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FLS O-01 

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.  The structural basis of collagen, the 

leather making protein has been well investigated and understood.
 
Out of XXIX types of collagen 

identified till date, Type I 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 
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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, (+)-/ŀǘŜŎƘƛƴΣ όҍύ-Epigallocatechin gallate, Quercetin, Tannic acid, Deuterium 

oxide (D2O) and 4, 4-Dimethyl-4-silapentane-1-sulfonic acid (DSS) were purchased from sigma 

Aldrich (Bangalore, India), Rat tail tendon collagen (type-I). 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 % H2O and 10 % D2O in 50 mM CD3COOD and the pH of the 

solution is 3.5-3.6. 

  

NMR Spectroscopy 

NMR experiments were performed on a Bruker Avance II 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 1H 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) 9 forms a trimer 

with a triple-helical conformation in aqueous solution and undergoes a thermal transition to a 

monomer at 60ºC. 

 

Assignments of MCP 

The 15N heteronuclear Single quantum coherence spectroscopy (HSQC) shows signals for the four 

labeled residues in the spectra. The HSQC spectrum of the MCP in 90% H2O 10% D2O at 25ºC where 

the peptide is shows mixture of monomer and trimer peaks. The (GXY) 9 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 



3 
 

signals we performed the experiments at different temperature at 5º C 25ºC and 55ºC. 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 Glycine1 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. 

 
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
1
) and transverse relaxation time 

(T
2
) decay profiles of native and polyphenol viz., GA, Quer, and CA were studied earlier9.  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.  
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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 1H spin-relaxation times (T1 and T2) and saturation transfer difference (STD) 

NMR.  The 1H spin-relaxation and 13C chemical shift data analysis reveal that ςCOOH 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-н Σ I-р  ŀƴŘ I-с  ǇǊƻǘƻƴǎ ƻŦ /! ŀƴŘ I-6, 

H-8, H-н Σ I-с Σ I-н  ŀƴŘ Iс  ǇǊƻǘƻƴǎ ƻŦ 9D/D ǇŜǊǎƛǎǘ ƛƴ ǘƘŜ ǎǇŜŎǘǊŀΣ ŘŜƳƻƴǎǘǊŀǘing 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. 

 
 

Figure 2 (A) T1 and T2 relaxation times of the protons in GA (6 mM) and PG (6 mM) in the presence 

ƻŦ ŘƛũŜǊŜƴǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ŎƻƭƭŀƎŜƴΦ ό.ύ 1H NMR spectrum of GA (6 mM) in the presence of 

ŎƻƭƭŀƎŜƴ όс ˃aύ ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ {¢5 baw ǎǇŜŎǘǊǳƳ ŀǊŜ ǎƘƻǿƴ ƛƴ όLύ ŀƴŘ όLI), respectively. 

Similarly, spectra for PG (6 mM) at the same collagen concentration are displayed in (III) and (IV), 

respectively. 
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Figure 3 (A) 1H T1 and T2 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 

˃aύ ƛǎ ǎƘƻǿƴ ƛƴ όLύΣ ǿƘƛƭŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ {¢5 ǎǇŜŎǘǊǳƳ ƛǎ ŘƛǎǇƭŀȅŜŘ ƛƴ όLLύΦ 

 
Figure 4 (A) 1H T1 and T2 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 

ŎƻƭƭŀƎŜƴ όлΦс ˃aύ ƛǎ ǎƘƻǿƴ ƛƴ όLύΣ ǿƘƛƭŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ {¢5 ǎǇŜŎǘǊǳƳ ƛǎ ŘƛǎǇƭŀȅŜŘ ƛƴ όLLύΦ 

 

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 
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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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FLS O-02 

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 Illumina 600K HD SNP chips as part of separate 

FarmIQ 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 
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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 



9 
 

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 FarmIQ 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 



10 
 

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 20oC 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 ISO 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 

thickness at 

middle of back 

(mm) 

270 1.95 1.95 2.07 1.84 0.07 3.6 0.23 <0.01 <0.0001 0.01 0.5 

Crust-leather tear-

force parallel to 

spine (N) 

282 213 215 235 197 11 5.1 37.8 <0.0001 <0.0001 1.84 0.9 

Crust-leather tear 

force 

perpendicular to 

spine (N) 

282 160 161 178 146 8.9 5.5 32.5 <0.0001 <0.0001 1.4 0.9 

Crust-leather 

mean tear force of 

both axis (N) 

282 186.1 188.3 206.5 171 9.96 5.3 35.5 <0.0001 <0.0001 1.62 0.9 

 

 

Crust-leather tear 

strength parallel to 

spine (N/mm) 

282 108.4 110 113.7 104 2.6 2.4 9.6 <0.01 <0.0001 0.26 0.2 

Crust-leather tear 

strength 

perpendicular to 

spine (N/mm) 

282 87.2 88.2 93.9 81 3.37 3.8 12.77 <0.0001 <0.01 0.18 0.2 

Crust-leather 

mean tear force of 

both axis (N/mm) 

282 97.8 98.86 104 92.3 3.03 3.1 11.7 <0.0001 <0.0001 0.22 0.2 

Pearl crust 

evenness grade 

(Rank 1-3) 

282 1.76 1.78 2.14 1.47 0.2 11.2 0.67 <0.01 <0.05 0.01 0.5 

 

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 0.5 - 4 0.13 ± 0.16 sex 

Butt 287 2.2 ± 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/mm
2
) 283 47.3 ± 58.7 28.1 - 1026.5 0.02 ± 0.12 - 

Tensile parallel ext (mm) 286 35.6 ± 6.1 23.4 - 92.3 NE - 

Tensile parallel (N/mm
2
) 286 161.4 ± 24.2 105 - 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
2
) 286 110.4 ± 17.4 62.3 - 196.4 0.35 ± 0.20 sex 

Lastometer load (N) 285 26.5 ± 6 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 3.4 ± 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 

ŀƴƛƳŀƭΩǎ ǎƪƛƴΣ ǿƻǳƭŘ ƳŜŀƴ ǘƘŀǘ ǘƘŜǊŜ ǿŀǎ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ǇǳǊǇƻǎŜ ŀƴŘ ǊŜŀǎƻƴ ǘƻ ŀŎǘƛǾŜƭȅ ƛƳǇǊƻǾŜ ǘƘŜǎŜ 

ǇǊƻǇŜǊǘƛŜǎ ƛƴ ǘƘŜ ŀƴƛƳŀƭΩǎ ƎŜƴŜǘƛŎ ǇǊƻŦƛƭŜΦ  

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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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 (50µm) 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 

 
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. 

 
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. 

 

 
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. 

ACKNOWLEDGEMENTS 

The author would like to acknowledge the New Zealand Ministry of Business Innovation and 

Employment for funding this work within project LSRX0801, and the assistance of Fraser Stevens in 

operation of the MDSC. 

REFERENCES 

1. Bao, Y., Yang, Z. & Ma, J., Tanning mechanism of vinyl polymer/montmorillonite 

nanocomposite tannage, J. Soc. Leather Technol. Chem., 2007, 91( 4) 162-167. 

2. Chen, H. & Shan, Z.-H., Changes in hydrothermal stability of collagen with several catechin-

metal compounds: A DSC study, J. Soc. Leather Technol. Chem., 2008, 92(3) 93-95. 

3. Chen, H. & Shan, Z.-H., The reaction mechanism between collagen and phenol / oxazolidine 

E tanning matrices, J. Soc. Leather Technol. Chem., 2009, 93(1) 121-125. 

4. Ding, K., Taylor, M.M. & Brown, E.M., Tanning effects of aluminum - genipin or vegetable 

tannin combinations, J. Amer. Leather Chem. Assoc., 2008, 103(11) 377-382. 

5. Edmonds, R.L., Application of modulated temperature differential scanning calorimetry 

(MTDSC) on leather, J. Soc. Leather Technol. Chem., 2016, 100(6) 283-288. 

6. Heath, R.J., Di, Y., Clara, S., Hudson, A. & Manock, H., The optimization of epoxide-based 

tannage systems - an initial study, J. Soc. Leather Technol. Chem., 2005, 89 (3) 93-102. 

7. Kronick, P.L. & Buechler, P.R., Effects of beaming and tanning on collagen stability, studied 

by differential scanning calorimetry, J. Amer. Leather Chem. Assoc., 1986, 81( 7) 213-220. 



20 
 

8. Liu, W. & Li, G., Non-isothermal kinetic analysis of the thermal denaturation of type I 

collagen in solution using isoconversional and multivariate non-linear regression methods, 

Polym. Degrad. Stab., 2010, 95(12) 2233-2240. 

9. Liu, W. & Li, G., Effect of chrome tanning on the thermal behavior of collagen fibers: A 

calorimetric and kinetic analysis, XXXIII IULTCS Congress, Novo Hamburgo, Brazil, Associação 

Brasileira dos Químicos e Técnicos da Indústria do Couro, 2015, #4 

10. Luo, J., Feng, Y. & Shan, Z., Complex combination tannage with phosphonium compounds, 

vegetable tannins and aluminium tanning agent, J. Soc. Leather Technol. Chem., 2011, 95(5) 

215-220. 

11. Madhan, B., Nishad Fatima, N., Rao, J.R. & Nair, B.U., Molecular level understanding of 

tanning using an organo-zirconium complex, J. Amer. Leather Chem. Assoc., 2003, 98( 11) 

445-450. 

12. Reading, M. & Hourston, D.J. Modulated Temperature Differential Scanning Calorimetry; 

Springer. Dordrecht, The Netherlands, 2006 

13. Tang, H.R., Covington, A.D. & Hancock, R.A., Use of DSC to detect the heterogeneity of 

hydrothermal stability in the polyphenol-treated collagen matrix, J. Agric. Food. Chem., 

2003, 51(23) 6652-6656. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 
 

FLS O-04 

INFLUENCE OF NAPHTHALENESULFONIC ACID DERIVATIVES ON THE DYEING 

PROPERTIES OF THE LEATHER. PART II 

Olga Ballús*, Toñy Catalan, Ramón Palop, Ricardo Micó 

Laboratorio de Curtidos. Cromogenia Units S.A, Email: oballus@cromogenia.com 

Laboratorio de Curtidos. Quimipiel S.L, Email: tcatalan@quimipiel.com 

 

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; Ballús 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 

mailto:oballus@cromogenia.com
mailto:tcatalan@quimipiel.com
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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 

liquid 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 5µm 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 30ºC, using a Jasco CO-2065 plus oven. The eluent solution was prepared with 

acetonitrile and a Na2SO4 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. 



23 
 

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 I). The formula is 

shown in Table II (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 

ǿŀǎ ǳǎŜŘ ǘƻ ƳŜŀǎǳǊŜ ŎƻƭƻǊ ƭŜǾŜƭƴŜǎǎ όɲ9ϝ ǾŀƭǳŜǎΥ ǾŀǊƛŀǘƛƻƴ ƛƴ ǘƻǘŀƭ ŎƻƭƻǊύ ƻƴ ǘŜƴ Ǉƻƛƴǘǎ ƻŦ ǘƘŜ ƎǊŀƛƴ 

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 I 

Characteristics of the dyes and the amine used 

Name Description Structure MW 

Acid 

Brown 83 
Cu-metallized diazo acid 

 

557.5 

Acid black 

210 
Triazo acid  

 

861 

 

Table II. 

Procedure for the application of dyeing auxiliaries 

PROCESS OPERATION OBSERVATIONS 

Washing 200% Water at 35ºC, 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. 

Neutralization 

Anionization 

 

150% Water at 35ºC, 2% formate, run 30 min 

0.2% Sodium bicarbonate, run 60 min, pH=4.4 
Control of pH and 

degree of 

anionization in the 

leather. 

5% Naphthalenesulfonic, run 120 min, pH= 4.5-5.2. 

Drain bath and wash 10 min. 

Dyeing 

Fatliquoring 

  

 

100% Water at 45ºC 

Control of 

penetration and bath 

exhaustion. 

- 2% amine E, run 20 min 

1.5% Acid Brown 83, 1.5% Acid Black 210, run 60 min. 

5% Sulfated neatsfoot oil 

5% Sulfochlorinated fatty oil, run 60 min 

1% Formic acid, run 60 min, pH= 3.8-4 

Drain and wash 10 min. 

 

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 III). 

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 III. 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 III. 

Naphthalenesulfonics characterization by RP-HPLC and GPC 

Product n 

Relative 

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 II). 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 τ the SO3
- reactive group τ. 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. 

 

(a)                                                    (b)                                                  (c) 

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.  

 

c) 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 τ

and uniformlyτ 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 SO3
- 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  

Products 

Control after adding 

naphthalenesulfonics 
Control after adding dyes 

Degree of 

anionization (%) 

Surface 

distribution 

on grain side 

(L*) 

Without 

amine E (%) 

With amine 

E (%) 
% Variation 

NS1 100 23.5 100 100 0 

NS2 70 31.4 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 

 

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. 

¢ƘŜ ƘƛƎƘŜǊ ǘƘŜ ɲ9ϝ ǾŀƭǳŜǎΣ ǘƘŜ ǇƻƻǊŜǊ ǘƘŜ ƭŜǾŜƭƴŜǎǎΦ ¢ƘŜ ǾŀƭǳŜǎ ƻōǘŀƛƴŜŘ ŦƻǊ ŜŀŎƘ ǇǊƻŘǳŎǘ ƛƴ ǘƘŜ ǘǿƻ 

variables are shown in Table V. Color levelness gets poorer with decreasing molecular weights in the 

variable without amine E. In this variable, ɲ9ϝ ǾŀƭǳŜǎ ǎƘƻǿ ƭƛǘǘƭŜ ǾŀǊƛŀǘƛƻƴ ōŜǘǿŜŜƴ ƳƻƭŜŎǳƭŀǊ 

weights τfrom 3.000 (NS1) to 1.200 (NS2 and NS3) τ with a sudden fall to molecular weight 600 

(NS6) and much lower in the (product-free) reference. The addition of amine E improved the 

Without amine E  With amine E 
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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 V 

Color intensity and levelness values, with and without amine E 

Product 

Color intensity Color levelness 

Without 

amine E 

(L*) 

With 

amine E 

(L*) 

Variation 

(%) 

ɲ9ϝ 

without 

amine E 

ɲ9ϝ 

with amine 

E 

Variation 

(%) 

NS1 31.3 26.4 15.6 3.8 3.6 5.2 

NS2 31.1 29.4 5.4 4.2 3.8 9.5 

NS3 30.8 26.2 14.9 4.3 3.7 13.9 

NS4 30.3 30.6 -0.9 4.3 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 

Product 
(L*) Exhaustion 

without amine E 

(L*) Exhaustion 

with amine E 
Variation (%) 

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. 



31 
 

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 

60oC and drying was applied for four hours. 

 

Vacuum drying: The temperature of the vacuum drying unit used in the study was adjusted to 50oC, 

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). 
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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 (dm2). 

Drying 

Methods 
n  Wet-Blue Staking 

Drum 

Milling 

Drum Milling 

+ Staking 

Hang Drying 3 

Min. 68,00 68,00 68,00 68,00 

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 

Wet-Toggle 

Drying 
3 

Min. 74,00 89,00 85,00 86,00 

Max. 98,00 122,00 120,00 121,00 

X±S.E. 83,33±7,42 102,67±9,94 99,67±10,49 101,00±10,41 

Vacuum 

Drying 

50 oC 50 s  

3 

Min. 68,00 72,00 70,00 72,00 

Max. 100,00 103,00 103,00 104,00 

X±S.E. 85,33±9,33 87,33±8,95 86,00±9,54 87,67±9,24 

Vacuum 

Drying 

50 oC 100 s 

3 

Min. 81,00 82,00 81,00 83,00 

Max. 97,00 98,00 97,00 98,00 

X±S.E. 90,67±4,91 92,00±5,03 91,00±5,03 92,67±4,84 

Vacuum 

Drying 

50 oC 200 s 

3 

Min. 90,00 92,00 90,00 91,00 

Max. 102,00 108,00 106,00 107,00 

X±S.E. 97,33±3,71 100,67±4,67 99,00±4,73 100,33±4,81 

Vacuum 

Drying 

50 oC 400 s 

3 

Min. 75,00 79,00 78,00 79,00 

Max. 90,00 92,00 91,00 92,00 

X±S.E. 83,67±4,48 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 

ƘƻǳǊǎ ƛǎ ƘƛƎƘŜǎǘ ό¢ƻǇǘŀǒΣ мффоύΦ 

 

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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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). 

 
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 

ŘǊȅƛƴƎ ǇǊƻŎŜǎǎ ŀŎƘƛŜǾŜŘ ƳŀȄƛƳǳƳ ǎǳǊŦŀŎŜ ŀǊŜŀ ƎŀƛƴΦ ¢ƘŜ ŘǊǳƳ ƳƛƭƭƛƴƎ ǇǊƻŎŜǎǎ ƘŀǎƴΩǘ ŎŀǳǎŜŘ ŀƴȅ 

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, H2 and CO2 (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.  
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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 × 100 mm size. The leather surface was roughed using 

a roughing machine. The adhesive was applied to 20 × 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.  

 

 

 

 

 

Figure 2: Effect of time to extract adhesive from goat head skin 
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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. 

 

 

 

 

 

 

Figure 4: Effect of number of extraction to extract adhesive from goat head skin 
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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, SiO2 (Ma et al. 2013), and TiO2 (Xu et al. 2015) nanoparticles 

were introduced into casein matrix separately to obtain casein-based SiO2/ TiO2 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 

mailto:majz@sust.edu.cn
mailto:xxqqnn870304@163.com
mailto:fqleather@163.com
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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 concentrationŝ 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 65ᴈ for 2 h. When casein was completely dissolved, the temperature was raised 

to 75ᴈ, 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-1 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 25ᴈ and then vacuum-dried at 60ᴈ until constant weight (W1) was obtained. The 

latex films were immersed into deionized water at 25ᴈ for 24 h. Then the latex films were taken out 

and immediately weighted (W2) after wiping out the surface water. Each specimen was repeated in 

duplicate. The water absorption was calculated using the following formula:  

 =  

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 37ᴈ for 48 h. A bacterial inhibition zone was formed around the film. The 

diameter of the inhibition zone (Winh) was calculated using the following equation: 

 

where d1 is the total diameter of the inhibition zone, d2 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 cmҍ1, 1629.86 cmҍ1 and 1536.98 cmҍ1 could be attributed to the stretching 

vibration of N-H, stretching vibration of ςC̗ O and stretching vibration of the C-N, respectively cho 

et al. 2014 ). CA-CPL/ZnO composite showed the similar characteristic peaks at 3276.98 cmҍ1, 

1627.78 cmҍ1 and 1541.51 cmҍ1, while a new and weak absorption peak around 1405.86 cmҍ1 was 

observed in the spectrum of CA-CPL/ZnO composite due to asymmetric and symmetric stretching 

vibration of COOςZn (Vidhya et al. 2015). Meanwhile, another band near wavenumber 1024.21 cmҍ1 

also indicated the formation of composite (Xiong et al. 2013).  

3.3 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 

rate (%) 

dissolved within 1 h 232.0 125.0 43.9 τ 

 άτέ ǊŜǇǊŜǎŜƴǘ ǘƘŀǘ ǘƘŜ ŦƛƭƳ ŎƻƴǘŀƛƴƛƴƎ нΦр҈ 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 

ZnO 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 COOςZn 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, 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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Ionic liquids (ILs), the greener solvent media are regarded as preferential candidates for instigating 

desired effect on proteins due to the Ŝŀǎȅ ǘǳƴŀōƛƭƛǘȅ ƻŦ Ŏŀǘƛƻƴ ŀƴŘ ŀƴƛƻƴΦ ¢ƘŜ ǳǎŜ ƻŦ ǘƘŜǎŜ άŘŜǎƛƎƴŜǊέ 

ŀƴŘ άƎǊŜŜƴŜǊέ ǎƻƭǾŜƴǘǎ ƛƴ ƭŜŀǘƘŜǊ ǇǊƻŎŜǎǎƛƴƎ Ƙŀǎ ōŜŜƴ ŜȄǇƭƻǊŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ IŜǊŜƛƴΣ ǿŜ ǊŜǇƻǊǘ ǘƘŜ 

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. Almost 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; Ionic liquids; Thermal stability; Conformational stability; Unhairing; Fiber 

opening; Tanning 

 

1. INTRODUCTION 

Ionic 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. 

mailto:ishad.naveed@gmail.com
mailto:nishad@clri.res.in
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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 

ǘƘŜǊŜ ŀǊŜ ǎǇŜŎǳƭŀǘƛƻƴǎ ǘƘŀǘ L[ǎ Ŧƻƭƭƻǿǎ IƻŦƳŜƛǎǘŜǊΩǎ ǎŜǊƛŜǎ ώ/ƻƭƭƛƴǎ нллпϐΦThe 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 I 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 

Ionic liquids, 1-butyl-3-methylimidazolium chloride (BMIM Cl), 1-butyl-3-methylimidazolium 

tetrafluoroborate (BMIM BF4), 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 Ionic Liquid 

Technologies GmBH (IoLiTec). All leather chemicals are of commercial grade. 

2.2 Isolation of type I soluble collagen 

Tails of six month old albino rats (Wistar strain) were excised for the extraction of high purity type I 

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.ф҈ bŀŎƭ ŀƴŘ ƳƛƭƭƛǇƻǊŜ ǿŀǘŜǊ ŀǘ пɕ/Φ ¢ƘŜ w¢¢ ŦƛōŜǊ ǿŜǊŜ ŦǳǊǘƘŜǊ 

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 µl 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.cm2. dmol-1). 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 -

плɕ/Φ [ȅƻǇƘƛƭƛȊŜŘ ǎŀƳǇƭŜǎ ǿŜǊŜ ǘŀƪŜƴ ǘƻ ǎǘǳŘȅ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴǎ ōŜǘǿŜŜƴ ŎƻƭƭŀƎŜƴ ŀƴŘ L[ǎ ǳǎƛƴƎ WŀǎŎƻ 

FT/IR-4200 (Fourier Transform Infrared Spectrometer) by KBr pellet method at 25°C with 60 scans in 

the range of 4000-400 cm-1 with resolution of 4 cm-1. 

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, Ts. 

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-ммлɕ/ ǎƛƳƛƭŀǊ ǘƻ ǘƘŀǘ ƻŦ 

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 

Bicarbonate 

1.3 1.3 3 feeds 10+30 pH set to 4, 

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 

Bicarbonate 

0.3 0.3 10+30 pH set to 5.5, 

Drain/Wash/Drain 

Post tanning      
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 Water 100 100   

 Dye 1 1 30 Check exhaustion 

 BMIM Cl - X 30  

 Synthetic 

fatliquor 

8 8 40  

 Formic Acid 3 3 3 feeds*10 

+30 

Drain, rinse and 

pile 

X=0.5 and 1 

4. Results and Discussion 

4.1 Circular dichroism studies accrediting changes on secondary structure of collagen 

 

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 II (PP II) 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 

(CSO4), 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=O stretching at 1640 cm-1 

for Amide I, N-H bending and C-H stretching at 1560 cm-1 for amide II, carboxyl OH at 1240 cm-1 for 

amide III [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 I and II bands are attributed to polyproline 

type II 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 I, II and III bands. A shift in amide I band was observed from 1642 cm-1 

in native to 1659 cm-1 in the presence of choline dihydrogen phosphate. Also, there were shift in 

peaks for choline sulfate from 1652 cm-1 for amide I, 1566 cm-1 for amide II 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, II bands suggesting the changes in the microenvironment 

of collagen upon its interaction, albeit there was an abrupt change witnessed for amide III bands 

(from 1240 cm-1 to 1235 cm-1) 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 BMIM Cl AMS PMS PEP CSO4 CDHP 

A 3370 3323 3284 3284 3284 3421 3414 

B - - - - - - - 

I 1642 1637 1642 1643 1642 1652 1659 

II 1560 1563 1561 1563 1558 1566 1561 

III 1240 1240 1235 1239 1237 1261 1241 

 

4.3 Dimensional and thermal studies accrediting changes on RTT collagen fibers 

 

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 (Ts) temperature for RTT collagen fibers 

Codes TS (
oC) 

Water 54±2 

10% BMIM Cl 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 I 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 

 

 
Figure 3. Effect of CDHP on wet blue leathers (4% BCS & 1%) 

4.5 Leather dyeing assisted with ionic liquid 

ColoǳǊ ǾŀƭǳŜǎ ŀǊŜ ƳŜŀǎǳǊŜŘ ōȅ Ƨǳǎǘ ƴƻǘƛŎŜŀōƭŜ ŘƛŦŦŜǊŜƴŎŜ όWb5ύ ǾŀƭǳŜ ŀƴŘ ɲ9 ǾŀƭǳŜǎ ŀōƻǾŜ ǘƘŜ оΦф 

are considered as perceivable change in colour, which can be clearly recognized by the human eye. 

9ȄǇŜǊƛƳŜƴǘŀƭ ƭŜŀǘƘŜǊǎ ǎƘƻǿŜŘ ɲ9 ǾŀƭǳŜǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ŎƻǳƴǘŜǊ Ǉŀrts 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 

 1 C 1 E 0.5 C 0.5 E 

*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 

ɲ9 - 20.243 - 12.586 

 

Table 7. Organoleptic properties of dyed leathers 

 1 C 1 E 0.5 C 0.5 E 

Uniformity  7 8 7 8 

Dye intensity 8 7 8 7 

Grain Smoothness 8 9 8 9 

Softness 7 8 7 8 

 

5. CONCLUSION 

Ionic 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 



56 
 

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.  

Ionic 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 (III) salt due to the limited 

availability of vegetable tannins1. 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 

άŎƘǊƻƳŜ ǘŀƴƴŜŘ ƭŜŀǘƘŜǊǎ ŀǊŜ ŜƳǇǘȅ ƛƴ ƴŀǘǳǊŜέΦ [ŜŀǘƘŜǊ ƛƴŘǳǎǘǊȅ ƛƴ ŎƻǳƴǘǊƛŜǎ ƭƛƪŜ LƴŘƛŀ2, carry out an 

operation called rechroming, in order to normalize the Cr2O3 content in the batch of wet blues 

mailto:jrrao@clri.res.in
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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(III) 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 ς 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(III) 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 (CxHyN6Oz)n--/ǊόLLLύΣΨȄΩ ōŜƛƴƎ ŀƴ ƛƴǘŜƎŜǊ ǊŀƴƎƛƴƎ ŦǊƻƳ р ǘƻ фΣ ΨȅΩ ŀƴ ƛƴǘŜƎŜǊ 
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ōŜǘǿŜŜƴ у ǘƻ мнΣ ΨȊΩ ŀƴ ƛƴǘŜƎŜǊ ōŜǘǿŜŜƴ н ǘƻ с ŀƴŘ ΨƴΩ ŀƴ ƛƴǘŜƎŜǊ ōŜǘǿŜŜƴ мл-50.6 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 ςProcess 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 
10 

3x15+30 min, Exhaustion was 
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 hr at 25 ± 1 °C and 65 ± 2% RH14
. 

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 

(%Cr2O3), 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.5 

The prepared melamine condensate has been co-linked with masked chromium(III) 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 Cr2O3 content of 

12±0.5%.  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 
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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.  

 
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 II. 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 

III  

 
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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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. 

 

 

 

 

 

 

 

 

Figure 3 Scanning electron micrographs of grain and cross section of crust leathers rechromed with 
commercial chrome and CMS syntan 

Table II Physical properties of control (Commercial chrome syntan) and experimental 
(CMS) leathers 

Characteristics Control Experiment 

Tensile Strength (N/mm2) 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) 32±1 29±1 

Distention at grain crack (mm) 9.10±0.2 8.70±0.2 

Table III 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 6±0.4 8±0.5 

Softness 7±1 7±1 

Color uniformity 9±0.5 9±0.5 

Overall appearance 7±1 9±0.5 
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3.5 Analysis of Wastewater 

TDS, COD and %Cr2O3 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 

%Cr2O3 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 6800±10 

% Cr2O3 673±5 606±13 

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 Cr2O3 content of 12±0.5%. The salient features of the leather treated with 

CMS are given below.  

Á Zero formaldehyde  

Á  Eco-friendly with no possibility of Cr(VI) 

Á  Selective filling and grain tightening effect on loose area and belly region 

Á  Provides fine grain with soft handle 

Á  Increase in thickness without affecting area yield 

Á  Good dye leveling, excellent buffability with natural sheen 

Á  Produces uniform milling pattern  

Á  Overall Upgradation and better cutting value 
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This lecture addresses   mainly about surfmers ς 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 (VI) 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 ς Chain transfer agent 2. Inisurf ς surfactant and an initiator and 3. Surfmer ς 

Surfactant and a monomer. 

The examples are given below  

          Transurf                      Inisurf                     Surfmer 

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 with1 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 

its co-monomer is given below. 

 

 

 

 

 

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 
Strength(Kg/cm2) 

256.25 218.9 244.78 220.89 

Elongation(mm) 71 51 65 48 

Grain Crack 
Load(Kg) 

39 24 32 26 

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 
scale 

Grade 3 on grey 
scale 

Grade 4 on grey 
scale 

Grade 3 on grey 
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  

 

 

 

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 (VI)  as per DIN ISO 17075 under 

ageing conditions  

Nil 9 ppm 

Total Chromium (Cr) content %  as 

Chrome oxide ( Cr2 O3) 

3.2 2.5 

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 

ŦƻƭƭƻǿƛƴƎ ōŀǘŎƘ ǘƻ ƳŀƪŜ άŎƻƭƻǳǊƛƴƎέ ŀƴŘ ŜȄƘŀǳǎǘ ǘƘŜ ǳƴŦƛȄŜŘ ǘŀƴƴƛƴǎ ǇǊƛƻǊ ǘƻ ŘƛǎŎƘŀǊƎŜΦ 

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 

ǘŀƴƴŜǊȅΩǎ ŜŦŦƭǳŜƴǘ ǇƭŀƴǘΦ 

 

 

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. 

CǳǊǘƘŜǊƳƻǊŜ ǘƻŘŀȅΩǎ ƳŀǊƪŜǘ ǊŜǉǳƛǊŜǎ ŀ ǘŀƴƴŀƎŜ ǘƘŀǘ ƛǎΥ 

Á Free from Chrome salts and other metals 

Á Formaldehyde content less than 3 ppm 

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

Á High heat and light resistance 

mailto:epoles@silvateam.com
mailto:acalleri@silvateam.com
mailto:psaccagno@silvateam.com
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Á High tensile / tear strength 

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

Discharge) 

Á Low % of chlorides and sulphates processes 

Á Low COD processes 

Á Soft, tight and light weight leathers 

Á Good dyebility 

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

Á Low cost processes 

 

Having thougƘǘ ŀōƻǳǘ ŘƛŦŦŜǊŜƴǘ ǎƻƭǳǘƛƻƴǎ ǘƻ ƳŀǘŎƘ ǘƻŘŀȅΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎ ƛǘ ŎŀƳŜ ǘƻ ƳƛƴŘ ǘƘŜ 

marvellous most ancient system of tannage which is άbŀǘǳǊŀƭ ±ŜƎŜǘŀōƭŜ ¢ŀƴƴŀƎŜέ. 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 

 

Á A natural tanning system was developed by using a Dispersed Ellagic / Gallic Tannin (GEDT) 

of natural origin which has high fastness properties (Figure 1).  

  

 

 

 

 

 

 

 

 

 

 

 A B 

Figure 1 Chemical structure of Ellagic Tannin (A) and Gallic Tannin (B). 

http://www.roadmaptozero.com/
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Á 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). 

 

 

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

following properties: 

Á 100% soluble 

Á Near to white colour (light beige) 

Á Good light fastness 

Á Good heat fastness 

Á Excellent penetration 

Á Medium softness 

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

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

Á Leather like appearance of both wet white and full tannage 

Á Easy to wet back 

Á Good dewatering on sammying 

Á High increase in thickness 

Á Easy shaving 

Á Sensitive to iron ions (black coloration) 

Á High anionic charge (good dye shades but difficult to fix) 

Chipping 

Extraction 

Purification 

Exhausted 

Fibres 

Dispersion  

& Hydrolysis 

Wooden 

Pellets 

Biomass 

Power Pant 

Spry-drying 

Sales Packing 

Natural Raw 

Materials 

 

 

 

 

Figure 2 GEDT Production Process. 
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Chemical Lab   
 

TEST REPORT 

 

PRODUCT GALLIC / EL LAGIC DISPERSED TANNIN  (GDE) 

 

ANALYTICAL RESULTS 

CHARATTERISTICS  UNIT  VALUES  MET HOD 

APPEARANCE  Light brown powder  

TANNINS % 66,4 ISO 14088:2012* 

NON TANNINS % 29,0 ISO 14088:2012* 

INSOLUBLES % 0,0 ISO 14088:2012* 

WATER % 4,6 ISO 14088:2012* 

T/nT RATIO  2,29 ISO 14088:2012* 

pH (10 %)  3,65 TAN/04 

ASHES ON DRY MATTER at 

650°C 
% 20,9 TAN/06 

FREE FORMALDEHYDE ppm < 5 p.p.m UNI EN ISO 17226-1 

SULPHATES (SO4)
2-
 % < 0,30 EPA 375.4 

* Freiberg Hide Powder Lot 379 VK 

 

 

The analytical values of the product in powder form obtained by spray drying are listed in Figure 3. 

 

 

 

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 3 Analytical values of GEDT. 

Figure 4 Pretanned GEDT hide. 
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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. 

 

 

 

Figure 5 GEDT natural crust. 
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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 

ŘǊŀƛƴΦ !ŦǘŜǊ ǘƘƛǎ άŎƻƭƻǳǊƛƴƎέ ǘƘŜ ƭƛǉǳƛŘ ƛǎ ŘǊŀƛƴŜŘ ǘƻ ǘƘŜ ŜŦŦƭǳŜƴǘ Ǉƭŀƴǘ ǿƛǘƘ ǾŜǊȅ ƭƻǿ /h5 ǾŀƭǳŜǎ ŀnd a 

new float is prepared for the main pretannage / tannage (Figure 6). 

 

 

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. 

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

ǎǳŦŦŜǊǎ ŀ ǎǘǊƻƴƎ άŀƴƛƻƴƛŎƛǘȅέ ŘǳŜ ǘƘŜ ǘƘŜ ŀƴƛƻƴƛŎ ŎƘŀǊƎŜǎ ƛƴŎƻǊǇƻǊŀǘŜŘ 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). 

 

 

\ 

Pretanning 

/ Tanning 

1st batch 

Pickling 1st 

batch 

Pretanning 

/ Tanning 

2nd batch 

Pickling 

colouring 
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Recycle 
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Pretanning 
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Pickling 

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

Figure 7 Basic structure of cationic ester. 
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Figure 9 Chrome free GEDT crust. 

Figure 8 Collagen polypeptide chains. 
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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). 

 

 

 

Figure 10 GEDT + CE crust. 
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GTA*: Glutaraldehyde  

60 

65 

70 

75 

80 

85 

60 

65 

70 

75 

80 

85 
GEDT crust 

ST 80-85°C 

GTA pretanned hide 

ST 78-85°C 
GEDT full tannage 
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°C 

GEDT pretannage 
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GTA* / Tara / Syntan crust 
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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). 

 

 

Exhaustion of tannins by recycling the pretannage float 

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

GEDT WW without CE 

GEDT + CE in pickle + in retannage 

GEDT + CE in pickle 

Conventional Aldehyde WW 

Figure 12 Influence of cationic ester on dyeing. 
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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). 

 

 

 

 

 

 

 

 

 

 

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). 

 

 

 

 

 

 

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). 

 

 

 

 

 

 Normal 

pretannage float 

with GEDT 

Pretannage float after 

ǊŜŎƻǾŜǊȅ ƛƴ άŎƻƭƻǳǊƛƴƎέ 

Reduction 

Density 11.4 Bè 8.4 Bè -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% 

 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 

(grey scale) 

4.5 3.5 

Softness (softmeter) 3.2 3.6 

Fogging (gravimetric) 2.8mg 2.8mg 
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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% 

 

3. Conclusion 

Á It is possible to pretan / tan leathers with GEDT without the use of aldehydes and / or metals 

Á Process is simple and assimilated to conventional Vegetable tannin systems. 

Á It is possible to use cationic esters to improve softness, dyebility and strength properties of 

conventional veg tanned leathers. 

Á GEDT gives excellent light and heat fastness leathers compared to other FOC techniques. 

Á Colour of GEDT leather in combination with CE is very light. 

Á 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. 

Á By a combination of GEDT and CE very high performing leathers can be obtained. 
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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.  

mailto:malathyj@clri.res.in
mailto:malathy.jawahar@gmail.com
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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. 

A1 H1  

 

Horizontal 

 

V1 

 

D1 

 

 

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(IQR), 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.   

 
Fig. 3 Work flow diagram for leather surface defect identification 

 

 
Fig.4 Box plot of the feature set 
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Fig.5 Feature vector plot of Good vs various types of leather defects 

 
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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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-O) is used. GC-O involves the use 

of human assessors as sensitive detectors for odor-active compounds. The sensitive detector, the 

ƘǳƳŀƴ άƴƻǎŜέΣ ŜƴŀōƭŜǎ ǘƘŜ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ǎǳōǎǘŀƴŎŜǎ ǘƘŀǘ Ŏŀƴƴƻǘ ōŜ ƛŘŜƴǘƛŦƛŜŘ ǳǎƛƴƎ ƻǘƘŜǊ ƳŜǘƘƻŘǎ 

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 investigated1. 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 purpose2. 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/CŀǊōƻȄŜƴκt5a{ ŦƛōŜǊ όрлκол ˃Ƴ 

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 ᴈ. 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. 

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

The samples were analyzed using a fused-silica capillary column, DB-²!· όол Ƴ Ȅ лΦнр ƳƳΣ лΦнр ˃Ƴ 

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 

(EI) ionization mode (70 eV) with a mass range 50-400 m/z.  

2.4 GC-O analysis  
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GC-O 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.   

Retention time (min.) 
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 

Abun

danc
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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.
Ret.

Time(min.)
Compounds No.

Ret.

Time(min.)
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 3,4-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-O. 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.  
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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 

ŘŜǘŀƛƭŜŘ ƭŜǾŜƭ ƻŦ ǊŜǇƻǊǘƛƴƎ ŦƻǊ ŀƭƭ ǿƘƻ ƴŜŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŀ ŦŀǘƭƛǉǳƻǊΩǎ  ǘǊǳŜ ŀŦŦƛƴƛǘȅ 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.  

bŜǿŜǊ ǊŜƎǳƭŀǘƛƻƴǎ ǎǘŀǘŜ ǘƘŀǘ αǘƘŜ ǾƻƭǳƳŜ ƻŦ ǎŜǿŀƎŜ ŀƴŘ ŎƻƴǘŀƳƛƴŀƴǘ ƭƻŀŘ ƛǎ ǘƻ ōŜ ƪŜǇǘ ŀǎ ƭƻǿ ŀǎ 

possible by the following mŜŀǎǳǊŜǎΥ ΧάΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ǿŜǘ-ŜƴŘ ǇǊƻŎŜǎǎƛƴƎ ƛǘ ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ αǊŜŘǳŎŜ 
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the contaminant load in the raw wastewater in wet-end process by the optimizing retanning, dyeing 

ŀƴŘ ŦŀǘƭƛǉǳƻǊƛƴƎέ ό!¢±-DVWK-M774 ς 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 

ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ŀŎǘƛǾŜ ŜŦŦƻǊǘǎ ƘŀǾŜ ōŜŜƴ ǘŀƪŜƴ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ƛƴŦƭƻǿΩǎ Ǉƻƭƭǳǘƛƻƴ ōǳǊŘŜƴ ǇǊƛƻǊ ǘƻ 

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  

1. a price for the unused products 

2. the operating cost for removing the unused products from the effluent 

3. 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 outcƻƳŜ ƻŦ ŀ ŎƻƳǇŀǊŀǘƛǾŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƛƴǘƻ ŦŀǘƭƛǉǳƻǊǎΩ 

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 chromeςtanned bovine of 1.1ς1.2 mm and GTD-pretanned of 1.1ς1.2 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). 



95 
 

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 BOD5.  

! ŦŀǘƭƛǉǳƻǊΩǎ ǇƻǎǎƛōƭŜ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ¢{{ ƻƴƭȅ ǎǘŜƳǎ ŦǊƻƳ ƛƳǇǊƻǇŜǊ ŜƳǳƭǎƛŦƛŎŀǘƛƻƴ and is therefore 

related to the handling of the fatliquor and not the product itself.  

Both TDS and BOD5 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 ς 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   

  + 1 formic acid (1:10)   
5 + 
15 3,6 

drain      float sample       

cold wash   300 water 25 10   
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drain      float sample       

 

Table 2. Leather processing recipe ς 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 Syntan 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 ς residual COD = exhaustion). 

 

*   - 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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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. 

 

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

acidified and washing floats 
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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 O2  required for oxidizing  the 

residual fatliquor 

 

Figure 5. %-age of residue on wet blue in relation to quantity of O2 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 %-ŀƎŜ Ŏŀƴ ŀƭǎƻ ōŜ ŜȄǇǊŜǎǎŜŘ ŀǎ ŀ ŦŀǘƭƛǉǳƻǊΩǎ ŀŦŦƛƴƛǘȅ ŦƻǊ ǘƘŜ ǎǳōǎǘǊŀǘŜ ƛǘ ƛǎ ǘƻ ǊŜŀŎǘ 

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 O2  required for oxidizing the unused fatliquor in relation to the quantity 

of O2  required for oxidizing  the residual fatliquor. 

From the effluent data a classification of fatliquors into affinity classes can be made when the 

ƛƴŘƛǾƛŘǳŀƭ ŦŀǘƭƛǉǳƻǊΩǎ ǊŜǎƛŘǳŀƭ /h5 ƛǎ ƻǇǇƻǎŜŘ ǘƻ ƛǘǎ ƛƴƛǘƛŀƭ ŀƴŘ ǳƴŎƻƴǎǳƳŜŘ /h5Φ 

¢ƘŜ ƎǊŀǇƘƛŎ ŎƻƴǘǊŀǎǘƛƴƎ ƻŦ ǘƘŜ ǳƴǳǎŜŘ ŦŀǘƭƛǉǳƻǊΩǎ ƛƴƛǘƛŀƭ /h5 ǿƛǘƘ ǘƘŜ /h5 ƻŦ ǘƘŜ ǊŜǎƛŘǳŜ it leaves 

behind does not show a random distribution of properties. Instead it brings to light distinctive 

ƎǊƻǳǇǎ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ŦŀǘƭƛǉǳƻǊǎΩ ŀŦŦƛƴƛǘȅ ǘƻ ǘƘŜ ǘŀƴƴŜŘ ƘƛŘŜΦ 

¶ 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. 

¶ 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.  

¶ 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. 

¶ 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. 

¶ One fatliquor of high affinity to both wet blue and wet white is separated from all the rest. 



101 
 

4. CONCLUSION & DISCUSSION 

Fatliquors to the greatŜǎǘ ŜȄǘŜƴǘ Ŏƻƴǎƛǎǘ ƻŦ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎΦ aŜŀǎǳǊƛƴƎ ǘƘŜ ŦƭƻŀǘΩǎ /h5 ƛǎ 

ǎǳŦŦƛŎƛŜƴǘƭȅ ƛƴŘƛŎŀǘƛǾŜ ƻŦ ŀ ŦŀǘƭƛǉǳƻǊΩǎ ŘŜƎǊŜŜ ƻŦ ŜȄƘŀǳǎǘƛƻƴ ŀƴŘ ǘƘŜ ǊŜǎƛŘǳŜ ƛǘ ƭŜŀǾŜǎ ƛƴ ǘƘŜ ŘǊŀƛƴŜŘ 

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 

ǎǳƛǘŀōƭŜ ŎǊƛǘŜǊƛƻƴ ǘƻ ŜȄǇǊŜǎǎ ŀ ŦŀǘƭƛǉǳƻǊΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ŀƴŘ ŎƻƳǇŀǊŜ ƛǘ ǘƻ ǘƘŜ ǊŜǎƛŘǳŜǎ ƭŜŦǘ 

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 fatliǉǳƻǊΩǎ ŀŦŦƛƴƛǘȅ ǘƻ ƛǘǎ ŎƻƳǇƻǎƛǘƛƻƴ ƻǊ ƳŀƪƛƴƎΦ  

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 

behaǾƛƻǊ ŘŜǇŜƴŘǎ ƻƴ ŀ ŦŀǘƭƛǉǳƻǊΩǎ ŎƘŜƳƛŎŀƭ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀƴŘ ǘƻ  ŀƴȅ ƻŦ ƛǘǎ Ƴŀƛƴ ŎƻƴǎǘƛǘǳŜƴǘǎΣ ƻǊ 

whether it is independent of this and a is singular property of an individual fatliquor. 
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IVL O-15 

ARTIFICIALLY INDUCED COLLAGEN FIBRIL ORIENTATION AFFECTS TEAR 

PROPAGATION IN LEATHER 

Susyn J. Kelly*, Katie H. Sizeland, Hannah C. Wells, Nigel Kirby, Richard L. Edmonds, Adrian 

Hawley and Richard G. Haverkamp 

School of Engineering and Advanced Technology, Massey University, Private Bag 11222, Palmerston 

North 4442, New Zealand. 

Australian Synchrotron, Blackburn Road, Clayton, Victoria 3168, Australia 

Leather and Shoe Research Association, PO Box 8094, Palmerston North 4446, New Zealand. 

 

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 

ǎǇŜŎƛŦƛŎ ōŜƘŀǾƛƻǊΦ ¢ƘŜ ŎƻƭƭŀƎŜƴΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŀǊǊŀƴƎŜ ƛƴ ǎƪƛƴ Ƙŀǎ ōŜŜƴ ǇǊƛƳŀǊƛƭȅ ŀǘǘǊƛōǳǘŜŘ ǘƻ ǎƪƛƴΩǎ 

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 

ŎƻƭƭŀƎŜƴΩǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ǘǊƛǇƭŜ ƘŜƭƛȄ ƛƴ ŀƴ ƻǇǘƛƳŀƭ Ǉƻǎƛǘƛƻƴ ǘƻ 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-ƭƛƴƪŀƎŜǎ ŀƴŘ ŀǊŜ ƛƳǇƻǊǘŀƴǘ ǘƻ ǘƘŜ ŎƻƭƭŀƎŜƴΩǎ ŦƛōǊƻǳǎ ǎǘǊǳŎǘǳǊŜ (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 (III) salts and tannins which 

increase the denaturation temperature of the leather when compared to skin. This increase in heat 

resistance is due to cross-ƭƛƴƪŀƎŜǎ ŦƻǊƳŜŘ ōŜǘǿŜŜƴ ǘƘŜ ŎƻƭƭŀƎŜƴΩǎ ŦƛōŜǊǎ (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 0 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 realignment 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/m2. 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.  

 
Figure 2: Orientation of sample relative to the X-ray beam to produce edge-on measurements. 
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The diffraction patterns were recorded on the Australian Synchrotron SAXS/WAXS beamline. A high-

intensity undulator source was utilized with an energy resolution of 10-4 from a cryo-cooled Si(111) 

double-crystal monochromatoǊΦ ¢ƘŜ ōŜŀƳ ǎƛȊŜ όŦǿƘƳ ŦƻŎǳǎŜŘ ŀǘ ǘƘŜ ǎŀƳǇƭŜύ ǿŀǎ нрл Ȅ ул ˃Ƴ ǿƛǘƘ 

a total photon flux of about 2 x 1012 photons s-1. 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 (OI) was the primary measure used where OI is 

ŘŜŦƛƴŜŘ ŀǎ όфл ϲҍh!ύκфл ϲΣ ǿƘŜǊŜ h! ƛǎ ǘƘŜ ƳƛƴƛƳŀƭ ŀȊƛƳǳǘƘŀƭ ŀƴƎƭŜ range, centred at 180 °, that 

contains 50% of the micro fibrils (Basil-Jones et al. 2010a, Sacks et al. 1997). The OI range takes us 

from perfect alignment which is represented by an OI of 1, through to an OI of 0 which suggests high 

miss aliment or isotropy. The OI was calculated from the spread in the azimuthal angle of the D-

ǎǇŀŎƛƴƎ ǇŜŀƪ ŀǘ лΦлрф ҍ лΦлсл )ҍ1Φ 9ŀŎƘ hL ǾŀƭǳŜ ǇǊŜǎŜƴǘŜŘ ƘŜǊŜ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŀǾŜǊŀƎŜ ƻŦ мп ҍ ос 

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 (OI) we determined 

through SAXS imaging.  

Sample 

x direction 

stretch 

(% of length 

gained) 

y direction 

stretch 

(% of length 

gained) 

Normalized 

Tear Force 

(parallel) 

(N/mm) 

Normalized Tear 

Force 

(perpendicular) 

(N/mm) 

OI (edge on) 

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 (OI). 

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 q~0.05 Å-1 (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 5th 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 OI 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 (OI). A change in the OI, 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 (OI). 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 OI 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 (OI) 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 OI. 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 alignment 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? 
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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 70-85oC. 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, 

ŀƴŘ ƎǊŀƛƴ ǉǳŀƭƛǘȅΣ ǎƻ ǘƘŀǘ ǘƘŜ ŎǳǎǘƻƳŜǊǎΩ ǊŜǉǳƛǊŜƳŜƴǘǎ Ŏŀƴ ōŜ ƳŜǘ ŀŎŎǳǊŀǘŜƭȅΦ ¢ƘŜ ǎŜƭected 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% Al2O3; resulted in shrinkage temperature of 102oC. 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.1 

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 

ŀƳƻǳƴǘ ƻŦ ΨǎǇǊƛƴƎΩ ōǳǘ ǎƘƻǳƭŘ ƴŜǾŜǊ ōŜ ǘƻƻ ǎǘǊŜǘŎƘȅ 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 (III) 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 (VI) is a well-known carcinogen, but chromium(III) is considered as non-

toxic. The chromium (III) existing in leather might be transformed into chromium(VI) 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 70-85oC. 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. 

 

 

 

 

 

 

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)15 . 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 glucose16. 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% Al2O3. The control process for full chrome 

garment leather from Sheep skins using 8% basic chromium sulphate (BCS), is given in Table II.  The 

post tanning process as mentioned in Table III has been followed for experimental and control 

leathers. 

Shrinkage temperature 

The shrinkage temperature of control and experimental leathers has been determined using Theis 

shrinkage tester17. 2X0.5 cm2 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 I 

Recipe of the experimental trial for semi-alum leathers from sheep 

 Rural garad tanned crust leathers 

Process % Chemicals Duration 
(min) 

Remarks 

Washing 100 water 15  

Stripping 100 
1 

Water 
Sodium bicarbonate 

60 Single feed, washed well 
after stripping 

Bleaching 100 
 
1 

Water 
 
Oxalic acid 

60 1 feed, pH should be 3.5 
drain 50% of bath 

Semi alum 
tanning  

2 Al2O3 (prepared 
Aluminium sulphate 
solution)) 

90 Check for penetration in 
cross section 

Basification 0.75 Sodium bicarbonate         3³ 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 II 

Recipe of the control trial for full chrome garment leather from Sheep skins 

Process % Product Duration 

(min) 

Remarks 

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 

Bating  

100 Water   

 1 Ammonium Chloride 60  

 0.25 Bating Agent 60 pH 8-8.5 

Pickling   100 Water   

 10 Salt 10 oBe 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 

Sulphate 

90  

Basification  1 Sodium formate 20  

 1 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 methods18 and conditioned at 80±4ºF /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 (BOD5), 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 III 

Recipe of post-tanning process for control and experimental leathers 

Process              %           Chemicals Duration     

(min)                                

Remarks    

Washing  200 Water 10  

Neutralization 0.75 Sodium bicarbonate         3³ 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 3³ 10 + 30 pH 3.5 

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

 

RESULTS AND DISCUSSION 

Experimental leathers treated with 2% Al2O3 resulted in garment leathers with higher temperature. 

Experimental trial resulted in leathers with shrinkage temperature 102oC, whereas control tanning 

using full chrome resulted in a shrinkage temperature of 105oC. (Table IV) 

Table IV 

Shrinkage temperature of control and experimental tanning processes 

Experiment  Shrinkage temperature (oC) 

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. 

 

 

 

 

 

 

 

 

 

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/cm2)                      195±20 205±5 

Elongation at break (%)                       52±0.75 56±1.48 

Tear strength (Kg/cm)       49±2 54±5 

Load at grain crack (Kg) 25±1  21±1 

Distention at grain crack (mm) 12±0.5 13±0.5 

 

Analysis of Spent liquor 

The COD, BOD5 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, BOD5 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 COD(mg/l) BOD5(mg/l) TDS (mg/l) 

Semi-alum (Experimental) 111400±2000 14400±1500 64400±2000 

Full chrome (control) 128600±2850 25200±1050 92160±1500 

 

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 VII 

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, BOD5 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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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 ς Commercial full-grain automotive crust was cut into 1ft2 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 90oC 

after each coating.  The pieces were stored overnight to facilitate complete curing and were 

smoothed afterwards at 135oC 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 90oC 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 

 

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: 

¶ 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/m2. 

 
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 
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¶ 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/m2. 

¶ Dry heat: Exposure to heat was accomplished by placing the samples in an oven at a 

temperature of 90̄C for 500 hours. 

¶ Hydrolysis-producing conditions: Hydrolysis was promoted by placing the samples in a 

controlled humidity chamber at a temperature of 50̄C and 95% relative humidity for 500 

hours. 

¶ 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 ς Similar-sized leather test strips placed in a Stability Environments model 

33HR-S1 hotpack (SEI, Inc., Warminster, PA) set to maintain 50oC/95% relative humidity for 500 hrs. 

 

Thermal Exposure ς Similar-sized leather test strips placed in a model 1350FSM forced draft oven 

(VWR Scientific, Radnor, PA USA) set at 90oC 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 ς Measured at 60o 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 

ǊŜǎǳƭǘ ƻŦ άмέ ƛƴŘƛŎŀǘŜǎ ƴƻ ŎƘŀƴƎŜ ƛƴ Ǝƭƻǎǎ ŀŦǘŜǊ ǿŜŀǘƘŜǊƛƴƎΦ 

 

ɲ9 ό/ƻƭƻǊ ŘƛŦŦŜǊŜƴŎŜύ ς 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 calculatƛƻƴ ƻŦ ŀ ɲ9 ǾŀƭǳŜΦ 

 

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. 

 
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 

nƻǊƳŀƭƛȊŜŘ Ǝƭƻǎǎ ƻŦ ǘƘŜ ōƭŜƴŘŜŘ ǎȅǎǘŜƳǎ ǿŀǎ ŎƭƻǎŜǊ ǘƻ άмέΣ ǎƘƻǿŜŘ ƭƻǿŜǊ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎŎŀǘǘŜǊΣ ƻǊ 

both. 

 
Figure 2: Normalized 60̄ 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 225kJ 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. 

 
Figure 4: Delta E by Binder and Exposure Type 
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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. 

 
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. 

 



130 
 

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.  

 
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. 

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. 

  

 
Figure 7: Bally Flex (100,000 Cy) Averages by Exposure Type 
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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. 

 

 
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 

ŘŜǊƳŀƭ ŎƻƴƴŜŎǘƛǾŜ ǘƛǎǎǳŜΦ LǘΩǎ ŎƻƴǎƛŘŜǊŜŘ ŀƴ ŜŎƻŦǊƛŜƴŘƭȅ ǇǊƻŎŜǎǎΦ LǘΩǎ ƴƻǘ ƴŜŎŜǎǎŀǊȅ more expensive 

ǎƛƴŎŜ ƛŦ ƛǘΩǎ ŀǇǇƭƛŜŘ ƻƴ ǘƘŜ ŜǇƛŘŜǊƳƛǎ ǎǳǊŦŀŎŜ ŜƴȊȅƳŀǘƛŎ ŜȄǘǊŀŎǘǎ ŎƻǳƭŘ ōŜ ǎŀǾŜŘΦ ¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ 

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 (Elíades 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 used 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  

tǊƻǘŜƛƴ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ .ǊŀŘŦƻǊŘΩǎ ƳŜǘƘƻŘ ό.ǊŀŘŦƻǊŘ мф76).  

Assay of proteolytic and keratinolytic activities 

Azocaseinolytic activity was determined using azocasein as substrate (sulphamide azocasein, Sigma 

Chem.Co., St. LoǳƛǎΣ ahύΦ wŜŀŎǘƛƻƴ ƳƛȄǘǳǊŜ ŎƻƴǘŀƛƴƛƴƎ млл ˃ƭ ƻŦ ŎǊǳŘŜ ŜȄǘǊŀŎǘ ŀƴŘ нрл ˃ƭ ƻŦ ǘƘŜ м҈ 

(w/v) substrate solution in 0.1 M Tris-HCl buffer pH 9, Isográs AN 0.1% 50 µl and Baymol 0.,5% µl 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 

ŀǘ прϲ/Σ ƎǊƻǳƴŘΣ ŀǳǘƻŎƭŀǾŜŘ ŀǘ мнмϲ/ ŀƴŘ ǊŜǘŀƛƴŜŘ ǿƛǘƘ урл ˃Ƴ ǎƛŜǾŜΣ ¦{! {ǘŀƴŘŀǊŘ !{¢a 9 мм-61).  

Reaction mixture containing 150 ˃l 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 l˃ , Baymol AZ 0.5% 50 ˃ l and biocide TCMTB (relation 

biocide/enzyme (w/w): 100 ˃g biocide/1 ˃ g 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-HCl 0.1 M pH 9 and  biocide (0.2% w/w wet skin); II.- 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); III.- 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 Física, Facultad de 

Ingeniería, UNLP, Argentina) 

                       

                                 Fig. 1.- Permeability assay: plastic plates holding bovine skin 

     

                       Fig. 2.- Plastic plates.                                            Fig. 3.- Wooden boards. 
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3. RESULTS AND DISCUSSION 

Paecilomyces lilacinus (PL) rorum 

Fig.  4. Protein concentration in different fungal CE 

Paecilomyces lilacinus CE showed the highest protein concentration (0.514 µg/ml) whereas the 

lowest value was found with Chrysosporium CE (0.190 µg/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).  

 

Fig.5. Azocaseinolytic activity in different fungal CE 

                  References 

        Neurospora crassa (NC)               

       Verticillium albo-atrum (VA) 

        Trichophyton ajelloi (TA) 

           Chrysosporium sp [C] 

         Aspergillus sidowii (AS) 

         Paecilomyces lilacinus (PL) 

         Acremonium murorum (AM) 
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Fig.6. Keratinolytic activity in different fungal CE 

Trichophyton ajelloi produced a CE with the highest enzymatic activities (proteolytic and 

ƪŜǊŀǘƛƴƻƭȅǘƛŎύΥ лΦлтр ¦ŀȊƻ ŀƴŘ олΦм ¦ƪŜǊ όCƛƎΦсύΦ ¢Ƙƛǎ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ άŘŜǊƳŀǘƻǇƘȅǘŜέ ǘŀȄƻƴƻƳic 

classification. Althougt this fungal strain is not pathogenic towards human or animals, keratinases 

ŀǊŜ ŜȄǇǊŜǎǎŜŘΦ ά{ǳƭǇƘȅǘƻƭƛǎƛǎέ ƛǎ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ǿƘŜǊŜōȅ ŦƛƭŀƳŜƴǘƻǳǎ ŦǳƴƎƛ ōǊŜŀƪ Řƻǿƴ ƛƴǎƻƭǳōƭŜ 

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 propertƛŜǎΣ ŀƴŘ Ƙŀǎ ǘƘŜ ƴŀƳŜ ƻŦ άǎȅƴǘƘŜǘƛŎ ǿƻƻƭέΣ ōǳǘ ƛǘǎ 

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 fibŜǊ ǘƻ ƳŜŜǘ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ŘŜƳŀƴŘǎ ŦƻǊ ŎƻƳŦƻǊǘŀōƭŜƴŜǎǎ[1-2]. 

 

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[3]. There are several methods to modify PAN fiber with collagen protein, such as collagen 

mailto:13701315570@163.com
mailto:pang_xiaoyan@163.com
mailto:334080057@qq.com
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protein co-polymerized with acrylonitrile monomer[4-5], or collagen protein mixed with 

polyacrylonitrile[6-7], 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 80ᴈ, 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 80ᴈ 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: Weight of the fiber after modified with collagen protein 

W1: 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: 

 
W3: Weight of the dry fiber before soaking 

W4: Weight of the fiber after soaking and centrifugation 

 

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

moisture regain property of the fiber was calculated as following: 

 
W5: Weight of the dried fiber 

W6: 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  

 

L9(3
4) 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 

    Factors 

Levels 

A 

Temperature(ᴈ) 

B 

10%NaOH ml  

C 

Time min  

D 

Con. of 

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 

Factors 

Experiments          
A B C D 

Collagen protein content 

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 

K1 6.09 8.55 6.83 7.45  

K2 13.06 9.76 9.07 7.72  

K3 4.73 5.57 7.98 8.71  

k1 2.01 2.85 2.27 2.48  

k2 4.35 3.25 3.02 2.57  

k3 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 75ᴈ, 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 75ᴈ, under this temperature acylated PAN is 

easy to react with collagen protein and difficult to react with water. 

 
Figure 1 Reaction under different     Figure 2 Reaction under different 

temperature 5min       temperature 10min  
 

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 75ᴈ 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 75ᴈ, 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. 

 

 
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-1,1550cm-1 and 

hydroxyl group 3360cm-1 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.  
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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(Ile) 28.243 0.16O 

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 ǿƛǘƘ t!b ŎŀƴΩǘ 
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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. 

  

  

               a PAN fiber                           bmodified PAN fiber 

Figure 6 SEM images of the outer surface of PAN fiber and modified PAN fiber 

 

  

               a PAN fiber                           bmodified 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 

 PAN fiber Modified PAN fiber 
Increased 

percentage %  

Tensile 

strength cN/det  
3.72 4.32 43.0 

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 

 PAN fiber Modified PAN fiber 
Decreased 

percentage %  

Specific 

resistance ʍϊƎκŎƳ2  
2.02×1010 1.65×108 99.2 

Volume specific 

resistance ʍϊƎκŎƳ2  
6.5×1010 5.3×108 99.2 

 

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 

75ᴈ, 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 100oC. 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 

mailto:support@biosk.cn
mailto:qiangxihuai@163.com


152 
 

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: Na2S, 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. oC Time  

 Water 80 25  

Immunization 
stage 

AN-C 0.1   

 DO-pro 0.8   

 NaHS 0.2  Run: 30 min 

 Lime 1.2  
Run: 20 min, 

standing: 20 min 

Unhairing stage NaHS 0.8   

 Na2S 0.2  Run: 30 min 

 Water 20 25  

Hair separation    Filtration with 30 min 

Liming stage DO-pro 0.4   

 Lime 1   
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 Na2S 1  Run: 30 min 

    
Run: 10min every half hour 
(4×) 

 Lime 0.5   

 Water 50   

 CR-2 0.2   

 Lime 0.8  Run: 30 min 

    
Run: 5min every hour until 
next day 

 

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

 

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 

was shown in the right side of Fig. 1.  

 

Tab.2 The pickling and tanning process 

Process Chemical 
Dosage 
% 

Temp. 
( oC) 

Time 
 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 
Mildew preventive DK 

0.2 
0.2 

 
 
120 

1:10 diluting 
pH: 2.0-2.5 

Chrome 
tanning 

Conducted in the pickling 
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 (60oC) 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 Na2S 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 550oC 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 ǘƘǊƻǳƎƘ ŦƛƭǘŜǊ ƳŜƳōǊŀƴŜ όлΦпр ˃Ƴύ ōŜŦƻǊŜ ŀƴŀƭȅǎƛǎΦ 

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 Cr2O3 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 cmí1.5 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 
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The tensile strength, bursting strength, tear strength, contents of Cr2O3 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 

hides 

Weight 

(kg) 

Water 

(t.) 

Recycled lime 

liquid (t.) 

Sulphide 

(kg) 

Lime 

(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 

bƻǘŜΥ л ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƴƻǊƳŀƭ ƭƛƳƛƴƎ ǳƴƘŀƛǊƛƴƎ ŎǊŀŦǘΦ άмέ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ ǊŜŎȅŎƭƛƴƎ ŎǊŀŦǘΦ άнέ 

ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǎŜŎƻƴŘ ǘƛƳŜ ǊŜŎȅŎƭƛƴƎΦ άоέ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǘƘƛǊŘ ǘƛƳŜ ǊŜŎȅŎƭƛƴƎΦ άпέ 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 31.4 21.0 

Average 80.8 33.3 23.4 

 

3.1.1 The Na2S content analysis of liming wastewater  

The Na2S 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 Na2S content of 

wastewater in different time of recycling process was in the range of 4~6 g/L. 
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Fig.2 The Na2S 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.  

 

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.       

a b 
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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.   

 

Fig.4 The TOC content of liming wastewater 

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)2 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. 

  
Fig.6 The grain of pelt from conventional process (a) and recycling process for 4 times (b) 

 

   
Fig.7 The SEM of cross section of pelt from conventional process (a) and recycling process for 4 times (b) 

a b 

a b 
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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 FigΦ млΦ !ŎŎƻǊŘƛƴƎ ǘƻ ¢ŀōΦ рΣ ǘƘŜ ¢ǎ ƻŦ ǿŜǘ ōƭǳŜ ŘƛŘƴΩǘ ŎƘŀƴƎŜ ǎƻ ƳǳŎƘ ǿƛǘƘ 

the increase of recycling time. The Ts of wet blue was in the range of 101~107oC. 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 Cr2O3 content in the chrome tanning wastewater in different recycling 

time was shown in Tab. 6. According to Tab.6, the content of TOC and Cr2O3 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  0 1 2 5 10 15 25 30 

Ts (oC) 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 Cr2O3 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 

Cr2O3 (g/L) 1.72 1.70 1.73 1.91 2.36 2.46 2.64 2.55 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 

Samples 

No. 

Tensile 

strength 

Crosswise 

(N/mm2) 

Tear strength 

Crosswise 

(N/mm) 

Bursting 

strength 

(N/mm) 

Cr2O3 

(%) 

Yield of 

leather (%) 

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 sǳƭŦƛŘŜ ŘƛŘƴΩǘ 

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 Cr3+ 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 Cr3+ 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 Cr3+ to Cr6+, 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 
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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). 

aƻǊŜ ǊŜŎŜƴǘƭȅ ǘƘŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ /¢[²Ωǎ ŀƴŀŜǊƻōƛŎ ŘƛƎŜǎǘƛƻƴ Ƙŀs 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 SÜDLEDER (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 I 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 

Cr3+ (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 ISO 4684:2005 ς Leather ς Chemical tests ς 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 STARe 

System Mettler Toledo) to assess thermal changes as a function of input temperature. pH was 

previously adjusted to 7 washing the samples with a KH2PO4/K2HPO4 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 (DDt) is the portion of the sample 

that solubilizes in water after treatment with trypsin and it is represented by Equation 1:   

                         Eq. (1) 

Where w0 (mg) is the onset weight of the CTLW samples and wf (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 (lN.kgoDM). 

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 hydrothermally 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.

 

a) 

b) 

c) 
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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. 

 

 
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 

a) 

b) 
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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 lN.kgoDM 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 lN.kgoD, 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 

Matter (%) 

Ashes 

(%)* 

Chromium 

(%)* 

Organic 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 ± 0.5 76.7 ± 1.4 

E100D 8.57 95.7 ± 0.7 54.9 ± 0.6 2.2 ± 0.1 71.8 ± 0.4 

Non-agitated bioreactors 

 pH Volatile 

Matter (%) 

Ashes 

(%)* 

Chromium 

(%)* 

Organic 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 2.1 ± 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 lN.kgoD while the latter 

could only reach 233 lN.kgoD. 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 III sulfate performs best due to two key reasons: 1. 

The Cr III 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 

ǇǊƻŎŜǎǎƛƴƎΣ ƻǊ ƛǎ ƛƴ ǘƘŜ ǎƻƭƛŘ ǿŀǎǘŜΣ Ƴŀƛƴƭȅ ǎƘŀǾƛƴƎǎΦ wŜŎȅŎƭƛƴƎ ƛǎ ǇƻǎǎƛōƭŜ ŦƻǊ Ƴƻǎǘ ƻŦ ǘƘƛǎ άǿŀǎǘŜΦέ  

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-ǘŜǊƳ ŜŎƻƴƻƳƛŎ ǾƛŜǿύΣ ǘƘƛǎ ŜƴŘƭŜǎǎ άŘǳƳǇƛƴƎέ ƻŦ ŦƛƴƛǘŜ ǊŜǎƻǳǊŎŜǎ 

needs to be questioned, and the sooner the better. 

Lƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀǊǘƛŎƭŜΣ ǘǿƻ ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƻ ǘƘŜ άǎǘŀƴŘŀǊŘέ ŎƘǊƻƳe 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  

 

¢ƘŜ Ƴŀƛƴ άƻǇŜǊŀǘƛƴƎέ ǎǘŜǇ ƛƴ ƭŜŀǘƘŜǊ ƳŀƴǳŦŀŎǘuring 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 III, 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(III) 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 

mailto:martin.kleban@lanxess.com
mailto:christopher.tysoe@lanxess.com
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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 

άƛƴ-ǎƛǘǳέ ƛƴƻǊƎŀƴƛŎ ǇƻƭȅƳŜǊƛȊŀǘƛƻƴ όоύΣ ōǳǘ ǘƘƛǎ ƛǎ ǎǘƛƭƭ ŦǳƴŘŀƳŜƴǘŀƭ ŀƴŘ ŎǊƛǘƛŎŀƭ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ 

tanning process. !ǘ ŀ ƭƻǿ ǇI όƛΦŜΦ άǇƛŎƪƭŜέύ Ƴŀƴȅ ƳŜǘŀƭ ƛƻƴǎ ŜȄƛǎǘ ƛƴ ǎƻƭǳǘƛƻƴ ŀǎ ŎƻƳǇƭŜȄŜǎ ǿƛǘƘ ŀ ƭƻǿ 

molecular weight that are unreactive or rather less reactive to collagen. As the pH increases (i.e. 

άōŀǎƛŦƛŎŀǘƛƻƴέύΣ ǘƘŜǎŜ ŎƻƳǇƭŜȄŜǎ ǎǘŀǊǘ ǘƻ ǊŜŀŎǘ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊ ǘƻ ŦƻǊƳ ƭŀǊƎŜǊ ƳƻƭŜŎǳƭŜǎ όƳŜǘŀƭ ƛƻƴ 

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(III) 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-ŎƘǊƻƳŜ ǎȅǎǘŜƳǎ ǳǎǳŀƭƭȅ ǊŜǉǳƛǊŜ ǎƻƳŜ ŘŜƎǊŜŜ ƻŦ άŎƻƳǇŜƴǎŀǘƛƻƴέ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ 

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 

ǘƘŜ ǿƻǊƭŘΩǎ ƭŜŀǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ǎǘƛƭƭ ōased 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 ς 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 ς Table 1), corresponding to an absolute amount of 17-20 kg Cr2O3 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.  

/ƻƴǎƛŘŜǊƛƴƎ ǘƘŜǎŜ ǘǿƻ άƭƻǎǎŜǎέ ƛƴ ŀ ƴƻǊƳŀƭ ǊŜǘŀƴƴƛƴƎ ǇǊƻŎŜǎǎΣ ǿƛǘƘƻǳǘ ŀŘŘƛǘƛƻƴŀƭ ǊŜ-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 

ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άƭŜŀŎƘŀōƭŜέ ŎƘǊƻƳŜ ǇŀǊt.  
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unbonded bonded

tanning float:  ~10-20% = 1.5-4 kg Cr2O3 -  recyclable

samming/washing:  ~10% = 2kg Cr2O3 -  recyclable

shaving ~ 5 kg Cr2O3 content difficult to recycle

~ 500 kg wet blue (shaved) ~ 9-10 kg Cr2O3 content

retanning: ~10% = 2 kg  Cr2O3 - difficult to recycle

~250 kg dried crust (~220 qm) ~7.5 kg Cr2O3 

extractable range (100 - 400 ppm)0.1-0.4 kg Cr3O3 / 250 kg crust based on wb

Standard chrome tanning

 offering for 1.000 kg splitted pelt: 
6-7 % CTS on pelt                                                             

= 17-20 kg Cr2O3

7% 6%

20%

40%

20%

10%

10%

 
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 ς high-exhausting chrome tanning agents ς 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. 

Cr3O3 balance

bonded

plus High Exhausting Chrome agent  incl. samming: <3% = < 0,4kg Cr2O3 - recyclable

shaving ~ 5 kg Cr2O3 content difficult to recycle

~ 500 kg wet blue (shaved) ~ 9 kg Cr2O3 content

plus High Exhausting Rechroming agent ~5% = 0,5-1 kg Cr2O3 - difficult to recycle

~250 kg dried crust (~220 qm) ~8 kg Cr2O3 

extractable range (100 - 400 ppm) 0,1-0,4 kg Cr3O3 / 250 kg crust based on wb

High Exhaustion Tanning

 offering for 1.000 kg splitted pelt: 
4 - 5% CTS on pelt                                                             

= 14 - 16 kg Cr2O3

4.8%

 
Table 2: Mass balance of a high-exhaustion chrome tanning process 

2.3 Hybrid tanning technology ς wet white pre-tanning followed by high-exhaustion re-chroming  
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²ƛǘƘ ǘƘŜ ǘŜǊƳ άƘȅōǊƛŘ ǘŀƴƴƛƴƎ ǘŜŎƘƴƻƭƻƎȅέ ǿŜ ǊŜŦŜǊ ǘƻ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǿŜǘ ǿƘƛǘŜ ǇǊŜǘŀƴƴƛƴƎ 

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 Cr2O3 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 Cr2O3 ends up in the crust leather, with only a tiny amount of Cr2O3 

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. 

5-7% RC on 

ca. 2-2,5 kg 

Cr2O3

tanning float:

samming/washing:

shaving

~ 500 kg wet blue (shaved)

retanning: < 0.5 kg Cr2O3

~250 kg dried crust (~220 qm) ca. 2 kg Cr2O3

High-exhaustion 

rechroming

 offering for 1.000 kg splitted pelt: 

20%

10%

 
Table 3: Mass balance of a hybrid tanning process ς 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-tannŜŘ ŀǊǘƛŎƭŜ ǿƛǘƘƻǳǘ ǘƘƛǎ ƛǎǎǳŜ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ǘƘŜ άƘȅōǊƛŘ ǘŀƴƴƛƴƎ 

ǇǊƻŎŜǎǎΦέ  ½ŜǊƻ ŎƘǊƻƳŜ ƛƴ ǘƘŜ ŜŦŦƭǳŜƴǘ ŀƴŘ ǘƘŜ ǎƘŀǾƛƴƎ ōȅǇǊƻŘǳŎǘ ƛǎ ƻōǾƛƻǳǎƭȅ ƎǳŀǊŀƴǘŜŜŘ ŘǳǊƛƴƎ ŀ 

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 ς even better ς 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 

mailto:jochen.ammenn@basf.com
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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.  

 
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. 

 
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. 
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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. 

 
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. 

 
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 

ƛƳǇŜǊŀǘƛǾŜ ǘƻ ŘŜǾŜƭƻǇ ΨȊŜǊƻ ǿŀǘŜǊ ǳǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎΩΦ ¦ǎŜ ƻŦ ƴƻ ǿŀǘŜǊ ŦƻǊ ŎƘǊƻƳŜ ǘŀƴƴƛƴƎ ŘƻŜǎ ƴƻǘ 

only facilitate minimization of water but also provide a viable solution to the problem of chromium 

ǇƻƭƭǳǘƛƻƴΦ  IƻǿŜǾŜǊΣ ΨǿŀǘŜǊƭŜǎǎ ŎƘǊƻƳŜ ǘŀƴƴƛƴƎΩ ƛǎ ƘƛƎƘƭȅ ŎƘŀƭƭŜƴƎƛƴƎΣ ŀǎ ǿŀǘŜǊ ƛǎ ǘƘŜ ōŜǎǘ ǎƻƭǾŜƴǘ ŦƻǊ 

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, 

ǘƘŜ ŘŜǾŜƭƻǇŜŘ ŀǇǇǊƻŀŎƘ ǿƻǳƭŘ ǇǊƻǾƛŘŜ ŀ ƴŜǿ ǇŀǊŀŘƛƎƳ ƛƴ ΨƭŜŀǘƘŜǊ ǎŎƛŜƴŎŜΩΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊΣ ǘƻ ǘƘŜ 

ŎŜƴǘǳǊȅ ƻƭŘ ΨŎƘǊƻƳŜ ǘŀƴƴƛƴƎΩΦ 

 

INTRODUCTION 

 

Generation of huge quantities of wastewater is a major concern for leather manufactures around 

the world.1 Chrome tanning leads to as high as 1500-4000 ppm of trivalent chromium containing 

wastewater along with about 15000-50000 ppm chlorides.1, 2 Use of common salt during pickling 

process leads to high total dissolved solids (TDS) and chlorides generation.3 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.4 Several chrome 

management systems such as high exhaust chrome tanning,2 pickle-basification free chrome 

tanning,3, 5-7 direct chrome liquor recycling,8 chrome recovery and reuse9 systems were developed. 

The use of chrome exhaust aids,10 less chrome,11 chrome-free12, 13 and alternative medium11, 14 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 XII 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(III) 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.15 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 norms, 

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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 

 

Figure 1. Characteristics of wet blue leathers 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

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 

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 

Parameter 
Observations 

Wet blue from conventional 
chrome tanning 

Wet blue from Waterless 
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 

Figure 3. Leather experts analyzing the quality 

of wet-blue leathers 
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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 

waterless chrome tanning technology to the interested 

tanners in India. The First demonstration trials at 

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 28th 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 

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 31st August 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. 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 

27th 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-/[wLΩǎ ά²ŀǘŜǊƭŜǎǎ ŎƘǊƻƳŜ ǘŀƴƴƛƴƎ ǘŜŎƘƴƻƭƻƎȅέ Ƙŀǎ ƴƻǿ ŦƻǳƴŘ t!b Lb5L! ŀŎŎŜǇǘŀƴŎŜΣ ǿƛǘƘ 

tanners in all clusters enrolling for its adoption. This paved way for global reach and several 

Figure 4. Demonstration-cum-

workshop at Kanpur leather cluster 
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countries including Ethiopia,16 South Africa, Spain,17 the Netherlands, Bangladesh,18 Sri Lanka, New 

Zealand, Vietnam19 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 19th 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 19th Century, focus on effluent treatment 

increased. Single bath chromium tanning using trivalent chromium was introduced and rapidly 

became popular, so that in the late 20th 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 

ŜƳŜǊƎŜƴŎŜ ƻŦ ǇǊŜǎǎǳǊŜ ƎǊƻǳǇǎ ǎǳŎƘ ŀǎ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭƛǎǘΩ ŀƴŘ ΨŎƻƴǎǳƳŜǊƛǎǘΩ ǿŀǎ ŀƭǎƻ ƻōǎŜǊǾŜŘ 

during this period.  

In the 21st 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 

ƻŦ ΨǘǊƛǇƭŜ ōƻǘǘƻƳ ƭƛƴŜΩ ŀƴŘ ŎƻƴǎƛŘŜǊ ŀƭƭ ǘƘǊŜŜ ŀǎǇŜŎǘǎΤ ǎƻŎƛŀƭΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ 

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, 

ƛƴǘǊƻŘǳŎŜŘ ōȅ ŜŎƻƴƻƳƛǎǘ ŀƴŘ ǇƘƛƭƻǎƻǇƘŜǊ IŜƴǊȅ DŜƻǊƎŜ ƛƴ Ƙƛǎ ōƻƻƪ ΨtǊƻƎǊŜǎǎ ŀƴŘ ǇƻǾŜǊǘȅΩ ό!ƭƘŀŘŘƛ 
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нлмсΤ DŜƻǊƎŜ нллфύΦ ¢Ƙƛǎ ŎƻƴŎŜǇǘ ƻǾŜǊ ǘƘŜ ȅŜŀǊǎ ǎŀǿ ǘƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ ǘƘŜ ǘŜǊƳ άǎǳǎǘŀƛƴŀōƭŜ 

ŘŜǾŜƭƻǇƳŜƴǘέ ŦǊƻƳ ǘƘŜ .ǊǳƴŘǘƭŀƴŘ Report in 1987 (United Nations 1987).  The report defined the 

ǘŜǊƳ ŀǎ ǘƘŜ άŘŜǾŜƭƻǇƳŜƴǘ ǘƘŀǘ ƳŜŜǘǎ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ ǇǊŜǎŜƴǘ ƎŜƴŜǊŀǘƛƻƴǎ ǿƛǘƘƻǳǘ ŎƻƳǇǊƻƳƛǎƛƴƎ 

ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎ ǘƻ ƳŜŜǘ ǘƘŜƛǊ ƻǿƴ ƴŜŜŘǎέΦ ¢ƘŜ ƭŜŀǘƘŜǊ ƛƴŘǳǎǘǊȅ ƛǎ ŀƴŘ Ƙŀǎ ƻŦǘen 

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(III) 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 ChemiǎǘǊȅ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ ƻŦ [ŜŀǘƘŜǊΣ ±ƻƭǳƳŜ LLLΣ ǇǳōƭƛǎƘŜŘ ōȅ ǘƘŜ !ƳŜǊƛŎŀƴ [ŜŀǘƘŜǊ /ƘŜƳƛǎǘǎΩ 

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, 

ŦƻŎǳǎ ƻƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ Ǉƻƭƭǳǘƛƻƴ ŀƭǎƻ ƛƴŎǊŜŀǎŜŘΦ .ŀƛƭŜȅ όмфсфύ ǊŜǇƻǊǘŜŘ ǘƘŀǘ άǇǳōƭƛŎ ƘŜŀƭǘƘ ŀŎǘ мфсм 
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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 

Ƴƻǎǘ ƛƴǎǘŀƴŎŜǎέΦ  

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 21st Century.  

In 1974, the U.S. Environment Protection AgenŎȅ ǇǊƻŘǳŎŜŘ ŀ ƎǳƛŘŜƭƛƴŜ ǘƛǘƭŜŘ Ψ9ŦŦƭǳŜƴǘ ƎǳƛŘŜƭƛƴŜ ƻƴ 

pre-ǘǊŜŀǘƳŜƴǘ ǎǘŀƴŘŀǊŘ ƻŦ ƭŜŀǘƘŜǊ ǘŀƴƴƛƴƎ ŀƴŘ ŦƛƴƛǎƘƛƴƎΩ ό9ƴǾƛǊƻƴƳŜƴǘ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅ мфтпύΣ ŀƴŘ 

ƛƴ мфтуΣ ŀ ōƻƻƪƭŜǘ Ψ²ŀǎǘŜǎ ŦǊƻƳ ¢ŀƴƴƛƴƎΣ [ŜŀǘƘŜǊ 5ǊŜǎǎƛƴƎ ŀƴŘ CŜƭƭƳƻƴƎŜǊƛƴƎΩ ǿŀǎ ǇǳōƭƛǎƘŜŘ ōȅ ¢ƘŜ 

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 

ǇǳōƭƛǎƘŜŘΣ ǿƘƛŎƘ ƛƴǘǊƻŘǳŎŜŘ ǘƘŜ ŎƻƴŎŜǇǘǎ ƻŦ ΨǘƘŜ ǇƻƭƭǳǘŜǊ ǇŀȅǎΩ ŀƴŘ ŀ ΨǿŀǎǘŜ ƘƛŜǊŀǊŎƘȅΩΦ  

The late 1900s also saw the emergence of environmental pressure groups. Sykes (1973) mentioned 

ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭƛǎǘǎΩ ŀƴŘ ΨŎƻƴǎǳƳŜǊƛǎǘǎΩ ƻƴ ǘƘŜ ƭŜŀǘƘŜǊ ƛƴŘǳǎǘǊȅΦ  IŜ ŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ 

ŎƻƳƳŜƴǘǎ ǎǳŎƘ ŀǎΥ ά/ƘǊƻƳƛǳƳ ƛǎ ŦƛŦǘȅ ǘƛƳŜǎ ƳƻǊŜ ǘƻȄƛŎ ǘƘŀƴ ŎȅŀƴƛŘŜέΣ ƛƴ ǘƘŜ {ǳƴŘŀȅ ¢ƛƳŜǎ рǘƘ 

aŀǊŎƘ мфтнΣ ŀƴŘ ά²Ŝ ŀƭǎƻ ǘŜǎǘŜŘ ŀƭƭ ƻǳǊ ǎŀƳǇƭŜǎ ŦƻǊ ŀǊǎŜƴƛŎΣ ŎŀŘƳƛǳƳ ŀƴŘ ŎƘǊƻƳƛǳƳ ς other 

Ǉƻƛǎƻƴǎέ ǇǳōƭƛǎƘŜŘ ƛƴ ²ƘƛŎƘ aŀƎŀȊƛƴŜ ƻŦ ǘƘŜ /ƻƴǎǳƳŜǊǎΩ !ǎǎƻŎƛŀǘƛƻƴ WŀƴǳŀǊȅ мфтоΦ {ȅƪŜǎ όмфтоύ 

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. 

21st 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 

Ǉƻƭƭǳǘƛƻƴ ŀƴŘ ǘƘŜ ƭŜŀǘƘŜǊ ƛƴŘǳǎǘǊȅ Ƙŀǎ ǊŜŀŎǘŜŘ ŀŎŎƻǊŘƛƴƎƭȅΣ ǿƻǊƪƛƴƎ ǘƻǿŀǊŘǎ ŀ ΨȊŜǊƻ ŘƛǎŎƘŀǊƎŜ 

ŎƻƴŎŜǇǘΩΦ 
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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.    

 

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.      

±ŀǊƛƻǳǎ ǊŜǎǘǊƛŎǘŜŘ ƭƛǎǘǎ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘΣ ƻŦ ǿƘƛŎƘ ǇǊƻōŀōƭȅ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ƻƴŜ ƛǎ ǘƘŜ 9¦Ωǎ 

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 21st /ŜƴǘǳǊȅΣ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭƛǎǘǎΩΣ ΨŎƻƴǎǳƳŜǊƛǎǘǎΩ ŀǎ ǿŜƭƭ ŀǎ ΨŀƴƛƳŀƭ 

ǊƛƎƘǘΩ ŀŎǘƛǾƛǎǘǎΣ ƘŀǾŜ ƘŀŘ ŀ ŎƻƴǎƛŘŜǊŀōƭŜ ƛƴŦƭǳŜƴŎŜ ƻƴ ǘƘŜ ǘƘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƭŜŀǘƘŜǊ ƛƴŘǳǎǘǊȅΦ 

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 

ǎǘǊŀǘŜƎȅ Ƙŀǎ ōŜŎƻƳŜ ǾƛǘŀƭΣ ŦƻǊ ŜȄŀƳǇƭŜ ǘƘŜ Ψ¢ŀƴƴŜǊȅ ƻŦ ǘƘŜ ¸ŜŀǊΩ ƴƻǘ ƻƴƭȅ ǎƘƻǿŎŀǎŜǎ ōǳǘ ŎŜƭŜōǊŀǘŜǎ 

the CSR practices in tanneries.  
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Lƴ нлмрΣ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎ ƭŀǳƴŎƘŜŘ Ψ{ǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ goals - Transforming our World: The 

нлол !ƎŜƴŘŀ ŦƻǊ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘΩΣ ƛƴ ǿƘƛŎƘ ŘŜŎŜƴǘ ǿƻǊƪ ŀƴŘ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘ ƛǎ ƻƴŜ ƻŦ 

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. 

 

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 

όнллсύ ŀǎ άƎŜƴŜǊŀǘƛƴƎ ŀ ŘŜǎƛǊŀōƭŜ ŦǳǘǳǊŜΣ ŀƴŘ ǘƘŜƴ ƭƻƻƪƛƴƎ ōŀŎƪǿŀǊŘǎ ŦǊƻƳ ǘƘŀǘ ŦǳǘǳǊŜ ǘƻ ǘƘŜ ǇǊŜǎŜƴǘ 

ƛƴ ƻǊŘŜǊ ǘƻ ǎǘǊŀǘŜƎƛȊŜ ŀƴŘ ǘƻ Ǉƭŀƴ Ƙƻǿ ƛǘ ŎƻǳƭŘ ōŜ ŀŎƘƛŜǾŜŘέΦ ¢ƘŜ ǘƘŜƻǊȅ ǿŀǎ ǇǊƻǇƻǎŜŘ ƛƴ мфтл ŀƴŘ 

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); 

¶ What will happen: business as usual scenarios based on trend extrapolations  

¶ What could happen: Strategic scenarios based on forecast, i.e., analysis of past and present 

 data  

¶ 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 21st 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 

questions (Torres 2013): 

¶ Where are you looking to anticipate change? 

o Making the decision right now to make a difference rather than reacting 

ōŜŎŀǳǎŜ ƛǘΩǎ ƳŀƴŘŀǘƻǊȅΦ 

¶ 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 5ƻƴΩǘ ǊŜǎƛŘŜ ǘƻ ƪŜŜǇ ŘƻƛƴƎ ǿƘŀǘ ȅƻǳΩǾŜ ŀƭǿŀȅǎ ōŜŜƴ ŘƻƛƴƎΣ ŘŀǊŜ ǘƻ ōŜ ŘƛŦŦŜǊŜƴǘΦ 

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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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 

ǘŀƴƴƛƴƎΦ  IƛƎƘ ǾƻƭǳƳŜ ǎƭǳŘƎŜΩǎ ŀǊŜ ŀƭǎƻ ŎǊŜŀǘŜŘ ŦƻǊ ŘƛǎǇƻǎŀƭΦ 

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 ς known as BIO-

cycle(3) - which resulted in no waste waters being discharged from unhairing/liming, acid/salt pickling 

mailto:r.daniels@greentech.plus.com
mailto:support@biosk.cn
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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 

in three major tanneries(1,4) that have since 2013 processed between them 60,000 wet salted USA, 

European and Australian hides per week  

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(4), floor mounted holding tanks are used instead 

of sumps. 


