to 100°C after reactants fully mixed together. Hydroxyl-terminated
hyperbranched polymer (1) was added into above flask throught separatory funnel, and this
temperature was kept for 5 hours until this reaction completely finished. The dosage of HBP and EAA
was n(HBP):n(EAA)=1:2, catalyst was wt. 2% (basing on the total mass of reactants). The unreacted
EAA in the reaction mixture was removed by rotary evaporation instrument, and the further
purification was carried out by using acetone. Finally, the hyperbranched polymer containing active
methylene (3HAMP) was obtained according to the transesterification reaction (Sheme 2), the
product was yellow and viscous.
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Scheme 2. Synthesis route of the formalydehyde scavenger
2.3. Characterization

Gel permeation chromatography (GPC) was obtained on a Waters 2695 GPC system with
polyethylene glycol as standard sample, mobile phase was NaNO; with a flow rate of 1.0mL/min.

Fourier transform infrared (FTIR) spectra were recorded with VECTOR-22 spectrometer within the
range of 4000-400 cm™ by using KBr as carrier to fix the samples.

Nuclear magnetic resonance (NMR) analyses were measured using the ADVANCEII 400MHz
spectrometer with deuterium oxide (D,0) as solvents.
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The samples was dissolved in water to form a solution with the concentration of Ig/L, the Dynamic
light scattering (DLS) measurements were performed on an instrument (Zetasizer NANO-ZS90),

2.4. Removal capacity of HCHO

First of all, the preparation of HCHO standard curve is requiredm]. The formaldehyde solutions with
different concentration gradient were prepared by diluting wt. 37% formaldehyde solution. 5 mL
formaldehyde solution and the same amount of acetyl acetone were added in a test tube, and then
it was heated to about 90°C for 5min (distilled water was as blank reagent). The testing sample was
cooled down in the dark for 30min at room temperature. Absorbance of the mixture solution was
measured in 412 nm wavelength of visible spectrophotometer. The formaldehyde content in
solution was calculated by HCHO standard curve.

Test the HCHO concentration in this system before and after HAMP was added. The calculation of
formaldehyde removal rate was carried out via following equation.

w =W 000
W,

1
Where W is the removal rate of formaldehyde (%); Wiand W, are the initial and final HCHO

concentration in the solution (mg/mL), respectively.
2.5. Removal procedure of formaldehyde in leather

Sheep skin, dicyandiamide resin retanning agent, and HAMP were used in the retanning experiment.
Extraction method of the formaldehyde in leather is on the basis of GB/T 2912.2-2009. The removal
procedure are shown in Table 1.

Table 1 Retanning process of goatskin garment leather

Process Amount/% | Chemicals Time/min ;ciTeF}ig pH Remark
backwater 200 water 40
1s degreaser (DE 20
SOAGEN DN)
0.5 formic acid 20 3.8
washing 200 water 10 40
chroml'um 100 water 40
retanning
3 Tankrom FS 120
05~ | Sodium 2*30+60 3.84.1
bicarbonate
overnight
neutralization 100 water 40
20 neutralizer
' (DESOTAN NT)
1 sodium 2*20+30 5.55.8 | Cxaminatio
bicarbonate n incision
washing 200 water 10 40
retanning 100 water 40
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retanning
agent
6 (DESOATEN A- 60
17)
washing 200 water 10 40
dye.mg . and 100 water 50
fatliquoring
8 DESOTAN SO 60
1 DESOSTAR 30 Dissolution
BLACK-FN with water
1 formic acid 30 3.54
removal
formaldehyde 200 water
Tested the
X HAMP n 50 formaldehy
de content

3. RESULTS AND DISCUSSION
3.1. Characterization of HAMP

Tab. 2 presents the molecular weights and polydispersity indexes (PDI) of HBP and HAMP by GPC. As
a kind of spherical polymer, the relationship between relative molecular mass of HBP with radius of
fluid mechanics or with the rotation radius was different from with that of linear molecules.
Therefore, molecular weight determined by polyethylene glycol was smaller than predetermined
molecular weightm]. The results indicated that the transesterification reaction was successful. PDI is
1.07 and 1.15, which indicated the molecular weight distribution was uniform.

Table 2 GPC characteristics of HBP and HAMP

Sample Mn Mw PDI Predetermm.ed
molecular weight
HBP 330 374 1.07 521
HAMP 464 535 1.15 689

As shown in Fig.1a, the peaks at 3300 cm™ belong to —OH, which confirmed a high hydroxyl
concentration in HBP. The absorption bands in the region of 1000-1200 cm™ are assigned to the C-O
stretching vibrations in hydroxyl groups. The peak around 1641 cm™ is ascribed to the C=0 stretching
vibrations in amide groups. The band at 1551 cm™ is indicative of the N-H bending vibration in amide
groupsm]. Compared with Fig.1a, a new peak centered in the range of 1745~1725cm™ which
belongs to the vibration of ester group (-O-CO-) appears. In addition, the peak at 3286 cm™ in HAMP
polymer becomes weaker because many hydroxyl groups have reacted with ester groups, which

indicates transesterification reaction is carried out according to the expected route.
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Fig.2 shows the "H-NMR spectra of HBP (A) and HAMP (B). As shown in Fig.2, the signal at 4.79ppm
belongs to the solvent peak. In Fig.2A the signals at 2.37ppm (a) and 3.65ppm (b) correlating to the
asymmetric two absorption peaks of the H in the methylene connected with nitrogen. The signals at
2.50ppm (c) related to -CO-CH,- proton, 8.03ppm (d) is for the -CO-NH- proton. In addition, the
peaks at 2.7~3.7ppm (e. f. b) belonge to the -CH,- protons connected with -NCO, the protons
linked with -OH in HBP are observed at 3.65ppm. In Fig.2B, the signals at 2.88ppm (h) is for —CO-CH,-
CO- proton and 2.25ppm (i) is for -CO-CH; proton in HAMP. The peaks at 4.21ppm (g) is assigned to
the —CH,-O-CO- protons in HBP. Compared with Fig.2A, new signals appears at g, h, I, which confirms
that the transesterification reaction had been successfully conducted. However, in fact, hydroxyl
group can not be completely replaced by acetoacetyl group, which is shown in Fig.2B.

DLS measurements were performed to evaluate the particle size distribution of HAMP. From Fig.3,
we could see that the peak was narrow and pointed, which indicated that the size distribution of
HAMP was uniform. The average particle size was 0.37um, which also indicated the stability of the

product was excellent.
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Fig.1. FTIR spectra of HBP (a) and HAMP (b)
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Fig.2 "H-NMR spectra of HBP (A) and HAMP (B)
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Fig.3 Particle size distribution of HAMP

3.2. The removal ability of formaldehyde in leather

HAMP was used in goatskin garment leather retanning to remove free formaldehyde. Three kinds of
formaldehyde existed in collagen fiber which respectively are physical adsorption, hydrogen bond
with hydroxyl and carboxyl groups in collagen fiber and covalent bonds between residuary
formaldehyde with amino nitrogen in collagen fiber. HAMP is mainly used to remove the physically
adsorptive and hydrogen bonding formaldehyde (Sheme 3).

Scheme 3 The mechanism between HAMP and formaldehyde in leather

The influence of reaction time and contents of HAMP on formaldehyde removal rate, were shown in
Fig.4 and 5. As show in Fig.4 and Fig.5, higher dosage and longer time showed better removal
performance. From Fig.4, we observed that the formaldehyde content in leather was reduced with
the increase of HAMP content. When 4 wt% of wet blue leather was used, the formaldehyde content
in leather were 167mg/kg which was less than the required standard 200mg/kg®?*. When the dosage
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of HAMP was 4 wt%, under different reaction time, the formaldehyde removal rate was shown in
Fig.5. We could see that the removal rate reached the maximum when the time was 2.5h, after that
the removal capacity of formaldehyde remain unchanged. The results revealed when 4 wt% of
HAMP and 2.5h, the removal efficiency of formaldehyde achieved 88.4%.
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Fig.4. Effect of HAMP dosage on removal rate of HCHO
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Fig.5 Effect of reaction time on removal rate of HCHO

Tab.3 Physical properties of leather
blank sample

Samples

without HAMP

Sample treated with HAMP

Tensile strength (N/mm?) 8.31 8.17
Tearing strength (N/mm) 29.54 22.57
Softness (mm) 7.9 8.5

The physical properties of leather were shown in Tab.3. As shown in Tab.3, the tensile strength and
tearing strength reduced when HAMP was used. Meanwhile, the leather softness was improved. The
reason may be that HAMP enter into fibers interior and plays the filling effect, which has a role of
fiber dispersion. On the other hand, as dicyandiamide resin retanning agent, DESOATEN A-17 was
synthesized by dicyandiamide and formaldehyde 5] The reaction of HAMP and formaldehyde not
only destroy the covalent bonds existing between residuary formaldehyde and collagen fiber, also

inhibit the production of formaldehyde condensation hydroxymethyl dicyandiamide. The tearing

241



strength of leather was slightly lower than that of leather without treated with HAMP, but it could
satisfy the application effect of leather. Furthermore, in order to confirm the result, the leather was
investigated by scanning electron microscope (SEM) and the results were shown in Fig.6. We
observed that the collagen fibers of leather treated with HAMP with were loose, which further
indicated that the increase of fiber spacing could strengthen leather softness.

, f,‘_’ 7 Sl.\ | B 5 'y V}‘Q

4. CONCLUSIONS

In summary, a novel formaldehyde scavenger containing active methylene was synthesized by
transesterification reaction of HBP and EAA. For its special structure, the removal form of
formaldehyde including physical adsorption and chemical reaction. The results showed that the
optimum HAMP dosage and reaction time were 4 wt% and 2h. The removal rate achieved to 88.4%
and the formaldehyde content in leather was lower than limit standard. Meanwhile, collagen fibers
became looser and the softness was improved, but the tensile strength and tearing strength of
leather reduced.
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ANALYSIS OF FLOW AND ENERGY ASPECTS OF ZERO LIQUID DISCHARGE
(ZLD) TECHNOLOGY IN TREATMENT OF TANNERY EFFLUENTS IN TAMIL NADU,
INDIA

Jakov Buljan*, K.V. Emmanuel, M. Viswanathan, M. Bosni¢, I. Kral’

In the course of conventional treatment of tannery effluent the composition of Total Dissolved Solids
(TDS) somewhat changes but its total level remains virtually constant and considerably exceeds
typical discharge norms. The global trend of processing of fresh hides, i.e. salt-free raw material is
continuously expanding; for a host of reasons this approach is non-existent in India.

The precarious situation with water and soil pollution in the area of tannery clusters along the Palar
River prompted the state environmental authorities to press for adherence to TDS discharge limits as
well as to impose an approach not practiced in the tanning industry: a Zero Liquid Discharge (ZLD)
concept.

Essentially, the ZLD systems concentrate dissolved solids by Reverse Osmosis (RO) and some kind of
Multi Effect Evaporation (MEE) until only damp solid waste remains. Solid waste is disposed and
nearly all water is reclaimed and reused. Accordingly, some of the existing Common Effluent
Treatment Plants (CETPs) have been supplemented by RO and MEE, together with auxiliary steps
(tertiary treatment, water softening etc.).

The analysis investigates and relates raw and equalized effluent inflows, RO feed, permeate and
reject, evaporator feed and condensate and the yield of recovered, reusable water. Since the energy
costs are critical for the viability of the entire concept, data about energy consumption (thermal,
electrical main and Diesel) at key stages (RO, multistage evaporation) are consolidated, analysed and
correlated. Additional energy needs and costs are compared with those for conventional (CETP)
treatment and estimates made of the carbon footprint increase caused by the ZLD operations.

Keywords: TDS, ZLD, effluent flows, evaporation heat, energy consumption, energy costs, carbon
footprint

INTRODUCTION

In the tanning area of Ranipet, Vellore District there are about 200 tanneries grouped in three
clusters, each serviced by a CETP with treated effluent ultimately ending in the Palar River which in
the recent years is mostly dry with no flow. There are neither sewerage networks nor sewage
treatment plants in the adjacent municipalities.

Total Dissolved Solids (TDS), mainly chlorides and sulphates in tannery effluent have become the
major environmental concern in arid and semi-arid regions as they make the receiving water
recipients unfit both for livestock watering and for irrigation. Although a certain percentage
emanates from pickling, deliming, tanning and wet finishing, the main source of TDS, especially of
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sodium chloride, is salt from preservation. It is estimated that worldwide at least 3.0 million tons of
common salt per year are discharged into water recipients. Whilst specific discharge limits for TDS
vary, generally they cannot not be achieved by conventional treatment.

Environmental damage caused by salting gradually prevails over its convenience aspects; the tanning
industry in Europe has already largely switched to processing of salt-free raw material and this trend
is continuously expanding (e.g. Brazil). For a host of reasons, while enforcing the TDS limit of 2100
mg/|, state environmental authorities and the tanning industry have chosen a different strategy: to
adopt a Zero Liquid Discharge (ZLD) approach. The existing CETPs, following the usual treatment
technology, have been supplemented by advanced, energy intensive methods like Reverse Osmosis
(RO) and Multi Effect Evaporation (MEE) together with the necessary auxiliary steps (tertiary
treatment, water softening etc.).

This paper attempts to analyse effluent flows, energy aspects and the impact on carbon footprint of
the ZLD segment at three CETP+ZLD system(s) in Vellore District after a few years of operations. In
that context, experience from the CLRI - UNIDO project in 1998-2000 in operating a pilot two-stages
RO plant of 1 m>/h capacity (albeit using solar pans instead of advanced evaporators) proved quite
useful. The conclusion was that the system per se was technically viable but that O&M cost (only
partly off-set by the price paid for fresh water) were quite prohibitive mainly due to high energy
inputs.

Selection of plants for analysis

The plants selected cover the three main types of clusters: processing raw hides/skins to finished
leather, (RANITEC), predominantly from raw to wet blue (VISHTEC) and from wet blue/El to finished
leather (SIDCO). The three plants basically follow the same technology, are operated by quite
professional staff and the managements willing to cooperate. They are all connected to the Care AIR
centre (server) of the TNPCB, the flow data are recorded in real time and counterchecks are possible.

Water consumption, effluent flows, yield

One claim is that addition of the ZLD stage has resulted in water consumption decrease from about
28 to only 11-12 I/kg of wet salted weight; increase in concentrations of pollutants support that
claim. The opposing view is that local tanners already have long experience in economizing with
water brought by tanks from considerable distances. To further halve such low consumption within
3 — 5 years is does not look quite likely. In addition, according to some UNIDO studies, the
theoretical minimum is about 12 |/kg and it requires sophisticated recycling equipment.

The permeate from RO system and the condensate from evaporator are combined and distributed
back to the tanneries through a recovered water conveyance system.
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Table 2. Effluent flows, RANITEC, April 2015 — March 2016

ITEM Unit TOTAL Average per
month
Inflow to CETP m’ 415,185 34,599
RO Feed m’ 411,652 34,304
RO Feed vs. inflow % 99 % 99 %
RO Permeate m’ 296,331 24,694
Permeate vs. RO feed % 72 % 72 %
RO Reject m’ 115,321 9,610
RO reject vs. RO feed % 28% 28 %
Evaporator feed m’ 118,632 9,886
Evaporator condensate m? 121,770 10,148
Evaporator condensate vs. evaporator feed, % % 103 % 103 %
Total recovered Water m? 414,963 34,842
Total recovered water vs. RO feed % % 102 %
Total recovered water vs. inflow to CETP % % 101 %
Salt residue tons 5,043 420
Salt residue vs. raw effluent, kg/m3 Kg/ m’ 12.1

The (full) table shows some expected but also some perplexing figures and proportions.

e RO feed vs. inflow to CETP ratio varies from 81 — 114, average 99 %

e Permeate vs. RO feed varies from 57 — 80, average 72 %

e RO reject vs. RO feed varies from 20 — 43, average 28 %

e Evaporator condensate vs. feed varies from 97 — 109, average 103 %

e Total recovered water vs. RO feed from 96 — 106, average 102 %

e Total recovered water vs. inflow to CETP varies from 80 — 113, average 101 %
e Salt produced is 5043 tonnes, from 9.7 — 14.3 average 12.1 kg/m’

For an accurate flow balance, it would be necessary to take into account additions such as water
used for dissolving of chemicals and water from boilers as well as all losses (evaporation, sludge).

The main flow parameters for SIDCO and VISHTEC follow a similar pattern and are merged into a
summary table.
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Table 3. Comparison of flow rates in three ZLD plants in tannery clusters in Vellore District

ZLD RANITEC SIDCO VISHTEC
Apr 15 - Mar 16 Sep 15 - May 16 Apr 15 - Mar 16
ITEM
Average flow rates and spans
. 99 % 99 % 101 %
RO feed vs. inflow to CETP
(81-114) (97 —101) (99 - 104)
72 % 76 % 75 %
Permeate vs. RO feed
(57 —-80) (67 —83) (71-281)
. 28 % 24 % 25%
RO reject vs. RO feed
(20-43) (17 -33) (19-29)
. 101 % 98 % 101 %
Total recovered water vs. inflow
(80-113) (94 -101) (97 — 105)
102 % 97 % 100 %
Total recovered water vs. RO feed
(96 — 106) (94 -101) (98 —101)
12.1 kg/m’ 6.2 kg/m’ 12.8 kg/m’
Salt residue vs. raw effluent, kg/m3 4 e/ e/
(10.6 —14.3) (4.7-8.5) (11.0-13.9)

Note: In the case of SIDCO, the inflow to CETP is actually the flow measured at the outlet of the

equalization tank.

The overall flow balance is from the tanner’s viewpoint satisfactory: all losses due to evaporation
(rather low due to high air humidity) and water removed with sludge are compensated by additions
for dissolution of chemicals, water softening and washes. Ultimately, the effluent inflow coincides
with the volume of water sent back to tanneries for reuse, its quality is superior to fresh water is due

to low hardness.
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Figure 10. A simplified flow-chart of the ZLD treatment at RANITEC, Vellore District
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The ZLD is not so much treatment but rather a salt removal and sequestration system. For good
results, it should operate with constant chemistry and constant flow for which they were specifically
designed and must be monitored continuously. Preparatory, post-CETP “conditioning” steps, in
particular water softening, often require dosing of different chemicals, including salts, which is quite
a paradox for what is essentially a salt removal system.

The permeate from the RO system and the condensate from evaporator are combined and as the
recovered water and metered distributed back to one-day storage capacity tanks in individual
tanneries. The salt-laden solid residue is stored in bags in a huge salt storage yard.

Norms, monitoring

Water used in tanneries in clusters in the Vellore District is in most cases a mixture of water from
own drilled wells and (better) water drawn from the Palar River bed further upstream and brought
by tankers; the supply and characteristics of fresh water are inconsistent and unpredictable and
comprehensive analyses of fresh water apparently are not available. Reportedly, the TDS of fresh
water is in the range of 800-1500 mg/Il, hardness 200-800 mg/| (tankers) and 1000 - 3000 mg/I,
hardness 800-2000 mg/l (own wells). Thus, the usual problem of TDS is compounded by the high
TDS/hardness level of fresh water.

To meet the TNPCB discharge norms for Dissolved solids (inorganic), 2100 mg/L, Chloride 1000 mg/L
and Sulphates 1000 mg/L, a very different set up in the whole supply chain, mixing of treated
effluent with municipal wastewater and/or advanced methods of decreasing the TDS level are
required.

Unfortunately, differences in values found by CETP’s own laboratories and analyses carried out by
independent laboratories (third parties) too often exceed normal and acceptable variations.
Inevitably, this casts a kind of shadow of doubt and possibly undue reserve in considering the
laboratory statistical data.

The Computerized Operations Management System for the Ranipet CETP includes analytical data for
key treatment units as well as sludge disposal record and sludge & leachate analysis.

Figure 11. Total Dissolved Solids (TDS), monthly averages, RANIPET, April 2015 — March 2016
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Energy considerations

Energy consumption in tanneries depends on factors such as tannery location (geographic zone),
production method, equipment, performance of electric motors, the ratio of manual vs.
mechanical/automated handling (e.g. in moving the hides), drying methods, solid waste treatment,
effluent treatment technology etc.

Generally, water (float) heating and drying, almost equally, make about two thirds of the energy
consumption for leather processing itself. The type of energy source is also very relevant: fossil fuel
(natural gas, coal, Diesel), renewable (wood, biomass) or self-generated renewable (solar energy,
wind). Optimisation of electric motors, use of electric motors with higher efficiency and reducing the
level of reactive energy are an important part of (electric) energy savings measures. The use Diesel
generators is limited to emergencies.

Table 4. Energy consumption & cost, Primary, Secondary & Tertiary Treatment (PST), RANITEC,
April 2015- March 2016

ITEM Unit TOTAL Average per

month

Inflow to CETP m’ 415,185 34,599

Units consumed in KWh (EB) kWh 2,349,980 195,832

Diesel litres (DG) L 47,711 3,976

Units consumed in KWh (DG) kWh 110074 9,173

Units consumed in KWh (EB+DG) kWh 2,460,054 205,005

Total units vs. inflow kWh/m? 5.9

EB cost per unit Rs. 9.1

EB power cost Rs. 21,567,943 22,140,486

Diesel price Rs./L 62 62

Cost of Diesel Rs. 2,958,082 246,507

Total energy cost Rs 24,526,025 2,043,835

Total energy cost vs. inflow Rs. /m’ 59 (USD 0.9)* 59 (USD 0.9)*

*At Rs. 66.3 to 1 USD
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Table 5. Energy consumption & cost, Reverse Osmosis + Evaporation, RANITEC,
April 015- March 2016

ITEM Unit TOTAL Average per
month
Inflow to CETP m’ 415,185 34,599
RO reject m’ 115,321 9,610
Units consumed in kWh (EB) kWh 4,168,830 347,403
Diesel litres (DG) L 74,029 6,169
Units consumed in kWh (DG) kWh 196,992 16,416
Units consumed in kWh (EB+DG) kWh 4,365,822 363,819
Total units vs. inflow kWh/m3 10.0 10.0
EB cost per unit Rs. 9.10 9.10
Total EB power cost Rs. 37,492,478 3,124,373
Diesel price Rs./L 62 62
Cost of Diesel Rs. 4,589,798 382,483
Total power cost (EB + Diesel) Rs. 42,082,276 3,506,856
Power cost (EB + Diesel) Rs./m’ 101 101
Firewood used Kg 7,406,396 617,200
Firewood price Rs./kg 4.2 4.2
Firewood/m3 of reject Kg/m? 64 64
Cost of fuel (firewood) for MEE Rs. 31,106,863 2,592,239
Total energy cost Rs. 73,189,139 60,99,095
Total energy cost vs. inflow Rs./m? 176 (USD 2.7) 176 (USD 2.7)

The main energy parameters for SIDCO and VISHTEC generally follow a similar pattern and are
merged into a summary table.
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Table 6. Energy consumption & cost, Reverse Osmosis + Evaporation, RANITEC, SIDCO & VISHTEC

2015-2016
Average per month
ITEM

Unit RANITEC SIDCO VISHTEC
Inflow to CETP m’ 34,599 28,533 11,871
Units consumed in kWh (EB) kWh 347,403 227,004 9,5795
Units per inflow kWh 10.0 8.0 8.1
Total electricity cost (EB) Rs. 21,567,943 1,407,422 593,928
Diesel consumed L 6,169 1.193 732
Diesel cost Rs. 382,483 73,959 45,353
Cost of power (EB + Diesel)/m® Rs./m’ 101 52 54
Firewood used Ke 617,200 512,902 259,916
Firewood/m® of reject Kg/m® 64 77 88
Cost of fuel for evaporator Rs. 2,592,239 2,277,283 1,143,632
Total energy cost Rs. 6,099,095 3,756,618 1,833,784
Total energy cost vs. inflow Rs./m’ 176 (USD 2.7) 132 (USD 2.0) 154 (USD 2.3)

Remark: Despite some variations, the price of firewood has been taken as Rs. 4.2/kg. Similarly,
despite variations in Diesel prices during the year, its cost was calculated at Rs. 62/L as the yearly
average; also, there are significant differences among plants in using Diesel as a source of energy.

Table 7. Comparison of energy consumption & cost, PST vs. ZLD stage (Reverse Osmosis +
Evaporation), RANITEC, April 2015- March 2016

. Total vs. PST
Item Unit PST ZLD Total %
(1)
1 2 3(1+2) 4(3/1)
Inflow mg/year 415,185
Electrical energy (EB) kWh/year 2,349,980 4,168,830 6,518,810 277%
Total electrical energy vs. inflow kWh/m?® 5.7 10.0 15.7 277 %
Cost of electrical energy (EB) Rs./kWh 9.10
Cost of electrical energy (EB) Rs./year 21,384,818 37,936,353 59,321,171 277%
FIost of electrical energy (EB) vs. Rs./m’ 52 91 143 275%
inflow
LO:\:; electrical energy (EB) consumed || -\ || 8459028 | 15,007,788 23,467,716 277%
Consumption of Diesel fuel L/year 47,711 74,029 12,1740 255%
Diesel price Rs./L 62

252




Total vs. PST

Item Unit PST ZLD Total %
(1]

Cost of Diesel Rs./year 2,958,082 4,589,798 7,547,880 255%
Consumption of fuel, Diesel in MJ MJ/year 1,860,729 2,887,131 4,747,860 255%
Consumption of firewood kg/year 7,406,396 7,406,396
Cost of firewood per kg Rs./kg 4.2 4.2
Total cost of firewood Rs./year 31,106,863 31,106,863
Total firewood consumption, MJ MJ/year 122,205,534 122,205,534
Overall energy consumption Ml/year || 10,320,657 | 140,100,453 | 150,421,110 1457%
(EB+Diesel+ firewood)
Total energy cost (EB+Diesel+ Rs./year || 24,342,900 | 73,633,014 | 97,975,914 402%
firewood)
Total energy in MJ vs. inflow MJ/m® 25 337 362 1457%
Total energy cost vs. inflow Rs./m’ 59 177 236 (USD 3.6) 402%

Note: Minor discrepancies due to rounding up!

The following table shows shares of the main components of energy consumption and costs.

Table 8. Energy consumption & cost comparisons, RANITEC, April 2015- March 2016

tem Rate
%

Share of PST energy in Total energy consumed 7%
Share of ZLD energy in Total energy consumed 93%
Share of PST energy cost in Total energy cost 25%
Share of ZLD energy cost in Total energy cost 75%
Share of electrical energy in Total energy consumed, MJ 16%
Share of thermal (Diesel) energy in Total energy consumed. MJ 3%
Share of thermal (firewood) energy in Total energy consumed. MJ 81%

*including Diesel Values rounded up!

The impact of addition of the ZLD stage (RO + MEE) to the conventional treatment can be

summarizedas follows:

e The consumption of electrical energy went up nearly thr

ee times

e The overall energy consumption (electrical and thermal) went up nearly 15 times
o The cost of electrical energy, including its unit cost (Rs./m*) went up nearly three times

e The total cost of energy (electrical and thermal) went up about 4.5 times

e The share of ZLD energy in total energy consumed is about 94 %

e The share of ZLD energy cost in total energy cost is abou
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Chemicals from the ZLD stage, O&M costs, salt residue

In addition to the usual chemicals used during the primary treatment (lime, alum, polyelectrolytes)
significant amounts of chemicals affecting the TDS content are added during tertiary treatment,
water softening, RO and evaporation steps: hydrochloric acid, sodium metabisulphite, antiscalant,
polyphosphates, caustic soda, sodium bicarbonate etc.

The reported, indicative O&M cost for the year 2015/2016 are between USD 6.9 — 8.7/m’, part of it
assumingly offset by saving the cost of fresh water of about USD 1.4/m>. In absence of reliable data
about raw material input, yields etc. it is not possible to relate the O & M cost to leather output,
educated guesses put them from about Rs. 20/m* (RANITEC), Rs. 23/m?® (SIDCO) to Rs. 40/m’
(VISHTEC), corresponding to USD 0.30, USD 0.35 and USD 0.60 per square metre.

The salt residue represents a very serious environmental challenge, quantities generated are
impressive. Only in year 2015/2016, the RANITEC plant has produced 5043 tonnes, VISHTEC 1818
tonnes and SIDCO 1591 tonnes. Unfortunately, currently there are substantial differences between
the theoretical values for the RO + Evaporation stage and the actual outputs of salt residue at three
plants considered.

Table 9. Apparent gaps in TDS balance at RO stage, tonnes per year

Item Unit RANITEC VISHTEC SIDCO*
RO feed m’>/year 411,652 143,753 254,955
TDS in RO feed mg/L 17,830 17,920 9,160
TDS in RO Feed t/year 7,340 2,576 2,335
Permeate m3/year 296,331 108,315 194,113
TDS in permeate mg/L 860 465 388
TDS in permeate t/year 255 50 75
Reject m’/year 115,321 35,438 60,842
TDS in Reject mg/L 39,210 39,420 36,100
TDS in Reject t/year 4,522 1,397 2,196
TDS in permeate + TDS in Reject t/year 4,777 1,447 2,271
Difference: TDS in RO Feed — (TDS in permeate
+TDS in Reject) t/year 2,563 1,129 64
Difference % 35% 44 % 3%

*actually for nine months only

There are views and computations suggesting substantially lower figures. According to them, the
unaccounted loss at RANITEC is 4.65 %, at SIDCO 3.72 % and only 0.15 % at VISHTEC. However, some
logic and estimates in those computations such as the share of Volatile portion of salt lost in
evaporation or in transportation and some other are very questionable. Obviously, the complexity of
the issue requires extensive, independent monitoring and analysis over at least one year.
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Carbon footprint - the impact of ZLD stage on CO, emissions

Values used for computations:
e Average CO, emissions for electricity production in India: 0.9.kg CO,/kWh (2012)*
e (Calorific value of Diesel used by DG: 39 MJ/L
e CO, emissions from Diesel: 74.1 kg CO,/GJ of thermal energy2
e CO, emission/L of Diesel: (39 x 74,1)/1000 = 2.9 kg CO,/L of Diesel
e Calorific value of firewood used by evaporation boilers: 16.5 MJ/kg
e CO, emissions from firewood burning: 109.6 kg CO,/GJ of thermal energy3
e CO, emission/kg of firewood: (16.5 x 109.6)/1000 = 1.8 kg CO,/kg of firewood
e COD of effluent before biological treatment: 2490 mg O,/L
e COD of effluent after secondary clarifier: 260 mg O,/L
e COD degraded during biological treatment: (2490 — 260)=2230 mg O,/L
e Estimated COD:TOCratio:3:1
e (CO,:TOCratio:3.67:1

Table 10. Leather production, flow, electrical energy & firewood consumption at the CETP+ ZLD
plant RANITEC, 2015-2016:

Item Unit CETP ZLD Total CETP &
ZLD

Total estimated leather produced sq.ft 96,353,038

Total estimated leather produced m’ 8,951,486

Flow ms/year 415,185

Consumption of electrical energy (EB) kWh/year 2,349,980 4,168,830 6,518,810
Consumption of Diesel L/year 47,711 74,029 12,1740
Consumption of firewood kg/year 7,406,396 7,406,396

Based on above values and data it is possible to derive figures for the CF pertaining to the RANITEC
plant and relate them to the estimated leather output.
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Table 11. CO, emissions from the CETP + ZLD plant RANITEC, March 2015 — April 2016

. Total CETP &
Item Unit CETP ZLD
ZLD
Total estimated leather produced sq.ft 96,353,038
Total estimated leather produced m? 8,951,486
Flow m®/year 415,859
Consumption of electrical energy (EB) kWh/year 2,349,980 4,168,830 6,518,810
Consumption of Diesel L/year 47,711 74,029 121,740
Consumption of firewood kg/year 7,406,396 7,406,396
COD removed kg/year 927,366 - -
TOC removed during biological treatment kg/year 309,122 - -
CO, emissions from consumption of
. kg/year 2,114,982 3,751,947 5,866,929
electrical energy (EB)
CO, emissions from Diesel kg/y 138,362 214,684 353,046
CO, emissions from biological treatment kg/year 1,134,478 1,134,478
CO, emissions from firewood for MEE
i kg/year - 13,331,513 13,331,513
boiler
Total CO,, emissions, year kg/y 3,387,822 17,298,144 20,685,966
Total CO,, emissions, year tonnes/year 3,388 17,298 20,686
Total CO,, emissions, % % 16 84 100
CO,. est. emission vs. leather production kg/sq.ft 0.04 0.18 0.22

Note: The figures about CO, emissions include neither leather processing nor sludge disposal, they pertain only
to conventional effluent treatment (CETP) and RO and evaporation stage (ZLD) albeit without disposal of
residual salt.

In summary, the ZLD stage has increased the CO,. emissions of the RANITEC plant by about six times.

Figure 12. Shares of CETP & ZLD stages in the total CO, emissions, RANITEC, 2015-16

CONCLUSIONS

The dramatic situation with water and soil pollution along the Palar River together with public and
buyers’ pressure eventually prompted the TNPCB to enforce the discharge limit for Dissolved solids
(inorganic) of 2100 mg/L; apparently, the ZLD system was imposed as the only approach to
supplement the conventional treatment.
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Reportedly, this has resulted in water consumption close to the theoretical minimum (12 m*/tonne)
and substantial underutilization of CETP & ZLD plants. A very strong opposing view is that i) the
tanners from the area already had a long experience in economizing with water ii) rather complex
water saving and float recycling system is required to achieve such low level iii) the necessary
technology modifications take time and that iv) a close, independent scrutiny is needed to verify this
claim.

The average yearly flow rates along the treatment line in three ZLD plants considered are: the RO
feed vs. inflow from 99 to 101 %, RO permeate vs. RO feed 72 — 76 %, RO reject vs. RO feed 24 — 28
% and the total recovered water vs. inflow 97 — 102 %.

The energy impact of the ZLD stage in relation to the conventional treatment are as follows:
e The consumption of electrical energy went up nearly three times

e The overall energy consumption (electrical and thermal) went up nearly 15 times

e The cost of electrical energy, including its unit cost (Rs./m?) went up nearly three times
e The total cost of energy (electrical and thermal) went up about 4.5 times

e The share of ZLD (RO+MEE) energy in total energy consumed is about 94 %

e The share of ZLD (RO+MEE) energy cost in total energy cost is about 78 %

The reported, indicative O&M cost for the year 2015/2016 are between USD 6.9 — 8.7/m?, part of it
assumingly offset by saving the cost of fresh water of about USD 1.4/m”.

The salt residue produced poses a very serious environmental challenge; in 2015/2016 it was 5043 t
(RANITEC), 1816 t (VISHTEC) and 1591 t (SIDCO). Unfortunately, there are substantial differences
between the theoretical values and the actual outputs; large quantities are “missing” without
convincing explanation.

Computing average CO, emissions for electricity production in India, calorific value of firewood used
by evaporation boilers, CO, emissions/kg of firewood, COD degraded during biological treatment,
estimated COD/TOC ratio and CO,/TOC ratio, it works out that the ZLD stage has increased the CO,,
emissions at RANITEC by more than six times.

There is no doubt that industrial scale ZLD in treatment of tannery effluents is technically feasible,
advanced technologies applied impressive, recycling of the purified water is both logical and
practical. However, the system is not robust and a viable solution for reutilization and/or safe
disposal of solid residue is not in sight; moreover, within about three years O & M cost may exceed
the installation cost.

It is quite late but possibly not too late to thoroughly (re)consider potential alternatives, a
combination of short- and long-term options such as construction of proper sewage systems &
WWTW in the townships in the Vellore District, simultaneous strong support to organized slaughter
of some livestock (buffaloes, goats/sheep) and salt-free preservation, concentration of wet blueing
works etc.

Finally, further work by a multidisciplinary ground team is needed to closer study issues such as
detailed water mass balance, the exact impact of chemicals added and changes in the TDS
composition along the process, optimization of auxiliary processes (ultrafiltration, water softening),
possibly establish a more rigorous data recording etc.
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START-UP OF SIMULTANEOUS REMOVAL OF NITROGEN AND ORGANIC
CARBON FROM SYNTHETIC TANNERY WASTEWATER USING AIRLIFT
SEQUENCING BATCH REACTOR
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Leather Industry Development Institute, P.O.Box 24692 code 1000, Addis Ababa Ethiopia
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Mechanical & Building Sciences (SMBS) Vandalur -Kelambakkam Road Chennai - 600 127, Chennai
India.
School of Chemical and Bio Engineering, Addis Ababa Institute of Technology, Addis Ababa
University, P.O. Box 385, Addis Ababa, Ethiopia

The present study employed airlift sequencing batch reactor system to develop the simultaneous
removal of nitrogen and organic carbon from synthetic tannery wastewater by seeding with
conventional tannery aerobic sludge. The reactor (working volume of 5L) was run for 61d at by
automated control of the SBR cycles, pH, DO and temperature. The reactor was run at 18 at constant
50% volume exchange ratio. The performance of the reactor was evaluated interms of TCOD, sCOD,
BOD, TKN, NH4-N, NO3-N, NO2-N, DO and pH profiles. At the start of the operation, the reactor was
run at an HRT of 10d resulting in MLSS of (3.5-4g/L), during these periods, the reactor shows no
conversion or removal of the ammonical nitrogen for the first 30d an indication that the nitrifier’s
population in the seed sludge was very less. Ammoncal nitrogen conversion started after 30 days of
operation. During this time, the reactor shows almost complete carbon removal and unstable partial
nitrification to nitrite with very less conversion to nitrate. Evaluation of the performance of the
reactor at steady state shows a 94.6% COD, 80£5%NH4-N and 43%TN removal efficiency.

Key words: SBR, Cycle time, Nitrification, Denitrification

1. INTRODUCTION

Tannery wastewater is characterized by high organic carbon and nitrogenous compounds due to the
raw material (raw hides/skins/ and chemicals) used in making leather. The major form of nitrogen in
tannery wastewater are organic N originated from the breakdown of nitrogenous compounds from
processed hides and skin and ammonical nitrogen (NH,-N) originated from deliming
operation(Bosnic, Buljan et al. 2000; Leta, Assefa et al. 2004).The common nitrogen compounds
present in a wastewater treatment plant which may adversely impact the receiving water are
Ammonium ions (NH,"), Nitrite ions (NO,’) and Nitrate ions (NO5).The discharge of too high nitrogen
concentrations into the receiving waters without proper treatment caused dissolved Oxygen (O,)
depletion, Toxicity, Eutrophicaiton i.e.excessive growth of algae, Methamoglobinemia i.e blue baby
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syndrome and deterioration of Water aesthetic quality and odours from decomposing algae(Gerardi
2003).

Biological removal of nitrogen is comparatively the most economical option for industrial and
municipal wastewaters(Miinch, Lant et al. 1996; Henze 2008). Conventionally, it is carried out by a
process called nitrification and denitrification. Nitrification is a two step biological process where
ammoinical nitrogen is first converted to nitrite by ammonium oxidizing bacteria (AOB) and further
oxidized to nitrate by nitrite oxidizing bacteria (NOB). These groups of bacteria are
chemolitoauthotrophs and consume bicarbonate as source of carbon. Biological denitrification is a
reduction of nitrate to nitrogen gas by hetrotrophic bacteria in the presence of organic carbon as
terminal electron acceptor under anoxic condition. Nitrification is the rate limiting step in biological
nitrogen removal and the wastewater C/N ratio is very important for effective nitrogen removal. For
wastewater having low C/N ratio an external carbon source is usually provided(Henze 2008).
Recently some researchers prefer the short-cut partial nitrification denitrification where the
ammonia is first converted to nitrite and then denitrified in the presence of organic carbon. This
process help significant saving in energy and cost of operations(Sinha and Annachhatre 2007).In the
absence of organic carbon and the presence of ammonical nitrogen and nitrite, removal of nitrogen
is also possible under anaerobic condition by Anammox bacteria(Strous, Heijnen et al. 1998).

Primary Pysico-chemical treatment such as screening, flow equalization, coagulation, flocculation
and sedimentation followed by extended aeration system is the most widely used treatment scheme
used for tannery wastewater. Extended aeration system with higher HRT and SRT is employed for
nitrification. Besides, external carbon source is usually added in the denitrification process to
maintain the C/N ratio above 5. This conventional tannery wastewater system is less effective and
costly since there is always large variation in tanning practices and wastewater(Abdallh and
WalidSayedAbdelhalim 2016). Sequencing batch reactor (SBR) technology is advantageous than the
extended aeration process due to their flexibility and higher COD and nitrogen removal rates at
comparatively shorter HRT (Ganesh et al. 2006). The SBR technology provides a possibility of
influencing the microbial system in the reactor(Dohare and Kesharwani 2014). Many modifications in
SBR technology such as continuous flow SBR, sequencing batch biofilm reactor, combined
anaerobic—aerobic SBR have been developed to have functions of biological carbon oxidation,
nitrification and denitrification, and phosphorus removal. Studies on the application of SBR
technology in laboratory, pilot and large-scale treatment systems for tannery wastewater have been
reported by some authors (Farabegoli et al. 2004; Ganesh et al. 2006; Murat et al. 2006). Despite the
large number of studies in simultaneous removal of organic carbon and nitrogen from various
wastewater streams, no systematic approach to simulate tannery wastewater and study the removal
dynamics in SBAR has been done sofar. The current work employed a specially designed SBAR
system with central draft tube arrangement. The draft tube provides adequate mixing by airlift
movement and at the same time supplying dissolved oxygen. It is also provided with online
monitoring and control of pH DO, temperature and SBR cycle times. Daily monitoring of the reactor
performance along with kinetics studies at some fundamental days of operation was used to
evaluate and optimize the performance of the reactor.
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2. MATERIALS AND METHODS
2.1. Composite tannery wastewater

Raw composite tannery wastewater was brought from the equalization tank of Ranitec CETP and
characterized for basic parameters, Table 1.

2.2. Synthetic tannery wastewater

Synthetic tannery wastewater was prepared based on the characteristics data (Table 1) and the
literatures(Faouzi, Merzouki et al. 2013; Anjali and Sabumon 2014).

Commercial milk powder (Nesttle Everyday) was used as sole source of COD and Organic N. One
gram of milk powder was dissolved in luck warm water and analyzed for COD and TKN. The analysis
was repeated several times and the result used for calculating the amount of milk powder required
simulating the composition in composite tannery wastewater, Table 2.

2.3. Seed sludge

A 5L aerobic sludge from aeration tank of Ranitech CETP and 5L anoxic Sludge from anoxic tank of
Vanitech CETP was brought to the lab and settled and washed with tap water and phosphate buffer
and mixed in 3:1 volumetric ratio. A volume 1.5L of the mixed sludge was initially inoculated into the
reactor.

2.4. Airlift Sequencing Batch reactor

A specially designed SBAR with central draft tube for mixing and aeration was used for the study.
The cylindrical reactor was constructed with plexi glass and had a nominal dimension of 80cm
height, 10.0cm diameter, and 64cm effective liquid depth and 5L liquid capacity. It has a 16cm
headspace and 60.5cm long central draft tube with aeration perforations at the bottom of the tube.
Air is supplied at the top of the reactor down to the tip of the draft tube and released at the bottom
whereby creating mixing and aeration. The draft tube was designed in such a way that there were
uniform mixing, aeration and ease of cleaning. This system reduces the need to have additional
mixing arrangement during aeration. The reactor is equipped with influent peristalitic pump, air
blower, acid and alkali feed pumps, pH, DO and Temperature sensors, solenoid valves and effluent
collection tank. The operations of the reactor were controlled by PLC controller. The controller is
linked with input measurements from pH sensor, DO sensor, temperature sensor and timer. The
schematic diagram of the SBAR is depicted in Figurel

2.5. Operation of the reactor

The reactor was filled with 1.5L of seed sludge and make up to 5L of the reactor volume with
synthetic wastewater of composition in table 2&3. Aeration was started and at the end of the
aeration the reactor mixture was allowed to settle for 30min and 2.5L of the supernatant decanted
at the end of the cycle. The reactor was run at 10d SRT resulting in MLSS (3.5-4g/L). The MLSS was
measured every two days and calculated amount of the excess sludge was withdrawn from the
reactor.
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The reactor was operated at room temperature (29-31°C). The pH was controlled online throughout
the operating days, 0.25M NaHCO; and 0.25MHCL solutions were used to maintain the reactor pH in
the range (7.25-7.3). A relatively alkaline pH was very important for selective enrichment of AOB and
therby maintain partial nitrtification to nitrite(Kim and Seo 2006). The DO was controlled at 1mg/L
through an on-off control of the air blower. Maintaining low DO elevated the growth yield of
ammonia oxidizers by double but with a reduced substrate utilization rate (Hanaki et.al, 1990).

The cycle time was also controlled by setting sequentially the time for feeding, aeration, settling and
decanting. The feeding time was 9min, settling 30min and decanting 6min. The reactor is operated
at 50% volume exchange ratio and at the end of every cycle 2.5L of reactor volume is drained.

2.7. Kinetics Study

At some fundamental operating dates when the reactor shows steady state performance, kinetics
study was conducted for TCOD, sCOD, BOD,TKN, NO3-N, NO2-N, Alkalinity, pH, DO, and
MLSS/MLVSS for complete cycle time.

Flow control
Flow control
DO pH
sensor sensor
Feed pump m
<
KA Q [_l!
L )
Sem ey PLC

controller

—><— Time control

e

:

Wastewater 4@'—’
Feed Tank
\Draft
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Figure 1: Schematic diagram of the SBAR system
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Table 1: Characteristics of combined tannery wastewater (analytical values represent the average of

10 analysis)
S/N Parameters Values®
1 pH 7-9
2 suspended solids (mg/L) 2500-3500
3 COD (mg/L) 3500-6500
4 BODs, 20 °C 1400-3000
5 Sulphate (mg/L) 1500-3000
6 Sulphide (mg/L) 20-40
7 TKN (mg/L) 400-550
8 NH4-N (mg/L) 100-400
9 Chromium (I11) mg/L 50-70
10 Chloride (mg/L) 5000-8500
11 TDS (mg/L) 12,000-20,000

®Each parameter was analyzed 10 times

Table 2: Composition of synthetic tannery wastewater used for the study

S/ Name of chemical Amount (mg/L) Equivalent values
1 Milk powder (industrial grade 2500 TCOD 4500-6000mg/L?
Nesttle Everyday milk powder) sCOD equivalent 3000-

3600mg/L"
Org-N equivalent 150-160mg/L*

2 (NH4)2s04 1378 NH4-N equivalent 250-290mg/L*
TKN equivalent 400-450mg/L®

3 MgS04.7H20 25

4 FeSO4.7H20 20

5 KH2PO4 88

6 K2HPO4 90

7 Na2CO3 66

8 NaHCO3 105

9 CaCl2.2H2 30

10 Trace Element solution iml

ab.cd e

are measured values for 10 analysis

Table 3: Chemical composition of trace element solution

S/N Name of chemical Amount(mg/L)
1 FeCl3.H,0 1500
2 H3BOs 150
3 Kl 30
4 MnCl,.4H,0 120
5 NaMnO4.H20 60
6 ZnS0,4.7H,0 120
7 CaCl,.2H,0 150
8 CuS04.5H20 30
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Result and Discussion

The results of the start up of the reactor are described in figure 2. The results are presented interms
of the reactor loading rate applied (Figure 2(a), the removal efficiency interms of COD (Figure 2(b) ,
NH4-N (Figure 2 (c) and total nitrogen (Figue 2(c). Besides removal kinetics in one complete cycle
interms of COD, NH4-N, NO3-N, NO2 (Figue2 e, f, g,h) are also discussed.

The first 60 days of the reactor operation shows the start up time, nitrite accumulation and
denitrification via nitrite. The start-up and operation of the SBAR during this phase involved the
control of pH, DO, HRT, SRT and temperature, which favour a conducive environment for HB and
AOB and non-conducive environment for NOB’s

The reactor loading rates interms of organic lading was 3.5g/L.d and interms of nitrogen was
0.236g/L.d and the COD removal starts in just two days of the reactor operation while the ammonia
removal started after 30 days of operation. Figure 2 (b) shows the initial mixed liquor and effluent
COD concentration s and the associated removal efficiency, as the graphs shows the efficiency was
above 90% during whole start up period. Figure 2(c) shows the initial mixed liquor and effluent NH4-
N concentrations and associated removal efficiency. The graphs shows improved NH4-N removal the
start up period (days 30) . Figure 2(d) shows the total nitrogen removal efficiency and the graphs
shows higher removal efficiency after the start up of nitrification (day 30) indicating that nitrification
is a rate limiting step in total nitrogen removal.

Figure 2((e), (f), shows the NO2-N and NO3-N, NH4-N and COD profile at steady state operation. This
profile clearly shows the ammonia conversion in one complete cycle time (18hrs). All the profiles
show increasing NO2-N and NO3-N concentrations but the increase in NO2-N is very high and for
NO3-N was insignificant. While Figure 2((g) and (h)) shows the profile including NH4-N and COD
respectively. This profiles shows decrease in both COD and NH4-N and increase in NO2-N and NO3-N
as a result of the ammonia oxidation. The graphs clearly show partial nitrification of NH4-N to NO2-
N.

There was insignificant oxidation of nitrite to nitrate during this phase of operation, this indicates
relatively higher start up period required for NOB compared to AOB and hetrotrophs (Ganesh,
Sousbie et al. 2015) and the relatively higher pH and low SRT maintained favor AOB more than NOB.
The SRT was maintained in the range 10days resulting in MLSS of (3500-4000mg/L). Partial
nitrification and organic carbon removal was achieved, denitrification plays a role in the organic
carbon removal mainly during the anoxic feeding and initial period of aeration. During this phase of
operation, the reactor shows 94.6%COD removal, 80% NH4-N oxidation to nitrite and 43%TN
removal under steady state.
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(g) NH4-N, NO3-N and NO2-N profiles (h) COD, NH4-N, and NO2-N profile on 48th
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Figure 2: The reactor loading rates and effluent characteristics (a), the COD removal efficiency and
initial mixed liquor and final effluent characteristics (b) , the NH4-N removal efficiency and initial
mixed liquor and final effluent NH4-N(c), the initial and effluent total nitrogen and the total nitrogen
removal (d), The reactor NO2-N and NO3 profile on day 47 (e), The reactor NO2-N and NO3 profile
on day 52 (f), the reactor NH4-N(g), NO2-N and NO3-N profile on day 48 (h), the reactor COD, NH4-
N(g), NO2-N and NO3-N profile on day 52 (h)

CONCLUSION

Simultaneous removal of organic carbon and nitrogen was possible from synthetic tannery
wastewater using sequencing batch airlift reactor. The startup time for COD removal was very short
while that for ammonia removal was higher and the study shows a start up time of 30 days for the
case of synthetic tannery wastewater compositions used in this study. Operating the SBAR at low
SRT (10d) shows partial nitrification to nitrite and the total nitrogen removal was higher when the
ammonia conversation was high.
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MFC is one of the developing technologies to tap electrical energy from tannery effluent treatment
plant without affecting its treatment efficiency. In the present study, a vertical MFC reactor has
been used in order to simulate the real effluent plant which is partitioned into two sections by
proton exchange membrane. The upper portion acts as an air cathode and the bottom part contains
anaerobic biomass which acts as an anode, where the effluent gets treated. During treatment the
organics present in the effluent gets degraded by sludge biomass and as a consequence electrons
and protons are generated along with by-products. Electrons move through external circuit whereas
protons migrate towards proton exchange membrane thereby generating a potential difference
which is used for power generation.

Experimental studies were conducted in order to enhance the effluent treatment process and power
generation. Increasing the surface area of the electrode enhances only the power generation
whereas when the anaerobic biomass is subjected to diligent mechanical disintegration along with
increased electrode surface area, enhancement of both effluent treatment and power generation
were observed.

In control studies the maximum open circuit potential was 0.5 V with current generation of 0.1 mA
(at 10Q), Coulombic and COD removal efficiencies were 4 and 76% respectively. In the experimental
reactors, where the surface area of the electrode alone was increased (3.5 times), an enhancement
of 22% in voltage, 13% in current and 3.5% in power were observed. The Coulombic and COD
removal efficiencies were 5.2 and 86% respectively. In this study a new approach was adopted by
introducing a diligent mechanical disintegration in order to enhance the power generation as well as
coulombic and COD removal efficiencies. Thus, enhancement in potential difference of 53%, current
28% and power 15% were achieved, and as a consequence the Coulombic and COD removal
efficiencies were significantly improved to 13 and 90% respectively. At this stage it can be concluded
that, by increasing the surface area of the electrode and the microbial maintenance energy
requirements (i.e., by diligent mechanical disintegration) an enhancement in overall performances of
MFC can be achieved.

Keywords: Tannery effluent treatment, MFC, Current generation, COD removal, Coulombic
efficiency, mechanical disintegration
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INTRODUCTION

Microbial Fuel Cell (MFC) is one of the emerging technologies to tap bio-electrical energy from
effluent treatment without affecting the efficacy of the treatment plant. One of the biological
methods i.e. activated sludge processes is being followed to treat industrial effluents. The NEERI
report (1997) stated that processing of 1 kg of leather can approximately generate 40 L of effluent.
As a result tanning industry generates nearly 15 million litres of effluent for processing 1 ton of raw
skins and hides. New technologies are being introduced for tanning process in order to reduce water
consumption (Silambarasan et al. 2015) however the effluent generations are not fully avoided.
These effluents were collectively treated at common effluent treatment plant (CETP). During
treatment, the effluent organics were degraded by microorganisms (i.e. biomass) and generates CO,,
electrons and protons. These electrons and protons are utilized in such a way for the generation of
electricity through MFC (Gupta et al., 2011, Rahimnajad et al., 2015). MFCs were classified into two
types based on electron transportation. The microorganisms that are electrochemically inactive,
requires mediators such as thionine, methyl viologen, humic acid etc., to transfer electrons from
microbial cell to electrode (Pandey et al., 2011). The organisms which are electrochemically active,
does not require any mediators and the transfer of electron taken directly from microbial cell to fuel
cell electrodes (Chang et al., 2006). However, the mediators are expensive and even toxic to
microorganisms if the concentration is more than the threshold limit. Rabaey et al., (2005) identified
that anodophilic consortium are able to transfer electron directly from microbial cell to electrode.
Park and Zeikus, 2002 stated that mixed culture generates six times higher power than axenic. Gil
et al., 2003 reported that in microbial fuel cell the rate limiting steps are the oxidation of fuel,
electron transfer from microbial cells to electrode, electric load, and proton transfer into cathode
section, oxygen supply and reduction at cathode. In the past, studies are carried out mostly by dual
chamber MFCs separated by proton exchange material/salt bridge with the specific microbes and
synthetic effluent for power generation. One part is considered as anode in which microbes and
effluent were presented, and in cathode oxidizing agents such as potassium ferric cyanide,
permanganate, potassium persulphate was added. Rabaey et al., (2003) uses Geobacteriaceae with
glucose as fuel and generates maximum power density of 3.2 W/m®. Similarly Deval and Dikshit,
(2013) studied with salmonella species with sodium acetate as fuel, and Bacillus megaterium with
artificial wastewater and distillery wastewater as fuels which generated maximum potential of
0.491V and 74mV respectively.

Studies show that single chamber up flow and tubular MFC reactors were also used to treat effluent
using air cathode. Among all, MFCs with air cathode is most attractive and cost effective method
avoiding usage of toxic oxidizing agents. Liu and Logan (2004) studied air cathode single chamber
MFC for electricity generation both with and without proton exchange membrane. The cultured
bacteria from wastewater were used as inoculum, glucose and domestic wastewater as substrate
and thus achieved maximum power density of 262 mW/m?” with coulombic efficiency of 40-55%.

At this point it may be stated that most of the MFC work carried out earlier were dual chamber with
specific microorganism to treat synthetic wastewater using oxidizing agents in cathode section.
However in the present work air cathode was used in vertical MFC reactor to treat tannery effluent
using anaerobic biomass for energy generation. In addition new techniques are adopted to enhance
the overall MFC performance.
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MATERIALS AND METHODS
Anaerobic biomass and Tannery effluent

In the present study heterotrophic anaerobic biomass was used as microbial source collected from
biomethanation plant, Chennai and the tannery effluent collected from CETP, Chennai was used as
organic source. In order to prevent any further degradation sludge and effluent samples were
refrigerated at 4 °C. The Initial characteristics of biomass and effluent are tabulated in Table. 1.

MFC Reactor and operation

Identical perspex MFC reactors were fabricated with the working volume of 1.2 L, equally divided
into two halves by proton exchange material. The bottom is anode part where anaerobic biomass is
presented and the effluent is pumped from the bottom using peristaltic pump for treatment. The
upper part is air cathode and the electrodes were graphite rod with identical in geometry. A
standard copper wire was used to connect the electrodes and the power generated during the
studies was stored in data acquisition system. The schematic representation of MFC reactor set up is

given in Fig 1.
Cathode N
I * Data Acquisition
N System
Nafion membrane -
Aficda \ R Computer
Anaerobic Biomass
i [ [<—Effluentin
effluent
Fig 1. Lab scale MFC reactor
Table. 1 Characteristics of anaerobic biomass and tannery effluent
S. No. Parameters Anaerobic Biomass Tannery Effluent

1. pH 7.65 7.42
2. TS (mg/L) 38.45 --
3. VS (mg/L) 22.32 -
4, COD (mg/L) 1240 6850

Three different experiments were carried out namely C1, E1 and E2. Experiment C1 was considered
as control study in which graphite rods were used as electrodes with the surface area of 13.3 cm?’
each. In E1 the surface area of the electrodes was increased by 3 times (42 cm?) that of control
whereas in E2 the anaerobic biomass was subjected to diligent mechanical disruption in addition to
increased electrode surface area of 42 cm”
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Disruption of anaerobic biomass

Ultrasonic homogenizer (UH) was chosen as disrupting device with the frequency of 20 kHz, model
VCX 750, Sonics Vibra cell, USA. The degree of disruption was determined by soluble COD
measurements with the following expression.

COD, ~COD,
COD, —COD, 1)

DDCOD (%) =

Where CODtis SCOD of treated sludge sample in mg/L; CODiis SCOD of initial sludge samplein mg/L;
CODais SCOD of alkali digested sludge in mg/L.

Energy supplied to treat anaerobic biomass by ultrasonic homogenizer was calculated by the
following expression.

P xt
V xTS

Es (kI /kg)= (2)

Where Eg is Specific energy input in kl/kg; P is Power in kW; TS is Total solids in sludge sample in
kg/L; t is Disintegration time in sec; V is Volume of treated sludge in L.

Analysis

Standard methods for examination of water and wastewater (APHA) are used to characterize and
analyze the anaerobic biomass and effluent respectively. Total and volatile solids in anaerobic
biomass were determined by 2540 G method. The pH in the system was measured using ELICO LI120
pH meter. Chemical Oxygen Demand (COD) was determined by closed reflux titrimetric method
(5220 C).

In order to calculate the current generated the Ohm’s law was used (i.e. V=IR), if external load and
potential difference are known from the experiments. Similarly the power can be calculated by using
the expression P=VI, Current and power densities were determined by surface area of the electrodes
(current density = I/A, power density = P/A, where A is the surface area of anode electrode). The
amount of organics degraded in the effluent was evaluated by COD removal efficiency and the
coulombic efficiency can be calculated by the expression reported by Logan, 2008, which describes
the conversion of effluent organics into electricity.

RESULTS AND DISCUSSION
Effect of surface area and pretreatment on cell voltage

Fig. 2 shows the voltage of MFC reactors operated at different conditions. It was observed that due
to acclimatization of biomass to the tannery effluent, the potential increases slowly during startup
time. As the retention time increases i.e. from 2 to 3 days the potential increases steadily and
reaches the maximum. Thus by comparing with control studies both the experimental reactors
shows higher voltage generation. In reactor E1, where the surface area of electrode was increased a
maximum of 610 mV was generated due to more number of electrons transferred and increased
surface area and thus the probability of electron capture by the electrodes are more. Similarly in
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reactor E2, in addition to increased electrode surface areas, diligent mechanical treatment was given
to anaerobic biomass and thus disintegrates the microbial flocs so that more microbes will
participate in degradation of organics in the effluent. Furthermore some of the microbes may get
damaged during mechanical treatment thereby microbial maintenance energy got increased
resulting enhanced degradation process.
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Fig 2. Voltage generation as a funtion of time

Effect of surface area and pretreatment on power generation

The power generation with the resisitance of 1000 Q in experimental reactors were observed to be
higher than control studies. The reasons may be stated as due to large surface area of anode,
presence of exoelectogenic microbes in biomass and low anodic potential. Thus the power and
current densities were calculated and shown in Fig 3. The Maximum power density of 20.2 mW/m?
was achieved in the reactor E2 where both surafce area and mechanical treatement effects were

introduced.

It was observed from past studies that power density for complex eefluents are lower than the
specific substrates such as acetate, glucose, sucrose,etc. which are easily soluble and assimilated by
microorganisms. Effluent from industries though it contains organic substances that are complex in
nature which are not readily available for microorganisms. Early studies (Rahimnejad et al. 2015)
reported that complex effluents such as starch, anaerobic sediments and domestic shows the power
densities of 19, 20 and 28 mW/m? In tannery effluent it shows even lower than the reported values
which may due to presence of suspended solids, sulphates, phenol, oil and grease which are low
biodegradability in nature. Upon comparing with control studies, the experimental recators E1 and
E2 shows enhancement upto 31.5 and 77 % respectively.
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Fig 3. Power density as a function of current density for different external resistance
Determination of internal resistance

Internal resistance can be determined by using polarization slope method i.e. by plotting potential
versus current and the slope yields the internal resistance. The comparison of the reactors show that
in control study higher internal resistance was observed as 631 Q. It may be related to slow
movement of protons towards the cathode part whereas in experimental the internal resistances
were observed as 397.4 and 259.1 Q for E1 and E2 respectively. At this stage it may be concluded
that the reduction in internal resistance was mainly due to increased surface areas of electrode and
mechanical treatment and thus achieved for E1 and E2 as 36% and 58% respectively.

COD Removal and Coulombic Efficiency

The amount of organics removed during effluent treatment are calculated by COD removal
efficiency. From the studies it was observed that COD removal for all reactors were 76, 86 and 90%
respectively. Compare to control, enhanced in organics removal of 18 and 13% were obtained in
reactors E1 and E2. The coulombic efficiency as function of current density for all reactors are given
in Fig. 4. The coulombic efficiencies of 4, 5.2 and 13% were observed for all reactors. Comparison
shows maximum enhancement of 69% for the reactor E2 was observed where the effects of surface
area and mechanical treatments were introduced whereas in reactor E1 an enahancemnt of 55%
was observed. The Current density, Power density, COD removal efficiency and coulombic efficiency
of all reactors were tabulated in Table 2. The reason for lower coulombic efficiency for all reactors
may be due to electrons loss in the alternate electron acceptors such as sulfate and nitrate
presented in effluent.
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Table 2. Current density, Power density, COD removal efficiency and coulombic efficiency for
different reactors

Experiments Current Power COD Removal Coulombic
Density Density Efficiency (%) efficiency (%)
(mA/m’) | (mW/m’)
Control 37.7 4.6 76 4
SA (E1) 55.5 6.7 86 5.2
SA + Pretreatment (E2) 65.5 20.2 90 13
Conclusions

In the present MFC studies tannery effluent was used as a fuel for power generation. In order to
enhance the MFC performance the effect of increasing the electrode surface area was studied. Thus
an enhancement of 22% in potential, 13% in current, Coulombic and COD removal efficiencies were
observed as 5.2 and 86%. Further, introducing diligent mechanical treatment on biomass along with
increased surface area, an additional enhancement was observed as 53% in potential, 28% in current
were achieved and as a consequence Coulombic and COD removal efficiencies were also increased
to 13 and 90% respectively. Though the columbic efficiency in this study appears to be still lower,
the main reason is the presence of sulphates, and nitrates in the tannery effluent which acts as an
alternate electron acceptor affecting the MFC power generation. In order to alleviate the problem
associated with MFC performance, segregation of tanning process effluent or separate treatment
process to make the effluent free from alternate electron acceptors for better power generation.
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Environmental challenges due to depletion of quality water resources and increase in salinity, it has
become necessary to control Total Dissolved Solids (TDS) in the treated effluent with water recovery
wherever feasible. Adoption of special membrane system has been engineered in many individual
and Common Effluent Treatment Plants (CETPs) in India, China and other leather producing
countries. The sustainability of saline reject management is one of the major challenges.

Conventional tannery wastewater treatment systems include physiochemical and biological
treatment to reduce Chromium, BOD, COD and Suspended Solids. To tackle treated effluent with
TDS in the rage of 10000 to 30000mg/I, multiple stage high pressure membrane units have been
designed and implemented for recovery of water. To reduce the chemical usage and sludge
generation in the tertiary treatment, Membrane Bio-Reactor (MBR) has been adopted which replace
secondary clarifier and sophisticated tertiary treatment units such as Reactive Clarifier, Ultra-
filtration (UF), etc. Commercial scale high-tech membrane systems have been implemented in many
locations for the capacities ranging from 500 to 10000m>/day.

This paper deals with the recent developments on the environmental protection techniques in
tannery wastewater treatment with focus on water-recovery for reuse, salt recovery, marine
disposal of saline reject with proper bio-control system, etc. Details of applied innovative treatment
technologies are provided in this novel technical paper. Sustainability of the Asian Leather Sector
due to enforcement of new and stringent environmental regulations is also dealt in this paper.

Keywords: Effluent Treatment System, Environment, Sustainability, Water Recovery.

1. INTRODUCTION

Annual leather process in Asian Countries is estimated at 8 to 10 million tons of hides and skins
which is more than 50% of the estimated World leather production of about 16 million tons per
year. Wastewater discharged from world tannery sector is about 600million m®/annum. The
tanneries in Asian countries including India, China, Vietnam, etc. discharge more than 350 million m?

of wastewater per annum.

The conventional physiochemical and biological treatment systems are designed and implemented
only to reduce Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Suspended
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Solids (SS), Heavy metals etc. and not TDS and salinity which are mainly contributed by chlorides,
hardness and sulphates. Due to inherent quality of wastewater from tanning industry, the treatment
plants are unable to meet the prescribed standards in terms of TDS, chlorides in salinity in the
treated effluent.

There is not much scope in mixing the treated tannery effluent with domestic sewage to achieve the
TDS level in many locations in Asia in the absence of organized sewage treatment plants of required
capacity. Many polluting industries including tanneries are located in the land locked areas and there
are constraints to discharge the treated effluent with high TDS in the Sea.

The TDS limit is being enforced in India and other parts of the World depending upon the final mode
of disposal. In addition to the removal of TDS in the treated effluent, it is necessary to recover water
for reuse to meet the challenge of water shortage. In many states in India, the pollution control
authorities insist on water recovery integrated with Zero Liquid Discharge (ZLD) system. However,
the achievement of Zero Liquid Discharge concept has got many technical challenges in addition to
the application of various types of membrane systems. Management of the concentrated saline
stream treatment by adopting energy intensive evaporation system seems to be one of the major
issues in land locked areas.

This technical paper deals with the recent developments on the environmental protection
techniques in including water recovery from water discharged from tanneries and other industrial
waste water treatment with focus on sludge reduction water recovery for reuse and salt recovery,
marine disposal of saline reject with proper treatment and guard, etc. Case studies of major projects
implemented in India, Spain, China, etc. and saline reject disposal coastal zones are covered in the
novel technical paper.

2. IMPROVED TREATMENT SYSTEM FOR SLUDGE REDUCTION, WATER RECOVERY & TDS
MANAGEMENT

Due to inherent quality of industrial wastewater such as textile dyeing units, tanneries etc., the
conventional treatment plants are unable to meet the prescribed TDS level of 2100 mg/l in the
treated effluent. In addition to TDS management the control of volatile solids in hazardous category
sludge is also becoming a necessary.

There is not much scope in mixing the treated industrial effluent with domestic sewage to achieve
the TDS level in many locations in the absence of organized sewage treatment plants of required
capacity. Many polluting industries are located in the land locked areas and there are constraints to
discharge the treated effluent with high TDS in the sea.

The TDS limit is being enforced in many parts of the world depending upon the final mode of
disposal. In addition to the removal of TDS in the treated effluent, it is necessary to recover water for
reuse to meet the challenge of water shortage. In many states in India the pollution control
authorities insist on water recovery integrated with Zero Liquid Discharge (ZLD) system.

For control of sludge and recovery of quality water from wastewater, the required treatment steps
are (i) Chrome recovery and other in process control including cleaner production (ii) Conventional
physiochemical and biological effluent treatment systems to reduce BOD, COD, SS etc. and (iii)
Tertiary treatment systems including, micro-filter, low pressure membrane units such as ultra-
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filtration etc., before the application of single or multiple stage Reverse Osmosis (RO) system. A
special treatment process for recovery of water from waste water is given in Figure 1.
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Fig. 1 - Process Flow Diagram for Tannery Waste Treatment & Integrated Saline Management —
New and First of its kind

After primary and secondary treatment units, Reactive Clarifier, Dual Media Filter, Micro Filter,
Ultra-Filter (UF) are installed prior to RO system for recovery of water.

The number of stages and types of RO system are based upon the TDS concentration in the feed
water, estimated percentage of quality water recovery and reduction in volume of saline reject. High
pressure Sea water membrane is adopted for handling treated effluent with TDS concentration more
than 10,000 mg/Il. The quality water recovery rate could be achieved to the level of 70 to 90%
depending upon the feed water TDS level, type and stages of membrane system etc. In addition to
recovery and reuse of quality water by the industry, the additional benefits are savings in chemical
usage in the tanning process and reduction in pollution load in the effluent. The reject saline stream
from RO system needs to be managed by adopting the options of forced / thermal evaporation
system or disposal into Sea wherever feasible with suitable control.

A
Fig. 2 - Amiad Filter & Ultra-filter (UF)

Many full scale membrane systems have been installed for recovery of water from domestic and
tannery wastewater with capacities ranging from 100 to 20000m3/day.
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3. MEMBRANE BIO-REACTOR (MBR) INTEGRATED WITH RO SYSTEM

Membrane Bio Reactor (MBR) system is commonly adopted in many countries to remove the
residual BOD, suspended solids / coliform, etc. from the effluent. After treatment with MBR, the
water is applied through RO system for removal of TDS and salinity to get drinkable quality water
with TDS less than 500mg/l. A Common Effluent Treatment Plant (CETP) in Spain with MBR and RO
system for water recovery was established in 2005. Recent times many CETPs in India have adopted
MBR and other membrane system for water recovery and reuse from the tannery effluent. After
MBR / UF treatment, the suspended solids and BOD values in the effluent are below detectable level
and taken for treatment with RO system for recovery of water after the removal of TDS and salinity.

In China also water is becoming a scarce commodity in many locations. Expansion of high water
consuming industries is allowed only if they are provided with water recovery system in the effluent
treatment plants. To recover water from the tannery wastewater, submerged MBR linked with
activated biological treatment is provided in the first stage. Following MBR system an RO plant in
“Christmas Tree” configuration has been installed and operated at 12-16 bars. The RO plant
produces about 70% permeate and 30% concentrate. The quality of the recovered water meets the
drinking water standards. The saline water concentrate stream is further treated with Fenton
process before disposal.

A view of the submersible MBR in one of the tannery effluent treatment plants in China is shown in
Figure — 3.

Fig. 3 - Reverse Osmosis system following MBR / UF

The Nano Filtration (NF) is adopted for removal of colour and salts such as sulphates from the
treated effluent after ultra filtration or MBR stage. Nano-filtration membranes are operated under
low pressure with high yield of about 90%. Adopting NF will improve the efficiency of RO in water
recovery and to decrease the volume of saline reject.

Multiple stage evaporators using thermal and electrical power have been installed for evaporation of
the reject saline stream from RO system. However, there are many technical issues such as
constrains in continuous operation of the system, meeting the required quality of the condensate
water from the evaporator for reuse, management / utilization of the recovered salt with impurities
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etc., The capital and operational costs are also high. Further techno economical review and modified
options are required on the sustainability of the system particularly in land locked areas.

4. MARINE DISPOSAL OF TREATED SALINE STREAMS FOR TDS MANAGEMENT

A novel technological development has been made for the drawl of Seawater of 30,000m>/day from
nearby Sea for the desalination plant integrated with a major leather complex in South India. Out of
the total water quantity, freshwater of about 10,000m*/day will be generated and the remaining
20,000m>/day will be discharged into Bay of Bengal with special bio-control and dispersion system to
safe guard the aquatic life. The leather complex will be using the freshwater generated by
desalination plant for its process requirements and 9,000m?/day wastewater will be treated, mixed
with saline reject of the desalination plant, stored in a water tight pond for a capacity of about 10
days and discharged into the Sea by laying 5 km pipeline using high pressure HDPE pipe and special
sprinkling system. The combined treated saline stream with a quantity of about 29,000m?>/day will
be discharged once in a week under the overall control of environmental protection authorities.

With the support of many National Institutes and other organizations, model studies were carried
out in finalizing the novel marine outfall. The spreading of an effluent cloud released in a marine
environment is governed by advection caused by large scale water movements and diffusion caused
by comparatively small scale random and irregular movements without causing any net transport of
water. Hence, the important physical properties governing the rate of dilution of an effluent cloud in
coastal waters are bathymetry, tides, currents, circulation and stratification.

A five port diffuser systems with 0.18 m diameter is planned with a jet velocity of 2.5 m/sec, for the
release of treated effluents and reject water from the proposed desalination plant.

The Environmental Clearance (EC) and approval has been accorded by Government of India to this
unique integrated project with water recovery using desalination process, tannery wastewater
treatment, novel and safe saline reject disposal into Sea without affecting the marine life which is
first of its kind in India.

5. Technological developments in Asian and major leather producing countries

The recent developments in cleaner production and waste management in Asian and other major
leather producing countries are given in Table 1.

Table 1 - Technological Developments in Environmental Protection
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Country

Research & Technological Development

BANGLADESH

The main tannery cluster in Bangladesh is located in Dhaka city. Tanneries
introduced cleaner technologies and chrome recovery system etc. with the support
of UNIDO. The tanneries from the Dhaka city are being relocated in a newly
developed industrial estate with Common Effluent Treatment Plant (CETP) of
30MLD capacity.

CHINA

Currently there are about 800 tanneries. Till now, about 13 CETPs are in operation,
some more are under planning. Planned to reduce the volume of water usage and
pollution load at source through cleaner production programme. The tanneries are
permitted to expand the capacity without increase in the water usage. One of the
major tanneries has implemented the MBR and RO system for water recovery and
reuse.

Fig. 4 - Submerged Membrane Bioreactor

As such there is no specific restriction on the Total Dissolved Solids (TDS) or salinity
norms for the disposal of treated effluent. However meeting the BOD, COD norms
for the saline streams from RO is one of the issues being addressed by new
technological development. As a sustainability measure new licenses are given to
tanneries with a processing capacity of more than 3000 tons /year of raw hides and
skins.

INDIA

A biggest CETP in Asia with a capacity of 48,000m>®/day (48 MLD) for 450 tanneries
is being planned with a budget of about 60 million USD in Kanpur city. Zero Liquid
Discharge concepts by adopting membrane system for recovery of water from
tannery effluent have been implemented in the South Indian tanneries at a cost of
about 100 million USD.
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Country

Research & Technological Development

Fig. 5 - UASB system with Bio-Energy generation from a CETP in India.

Disposal of the saline stream from membrane units in land locked areas is one of
the unresolved technical challenges. Treated effluent is mixed with treated
domestic sewage and utilized for green development in some of the land locked
areas. Decentralized secured landfill system linked with CETPs for leather sector had
been implemented in many tannery clusters. (First of its kind in the World). R&D
activities on bio processing are under progress.

ITALY

Total aerobic biological oxidation system without the use of chemical is adopted in
major CETPs for reduction of COD and sludge generation. Thermal treatment of
sludge, energy generation from volatile organic matter and overall sludge
management are followed. Central chrome recovery and reuse system are being
adopted in many locations.

Fig. 6 — Extended Aerobic oxidation for sludge reduction in a CETP, Italy

NEW
ZEALAND

Enzymes and unhairing process is becoming more popular. Elimination of salting of
skins by introducing chilling process in selected areas, Sulphide oxidation, pH &
settleable solids control and discharge of effluent into public sewer system.

ROMANIA

R & D activities in Cleaner Production and Environmental Protection are being
carried out in National Research and Development Institute for Textiles and Leather
(INCDTP) / ICPI. Many co-operation programmes in association with COTANCE and
other institutions are under progress in Bucharest, Romania. Media and
Conferences are effectively used to promote the importance and image of leather
industry and environment protection activities.
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Country Research & Technological Development
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lisTmyJjob)
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to promote the importance
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activities

ICAMS 2014 -
ROMANIA

Fig. 7 —ICAMS 2016 — Romania

RUSSIAN Many institutions such as Department of Leather and Fur Technology. Water

FEDERATION Recourses and Commodity Research, East Siberia State University of Technology
and Management, Ulan-Ude, Russia and other industrial organizations promote
technological development and environmental protection in leather and other
industrial sector.

Fig.8 — Environmental Protection - LAKE BAIKAL — SIBERIA
25% of World’s Quality Water — Preserved without Pollution

TAIWAN Currently there are about 50 tanneries in operation in Taiwan. The tanneries are
having individual treatment plants with capacities ranging from 300 m®-
2000m*/day. They adopt conventional physiochemical and biological treatment

systems.
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Country Research & Technological Development

TURKEY There are about 540 tanneries existing in 14 zones. Eight Common Effluent
Treatment Plants (CETPs) have been established and are in operation. The biggest
CETP with a capacity of 36,000m>®/day is in Tuzla near Istanbul. The other major
tannery cluster is in lzmir with an integrated CETP. The tanneries had resettled in
industrial zones. The treated effluent is disclosed in to sea for TDS management
with special bio-control.

Fig. 10 - CETP in Istanbul, Turkey with Sea discharge for TDS management

R&D activities on cleaner production and environmental protection are being
continued in universities such as Ege University, lzmir etc. Sludge disposal is a major
problem similar to other countries.

6. CONCLUSION

The leather production activities especially raw to semi-finishing process are being shifted from the
developed nations such as United States, West European Countries, to Asian, North African and Latin
American Countries. The major tanneries in leather producing Countries such as China, Italy, India,
Russian Federation, etc. have to develop and adopt new environmental protection measures such as
adoption membrane system, water recovery, etc. due to enforcement of stringent environmental
regulations. The sustainability of the small-scale units is becoming a serious issue to meet the new
environmental requirements. Major investments are being made for environmental protection and
resettlement of tanneries from the urban areas to the industrial parks with common effluent
treatment plants. New regulations and restrictions such as REACH on the use of certain chemicals,
salinity and water recovery under zero discharge concepts, disposal/management of chrome
containing sludge etc. envisage continued Research & Development activity. Innovative tanning
processes which will greatly reduce the water and chemical usage and minimize solid waste
generation are needed together with overall environmental planning and management.
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EYELETS

LINING SPORT MESH

PADDED CALLER UPPER LEATHER

WEBBING
TAPE

LACE TAG SOLE PVC LEATHER FLAG WELT

The Children’s feet grow at a rapid rate thus necessitating a frequent change in footwear to
accommodate this foot growth. In order to provide correct fitting shoes for them it is essential to
gather reliable foot dimensions of children which was done through a ‘digital capture’ of the foot
images.

A novel method of ‘cluster analysis’ led us to compress the complete children’s size range from
Children Size 10 to Adult Size 3 into only 5 Groups which helped in optimizing the size range to be

manufactured, accommodated the foot growth in children and also reduced the frequency of
footwear change.

New features: The Children’s (both Boys and Girls) foot dimensions were reliably captured through a
unique ‘3D Digital Capture’ of the foot images. An innovative Statistical technique of ‘Cluster
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Analysis’ of the foot data captured, led us to compress the complete children’s (both Boys and Girls)
size range into only 5 Groups which helped in optimizing the size range to be manufactured, covered
children having different foot sizes comfortably, accommodated the foot growth in children and also
reduced the frequency of footwear change.

The New Lasts developed are only ‘five’ in number and cover the entire spectrum of existing sizes of
Children’s Feet as spelt out in the conventional sizing systems available. Thus, the new feature of our
Lasts is that the number of sizes of ‘Lasts’ that would be required will be less but at the same time
there would be no compromise on the ‘comfortable fitting’ of all Children in the age group studied.
Thus, from the data derived it is clear that the new Dimensions derived by us give the Lasts
developed for Children’s Shoes in our Project a Wider Girth at the Ball and Instep points as well as a
longer length which would help in accommodating the “growing feet” of the Children as well as
provide them with a more comfortable shoe.

Children’s Sizing Groups and Last parameters for each of these groups

Since the Children’s feet grow at a rapid rate thus mandating a frequent change in footwear to
accommodate this foot growth, we felt that in order to provide correct fitting shoes for them it is
essential to gather reliable foot dimensions of children and statistically analyze the data to derive
the dimensions of the “lasts” which would fit the children — both Boys and Girls, perfectly providing
for a Comfortable Footwear.

Accordingly, the Children’s (both Boys and Girls) foot dimensions were reliably captured through a

unique ‘3D Digital Capture’ of the foot images. Sophisticated Statistical technique, led us to
compress the foot data captured and resulted in the optimization of the complete children’s (both
Boys and Girls) size range into only 5 Groups which helped in minimizing the size range to be
manufactured. The newly developed sizing system covered children having different foot sizes
comfortably, accommodated the foot growth in children and also reduced the frequency of
footwear change.

The new Dimensions gave the Lasts developed for Children’s Shoes in our project a wider girth and a
length which helped in accommodating the ‘growing feet’ of children and the fitting of the Children’s
Feet comfortably in the ‘correct group’ as opposed to the regular Size to Size standard increments
available in the existing conventional ‘lasts’ for Children.
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The derived LAST PARAMETERS are:

PARAMETERS GROUP II GROUP lil

FOOT LENGTH (R) 202.5 214

FOOT LENGTH (L) 203 214.5

FOOT BREADTH (R) : 87

FOOT BREADTH (L) : 88

BALL GIRTH (R)

BALL GIRTH (L)

INSTEP GIRTH (R)

INSTEP GIRTH (L)

HEEL GIRTH (R)

HEEL GIRTH (L)

HEEL GIRTH
CIRCUMFERENCE (R)

HEEL GIRTH
CIRCUMFERENCE (L)

Units in mm
The above ‘Last Proportions’ derived for the Children’s Shoes are unique and novel.

This would result in the easy accommodation of Children with different foot width in any of the Size
groups and would also result in them reducing the frequency of footwear change as they would not
outgrow their footwear for a long time as compared to conventional footwear made according to
existing Sizing system which would certainly necessitate a higher frequency of footwear change as
the children would outgrow their shoes faster.

The ‘reduced’ number of lasts also makes manufacturing easier and results in better productivity
and faster turnaround times, if different styles have to be manufactured simultaneously.
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Inventiveness: The values of Length, Ball Width, Ball Girth and Instep Girth dimensions that are used
to model the Children’s Lasts for both Boys and Girls are significantly different from the existing
values of the Children’s Lasts. The new Dimensions give the Lasts developed for Children’s Shoes in
our project a wider girth and a length which helps in accommodating the ‘growing feet’ of children
and the fitting of the Children’s Feet comfortably in the ‘correct group’ as opposed to the regular
Size to Size standard increments available in the existing conventional ‘lasts’ for Children. This would
result in the easy accommodation of Children with different foot width in any of the Size groups and
would also result in them reducing the frequency of footwear change as they would not outgrow
their footwear for a long time as compared to conventional footwear made according to existing
Sizing system which would certainly necessitate a higher frequency of footwear change as the
children would outgrow their shoes faster.

The ‘reduced’ number of lasts also makes manufacturing easier and results in better productivity
and faster turnaround times, if different styles have to be manufactured simultaneously.

Industrial Applications: The ‘LASTS’ developed for the Children’s Shoes would be used by ‘Last’
manufacturers to make multiple lasts and the Children’s Footwear manufacturers would use these
lasts to develop ‘Children’s Shoes’ which would be of correct fit and comfortable for the Children
wearing them.

DESIGN — - MATERIAL SELECTION

L SHOES

LI

Significant outcome
e Foot dimensions of the growing Children’s feet captured through an Anthropometric
survey using Digital Image Capture Technique
e Statistically analysed the captured Data for ‘Cluster Grouping’ of foot sizes
e Modelled the derived Last parameters
e Incorporated Children’s Footwear Trends in styling their shoes
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Enhanced the comfort of the shoes through an appropriate selection of components
and accessories

Fabricated special fitting lasts

The styling was done to ensure the ‘comfort’ and ‘safety’ of the children.

Colours incorporated in the styling of these shoes in harmony with the House to which
these Children belong

Shoes fabricated and the wear trials carried out for ‘Fit’ and ‘Comfort’ feedback
Leather flag in House color printed with project name (STRAIT). Webbing tape in
House color.

Fabricated of 480 pairs of footwear for children

Performance and Wear Evaluation of fabricated footwear carried out

Gait Analysis assessment for comfort after wear trials

Ready for commercialisation
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STUDY OF DYNAMIC FOOT PROFILE OF PERSONS WITH DIABETES USING
PLANTAR PRESSURE ANALYSIS

Sathish Babu.G*, Priyadharshini.R, Saraswathy.G, Das.B.N, and Vijay Viswanathan

Shoe and product development center, CSIR-CLRI, Adyar, Chennai 600020, India
Email: sathishbabuin@gmail.com
M.V.Hospital for Diabetes, No 4, West Mada Church Street, Royapuram, Chennai 600013, India
Email: drvijay@mvdiabetes.com

Foot and Gait-related problems are one of the consequences of diabetes mellitus due to changes in
foot shape. To achieve uniform distribution of plantar pressure in the foot, there should be a match
between foot profile and footwear profile. Foot outline and dynamic foot pressure distribution are
essential elements that can influence footwear fitting. Very few studies have been conducted to
study the dynamic plantar pressure of diabetic patients without any foot deformities. Earlier studies
on plantar pressure distribution of persons with diabetes were done with static plantar pressure
analysis data, and there is very little data available on dynamic plantar pressure analysis data for
better fitting footwear development. This study aims to improve the design of therapeutic footwear
for persons with diabetes neuropathy by analyzing dynamic plantar pressure profile of patients with
diabetes without neuropathy (Group 1) and patients with diabetic neuropathy without any foot
deformity (Group 2) and the data was compared with healthy subjects with normal foot profile
(Control group). The plantar pressure analysis was performed using HR-Mat plantar pressure
analyzer, P-walk BTS bioengineering, Italy. The results indicated that the dynamic plantar pressure in
the Medial Heel (MH) was increased in both the group Diabetic and Diabetic neuropathy. The
Diabetic subjects showed an increased plantar pressure in the fore foot region and the heel region.
The Diabetic neuropathy group presented with an imbalance in the pressure distribution between
the fore foot region and the heel region even without any foot deformity which is a predictive factor
for plantar pressure ulcers development. The step length, cadence and walking speed was reduced,
and increase step width was observed in both diabetic and diabetic neuropathy subjects without
any foot deformities than the control group. These observations from the dynamic plantar pressure
measurements will help to design therapeutic footwear for persons with diabetes with total contact
soles with specifically designed toe and heel wedges to enhance pressure dissipation and increase
comfort.

1. INTRODUCTION

The objective of the study was to evaluate the dynamic foot profile of persons with diabetes using
plantar pressure values of the diabetic and diabetic neuropathy subjects during bare foot walking
using P-walk plantar pressure analysis system. Subsequent use of the data in improving the design of
the therapeutic footwear will be helpful for the diabetic patients in future. There are no substantial
tools available for the health care providers as when to prescribe orthotic or therapeutic footwear as
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a prophylactic measure of ulcer prevention in diabetic neuropathy patients especially during the
early stages of neuropathy. Diabetic foot ulcer is the precursor to approximately 85% of the lower
extremity amputation in diabetic patients (Margolis 2005).The diabetic foot ulcer is a multi-factorial
process with higher chances of ulceration with diabetic neuropathy; Caselli etal (2002) measured
plantar pressure in 30 patients with diabetes who had varying degree of diabetic peripheral
neuropathy they found that all the patients had an increase in plantar pressure in both the forefoot
and hind foot. Early detection of uneven distribution of plantar pressure in the diabetic neuropathy
patients has great clinical significance in ulcer prevention. The diabetic committee of American
orthopedic foot and ankle society recommends yearly foot examinations in patients with diabetes
and more frequent examinations in high risk patients (Pinzur 2005).

This study was aimed to investigate the dynamic planar pressure profiles of persons with diabetes
and diabetic neuropathy without any morphological changes or deformities and compare with the
control group to design therapeutic footwear to enhance plantar pressure dissipation and increase
comfort.

2. MATERIALS & METHODOLOGY

Total of 53 subjects 14 control group subjects (mean age 37.71+8.08 years), 15 type 2 Diabetes
mellitus subjects (mean age 47.80+7.58 years) and 24 type 2 Diabetic Neuropathy subjects without
any foot deformities (mean age 52.29+7.39 years) took part in the study. D.N subjects who were
recruited required to have three areas on the foot where they did not feel a 10 g Monofilament
Uzhe etal (2009) and Biothesiometer value of more than 25mv at the great toes i.e. hallux
(Jayaprakash etal.2011). Diabetic and diabetic neuropathy subjects were recruited from Prof
M.Viswanathan Diabetes research center, Chennai. The hospital ethical committee granted the
ethical approval for the present study and all the subjects participating in the study were informed
about the study procedure and information consent was obtained from the participant’s .The
control group subjects were recruited from staff members of CSIR-CLRI.

Before data collection, the subjects were instructed to walk freely in the laboratory to reproduce
their typical gait and to feel comfortable at the laboratory. Later the subjects were made to walk on
2 m length BTS-P WALK instrument; the instrument was calibrated for each subject with their
respective weight before acquiring the data. The subjects were made to stand still barefoot on the
pressure mat and the static pressure during normal relaxed stance was recorded and then subjects
were made to walk barefoot over the mat on their own comfortable phase and the dynamic plantar
pressure was recorded. Several walking trails were made to familiarize the subject with the system
before recording the data to ensure the recording of their normal gait pattern of the subject is
obtained.
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Table 1a:Peak plantar pressure during dynamic walking

294

95% Confidence
Std. Std. Interval for Mean . .
N Mean Minimum | Maximum
Deviation | Error Lower | Upper
Bound Bound
Max C 14 157.81 17.85 4.77 147.50 | 168.12 135.60 189.90
Pressure D 15 173.16 17.21 4.44 163.63 182.69 144.60 216.80
(Kpa) DN 24 174.89 18.51 3.78 167.07 | 182.70 147.90 228.55
Table 1b: Segmental peak plantar pressure at the M1 and the MH level
95% Confidence
Std. Std. Interval for Mean . .
N Mean L. Minimum | Maximum
Deviation Error Lower Upper
Bound Bound
C 14 136.46 15.74 4.21 127.37 | 145.56 107.50 160.50
M1 D 15 146.30 11.96 3.09 139.68 152.92 127.50 164.00
D.N 24 144.08 18.71 3.82 136.18 | 151.98 115.50 197.00
C 14 133.71 20.24 541 122.03 145.40 107.50 184.00
MH D 15 150.37 19.08 4.93 139.80 | 160.93 124.00 184.50
D.N 24 152.06 16.31 3.33 145.17 | 158.95 110.00 182.00
*M1 — First metatarsal head *MH- Medial heel
Table 2a: ANOVA
Sum of Mean .
Squares bf Square Sig.
Max Pressure | Between Groups | 2802.521 2 1401.261 4.332 .018
(Kpa) Within Groups | 16171.998 50 323.440
Table 2b: ANOVA
ANOVA
Sum of Mean
Squares df Square Sig.
M1 Between Groups 784.70 2 392.35 .238
Within Groups 13279.47 50| 265.59
MH Between Groups 3252.56 2 | 1626.28 .011
Within Groups 16545.25 50| 330.90



3. RESULTS & DISCUSSION

The test results descriptive of peak plantar pressure during dynamic walking are shown in Table 1a
in which the diabetic neuropathy group represented the maximum peak plantar pressure among the
three groups. The segmental peak plantar pressure at the M1(metatarsal head) and MH(medial heel)
levels are shown in Table 1b, which shows the absence of homogenous pressure distribution among
the Diabetic neuropathy subjects without any foot deformity. A one-way between groups analysis of
variance (ANOVA) was conducted to explore the Dynamic peak plantar pressure at the Metatarsal
head (M1) and the Medial heel region (MH) among the control (C), Diabetic (D) and the Diabetic
Neuropathy (DN) group scores, and the results are shown in Table 2a and 2b. There was a
statistically significant difference (p<0.05) in the dynamic peak plantar pressure score for the three
groups F=4.33.Despite reaching the statistical significance the actual difference in mean scores
between groups was quite small. The results shown in the Table 2b, relates that there are no
significant differences in the segmental Plantar pressure at the M1 (metatarsal heads) between the
three groups (p=0.23) and an increased medial heel pressure at the MH level in both the diabetic
and the diabetic neuropathy group (p<0.01) compared to the control group which is contradictory to
the earlier studies conducted on the segmental plantar pressure.

Very few studies have been under taken to study the plantar pressure of the diabetic neuropathy
patients without any foot deformities. This study has shown a significant increase in the plantar
pressure among the diabetic and even in the diabetic neuropathy subjects without any foot
deformity in comparison to the control group. An uneven distribution of the plantar pressure in the
diabetic neuropathy subjects between MH (Medial heel) and M1 (1** metatarsal head) of the foot
was also observed, thus it is evident that the ability to dissipate the plantar pressure is compromised
in the diabetic neuropathy subjects even without any foot deformity.

The commercially available diabetic footwear is not suitable for all categories of diabetic neuropathy
population. The therapeutic footwear for the diabetic neuropathy patients is custom made for more
precise fitting and to ensure a better offloading. The custom made diabetic foot wear is currently
developed from the foot mold (plaster of Paris) taken from the patient’s directly during a static
stance with partial weight bearing, which will not reveal the exact foot dimensions of a dynamic foot
while walking. Therefore this data is very valuable and can be utilized to form the last based on the
dynamic plantar pressure, and therapeutic footwear to be developed over this last for the diabetic
neuropathy foot which is biomechanically efficient way to offload the diabetic neuropathy foot and
prevent future foot ulceration.

4. CONCLUSION

Diabetic neuropathy subjects without any acute orthopedic problems and any morphological foot
deformities exhibit increase in the peak plantar pressure almost similar to the diabetic subjects, and
the segmental pressure analysis showed an increased medial heel pressure levels in both the
diabetic and diabetic neuropathy group and there was no significance correlation between the three
groups at the M1 1% metatarsal head, proving that there is an inability in homogenous pressure
distribution among the diabetic neuropathy subjects even without any deformities and
morphological changes of the foot. And gait variation plays an important role in increasing the peak
plantar pressure. And the therapeutic foot wear should incorporate features to minimize the foot
deformation apart from evenly distributing the plantar pressure.
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REDUCTION OF SKIN DISORDERS BY HCHO IN LEATHER PRODUCTS

Daisuke Murai
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Email:csyh499@dnt.daimaru.co.jp

At JALT (Japan Association of Leather Technology), we are trying to reduce skin disorders caused by
leather products containing HCHO. Based on the experience of Japanese tanners, we are now paying
closer attention to the effects of using natural and synthetic tanning agents in re-tanning processes.

At the time of manufacturing, many leather products have already been checked by makers for low
levels of HCHO. In our previous report, we confirmed the general effects of natural or synthetic
tanning agents on keeping HCHO levels low.

The subject of this report is on the possibilities of the long-term effects of these tanning agents on
HCHO. In summary, regarding natural and synthetic tanning agents which were added to leather
samples in the re-tanning process, HCHO content was measured at the beginning and end of major
weathering tests. Also, we have done research on which combinations of tanning agents are suitable
for keeping HCHO at low levels at every lifecycle stage. Our goal is to show the effectiveness of these
tanning agents in keeping HCHO levels low at all times. Tanning agents are susceptible to color
change, for example, when exposed to sunlight, so we are apprehensive of the reduced
effectiveness of some tanning agents in reducing HCHO levels. We think it is important that not only
leather tanning agents, but materials used at all stages of product manufacturing should be
controlled to keep HCHO levels low at all times, from the time of manufacturing to consumption and
use, until a product is finally disposed of.

On the other hand, we have another approach to this problem. Because we are the group company
of a major Japanese department store, we have exclusive access to our customer's opinions from
department store databases. Our database registers more than 400 opinions about leather products
every year including various opinions about discoloration, sub-standard craftsmanship, and so on,
totaling over 10,000 opinions from 1996. We must utilize this information to improve product
quality and revenue. We will show that the survey of our database indicates the tendency of
reducing the incidence of skin disorders as time passes from first-time consumer use.

Keywords: HCHO skin disorder natural tanning agent
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1. INTRODUCTION

In this report, we study about whether or not the effect of HCHO reduction by natural or synthetic
tannins is kept for long time. Although tannins are generally said to be weak to sunlight, the urability
of the effect is tested for find a correlation with leather discoloration. Also, we study the influence
from external migration.

2. MATERIAL AND METHODS
2.1 Materials
2.1.1 Natural tannin leather

The bovine Wet-blue (WB) were re-tanned by synthetic tannin at 4% of WB weight, and natural
tannin was further added at 5% of WB weight, respectively.

2.1.2 Synthetic tannin leather

The bovine Wet-blue (WB) were re-tanned by synthetic tannin agent and fat-liquored. The amount
of synthetic tannin agent used was 4% of WB weight, respectively.

2.2 Tannin agents used
2.2.1 Natural tannin

The 4 types (Mimosa, Chestnut, Quebracho, Tara) were selected as typical re-tannin agents
distributed in the market. And it was combined the 3 types (A, F, G) of synthetic tannin agents.

Table 1 The natural tanning agent added

Natural tannin agent
ME Mimosa
CH Chestnut
KE Quebracho
TA Tara

Table 2 The synthetic re-tanning agent used

Synthetic tannin agent Main component

A Dicyandiamide

F Phenol condensate

G Melamine-based condensation mixture
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2.2.2 Synthetic tannin

The 3 types (A, F, G) were selected as typical re-tanning agents distributed in the market. It was
used the same as above.

2.3 Test Method
2.3.1 Migration of HCHO

The surfaces of formaldehyde tanned (CO) leather and sample leather were overlapped and sealed
in a polyethylene bag, leaved for 24 hours. (Leather CO: HCHO content is 200 mg/kg)

2.3.2 Durability test (Weathering test)

Based on JIS L 0843 Test methods for colour fastness to xenon arc lamp light (ISO 105-B02).
Exposure method was #3 and exposure time was grade 4 (The standard Blue-scale No.4 change color
to grade 4 on grayscale).

2.3.3 Measuring HCHO content

The formaldehyde content is measured by acetyl-acetone method, I1SO 17226-2:2008. (In this study,
but not exactly, we measure to HCHO content less than 16 mg/kg, as a reference. In general, less
than 16 mg/kg is recorded “Not Detected”.)

3. Analysis of consumer’s complaints

We have exclusive access to our customer's opinions from Japanese major department store
databases. The database has more than 10,000 opinions and test report on leather items from 1996.
The examples of skin disorder were extracted from the database. And it compare with the tendency
of all leather products as a whole.

4. Result and Discussion
4.1 Durability of HCHO reduction effect

Durability of formaldehyde reduction effect by natural tannin and synthetic tannin was investigated.
In general, tannins have properties such as discoloration due to sunlight, so this report examined the
presence or absence of aged deterioration due to sunlight.

From table 3, there was almost no effect of sunlight on the content of HCHO in leather containing
natural tannin. On the other hand, a color change was seen in some leather. From these result, it
seem that there is no correlation between discoloration by aging and the effect of HCHO reduction
by tannin. It shows that, there is a durability of HCHO reduction effect by natural tanning.
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Table 3 Change of HCHO content (mg/kg) before and after weathering test

Natural | Synthetics | Initial | Weathered | CH(Color change)
ME A 34 30 (-4) 3
ME F - 20 2.5
ME G - 16 3
CH A 44 35(-9) 4.5
CH F - 26 4
CH G 37 - -
KE A 34 32(-2) 4
KE F 19 22 (+3) 2.5
KE G - 19 1.5
TA A 41 38 (-3) 3.5
TA F - - -
TA G - 18 4

Subsequently, also on synthetic tannin agents, even though it had exposed sunlight, it showed that
no increase in HCHO content was observed (Table 4). That is, the effect of HCHO reduction was kept
in. However, unlike natural tannins, leather discoloration was not seen much.

Table 4 Change of HCHO content (mg/kg) before and after weathering test

Synthetic | Content | Initial | Weathered | CH(Color change)
A 2% 48 44 (-4) 3.5
A 4% 112 104 (-8) 4
A 6% 181 163 (-18) 3.5
F 2% 269 191 (-78) 4
F 4% 319 228 (-91) 4
F 6% 467 343 (-124) 4
G 2% 81 38 (-43) 4
G 4% 166 76 (-90) 4
G 6% 321 173 (-148) 4

4.2 Durability of HCHO migration effect

In order to confirm the effect of HCHO reduction by tannins, after the above durability test, it was
also tested that the influence of external migration. Compare with “Migrated only”, the HCHO
content tended to increase slightly in “Weathered + Migrated”. That is, the performance down by
aged was slight, and it was not confirmed big performance down.

300



Table 5 Change of HCHO content (mg/kg) before and after migration test

Natural Synthetics | Initial Migrated only | Weathered + Migrated
ME A 34 42 (+8) 50 (+16)
ME F - 20 38
ME G - 16 36
CH A 44 46 (+2) 57 (+13)
CH F - 26 45
CH G 37 - -

KE A 34 - 56 (+22)
KE F 19 22 (+3) 43 (+24)
KE G - 19 39
TA A 41 - 52 (+11)
TA F - - -

TA G - 18 37

Also on synthetic tannin, compare with “Migrated only”, the HCHO content is little increasing in
“Weathered + Migrated”. It seem that the influence of external migration is little increased by aged.
The performance of HCHO reduction is little downed.

Table 6 Change of HCHO content (mg/kg) before and after migration test

Synthetics | Content | Initial | Migrated Only | Weathered + Migrated
A 2% 48 55 (+7) 52 (+4)
A 4% 112 121 (+9) 111 (-1)
A 6% 181 196 (+15) 165 (-16)
F 2% 269 253 (-16) 203 (-66)
F 4% 319 296 (-23) 236 (-83)
F 6% 467 420 (-47) 342 (-125)
G 2% 81 86 (+5) 50 (-31)
G 4% 166 157 (-9) 88 (-78)
G 6% 321 299 (-22) 166 (-155)

4.2 Customer’s complaint

Unlike the previous experiments, we show the actual complaint on leather products in Japanese
department stores. Firstly, on women’s shoes, there is two major complaint. One is color bleeding
and fading. The other is irregularity break. It is more than half by the two major complaints. On the
other hand, the number of complaints on skin disorders are not large.

Table 7 Major quality complaint of women’s shoe in 2013 to 2015

Number of complaint
135 (20%)
268 (41%)

Item

Color bleeding and fading and scratch

Irregularity break, premature wear, ripping at seam

Rough finish, slipping, shoe sore 111 (17%)
Performance, feeling of use 119 (18%)
Other 28 (4%)
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The same tendency is shown for women’s bags, too. There is two major complaint. One is color
bleeding and fading. The other is irregularity break. It is more than half by two major complaints,
and the number of complaints on skin disorders are not large, too.

Recently, it is often used that thin and light leather for fashion items, so it is often seen that ripping
at seam. Compared the before ago, leather products are not only long-life, but our customers do not
think so. While light leather products are often sold, but complaints of strength are endless.

Table 8 Major quality complaint of women’s bag in 2013 to 2015

ltem Number of complaint
Color bleeding and fading and scratch 172 (37%)
Irregularity break, premature wear, ripping at seam 172 (37%
Rough finish 37 (8%)
Performance, feeling of use 31 (7%)
Other 49 (11%)

Returning to the main subject here, we show that the tendency of complaint on skin damaged. It is
small number from the whole, skin disorders caused by leather products is as follows (Table 9).
Many cases were unclear, it is not only due to HCHO.

Table 9 Number of complaint in 2008 to 2013

ltems Skin damaged Total
Jackets (textiles) 13 1045
Leather wear 0 109
Leather shoes 7 1836
Leather bags 3 1031
Leather watch bands 3 88

Although complaints on skin disorder are few, it is clear that the trend of occurrence timing (Table
10). The examples are concentrated early use. Over time, the occurrence of skin disorders is clearly
decreasing. The trend is also equal with our sense of life. It show that there is no problem with old
familiar leather goods. It should be careful after purchase immediately.

Table 10 Number of complained timings in 2008 to 2013
Wearing period Skin damaged
First time 6
Within one month 11
Within six months

Within one year

Over one year

o|lw|lo| o

Unknown
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4.3 CONCLUSION

The effect of HCHO reduction by tannin is kept not only at the time of manufacturing and sales, but
also consuming stage. We are hope for safety in manufacturing, and sales, usage, until waste, there
is a possibility that tannins will be useful for reduction of skin disorders by HCHO in leather.

Currently, leather industry is making effort to reduce HCHO at manufacture. Is this correct? The
answer is in use stage in product-life. And then, by our survey, skin disorders are often occurred in
new condition. It seems to be correct, now.
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Leather apparel production consists of many steps following each other systematically. Each process
step has its own importance and effect on quality. The properties of the material are important as
well as design, pattern, well fitting, sewing and handiwork on the garment. Since each leather has its
individual properties, leathers are assorted to constitute small homogeneous groups under standard
light conditions considering their colours, handle, touch and surface appearance. Thus, assorting
process plays an important role on quality of a leather garment. This process is carried out by
assorting experts in a company depending on their experience and organoleptic controls. The aim of
this study is to compare visual colour assessments of experts with the data obtained from a spectral
photometer by using different CIE colour difference formulas and to determine the best formula
matching to human assessments. The study was conducted in a leather apparel production company
with 3 different colours (dark brown, whiskey brown and maroon) and 115 nappa goat leathers were
used. Similar leathers were grouped as 5 or 6 to be manufactured as one leather jacket in assorting
process by the experts. Then the colour differences of leathers in a group were measured by a
spectrophotometer and evaluated with CIE76, CIE2000 and CIE94 colour difference formulas. Colour
of each leather was measured from 7 different regions and the data were compared with the visual
assessments statistically. As a conclusion CIE2000 colour formula matched best with the results of
the human experts with 73% success.

Keywords: Leather Apparel, Assort, Spectral Photometer, Colour Measurement

INTRODUCTION

Leather is a sheet material with the area of each piece ranging from tens of square centimetres to
six, seven or more square meters depending on the animal from which it was obtained. Until the
development of woven textiles it was the only material available in sheets of this size (Thomson R.
and Kite M., 2006). Producing garments from leathers have significant differences than textiles
because leather is not a uniform material from dimensional and structural perspectives. The physical
properties of leather change depending on the animal type and the animal individually. Furthermore
these properties exhibit variations in different parts over the leather area (Mutlu M M, et. al, 2014).
Thus, leather garments are made up of many small patterns.

The leather apparel manufacturing begins with assortment process which is separation and selection
the finished leathers by objective method accordingly the area to be used. In this processes finished
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leathers are separated into small groups showing similar texture, colour, quality and feel properties
which finally provides uniform production. The properties of leathers constituting a leather garment
should be similar for standard production (Dogan A and Asil N, 1996).

Quality and colour are two important factors in assort process. Firstly, leathers are inspected from a
quality aspect of view. In quality assorting thickness, grain uniformity, shape and area properties are
also considered. Low quality leathers which cannot even be used in non-seen inner parts are
rejected. Second important inspection is the colour assorting. Leathers with the same tones are
collected in a certain number of groups. For example, for a standard leather jacket approximately
five to seven sheep leathers are grouped together in assorting depending on the model and leather
sizes (Fig 1). The performance of the assorting process highly depends on the experience and
practice of the expert in the charge of assorting.

The assorting expert should:

- know the leather material well
- know the model to be produced
- plan the usage of leathers with defected areas

The assorting expert should consider the work of the cutter who takes the grouped leathers, opens
the piles, places the patterns on the leathers and does the cutting with snap blade knives or special
knives. The cutter should:

- work with minimum error

- do the cutting with minimum waste for the model

- work quick and fast

- use good areas of leathers with patterns at most seen parts and reserve weak or minor

defected areas for unseen parts

Right and good illumination is necessary for assorting and also cutting processes. The tables used in
assorting process should not have reflective surface. The tables used in cutting process should be
covered with 90x90 or 100x100cm glass and have approximately 15 degree of slope.

Fig.1. Assorting process in leather garment manufacture

Colour has a big importance in the modern world, because in most cases, colour is an important
factor to be adjusted in production of a product and has vital importance on the commercial success
of the consumer goods. In other words, colour is a decision factor on quality, attraction and sales of
a product. Colour is combination of physical, physiological and psychological perceptions in our
visual system caused by the light reflected from an object.
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Poor colour memory, eye fatigue, colour blindness and viewing conditions can all affect the human
eye’s ability to distinguish colour differences. In addition to those limitations, the eye does not
detect differences in hue (red, yellow, green, blue, etc.), chroma (saturation) or lightness equally. In
fact, the average observer will see hue differences first, chroma differences second and lightness
differences last (X-rite incorporated, 2007). Instrumental method is a precise way of colour
measurement. Spectrophotometers measure the reflections of light at certain wavelengths for
example from 400 to 700nms reflecting from the object and convert the data into various colour
systems developed based on human visual system.

Even though a tolerance limit for colour difference is determined according to colour systems, the
tolerances are not always be compatible with real world results. The aim of this study was to
monitor the work of a assorting expert in a leather manufacturing company, to examine his/her
results by using different colour difference evaluation formulas, to compare the results statistically
and to determine the formulas which are in accordance with the real world experiences. Thus,
instrumental colour measurement can be used in assorting process to minimize colour errors.

MATERIAL AND METHODS
Material

Totally 115 nappa goat leathers which have 3 different colours (dark brown, whiskey brown and
maroon) were used as material.

Minolta CM-508d portable spectrophotometer having 8mm measurement area were used for
surface colour measurements. The measurement data were collected by using SpectraMagic NX
Software. The data were evaluated by using SPSS statistics software.

Methods

Similar leathers were grouped as five or six to be manufactured as one leather jacket in assorting
process by the experts in a leather garment producing company. A total number of 115 leathers
were selected for production. Colour measurements were done from 7 different areas for each
leather (Fig 2). Colour differences of leathers were determined using CIE76, CIE94 and CIE2000
colour difference formulas. The conformity of assorting expert’s selection and the colour difference
evaluation formulas were tested by using Wilcoxon signed-rank test which is a non-parametric
statistical hypothesis test (Senol S, 2004).

Lot

=3,

Fig.2. Colour measurement locations on leather and measuring 3 different coloured leathers
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Colour Difference Formulas

A color difference formula or a color difference metric, which measures the difference between two
colors, is becoming a prime research topic in the modern colorimetry. The target is to find a good
color difference formula, which can give a quantitative measure (AE) of the perceived color
difference correctly. It is also the requirement of many color applied fields such as image analysis,
color reproduction, color image restoration and so on (Pant D R, Farup |, 2012).

History of CIE Colour-Difference formulas can be summized as (Melgosa M, 2013)
1964: CIE 1964 (U*V*W*)

1976: CIE 1976 (L*u*v*) = CIELUV

1976: CIE 1976 (L*a*b*) = CIELAB

1995: CIE94

2000: CIEDE2000

CIE76 Colour Difference System

In 1976 the CIE published the first internationally endorsed color differencing equation. This formula
called AEab or AE76 has been used in many ISO procedures. The color notation used for this
equation was the L*a*b*-color space (Habekost M, 2016). In ClELab Colour System, L* defines
lightness, a* denotes the red/green value and b* the yellow/blue value. Colour differences are
directly calculated from the difference of coordinates values of sample and standard. When
tolerancing with CIELAB, you must choose a difference limit for AL* (lightness), Aa* (red/green), and
Ab* (yellow/blue). These limits create a rectangular tolerance box (Fig 3) around the standard. The
linear distance between sample and standard is calculated

I
and expressed as AE. (X-rite incorporated, 2007). : b a
I e
| "
[ i I
I "
AL = Lyampie = Lstandard AL = + lighter, - darker | \, Standard | &
| s
Aa = Asample ~ Astandard Aa = + redder , - greener : ",!/,.'” %
[ “ X T,
Ab = bgample = bstandard Ab = + yellower, - bluer i =
: &1 i l
[ Y
1 ] /”-' 3
I - -
AE}, = AL + Aa*? + Ab*? b e e - -

Figure 3. CIELAB Tolerance Box

CIE94 Colour Difference System

The CIE94 calculation uses CIE LCh colour space. The L*C*h color space, similar to CIELAB, is
preferred by some industry professionals because its system correlates well with how the human
eye perceives color. It has the same diagram as the L*a*b* color space but uses cylindrical
coordinates instead of rectangular coordinates. In this color space, L* indicates lightness, C*
represents chroma, and h is the hue angle. The value of chroma C* is the distance from the lightness
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axis (L*) and starts at 0 in the center. Hue angle starts at the +a* axis and is expressed in degrees
(e.g., 0°is +a*, or red, and 90° is +b, or yellow) (Konica Minolta, 2015).

The CIE94 calculation mathematically defines an ellipsoid around the standard colour with semi-axis
corresponding to hue, chroma and lightness. The ellipsoid represents the volume of acceptable
colour and automatically varies in size and shape depending on the position of the colour in colour
space. The user can change lightness (kL) to chroma (Kc) ratio. These settings affect the size and
shape of the ellipsoid in a manner similar to how the l:c and cf settings affect CMC. (X-rite
incorporated, 2007).

AL*\?  [ACHN\?  fAHLAN?
AE* _ ab) ( ﬂb)
o4 J (chSL) + (fccsg T\ 5ty
AL* =L - L
Cr = ai? + by
C; =y a5’ + by
ACY, =C1 —C
AHY, = JAE,? — AL — AC%? = /A + Ab2 — ACS,
Aat = a.{ - a.E
Ab = b — b
SL =1
SC = 1 + chf
SH = 1 + IT{QCI

CIE2000 Colour Difference Formula

CIE is totally a new formula obtained from enhancement of CIE Lab 94 formula and published as
Improvement to industrial colour-difference evaluation (CIE 2001). In this formula first a partial
correction is done on red-green axis and evaluation is done in the new formed colour space (X-rite
incorporated, 2007).

AE* — (AL’)E+(AC' )2+(AH’ )2+R ACT AH'
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[ 1; LR - 1;_ 2 _
aa=ai+a§(l‘ cizs) a;:a;+ﬂ§(1—\/E)

€= A2 and AC = =0 where O = 40T €= i + 07

h} = atan2(bj,@]) mod 360°, hj = atan2(b; a;) mod 360°

R, — |1, — B < 180°
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RESULTS AND DISCUSSION

Hypothesis for Wilcoxon signed-rank test for 0.5 and 1.0 tolerance limits for CIE 76, CIE 2000 and CIE

94 colour difference formulas were as following:

Ho: u > 0.5
Hi:p £0.5

The rejection of Hy: u> 0.5 and Hy: > 1.0 hypothesis and acceptance of Hi: p < 0.5and Hi: u < 1.0
hypothesis confirm that there is an accordance between the choice of machine and choice of the

Ho:u > 1.0
Hi:p €1.0

assorting expert by visual system.

Table.1. Acceptance or rejection status of Ho>0.5 and Ho>0.1 hypothesis for CIE76, CIE2000 and

CIE94 colour difference formulas

Ho: 1 >0.5 Ho: >1.0
Hypothesis Hypothesis
CIE76 |CIE2000 |CIE94 CIE76 |CIE2000 |CIE94

D. brown sl REJECT | REJECT | Accept REJECT | REJECT | Accept
D. brown s2 REJECT | REJECT | Accept REJECT | REJECT | Accept
D. brown s3 REJECT | REJECT | Accept REJECT | REJECT | REJECT
D. brown s4 REJECT | REJECT | Accept REJECT | REJECT | Accept
D. brown s5 REJECT | REJECT | Accept REJECT | REJECT | Accept
D. brown s6 REJECT |REJECT | Accept REJECT | REJECT | REJECT
D. brown s7 REJECT | REJECT | Accept REJECT | REJECT | Accept
D. brown s8 REJECT | REJECT | Accept REJECT | REJECT | Accept
D. brown s9 REJECT | REJECT | Accept REJECT | REJECT | Accept
D. brown s10 REJECT | REJECT | Accept REJECT | REJECT | Accept
w. brown s1 Accept | Accept Accept REJECT | REJECT | REJECT
w. brown s2 Accept | Accept Accept Accept |Accept |Accept
w. brown s3 Accept | Accept Accept Accept | Accept Accept
w. brown s4 Accept | Accept Accept Accept | Accept Accept
w. brown s5 Accept | Accept Accept Accept |Accept |Accept
w. brown s6 Accept | Accept Accept Accept | Accept Accept
w. brown s7 Accept | Accept Accept Accept |Accept |Accept
Maroon sl Accept | Accept Accept Accept |REJECT |REJECT
Maroon s2 REJECT |REJECT |REJECT REJECT |REJECT |REJECT
Maroon s3 Accept | Accept REJECT Accept |REJECT |REJECT
Maroon s4 Accept | Accept REJECT Accept |REJECT |REJECT
Maroon s5 Accept | Accept REJECT REJECT | REJECT | REJECT

In textile 0.5 median figure or in other words tolerance value is used for colour quality control
because textile is generally a more homogenous material. However for more un-uniform materials
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like leather due to its natural character, a higher tolerance limit 1.0 is taken. In figure x and vy, pie
chart graphics of Ho>0,5 and Ho>1.0 hypothesis for CIE76, CIE2000 and CIE94 colour difference
formulas are given.

CIE76 (0.5) CIE2000(0.5) CIE94(0.5)

BlReject O Accept BReject OAccept BReject OAccept

50% 50% 3 50% 50%

N

Figure 1. Ho>0.5 hypothesis for CIE76, CIE2000 and CIE94 colour difference formulas

CIE76 (1.0) CIE2000(1.0) CIE94(1.0)

B Reject O Accept BReject OAccept BReject OAccept

41%
=

Figure 2. Ho>0.1 hypothesis for CIE76, CIE2000 and CIE94 colour difference formulas

When figure 1 and figure 2 are inspected it can be seen that CIE76 and CIE2000 colour difference
formulas show 50% conformity and CIE94 shows only 18% conformity with the visual evaluations at
0.5 tolerance limit. When the tolerance limit is selected 1.0, which is better for an un-uniform
material like leather, CIE2000, CIE76 and CIE94 colour difference formulas show 73%, 59% and 36%
conformity with the visual evaluations respectively. So the results of equations from best to worst fit
follows the order CIEDE2000 > CIE76 > CIE94 for nappa goat leathers used for leather garment
production.

Jawahar et.al 2015 have studied the Correlation of visual and instrumental color measurements to
establish color tolerance using regression analysis with a commercial batch of dyed suede garment
leathers (220 leathers) in grayish black shade and found the results of equations from best to worst
fit follows the order CMC(2:1) > CIE94 > CIEDE2000 > CIE76. However, while CMC is targeted for use
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in the textile industry, CIE94 is targeted for use in the paint and coatings industry. You should
consider the type of surface being measured when choosing between these two tolerances. If the
surface is textured or irregular, CMC may be the best fit. If the surface is smooth and regular, CIE94
may be the best choice. (X-rite incorporated, 2007).

CONCLUSION

There are various colour difference and tolerance formulas developed to measure the colour
difference of two samples, which is important to ensure quality control. The aim of these formulas is
to obtain results, confirming human visual perception. However material properties and visual
perception are two important factors effecting the succes of a formula. So colour difference
formulas is becoming a popular research topic in the modern colorimetry.

In this study it was inspected which colour difference formula was performing similar to selections of
assorting expert in a leather garment producing company. From the statistical evaluation of data, it
was found that the adaptibility of equations to real life observations from best to worst fit follows
the order CIE DE2000 > CIE76 > CIE94 for nappa goat leathers. CIE 2000 colour difference formula
with 1.0 tolerance setting showed highest compatibility by 73% success comparing with visual
inspection and can be used in practice. Surface properties of the material should be considered
when choosing a colour difference equation to use. 1.0 tolerance value for colour difference
formulas works better for leather samples than 0.5 tolerance.
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E-LEARNING AND BLENDED TRAINING IN THE LEATHER PROFESSIONAL
EDUCATION

Ivan Kral’

Email:i.kral@unido.org

Industrial development increasingly requires knowledge that is generated by R&D and experience,
and subsequently, passed on to those working in the leather-related subsector. Globalization, rapid
changes in market conditions and technology, needs of catering for environmental and social
aspects of the manufacturing processes call for higher efficiency and effectiveness of acquiring
necessary knowledge at all level of the leather-related business.

Traditional or conventional learning methods include face-to-face (classroom, personal instruction,
tutoring, on-the-job) and asynchronous approaches such as self-study and distance learning. These
methods are not without challenges. They all lack learner’s focus and interactivity, they are
geographically and time limited, and results based around averages. Using today’s ICT with special
references to multimedia applications and networking (in its broadest sense) provides the basis for
e-Learningby ensuring interactivity and the full involvement of learners. In the e-Learning
environment content is organized according to the needs and the profile of the learner, whereas
progress and results are recorded, learners have the opportunity to consult (with teachers and with
other learner fellows) without moving from their location. The two major components and drivers of
e-Learning are the learning content development (LCD) and the learning management systems (LMS)
— though the latter is not an inevitable service.

Existing knowledge available in any electronic format may be used for composing e-Learning
content. To demonstrate the potential of this new technology UNIDO has developed complete e-
Learning courses regarding sustainable leather processing, tannery effluent treatment, footwear
pattern engineering and footwear technology that may be used for conventional, as well as
individual training. These courses now are available at www.leatherpanel.org.

Key words: eLearning; skills development, training, training in the leather value chain, UNIDO

INTRODUCTION:

Human resources are crucial for the sector’s competitiveness, and UNIDO understand the
importance of training. For competing in the market on quality, product consistency and
performance, fashion and service to customers, skilled personnel are essential. The combination of
experience and youth, i.e. skilled workers and young applicants, represents the key asset on which
the competitiveness of the sector is based. This can be enhanced at sector level by developing
continuing vocational training and life-long learning.
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Traditional learning/training practice

Conventional or traditional learning styles are dominated by the rather passive attitude of the
learner The well-known forms are as follows:

1. Face-to-face learning arrangements are based on the teacher directing and/or managing
the learning process. This is still the most widely used method which may be one of the
followings:

a. classroom;

b. tuition;

c. workshop, seminar, small group discussion

d. conferences or congresses;

e. similarly meetings (e.g. at work), trade fairs and exhibitions also serve as learning opportunities as

they also facilitate knowledge transfer.

2. With on-the-the job training (OJT) or job-embedded learning or apprenticeship student
receive training whilst remaining in the workplace and learn about and participating in the job
tasks. This is one of the best ways for a person to learn new skills and gain valuable experience.

3. Self-study training is the educational process where individuals learn independently.

4, Distance learning (or distributed learning) focuses on teaching students who are not
physically present in a traditional educational setting such as a classroom

Traditional means teaching tools/ media storing and used for imparting knowledge include:

a) paper (hard copies of textbooks, catalogues, magazines, guidelines, user’s manuals etc.);
b) audio-visual tools such as slide, ppt presentations, video projections and recorded voice;
C) samples, models, mock-ups and real (functional) objects used for demonstrating practical

aspects of the knowledge to be conveyed.
Primary restrictions of traditional classroom training for the Learner include:

o Inherently places value on standards, curriculum and test results resulting in resulting in
limited focus on the big picture of the Learner’s progress,

e lacks emphasis on larger concepts or structures as it focuses on basic skills and gradually
builds to a whole;

e lacks interactivity: learners receive few opportunities to practice group dynamics and
teamwork;

e pulls results around averages as it cannot devote sufficient times and efforts to those
advancing slower and/or provide better learners with more and higher level resources to
develop their specific capacities;

e timely and geographically limited that requires synchronization of physical presence of all
parties concerned;
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e  provides limited potential for developing competencies that would enable learners further
enhancing their abilities.
All of these restrictions in UNIDO's experiences lead to high costs, low efficiency and
effectiveness. Moreover, refreshing knowledge base to be imparted — especially in case of using
static (document-oriented) media — requires involves additional expenses.

New tools in training

The range of these conventional styles and media are now being substantially expanded by the
rapidly developing information and computer technology (ICT). Traditional (learning, text) books
are now being replaced by their electronic versions such as documents produced on computers
(mostly in PDF format), presentations, videos and e-books. Communication between teachers
and learners is now possible by using computerized networks (the world-wide web — WWW and
e-mail, skype and others).

Schools, colleges, institutions and organizations — including those inside of manufacturing and
trading companies — engaged with education and training adapt ICT in their operations. Beamers
and electronic boards are becoming usual equipment in classrooms, electronic network facilities are
used more and more in communication among teachers, learners and even parents, teachers use
projected presentations in delivering courses and use computers for tests or even examinations.

Learning content and learning content development

The material base and the processing/manufacturing technology has gone a long way in the past
years and decades. Related training contents (i.e. the knowledge base and range of skills) have also
changed — though by at far slower pace than the technology — but their structures and related
training systems seem to be more rigid.

Medium level educational and training institutions imparting knowledge and providing certificates
to those successfully completing their courses try to cope with technical development. Quite
naturally, they are always somewhat behind in incorporating most advanced and newest (especially
technical) development as innovative solutions are coming from suppliers (e.g. materials,
equipment/hardware, software) and R&D organizations or developed within the manufacturing
environment (e.g. production and management systems, marketing methods).

The other challenge is globalization when the leather-based industry, at least its manufacturing base
is disappearing from industrialized countries. Massive production capacities are emerging in
countries having no or little tradition in this trade. At the same time utilization of the extensive
knowledge base and experience accumulated in professional education and training is not only
seriously handicapped, whilst developing similar intellectual support services in new regions would
take quite some time.

Online learning/e-Learning

Education in which instruction and content are delivered primarily over the Internet is referred
today as online learning or e-Learning.
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Practitioners have further defined key terminology associated with e-Learning. The below vocabulary

bank is often referred to discussing e-Learning:

(i)

(ii)

Blended learning is any time a student learns at least in part at a supervised brick-and-
mortar location away from home and at least in part through online delivery with some
element of student control over time, place, path, and/or pace.

Computer Assisted Instruction (CAl) is the use of educational software to enhance the
mastering of educational concepts or standards without the involvement of a teacher.

The content repository is a venue for saving and sharing content. A digital content

repository is an online venue for saving and sharing digital content.

e-School: a formally constituted organization that offers fulltime education delivered
primarily over the Internet.

Home-grown content is developed by a teacher, school, or district for use in instruction, as
compared to content developed by outside companies or other vendors.

The instructional media is the materials that teachers use to teach and students use to learn
(for example, printed text, digitized text, software, speech, images).

The online facilitator is used in two ways:

For part-time online programs is the person working face-to-face with the online student to
monitor student progress and attendance, providing training, assist in motivating the
student, etc. The person may or may not be a certified teacher but works in conjunction

with the certified online teacher.

Used interchangeably with online teacher or online educator.

Video conferencing is interactive communication technologies which allow two or more
locations to interact via two-way video and audio transmissions simultaneously.

The chatroom is a website or part of a website or an online service that offers communities a
synchronous venue for discussing specific topics.

Webinar is a seminar which is conducted over the WWW. It is a type of web conferencing. A
webinar is “live” in the sense that information is conveyed according to an agenda, with a
starting and ending time.

Computer-supported collaborative learning (CSCL) is one of the most promising innovations to

improve teaching and learning with the help of modern ICT. Most recent developments in CSCL
have been called e-Learning 2.0, but the concept of collaborative or group learning whereby
instructional methods are designed to encourage or require students to work together on

learning tasks has existed much longer.

The e-Learning environment

Most of the knowledge providers typically take existing educational materials (learning content), add

various media, sequence them and use the “transferred” product in an online environment.

Thereafter new or specifically tuned for e-Learning conditions contents are developed that
gradually utilize capabilities of this technology. Fig. 1 demonstrates categories of e-Learning and

their relationship.
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Fig. 1 e-Learning categories

The complexity of e-Learning operation requires an entirely new structure stretching between
experts, teachers and the accumulated/archived knowledge base - learning content on one side
and learners (target recipients) on the other side (Fig. 2). This mechanism is composed of two
major parts:

a) the learning content development (LCD) engaged with production of the actual learning material;

b) the learning management system (LMS) organizing and recording all activities (of both
learners and teachers), administrating the learning process, storing learning contents,
facilitating interactions and feedbacks.

Training Cycle

Local Training
Institute

Distal:lce ) UNIDO Institute
Learning for Capacity
Y Development

e

Ly

Classroom =7
Training

Figure 2: eLearning environment & training cycle

Learning content development
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Although starting e-Learning services may be launched by using the existing knowledge base but
converted into electronic formats, this does not suit current requirements for efficiency.

Learning content development within the leather value chain is an on-going challenge as it requires
multidisciplinary team and resources. Due to the size of the leather sector to a date there are only
few examples of e-Learning content development. Based on the Expert Group meeting focusing on
the e-Learning in June 2016 in Mwanza/Tanzania, e-Learning is not used widely within the leather
sector and institutions involved in the training have no only little knowledge with use of on-line
training.

One of the core competencies of UNIDO is technology transfer. Although not an educational
institution in of itself, UNIDO recognizes and fully embraces education and its multiple formats as a
necessary and significant means to build technical capacity of it counterparts.

Lack of available learning content and training courses resulted in the development of on-line
training courses and learning content (learning tools) which can be used by training institutions
including industrial companies to train students either in face to face training with use of developed
learning tools, for the self-learning or blended training.

UNIDO has started to build range of courses and learning content development (LCD) for the leather
value chain:

i Introduction to treatment of tannery effluents (5 modules)

ii. How to deal with hydrogen sulphide gas (module & test & certificate)
iii. First Aid (9 modules)
iv. Sustainable leather processing (Learning content under development)
V. Footwear pattern engineering (25 modules & 20 self-tests)

Course: Introduction to treatment of tannery effluents

The course supplement UNIDO paper "Introduction to the treatment of tannery effluents" (UNIDO
2011).

The animated presentation include the following chapters:

Module 1. Load, norms, in-house treatment

The aim of effluent treatment; pollution load and the main waste water quality parameters; typical
discharge norms; general overview of the treatment of tannery effluents, segregation of streams,
treatment of spent liming floats and treatment of chrome-bearing floats

Module 2. Treatment within tannery compound

Pre-treatment for discharge into CETP collection network, physical-mechanical (primary) treatment
for discharge into municipal sewage.

Module 3. Sludge dewatering

Sludge thickeners, sludge pumps, filter press, centrifuge, belt filter press, flow-chart of physical-
chemical treatment, sludge drying beds.

Module 4. Biological (secondary) treatment

Activated sludge, aeration devices, oxidation ditch, flow-chart of the biological treatment.
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Module 5. Occupational safety and health (OSH) common effluent treatment plant (CETP)
costing and management
Monitoring, OSH at work, CETP collection, CETP costing, flow-chart of fully fledged treatment;

Visual learning/training tool serves as a practical tool for UNIDO workshops in developing countries,
mainly targeting leather technologists, tannery managers as well as decision makers of different
profiles. It is also expected to help the staff of EPAs and members of NGOs in better understanding
key issues and principles of the treatment of tannery waste waters.

Figure 3: Slide from Module 2 course Introduction to the treatment of tannery effluent and use of
new training tools during face to face training

On-line Course: How to deal with hydrogen sulphide gas

The course How to deal with hydrogen sulphide gas is an example of self-learning material/content
for wide use within the leather value chain. Similar course is used also for the oil industry on the
commercial bases. due to the size of the leather sector it is unlikely that such approach will be
widely used for the leather processing, however results and feedback from participants is very
encouraging.

How to deal with HYDROGEN
SULPHIDE GAS (H,S)

SECTIONS
DANGERS CHARACTERISTICS
OF H,S OF H:S
SAFETY
MEASURES SELF-TEST

<

Figure 4: Learning module for the course How to deal with hydrogen sulphide
UNIDO has developed innovative e-learning training materials that can be used in different regions
around the world. UNIDQO’s e-learning course on “How to deal with Hydrogen Sulphide Gas” is self-
study, easy to use, and contains an animated visual training tool. The course complements UNIDO’s
Safety Handbook on “How to deal with hydrogen sulphide gas in tanneries and effluent treatment
plants”, which is also available to download after enrolling in the course.

e This online course offers proper training related to dangers associated withH,S;

319


https://www.unido.org/fileadmin/user_media/Publications/Pub_free/TanneryPollutionControl_5.zip
https://www.unido.org/fileadmin/user_media/Publications/Pub_free/TanneryPollutionControl_5.zip

e It has been specifically designed to help tanners, tannery and effluent treatment managers
and operators understand the basic principles of how to deal with hydrogen sulphide gas;

e The course includes a test; after achieving a minimum score of 80 percent upon completion,
participants will receive a certificate.

Course is possible to enrol in the UNIDO e-learning course hosted by UNIDO for Capacity
development https://leatherpanel.org/content/unido-line-course-how-deal-hydrogen-sulphide-gas

After registration choose "How to Deal with Hydrogen Sulphide Gas” under ‘Available courses’ and
enter enrolment key H,Safety:

instiute.unido.org ¢ o
\INIDO nettutefor Capacity Davsiopment; -Laaring Piaion: accout conimation - essca.Loa b@gmai.com - G LUNIDO Instnutefor Capacity Development; E-Laaring Pafor

TR
UNIDO Institute for

L2 Capacity Development

Leaming Management System of the United Nations Industrial Development Organization
Site Information .

Available courses

How to Deal With Hydrogen Sulphide Gas
Dashboard This eLearning course explains the dangers of hydrogen sulphide gas in tanneries and tha safety

Site home measures to deal with thess dangers. it is entinely a seif-stuy course. You willfind an eLeaming modul with
Site pages all relevant information. After reading the modul you can take the test to complete the course on hydrogen
Courses sulphide gas.

After taking this course you will be able to get a certificate :)

EQuIP: Enhancing the Quality of Industrial Policies

As part of the EQuIP project, key elements of the toolbox have been converted info an e-leamning course to
complament hands-on trainings and to faciltate the mastering of EQuIP methodologies. The e-Learming

the d f the toolkit and provides information about the relation
between the tools and key statistical data. Through different modules, it offers a step-by-step presentation of
the different tools and their diagnostic methodologies. In addition, sample applications of selected tools.
{accessing important databases, compilation of key indicators) serve as a demonstration.

Diagnostics for Industrial Value Chain Development

Professional Training on Footwear Design and Pattern Engineering

| The Dar es Salaam Institute of Technology (DIT - www.dit.ac.tz) introduces herewith

- g this new professional training course by using the most modarn electronic leaming

fe-Learning) methadology and information technology (IT). It will be run by the DIT

Mwanza Campus in close cooperation with the United Nations Industrial

Development Organization (UNIDO — www.nido.org) and with the support of the
Leather Association of Tanzania (LAT).

L

Diagnostics for Industrial Value Chain Development

Regional Trade Capacity Building Training Programme: Caucasus and Western CIS

Figure 5: Learning module for the course How to deal with hydrogen sulphide
Course content

1. Dangers of H,S: Provides an overview of the health risks and physiological responses

associated with the gas;
2. Characteristics of H,S:This section covers risk areas in which hydrogen sulphide can occur,

where it can be formed and under which conditions.
3. Safety measures:

e Learn about preventive measures to decrease the risk of H,S;

e Understand how to detect and monitor H,S exposure;

e Know how to react to H,S exposure, including how to use personal safety equipment.
4, Self test: a minimum score required is 80%
5. Certificate: After completing the test, participants can download their certificates
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% CERTIFICATE of ACHIEVEMENT
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DANGER! How to deal with HYDROGEN e Max Testerko

HYDROGEN SULPHIDE GAS SULPHIDE GAS (H.S) has completed the course
MAY BE PRESENT >
This eLearning module explains the dangers of How to Deal With Hydrogen Sulphide Gas
hycrogen sulphide g25 s tanneries and the safety
measures o deal wih these dangers e
The objectives of this module are:
"o be able to dentiy 5
How to deal with « tounderstand the formation & location of H,S

- to be aware of the danger and health effects

hydrogen sulphide gas of S
r and

« toknow the correct safety measures

effluent treatment plants

UNITED RATIONS
INDLLSTRIAL DEVELOPMENT DRGANCATION

Figure 5: Learning content for the course How to deal with hydrogen sulphide (a) technical
handbook, (b) animated visual lesson (c) test (d) certificate

e-Lerning courses developed by UNIDO has been used either for class-room trainings, self-learning
and for the blended training courses in various countries. As only few on-line courses are available
for the leather value chain, above mentioned courses are among first practically tested and used
courses within the leather value chain.

CONCLUSIONS

One of the core competencies of UNIDO is technology transfer. Although not an educational
institution in of itself, UNIDO recognizes and fully embraces education and its multiple formats as a
necessary and significant means to build technical capacity of it counterparts.

Conventional training/teaching/learning methods and routinely suggested course durations, forms
and arrangements suit neither today’s (to be) employees and industrial operations. Especially as
manufacturing units are shifting from one region to other very fast. Similarly also training and
retraining of workers and staff needs to be fast and efficient. Main concept of the new training is to
use available technology to improve and increase learning efficiency by using and adopting e-
Learning and appropriate tools.

Though no in-depth computer programming experience is required for building e- Learning content,
all related software need some time to learn/practice utilizing their features and tools.

What are features of modern training/learning system?

v’ Flexible:

v" modular

v' complementary
v efficiency

Rapid development and especially information and communication technology (ICT) during recent
years more and more also for development of training/learning material. With further
development and especially new software various new training material, concepts and trainers aid
have been developed, starting with knowledge bank up to more sophisticated animated and
interactive training/learning courses and eLearning courses.
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In short e-Learningisacomputerandelectronicnetworkenabledtransferofknowledge and skills:

a) availability of computers

b) Internet or Intranet connection with acceptable data transfer speed (for graphics) and
access right to electronic learning resources;

C) learners basic knowledge and skills of handling hardware and using computer (programs),

d) availability of electronic learning materials such as courses, lessons, tests etc.

On one hand e-Learning offers flexibility (in terms of time, place and pace), on the other hand it
requires all above conditions.

UNIDO has started to build range of courses and learning content development (LCD) for the leather
value chain:

vi. Introduction to treatment of tannery effluents (5 modules)
vii. How to deal with hydrogen sulphide gas (module & test & certificate)
viii. First Aid (9 modules)

ix.  Sustainable leather processing (course planned)

Main objectives of learning content development are:

v' to provide access to up-date training programmes for training institutions especially in
developing countries with limited resources;

v'access to all students and trainees as access to education and training should be accessible to
all and consequently it should lead to the development of the leather sector;

v/ same time with access to some region is not possible due to security issues and UNIDO is
providing also assistance to such countries, on-line training and assistance is an opportunity
to assist such regions;

v’ last but not least also it reduces costs of training.

Blended and on-line eLearning courses are accessible within www.leatherpanel.org portal or UNIDO
Institute for Capacity Development and it is already used and tested in Tanzania by Dar as Salaam
Institute of Technology (DIT), Mwanza campus.

To a date, participants from more than 170 countries use training material individually.

322


http://www.leatherpanel.org/

Coordination among various organizations and institutions in development of training programmes,
is one option how to maintain required level of training reflecting requirements from industry for
more effective and flexible training programmes. Cooperation and joint preparation of training
material will lead to an efficient use of resources.
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Kanimozhi B*, Swarna V Kanth

Centre for Human and Organizational Resources Development (CHORD),
CSIR-Central Leather Research Institute (CLRI), Adyar, Chennai -600020, India,
Email:kanimozhi@clri.res.in, swarna@clri.res.in

CSIR-Central Leather Research Institute (CLRI) has catered to the artisanal training needs of the
Indian leather sector since its inception through various avenues including the Leather Technology
Mission. Today CSIR-CLRI, as a societal empowerment initiative, is hosting skill training programmes
for the needy artisans below poverty line in different leather trades pan India with financial support
from various institutions. The Institute has an outlay to train more than 10000 candidates in the next
two years nurturing them to take up wage/self-employment. The paper focuses on the case study of
skill development initiative taken up by CSIR-CLRI in association with several social organizations.
CSIR-CLRI has successfully empowered 650 candidates in different leather trades during 2015-16 as
part of the societal initiative. The study will cover a detailed analysis of the project including the skill
training needs analysis, background of participants, eligibility criteria, implementation mechanism,
project flow and critical phases. The trainees' perceptions on elements such as course material,
infrastructure facilities and post-training assistance have been captured through feedback
mechanism. Several statistical analysis tools will be employed to evaluate the results of training
feedback. The primary objectives of the project include tapping the talent potential of Indian youth,
improving productivity and improving quality of life of the needy. The outcomes of the training as
against the objectives will be analyzed to come out with a model of success points and key areas for
improvement. Thus a role model for skill development initiatives from CSIR-CLRI will be proposed for
many such programmes to be taken up in future.

Keywords: skill development, societal empowerment, training needs

1. INTRODUCTION

India's leather industry has witnessed robust growth right from 1950, transforming from a mere raw
material supplier to a value-added product exporter. Leather industry is the 8" largest foreign
exchange earner of the country. Today, almost 50 per cent of India's leather business comes from
international trade. India exported leather and leather goods worth USD 5.92 billion from April 2015
to March 2016.

The Indian leather sector currently employs over 3.09 million employees. It is estimated that
approximately 3.7 million additional jobs will be created by 2022. The current industry trends
including increased exports to high end markets thereby shifting towards mechanization. Skill gap in
the sector is mostly at the entry level where the workforce lacks basic technical skills. Hence the
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major responsibility lies in endowing professional skill training to the workforce to improve the
quality of workforce generated.

In the 12" five year plan, Government initiatives for leather sector skill development mainly focuses
on placement linked skill development training with a plan to train around 2,00,000 unemployed
manpower along with skill upgradation for trainers. The Human Resource Development (HRD)
mission for leather sector targets skill development as well as technical development. The training
proposed under the scheme is to be output linked where atleast 75% of those trained would be
placed in the industry.

More than 90% of work force in leather sector is primary skill-oriented. ‘Leather Technology Mission’
of CSIR-Central Leather Research Institute (CLRI) focused on improving the effectiveness of the grass
root artisans and productivity of the leather sector during the second half of the 90’s. Today CSIR-
CLRI is hosting skill training programmes for the needy artisans below poverty line in different
leather trades pan India. The Institute has an outlay to train more than 10000 candidates in the next
two years through skill development programmes in association with several social organizations.
These skill development programmes aim at nurturing the trainees to take up wage/self-
employment. During 2015-16, CSIR-CLRI has trained around 650 artisanal candidates and has led to
wage/self-employment.

The skill development model of CSIR-CLRI is one-of-its kind and has to be appreciated/ analyzed
qualitatively as well as quantitatively to serve as a potential model for the upcoming skill
development initiatives of the institute. The key objective of this study includes throwing light on the
skill development model followed by CSIR-CLRI in 2015-16 to train the 650 artisanal candidates.

2. MATERIALS AND METHODS

The study assesses the skill development model/methodology followed by the institute through
qualitative as well as quantitative approach. The skill development programmes in 2015-16 are
analyzed in various aspects such as - the skill requirements and employment aspirations prevailing in
the leather sector substantiating the need for the skill development training, objectives of the
training, training model and mechanism involved in project implementation, the outcomes achieved
in terms of placement

The outcomes of the training are analyzed quantitatively for the candidates covered in 2015-16 in
terms of the number of candidates trained/placed region-wise and the demographic characteristics
of the participants. The outcomes achieved through this project have been assessed by capturing the
current status of the trainees and the improved quality of their life by means of wage/self-
employment through interview/ on-field survey method.

The trainees' perceptions on the skill training have been captured through feedback mechanism. The
elements such as course material, infrastructure facilities and post-training assistance are studied
through survey administered to the candidates. The results will be utilized in improving the quality
of the skill training imparted to candidates.
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3. RESULTS AND DISCUSSION
3.1 Target trainees based on skill requirements in prominent clusters

Shop floor workers, machine operators and maintenance personnel constitute around 80% to 90% of
the workforce in the lather processing or products industry. There is hardly any specialized short-
term course to cater to the needs of these workers. The skill development efforts of CSIR-CLRI for the
year 2015-16 covered the states of Tamil Nadu, Uttar Pradesh and West Bengal which have the
highest incremental human resource requirements till 2022.

Table 1 — Incremental Human Resource Requirements by 2022

State Incremental requirement
(in ‘000s) (in ‘000s)
Tamil Nadu 1,948
Uttar Pradesh 1,206
West Bengal 325

Source: Report by National Skill Development Corporation
3.2 Sponsoring organization, eligibility criteria and courses offered

The skill development programmes during 2015-16 were organized in association with National
Scheduled Castes Finance and Development Corporation (NSFDC). The programmes focusses on
improving employability of Scheduled Castes youth belonging to DPL (double below poverty line —
Rs.98,000/- for rural areas and 1,20,000/- for urban areas). The eligibility criteria for the candidates
with respect to age: 18-50 years of age and qualification with minimum 5" standard (pass) for the 35-
day/ 60-day programme.

3.3 Objective of skill training

» To provide skill development training that would lead to increase in employability and
productivity of the workforce for the Indian Leather sector

» To train the needy artisans in state-of-the-art technology cum infrastructure

To create employment opportunities for the candidates through skill training, in the

industry, to work or to start their own micro enterprises with great results along with giving

A\

preference to women beneficiaries

» Imparting market based skills along with technical skills on shop floor operations of Leather
Processing Technology, Footwear Manufacture, Leather Goods and Garments to youth

» Focus on overall personality development of the trainees and production of technically better
products for their effective integration with the organized sector in the Leather industry

> To enable the trainees to gain hands-on learning experience beyond the common learning
programs and help them to spread and sustain a technology culture through exposure to global
best practices
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3.4 Training Model and Mechanisms Involved in Project Implementation

Sourcing of Training Certification Placement Post-
candidates from » completion | ! of trainees ¥ activities || placement
different regions monitoring
T T

Successful Trainees with

completion of minimum 90%

course units attendance and

acquired adequate

technical skill set
on the job at

Figure 1 — Training Model
3.4.1 Training Curriculum

The curriculum of the training is standardized and as per standard acceptable to the industry. CSIR-
CLRI awarded a proficiency certificate to all those trained under the scheme. CSIR-CLRI’'s model of
imparting skill training will be in tandem with the enormity of the skill needs in the industry and the
variety of existing strengths that can be leveraged.

3.4.2 Identification of trades

The trades covered are those employed in the entire value chain from leather processing to finished
products, such as Leather Processing Technology (Tanning, Post-tanning and Finishing — each module
for 60 days) Footwear Manufacture (cutting and clicking, closing and stitching, chappal-making —
each module for 35 days), Leather Goods and Garments (cutting and clicking, assembling and
stitching — each module for 35 days).

3.4.3 Identification/selection of trainees

Sourcing and mobilization of candidates was primarily carried out through State SC Corporations/
State Channelizing Agencies/ NGOs/ leather industry associations. Selection process is demand
driven. The interested candidates who apply for the programmes will be initially screened based on
the eligibility criteria. Those who satisfy the eligibility criteria will be called for a counselling process
and they will be counselled on the future prospects after skill training in different areas. Only those
who seriously wish to acquire skill and get placement in the leather industry will be considered for
selection.

3.4.4 Implementation

CSIR-CLRI’s role is to provide technical training, support, monitoring and concurrent evaluation. CSIR-
CLRI also outsourced the training amongst its regional centers for extension and development
(RCED). Periodic monitoring and assessment of the training will be conducted by experts of CISR-CLRI
at the Head-Quarters as well as regional centres and final authenticated certification is provided by
CSIR-CLRI.
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3.5 Training coverage pan India

350
300
250
200
150
100

50

Candidates trained pan India

300
B 211
139
i . . .

Tamil Nadu Uttar Pradesh ~ West Bengal

The primary need that was felt in the different leather and leather product clusters in Uttar Pradesh,
Tamil Nadu and West Bengal is that availability of abundant supply of skilled labor. The positioning of
these clusters in the global value chainis such that their competitive advantage is drawn out by
nurturing valuable primary level human resource to the maximum extent possible. The supply of
skilled labor with formal certification in line with the national agenda is the need of the hour. The
Kanpur leather cluster is increasingly getting integrated in a global manufacturing and distribution

Figure 2 — Candidates trained pan India

chain and hence witnessed the maximum coverage of candidates (300 nos.).

3.6 Demographic analysis of participant profile

Candidate coverage age-wise
350 4 205
300 A
234
250 Age
200 A 153 Group
150 A 109 111 18-29
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Figure 3 - Coverage of candidates age-category wise
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Figure 4 - Gender-wise candidate coverage
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Candidate coverage - Educational level wise
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Figure 5 - Education level wise candidate coverage

The Fourth Annual Report on Employment and Unemployment 2014 states that in India 13 in 100
are unemployed in the 18-29 age group. Majority of the participants who were sourced and
mobilized for skill training belonged to the 18-29 age group. To make this skill empowerment
initiative a model programme for women empowerment, the prime focus was on garnering women
candidates. Around 48% of the total candidates trained were women. Low educational status is
quite prevalent among the candidates with 43% of candidates with educational level of 5" to 9™
standard and 38% of candidates who have studied upto 10". 4.3% of the total candidates were
Diploma/Degree holders from a low economic background who decided to take up a career in
leather sector with the aid of skill training.

3.7 Outcomes of training — Placement Record

No. of candidates placed — Wage/Self-
Employment

236
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Figure 6 — Number of candidates placed

The Institute owing to its bondage with the industry has placed 478 candidates in wage/self-
employment in the states of Tamil Nadu, Uttar Pradesh and West Bengal. 3 candidates from Chennai
are engaged in CSIR-CLRI itself as trainers for subsequent batches of skill training at a remuneration
of Rs.15,000/- per month.The average salary of wage-employed candidates considering all the three
centres in Rs.9400/- with the highest average salary being Rs.13,000/- (in Chennai). Around 28
candidates trained from Perambur Cluster in Chennai have formed small self-help groups within
themselves and are earning at an average of Rs.10,000/- per month by taking up small job works.
Thus the skill training has paved way to change the outlook of trainees and be self-sustained.
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3.8 Training Feedback

Variables

focused
Course - Post-training
Material Infrastructure Assistance

Figure 7 - Focus variables of feedback

The training feedback captured the trainees’ perception on the elements such as course material,
infrastructure and post-training assistance. The mean scores from descriptive statistics revealed
course material as the top scoring element of training followed by infrastructure (mean score of
11.23) and post-training assistance (mean score of 9.46). This inference ensures that superior quality
of training imparted at CSIR-CLRI. Friedman test revealed the statistically significant attributes of
each element of training. With respect to course material, clarity of course structure (theory and
practical parts) (rank - 2.81) and periodic monitoring during the course of skill training (rank - 2.63)
are the top two ranking attributes of course material. Adequacy and quality of faculty (rank - 2.08)
and quality of infrastructure and tools (rank - 2.07) are the top two ranking attributes pertaining to
Infrastructure element. This inference substantiates the point that the trainers at CSIR-CLRI impart
the various nuances involved in each module with respect to skill training. The feedback analysis also
revealed that trainees are the trainees are highly satisfied with the timely and orderly payment of
stipend amount to them (rank- 2.09).

The different groups of candidates pertaining to demographic variables of age, gender and
educational qualification did not show significant difference in their mean scores for the elements of
training analyzed through feedback. This is evident from the significance values obtained from the
independent sample t-test and Analysis of Variance (ANOVA) test where the significance values for
these demographic variables vs. training elements are greater than 0.05. Hence it is inferred that
the skill training programme has been structured to cater to suit the skill requirements of candidates
from different demographic categories.

4. CONCLUSIONS

This paper mainly focuses on analyzing the model of skill development followed by CSRI-CLRI and
implementation mechanism employed. The study indicates that the organization has oriented the
best of its efforts towards nurturing a skill development model to foster rich societal empowerment
initiatives. The perception of the skill trainees also reveal that they are satisfied with the quality of
training imparted at CSIR-CLRI. The skill training also incorporates efforts to keep the trainees
updated on the dynamic changes in the industry environment and job market. Thus CSIR-CLRI will
utilize its technical expertise to touch the lives of common man through technological training
thereby enriching primary level human resource.
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SECTOR
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Leather has played an important role in the development of civilizations. Today leather products are
considered to be one of the most important consumer products. Leather and leather products
industry is one of the strategic sectors of Ethiopia in view of economic growth, foreign exchange and
employment generation. The raw material resource is one of the strength points of Ethiopia and the
Ethiopian High Land sheep skins are known for their quality to produce all kinds of leather products,
particularly their suitability for making niche products such as glove leathers. Ethiopia has been
consistently figuring in the list of top 30 countries contributing to the raw material base for the
global leather industry. Ethiopian government has been taking proactive measures to facilitate
forward integration and value addition in leather sector. The Federal Democratic Republic of
Ethiopia is aiming for a giant leap in leather and leather products by providing favourable policy
environment and strategic incentives for the sectors.

CAPACITY BUILDING ETHIOPIAN LEATHER SECTOR:

Every development needs capacity power house from all participants of the sector. For the leather
sector the capacity building program was mainly focused in two areas. These are Institutional
Capacity Building Program, which was planned to build the intuitional capacity of Ethiopian Leather
Industry Development in order to enhance the support capacity for the sector. The other capacity
building program was to enhance the capacity of the sector main players, Tanneries and Shoe
manufacturers. These two capacity building programs are addressed by Twinning and Benchmarking
Programs.

BENCHMARKING PROGRAMME

The Ethiopian government considers that the leather industry, being the largest manufacturing
industry has the potential to contribute significantly to the export earnings of the country on one
hand and employment opportunities on the other. Hence, it is trying to catalyze the growth of
the industry through policy interventions and intensive technology up gradation programmes
through bench marking projects for tanning and footwear industries. CSIR-Central Leather Research
Institute (CSIR-CLRI) did Benchmarking - Technology up gradation of tanning sector and the
programme for footwear sector was carried out by Footwear Design and Development Institute
(FDDI) of India. Phase | of Benchmarking programme was undertaken between March and
September 2010. CSIR-CLRI deputed project team to undertake technology up gradation
programme at selected tanneries in Ethiopia. After the successful completion of first phase
Benchmarking programme, second phase programme was carried out in selected eleven tanneries
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for the period between January and August 2011. The benchmarking programmes were leading to
self-sustainability of the Ethiopian tanneries in terms of new products development, competence
building in the areas of research & development, technical up gradation, Product & Quality
standardization and productivity enhancement with system formulation and implementation
for production of finished leathers for export. Subsequent to the successful implementation in
capacity building of Ethiopian tanneries, Govt of Ethiopia banned the export of intermediate
processed leathers, exports of finished leather and leather products only were permitted.

The various action modules covered under the benchmarking programme are as follows:

e Selection of new products/Development or standardization of process technology/
Market linkage / Production

e Up gradation of lower ends and full exploitation of splits

e Strengthening of technological capabilities for the production of glove and suede leathers

e Strengthening of tannery machinery system

e Training of Machine operators (buffing and polishing)

e Ensuring implementation of an integrated system for efficiency & profitability
enhancement in tanneries

e Capacity building in the finished leather production

e Article specific quality control, machine operation, planning

CAPACITY BUILDING ETHIOPIAN LEATHER INDUSTRY DEVELOPMENT INSTITUTE: TWINNING
PROGRAMME

Leather Industry Development Institute (LIDI) has been established by the Govt. of Ethiopia primarily
to serve the leather and products sectors. Through LIDI, Ethiopian Government had executed
Benchmarking - Technology Upgradation of Ethiopian Leather and Leather Products sector. In view
of the new national policy on leather and leather product sectors, the support systems in terms of
technology supply, manpower development in Ethiopia are needed to be in place. The role to be
played by LIDI in this context are much crucial. In order to realize the national goals and vision, LIDI’s
capability and capacity need to be enhanced significantly. The transformation of LIDI to be capable
of serving the industry and ultimately to bring about the envisaged growth of the leather and leather
products sectors, a project to Twin the capabilities of CSIR-CLRI by LIDI was envisioned. The
TWINNING project had been structured, planned and executed taking into account the principal
objective of transforming LIDI. The ultimate transformation would enhance LIDI’s capability to offer
all the needed services and support for the whole leather value chain. The major objectives of the
Twinning project are as follows.

= Creating and providing intellectual and skilled manpower to cater to the requirements of the
industry

=  Providing technical support in all the spheres of leather and leather product sectors

= Providing services to the industry such as testing, certification and establishing norms or
standards

= Forecasting the global market dynamics and preparing the Ethiopian leather and leather
products sectors to meet the changing requirements
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= Creating functional tripartite linkage among the University, R&D/laboratories and industry to
start real time activities in research and training during the twinning period for
strengthening B.Sc programme and commencing M.Sc. and PhD programmes in leather.

= To act as a nodal centre for training the trainers who in turn will serve the TVET centres

= To promote and support the growth of SME in leather and leather products sector through
various entrepreneurship development programmes

CSIR-CLRI had given a comprehensive proposal for enabling LIDI to become a globally competent
centre. The twinning programme was carried out for a period of three years between 2011 and
2014. The major areas covered under twinning are strengthening academic programmes of LIDI,
providing industrial consultancy in the areas of leather and products through applied research,
establishing testing services and human resource development for the product sector through
vocational programmes.

Footwear Design and Development Institute (FDDI) had been a partner to carry out activities related
to the areas of footwear and leather goods. A total of about 600 man-month interventions had
taken place for carrying out the activities under twinning project.

Summary on Accomplishments of Twinning Programme Phase |

To capacitate LIDI to undertake and carry out research and development activities in leather,
leather products and allied areas

Accomplishments

. A state-of-the-art laboratory established

] Two product development centres are established both for the footwear and articles.
] Joint R&D programs in leather and products undertaken

. Academic projects carried out under M Sc programs

] Research works are carried out through Ph D programmes

Outputs:

. One paper presented in Turkey IULTCS (2013)

. Two papers presented in Asia congress held in Japan (2014)

] About 10 publications made in peer reviewed scientific journals

. Two patents filed

. Spin off projects (a. Study of histology of Ethiopian hides and skins: ETB 2

million; b. Multifunctional Fatliquor from indigenous source: ETB 0.8 million
from MoS&T) secured

To capacitate LIDI to undertake industrial consultancy activities in leather, leather products and
allied areas

Accomplishments

= Consultancy projects in leather (M/s Sheba Tannery), in products (M/s Anbesa, M/s ELICO,
M/s Sheba) have been taken up and completed
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=  Training of manpower for M/s Pittards completed

Outputs:

=  As many as five industrial units benefitted

= About 15 personnel (of LIDI) were trained on consultancy in leather and leather products

areas

=  One consultancy service (post-twinning) has been taken up in ELICO by Leather Technology

Directorate
= Consultancy services have been taken up in product units too

To capacitate LIDI to establish/strengthen academic (B Sc) and skill development program (TVET)

Accomplishments

= Academy - Research linkage established between LIDI on one part and Addis Ababa institute

of Technology, College of Veterinary medicine & agriculture and Addis Ababa Science and

Technology University on the other

= B Scprogram curriculum reviewed and B Sc program conducted for three years

=  First degree program for footwear and leather products was started with Addis Ababa
Science and Technology University.

=  TVET (leather and goods & garments) curriculum reviewed, syllabus prepared and teaching

and learning materials prepared

Outputs:

= LIDI capacitated in conducting the B Sc program in Leather and Footwear Technology
= LIDI also capacitated in conducting TVET programs

To capacitate LIDI to provide testing and analytical services with excellence of international
position

Accomplishments:

=  CLRI facilitated the modernization of testing and analytical laboratory
= Series of advanced training programs conducted at LIDI and at CLRI

Outputs:

= Physical testing and chemical analysis laboratory capacitated to perform to meet
international requirements

To capacitate LIDI to develop built-in mechanism for continual improvement
Accomplishments:
= A quality management system in accordance to ISO 9001 has been designed and

implemented
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= QOrganization restructured
= Training provided to enhance administrative capability of LIDI

Outputs:

= New structure of organization is in place

= This led to the basis for organization restructuring many similar organizations
= LIDI - world’s first leather institute certified with 1ISO 9001

= Biometric system introduced in LIDI

To improve the overall management and functional capability of LIDI
Accomplishments:

=  Training in internet and intranet provided

= Video-conference facility established

= LIDI website modified

= |ntranet established in LIDI

= Software for purchase developed

= Personnel trained on leadership skills and soft skills

Outputs:

= LIDlisinternet and intranet capable
= Video-conference facility will enhance the long distance communication and discussion
=  The overall soft skills ability of LIDI top management personnel enhanced

Twinning Programme Phase Il

After the successful completion of Phase | Twinning project, second phase of twinning project
between CSIR-CLRI and LIDI commenced from June 2015. The focus on the Phase Il twinning project
had been to strengthen Environment Engineering, consultancy and technology development &
transfer activities.

ALLIANCE: WAY FORWARD

CSIR-CLRI and LIDI Twinning is a great partnership that proves to be a fitting model of win-win, which
built not only the collaboration between two institutes but also two countries. The alliance
established between LIDI and CSIR-CLRI is a role model for capacity building of institution and
industry. The ties between LIDI and CSIR-CLRI are expected to grow from strength to strength for the
sustainable development of global leather sector.
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GRAP O-42

DEVELOPMENT OF AN INTERNATIONAL PROFICIENCY TESTING BY
INTERLABORATORY COMPARISON APPLIED TO PHYSICAL AND CHEMICAL
TEST METHODS FOR MINERAL TANNED LEATHER 2016
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Department of Quality Management, CIATEC, A.C. Omega 201, Industrial Delta, C.P. 37545, Ledn,
Guanajuato, México
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Given the environment of global competition for markets, the leather industry and footwear must
be able to demonstrate the confidence it has on the quality of materials and products that are
marketed, so that it must be supported by third-party laboratories using quality assurance
mechanisms that give customers greater confidence, objectivity, transparency, compliance with the
international system of units and especially to achieve greater accuracy and traceability to reference
materials available.

In this context, one of the problems experienced by a leather testing laboratories in the world has to
do with the inability to demonstrate expertise in international testing methods determined by third-
party organizations (proficiency testing providers to the industry leather), why the business
opportunities are limited because they can not prove competitive advantages (technical expertise
for carrying out mechanical tests materials leather-footwear) over other testing laboratories.
Through the United Nations Development Program, supported by the governments of Mexico
(AMEXID) and Uruguay (AUCI) and the participation of more than ten countries in America and
Europe has developed a project for two international rounds of proficiency testing by
interlaboratory comparison according to the guidelines of the ISO / IEC 17043:2010, in order to
demonstrate competence in carrying out test methods for mineral-tanned leathers and increase the
competitiveness of the leather-footwear industry sector.

1. INTRODUCTION

The interlaboratory comparison consists in testing the same samples by different laboratories and in
comparing the results. They are a major element in ongoing quality assurance programs.

These objectives are usually pursued:

Demonstrate consistency of results between laboratories.

Determine the performance of individual laboratories for specific tests or measurements.

Help identify problems in laboratories and initiate actions to remedy these problems.

To establish the effectiveness and compatibility tests or new measurement methods and similarly
to monitor established methods.

v"Identify differences between laboratories.

AN NI NI
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v To determine the performance characteristics of a method.
v Assign values to the material of reference and assess whether they are suitable for use in specific
procedures or specific tests.

In practice, it consists in:
Sending to a sufficient number of laboratories a series of samples as similar as possible;

Running a series of tests by all participating laboratories;

Determining a reference value to be found for the test results;

Evaluating the difference between the results of each laboratory and the reference value and
concluding a level of confidence in the outcome of the test.

The second round of the International Proficiency Testing by Interlaboratory Comparison Applied to
Physical and Chemical Test Methods for Mineral Tanned was organized and coordinated by the
Center for Applied Innovation in Competitive Technologies CIATEC, A.C. of Mexico, in collaboration
with the Technological Laboratory of Uruguay LATU. The testing itself was being carried out from
June through August 2016.

The testing program was performed according to a simultaneous sample test arrangement divided
by interlaboratory comparison, in accordance to protocol URU / 13 / 001-1

2. MATERIAL AND METHODS. PARTICIPANTS

Twenty laboratories participated, out of which 17 are in the American continent and 3 in the
European continent:

e Bader International, Uruguay.

e (Calzado Flexi, México.

e Centro de Disefio y Manufactura del Cuero SENA, Colombia.

e Centro de Innovacion Aplicada en Tecnologias Competitivas CIATEC A.C., México.

e (Centro de Innovaciéon Tecnoldgica del Cuero, Calzado e Industrias Conexas CITECCAL, Peru.
e Centro Tecnoldgico do Calcado de Portugal CTCP, Portugal.

e Centro Tecnoldgico do Couro e Meio Ambiente, SENAI, Brasil.

e Centro Tecnoldgico para las Industrias del Calzado, Cuero y Afines CEINNOVA, Colombia.

e Eagle Ottawa by Lear, México.

e El Pequefio Curtidor de Ledn PCLab, México.

e Escuela de Ingenieria de Igualada Catedra A3, Universitat Politecnica de Catalunya, Espania.
e  First Lab, México.

e Grupo Atlas Ltda, Colombia.

e  GST Autoleather, México.

e Instituto de Tecnologia Industrial del Cuero INTI, Argentina.

e Instituto Tecnoldgico del Calzado y Conexas INESCOP, Espafia.

e laboratorio Tecnoldgico del Uruguay LATU, Uruguay.
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Paycueros, Uruguay.
SADESA, Argentina.
Zenda Leather, Uruguay.

Material and methods. Tests carried out in this inter-laboratory comparison:

ISO 3376 IULTCS / IUP 6, Leather - Physical and mechanical tests - Determination of tensile
strength and percentage extension. Third edition 2011-12-15.

ISO 3377-2 IULTCS / IUP 8, Leather - Physical and mechanical tests - Determination of tear
load - Part 2: Double edge loom. First edition 2002-12-15.

ISO STANDARD 4045 IULTCS / IUC 11 Leather - Chemical tests - Determination of pH. Second
edition 2008-02-15.

ISO 5398-1 IULTCS / IUC 8: 1, Leather - Chemical determination of chromic oxide content —
Part 1: Quantification by titration. First edition 2007-08-01.

Material and methods. Methodology.

Two variations were followed, one for physical tests and a second one for chemical tests

Physical tests methodology:

Leather tanned sheets are selected

Minimum sample size per participant defined; n = 10 specimens (taken in such a way that all
participants have specimens of all sheets and all positions)

Minimum number of laboratory participants ascertained at 15

Value assigned to the leather sample as robust median x * according to algorithm A of Annex
C of the ISO 13528 Statistical methods for use in proficiency testing by interlaboratory
comparisons.

Variability of the test s * determination as algorithm A of Annex C of ISO 13528 Statistical
methods for use in proficiency testing by interlaboratory comparisons.

Evaluation value z or z ' determination (in case the uncertainty "u" of the value assigned to
the test item is significant with respect to s)

It should be noted that this type of testing program will always depend significantly on the
homogeneity of the leather test item. It is therefore important to have at least samples of size n = 10

with no less than 15 participants.

Chemical tests methodology:

Tanned leather mechanically crushed and homogenized.

Value assigned to the item by a reference laboratory.

Variability of the test determination. It is recommended to carry out a multi-level r and R
study to establish the precision of both repeatability and reproducibility, since these tests do
not depend on the homogeneity of the sample.
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. Evaluation value z or z ' determination (in case the uncertainty "u" of the value assigned to
the test item is significant with respect to s)
Material and methods. Final Schedule of the Interlaboratory Comparison of Test methods,
program
Activity-date 2016
Planning and protocol preparation activities. February-March

Invitation. April

Preparation of the leather sheets to be tested. April-May
Receipt of registration applications. April-May

Performing the tests. June-August

Analysis of the results and preparation of the report. September
Delivery of results to the participants. October

Program Qualification. October

Material and methods. Test item definition.

Leather tanned to the mineral

The values assigned to the test item were determined as the robust mean of the participants
according to the models of section C.3.1 using the algorithm A of Annex C of ISO 13528 Statistical

methods for use in proficiency testing by interlaboratory comparisons.

3. Results and Discussion. Results reported by participants.
Asample table of the results reported in herein shown:

Physical and mechanical test level 1 Physical and mechanical test level 2 Chemical Test
Ls v i m Tensile Percentage Teard Tensile percentage Extension Teard oH Chromic Oxide
Code condition Strength Extension Load Strength Load Content
°c % HR N/mm?* % N N/mm?* % N %

L105 21 56 21,66 78,56 NP 20,33 61,18 NP 3,483 NP
L106 23 50 23,09 65,45 192,00 20,04 49,94 116,40 NP NP
L107 23 50 23,30 57,10 184,80 20,30 43,20 105,20 3,535 3,705
L108 23 50 24,41 62,55 177,23 20,46 51,09 108,06 3,500 3,700
L109 23 50 24,32 50,60 192,30 20,62 41,88 125,09 3,440 NP
L110 20 50 23,26 57,16 NP 18,56 44,72 NP 3,528 3,423
L111 23 50 24,58 60,55 188,25 21,75 45,82 114,02 3,510 3,613
L112 20 65 22,35 56,25 179,93 20,44 45,52 108,95 3,490 3,780
L113 24 38 24,15 63,45 191,80 20,18 51,32 116,20 NP NP
L114 23 50 23,71 65,84 214,04 19,07 49,91 121,28 3,628 3,588
L115 23 50 22,98 67,88 199,34 17,64 47,76 119,73 3,453 3,575
L116 18,80 66,36 186,80 15,49 52,07 113,20 3,578 np
L117 23 50 24,64 66,90 165,83 19,77 54,70 99,12 3,773 3,84
L118 23 50 23,99 59,82 158,47 20,02 48,55 96,97 3,763 3,700
L119 23 53 22,94 60,28 178,20 18,87 58,26 104,10 NP NP
L121 21 65 NP NP 186,00 NP NP 110,40 3,455 3,275
L122 22 50 24,35 60,89 157,97 20,82 51,55 94,19 3,593 NP
L123 20 50 27,16 62,30 191,80 21,90 50,04 117,15 4,780 NP
L124 24,57 64,90 198,50 20,33 52,20 103,00 3,600 NP

Note: NP mean non participant

Results and Discussion. Evaluation and analysis.

The evaluation of the results was performed using the z-values according to ISO / IEC 17043
Conformity assessment - General requirements for proficiency Testing 2010
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Sample evaluation table per participant:

Laboratory Tensile strength Percentage Extension Tear load
CODE Level 1, Leather Level 1, Leather Level 1, Leather
L105 -1,94 3,36 SC
L106 -0,57 0,64 0,51
L107 -0,37 -1,09 -0,11
L108 0,70 0,04 -0,76
L109 0,61 2,44 0,53
L110 -0,41 -1,08 SC
L111 0,86 -0,38 0,19
L112 -1,28 -1,27 -0,53
L113 0,44 0,23 0,49
L114 0,02 0,72 2,40
L115 -0,68 1,14 1,14
L116 -4,69 0,83 0,06
L117 0,91 0,94 -1,74
L118 0,29 -0,53 2,37
L119 -0,71 -0,43 -0,68
L121 SC SC -0,01
1122 0,63 -0,31 2,41
L123 3,33 -0,01 0,49
L124 0,85 0,53 1,07
Note: bold value means unsatisfactory, Underlined value means questionable

Normal values means satisfactory

To make possible a better first comparison of results, some graphs were prepared, like the one given

here:
Level 1, Value Z
Leather - Determination of tensile strength
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Summary of the evaluation:

Level 1, Leather - Physical and mechanical test

Laboratory Tensile strength Percent‘age Tear Load
CODE Extension
N/mm’ % N
L105 Satisfactory Not satisfactory SC
L106 Satisfactory Satisfactory Satisfactory
L107 Satisfactory Satisfactory Satisfactory
L108 Satisfactory Satisfactory Satisfactory
L109 Satisfactory Questionable Satisfactory
L110 Satisfactory Satisfactory SC
L111 Satisfactory Satisfactory Satisfactory
L112 Satisfactory Satisfactory Satisfactory
L113 Satisfactory Satisfactory Satisfactory
L114 Satisfactory Satisfactory Questionable
L115 Satisfactory Satisfactory Satisfactory
L116 Not satisfactory Satisfactory Satisfactory
L117 Satisfactory Satisfactory Satisfactory
L118 Satisfactory Satisfactory Questionable
L119 Satisfactory Satisfactory Satisfactory
L121 SC SC Satisfactory
L122 Satisfactory Satisfactory Questionable
L123 Not satisfactory Satisfactory Satisfactory
L124 Satisfactory Satisfactory Satisfactory
Note: SC mean non participant
Level 1, Leather - Chemical test
Laboratory pH Chromic oxide
CODE Content
%
L105 Satisfactory SC
L106 SC SC
L107 Satisfactory Satisfactory
L108 Satisfactory Satisfactory
L109 Satisfactory SC
L110 Satisfactory Satisfactory
L111 Satisfactory Satisfactory
L1122 Satisfactory Satisfactory
L113 Sin calificacién SC
L114 Satisfactory Satisfactory
L115 Satisfactory Satisfactory
L116 Satisfactory SC
L117 Questionable Satisfactory
L118 Questionable Satisfactory
L119 Sin calificacién SC
L1211 Satisfactory Questionable
L1222 Satisfactory SC
L123 Not satisfactory SC
L124 Satisfactory SC

Note: SC mean non participant



From the results obtained by the participants, the average coefficient of variation within the
laboratory was calculated.

In-laboratory coefficient of variation

Physical and mechanical, test Level 1 Physical and mechanical, test Level 2
Tensile  Percentage Tear Tensile  Percentage Tear
Strength  Extension Load Strength  Extension Load
N/mm’ % N N/mm? % N
Assigned value x* 23,69 62,36 186,09 Assigned value x* 20,12 49,75 110,26
Precision of the method s* 1,04 4,82 11,15 Precision of the method s* 0,72 3,91 9,70
Uncertainty u 0,31 1,42 3,38 Uncertainty u 0,21 1,15 2,94

Finally there is the percentage of satisfaction that refers to the percent of laboratories considered as
satisfactory in the method: % S = No. participants satisfactory / No. participants total x 100, with the
following data:

Leather Leather Leather Leather Leather
Tensile Percentage Teard Chromic
Strength Extension Load PH Oxide
%
Leval 1 88,9 88,9 82,4
81,3 90,0

Level 2 72,2 83,3 100,0
Average 80,6 86,1 91,2

The metrological traceability is given in terms of the calibration of the measurement systems used
by the participants themselves.

4. CONCLUSION

General conclusions

Physical tests: The results display consistency in evaluation. The method of resistance to tension is
the one that presents the lowest percentage of satisfactory participants. The tear resistance method
is the one with the highest percentage of successful participants.

Chemical tests: The lowest participation of laboratories is in the test of % of Chromium Oxide. The %
of Chromium Oxide method is the one with the highest percentage of successful participants.

In relation to the 2015 Interlaboratory comparison of physical and chemical tests for leather tanned
to the mineral proficiency test program, physical tests show an improvement in the average
performance of the participants. In chemistry, no improvement is observed.

Conclusion: Recommendations
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Questionable and unsatisfying participants are possibly not adhering correctly to the standard
instructions of the method. Different results are a consequence of any of the following factors:
¢ Improper handling of the sample during the test.

¢ Conditions and operation of non-compliant measuring devices such as the following:

Physical tests:

. Damaged jaws

. Faulty test machines

. Cutting devices of specimens in poor condition
Chemical tests:

. Misaligned measuring instruments

. Poor reference materials

¢ Special cause errors due to lack of skill of operators.
e Calculation errors detected in some reports.

It is recommended that questionable and unsatisfactory participants carefully review the application
of standardized methods and adhere to all the details indicated.

It is also recommended to promote among the participants the standardization of the method to
improve the satisfaction percentage of the method.
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