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ECT P1

INNOVATIVE APPROACH FOR THE PRIMARY TREATMENT OF SOAK LIQUOR
FROM TANNERIES THROUGH SEQUENTIAL OXIC ANOXIC BIO REACTOR USIN
FILAMENTOUS BACTERIA AND HALOPHILES

P.Maharaja*, M.MdeshS.Swarnalatha and G.Sekaran

Environmental Science and Engineering Division, Council of Scientific & Industrial Research (CSIR),
Central Leather Research Institute (CLRI), Adyar, Chennai 600 020, India
* Email: sjicmaha@gmail.com

The present researchugly focuses on the effective primary treatment of tannery saline soak liquor
through the digestion of suspended solids and dissolved organics, using sequential oxic anoxic bio
reactor. The presence of high concentration of dissolved inorganic salts (s&@is the biological
degradation of dissolved organics present in the soak liquor. The aim of this study is to grow
halophilic organisms using soak liquor nutrient by means of sewage culture, which will assist in
removal of these organics in wastewat&vhich is performed by this reactof.he organisms were
screened to synthesize all the three enzymes by utilizing the components in soak liquor as the
substrate, with enzyme activity for protease, lipase and amyl@ke.hydraulic retention time of the
reactor 12h was optimized on the basis of maximum removal of proteins, carbohydrates and lipids in
this reactor. The noticeable amount of Chemical Oxygen Demand (COD) and Biochemical Oxygen
Demand (BOD) removal were observed. Moreover, the suspended satidsaéwas achieved up to

a maximum level in the presence of Total dissolved solids (TDS) at a rang@wfn3trumental
analysis such as Wisible, Fluorescence spectroscopic studies also confirmed the degradation of
dissolved and suspended organic neatpresent in soak liquorAnd also, the morphology of the
biofilm on the plastic baffle material was characterized by SEM analfsisce, this combined
treatment system promises to be a more beneficial primary treatment option for tannery saline soak
liquor by using halophilic organisms and filamentous bacteria in future.

Key words:Sequential Oxiénoxic Bioreactor, removal of organics, soak liquor, suspended solids
removal

1. Introduction

Many industrial sectors shcasagrofood industries, gelatingroducing industries that use animal
bones as raw materials, industries that are involved inHeaproduction from animal skins /hides

and petroleum industries dibarge large amount of wastewater withigh concentration of atal
Dissolved Solids (TD8&part from hese industries,anning industry is the one which generates large
guantity of saline wastewater. Major problem associated with the treatment of tannery wastewater
may be due tgresence oheavy metals, toxic chemicals, chloride, lime ,psusled solids and other
by-products formed during tanning processes (Uberoi, 2003; Sreeram and Ramasami, 2003). The
tanning process was wholly a wet process which generates a large volume of waste water. This could
be further classified into four main tgories, storage and beam house operations, tanyard
operations, postanning operations and finishing operations. The hyper saline wastewater
generated in pickling and soaking of hides/skins contain as about 80g/L of NaCl (Lefebvre and



Moletta, 2006).Saaking process is being carried out in tannery to remove salts, any foreign materials
such as dirt for leather production. The moisture content (MC) of the natural wet raw skin collected
from slaughter house contains @5% in order to prevent microbial @tk duringthe transporting
operations sodium chloride is being used as a preservalikie.dissolved salts, especially chlorides
were serious concern when the effluent is discharged into lands/ponds (Lefebvre et al., Phé6).
discharge of untreated wastwater containing high Total Dissolved Sol{@germs of Sodium
chloride/Calcium Chloridegnd high organic content was tdversely affect the aquatic lifeyater
potability and agriculture. At present, these soak waste water are being collected andratexpin

solar evaporation pans/thermal evaporatdis get dry residue in India. The evaporated residue lacks
its reusability characteristicdue to the presence of organic pollutants. Hence residues are being
stored under shelter as like hazardous sokdste to prevent ground water contamination by
leachate.If, these organic pollutants are removed from the soak liquor, ttlere is a scope for
reusability of the evaporated residuend thus avoid the burden of disposal of evaporated residue.
Various teatments, such as physi@hemical processes, solar evaporation, mechanical evaporation,
thermal evaporation and biological processes were applied to tsalihe effluents $ivaprakasam et

al., 2011;Sekaran et al., 2014). Howevdhe physicechemical echniques are more energy
consuming, and their staap and running costs are high. Therefore, the saline wastewater often
being treated by biological processes after dilution by employing large amounts of microorganisms.
But the activities of microorganiss, e.g. bacteria are usually affected due to high salt concentration,
which can lead to low COD removal efficiency and bulking of the activated sludge. Conventionally
available cultures cannot have efficiency to treat saline wastewaters beyond with lheosgents
above 3%. Therefore, saline wastewaters should be treated at lower F/M ratios at low salt
concentration. Becauskigh saline (> 1%) concentraticause plasmolysis of bacterial cells and loss

in activity are the main challenge for the tradit@nbiological treatment (Ugyur, 2006; Kargi and
Dincer, 2000) To overcome this above issue, a moretdalant microorganisms are to be
discovered for the wastewater treatmei@oak liquor contains approximately 258800mg/L of
suspended solids in the fim of proteins, carbohydrates, and lipidsor the treatment of any kind of
wastewater suspended solids has to be removed before being taken for other treatment steps
(Boopathy et al., 2014).Conventionally, the removal of suspended solids in soak ligubeiag
removed various coagulatinggents, flocculating agents. The addition of chemical agents as
flocculants and coagulants may inhibit the treatment efficiency in biological treatment and also adds
up additional cost on treatment process (Kumar and M&007).The coagulants that are usually
employed in the treatment of industrial wastewaters are,(80);-18 HO or FeGl However,
aluminium and iron in coagulated wastewater effluents considered a human and environmental
health. Further, the presencef eesidual concentrations of Al and Fe may result in phenomena of
negatively affecting the subsequent treatment of coagulated wastewater, for example, the scaling of
ultra- filtration membranes in advanced filtration systems (Di Bella et al., 2014).Ma®anehers
involved on the development of treatment of wastewater with high saline conditidiere are
reports on the development of integratdalological, chemical treatment techniques for the effective
removal of saline wastewater (Dincer and Kargi,220Qubo et al., 2001; Sekaran et al., 1996; Dan et
al., 2003; Ugyur and Kargi, 200A}.the same time, the concentration of suspended solids is being
increased due to cell lysis during biological treatment processes. Biologically, filamentous bacteria
may serve as a coagulation/flocculation for the removal of suspended solids in the wastewater.
Various approaches have been attempted to cultivate microbial mats including using glass wool,
coconut mesh, polyester fiber, silica particles and grass silagg@svéh scaffold for the treatment



of saline wastewater (Akyon et al., 2015). In this proposed SOAR process, a regular packing plastic
material for packed bed column was used for the growth of biofilm. Apart from removal of organic
handling and disposal ofludge also a major task on wastewater treatment. The method of
oxic/anoxic/anaerobic process helps in for wastewater treatment with less sludge production(Chen
et al., 2003;Saby et al, 2003) Hence, this study focused on the development of oxic/aoorsspn
SOAR system for the primary clarification of tannery saline soak liquor.

2. Materials and methods

2.1. Materials

All the chemicals used in this study for the determination of process parameters were procured from
Merck (India) and other biological gradeemicals purchased from Himedia, India.

2.1.1. Design and fabrication of Sequential oxamnoxic bio reactor (SOAR)

A rectangular shaped SOAR reactor was fabricated using acrylic sheet with a dimension of
25.5cmx15cmx15cm as shown in Fig.1. The SOAR compridegdeothambers connected with one
another for the continuous flow and treatment of waste water. The total reactor volume comprising
of 3.6L (compartment-1.4L; compartment {1.2 L and compartment 41.0L) There are six oxic zone
outlets and five anoxieone outlets are positioned in the reactor. The compartments were packed
with commercially available round shaped plastic packing medium (diameter 21mm) used for the
adsorption/stripper column for the active surface area to grow bio film for the degrawlabf
suspended and dissolved organic compounds presestdk liquor Each compartment has an outlet
port through which outlet sample was collected at aerobic and anaerobic region of the
compartments for the characterization. A provision has been ntader alternating oxic and anoxic
conditions to aid the native organisms on the bio film and to acclimatize for maximum removal of
organic compounds in wastewater.

2.1.2. Preparation and characteristics of tannery saline waste water (soak liquor)

The saline wstewater used for the present investigation was prepared by taking 1 kg of salted goat
skin collected from tannery (CLRI) and soaked in 3 L of distilled watewdonight for the saline
wastewater for the experimental work. The soak liquor was alloweddtle for 2 h and cloth
filtered to remove floating solids and its subsequent solids. The above solution characterized and
presented in Table 1. For the investigation of the presence of suspended solids in different forms
such as coarse, free and codlai state, the initialsoak liquorwas filtered using three kinds of
filtration: normal filtration using Whattman filter paper (NF), GF/A filtration (WF) and by centrifuge
(CENT) at 10000 rpm for 20 min. At each stage of the SOAR process, all thetgyaravees
analysed to study the contribution of suspended solids on organic loading rate of wastewater before
and after the treatment using SOAR process.

2.2. Methods

2.2.1. Isolation and identification of microorganismor protease, lipase and amylase activity at
saline medium

The biofilm formed from extremophile was collected using phosphate buffer (pH=7) and it was
serially diluted with sterile distilled water and the organisms were isolated using Nutrient Agar
medium by pour plate method followed by incubated at 40 °C fog4&8l h for the growth of
halophilic microorganisms. Microbial colonies, which appeared on the agar plates, were then pure
cultured and subjected to qualitative screening for the identification rotgase, amylase and lipase
producing microorganisms on Skim Milk Agar (SMA) medium, Starch Casein Agar (SCA) medium and



TriButyrin Agar Medium (TBA). Extracellular enzymes producing halophilic microorganisms
produced a clear zone of hydrolysis when thegpropriate dilutions were pread on the respective
agarplates (SMA, SCA and TBA at 3 % NacCl) were incubated at 40°C. Based on the size of the clear
zone on the agamplates, the proteolytic, amylolytic and fiolytic organisms were selected and
maintained in nutrient agar slants and stored at 4°C.

2.2.2. Analytical methods

The COD, BQDPTOC, TDS, TSS, and TS were measured by the methods summarized in standard
methods of analysis of wastewater (APHA, 1998).The quantification of protein in soak ligior a
RSANI RIGA2Yy &d0GdzZRASE 6SNB YSI &dzZNBR & LISNJ [ 246 NE
61 AYSRAFUO Fa GKS adl yRI NR vidible speargphotoryeder. Stzndagd3 /I N.
curves for concentration calculations were plotted from 0, 10, 25, andngfL bovine serum
albumin (BSA) diluted from a concentrated stock of .BE#e lipid estimation was determined by
phosphovanilin  method and the OD was taken at 533nm. For the determination of
mucopolysaccharides 0.5 ml of sample solution was taken to wh&% aqueous solution of phenol,

2.5 ml of sulphuric acid was added and incubated for 20 min. The absorbance was measured at 490
nm. The protease activity was done by Anson method.The lipase activity was find out by taking Olive
Oil as the substrate folleed by acid base titration using Phenolphthalein indicator.The amylase
activity was done by DNS method.

The estimation of amino acid was determined by Ninhydrin method.The estimation of fatty acids was
determined by acid base titration using phenolphthaleis indicator. The estimation of glycerol was
determined by the sodium periodate method.The estimation of glucosamine was carried out by
Ethrlichs reagent method.The estimation of glucuronicacid acid was carried out by using carbazole
reagent.

2.2.3. Instrumentd analysis

The 16 tDNA analysis was carried for the identification of organism sB8dias protease, lipase and
amylase activity. The SEM analysis of the bio film of plastic material in SOAR was done by scanning
device attached to a JEOL JM 5600 electrocroscope at 20 kV (JEOL, Japan) accelerating voltage
with a 5;6-nm electron beam to confirm the presence of filamentous bacteria (FB). The degradation
of soak liquor was studied by UV visible absorption spectra using CARY @GHSMNIR
Spectrophotometer USA. The fluorescence spectrophotometer study was carried out to determine
the excitation and emission characteristics of both soak liqguor and the degraded products of SOAR, in
NJ y3S BaOnmk(CanysEalipse, USA). For the determination of Totahiorgarbon and Total
nitrogen were analysed by TA®! analyser (SHIMADZU Maodel no: SHIMADZU CORP 00291, India).

3. Results and discussion

3.1. Characteristics of Tannery saline wastewater (soak liquor)

The initial characteristics of soak liquor implies the pregemd organic bio molecules such as
proteins, fats and mucopolysaccharides wittv% (w/v) of NaCl. The other constituents such as
amino acids, fatty acids, glycerol, glucuronicacid and glucosamine were present in trace
concentration.The presence of suspdad solids in different sizes such as coarse suspended solids,
normal settable suspended solids and colloidal suspended solidsoak liguor was evaluated by
subjected to normal filtration (NF) using normal Whattman filter paper, filtration using GHgArpa

and centrifugation at 10000 rpm for 20 min. The detailed characteristics of soak liquor were
calculated and presented in Table 1. These results imply the presence of a high organic load of
carbonaceous and nitrogenous species present in the sqa@rliand which varies with each type of



filtration. Though the BOD:COD ratio was in an appreciable level (0.37), thus clearly indicates that the
conventional biological treatment processes still pertain due to high TDS of soak lieit#ai).fhen

the inlet was passed through the reactor at different retention time. The samples were collected
from the SOAR outlet and the analysis of all parameters were carried out according to standard
methods of water analysidn order to find a suitable route for the tatment of wastewater an
anaerobic, anoxic and aerobic reactor system has been studied by inclusion of an anaerobic Side
Stream Reactor (SSR) in the sludge recirculation line. There are reports on such inclusion of an
anaerobic SSR in the sludge recircolatline of an aerobic Sequencing Batch Reactor (SBR) and
anoxic, oxic reactor (Li et al., 2014; Coma et al., 2013; Yagci et al., 2015; Zhou et al., 2015).

3.2.  SOAR reactor

SOAR has been used to digest and degrade suspended and dissolved matter present in SOAK
LIQUOR, by alternating the oxic and anoxic environment associated with the bio film formation on
the plastic material. The inoculums for the SOAR were initially erttiblgethe addition of tannery

soil acclimatized sewage culture to 10% of soak liquor and the percentage of the culture continuously
increased each day up to 5 days to facilitate the acclimation of culture with the organissosiof

liquor.

SOAR outlet

PRy z o o "‘.' 2
RRESNRG 0T NS ST IR
@8 Oxic zone outlet SR 2
Anoxic zone outlet Bio film coat?d Plastic
material

Fig.1Treatment ofsoak liquotby SOAR reactor

The maximum removal efficiency was observed for the HRT operated at 12 h and illustrated that the
reduction of proteins, lipids and mucopolysaccharides in soak liquor was found to be 47.4%, 70.4 %
and 44.8% respestely. Although the reduction appeared to be normal for a SOAR outlet, it was
highly important that the nature and the difficulty involved with the treatment of biomolecules was
minimized as a result of change in the structure of these molecules hyrglamisms present in the
biofilm of SOAR and these were confirmed through instrumental analysis. This may enhance the
further removal of organics from soak liquor using biological treatment after SOAR process. The
characterization of SOAR outlet indicateat the formation of smaller units of biomolecules of soak
liquor after degradation by the halophilic organisms as shown in Table 2. The smaller units are amino
acids formation after protein degradation; fatty acids and glycerol formation after Lipichdation

YR 3fdz02al YAYSSY 3f dzOdzNBYAOFI OAR F2NXIGA2Y | FGSN
liquor may be converted as the hydrolysates (oligo, deca and dodeca peptides) with different
molecular weight. Hence, the amino acid content of SOAfRetonot exceed to higher in value
compare with protein degradation. The removal of suspended solids was found to be about 72.6% as
shown in Table 1The removal of suspended solids and dissolved organics with respect to different
sizes such as coarse, nal settable and colloidal solids weewvaluated by subjected to normal




filtration (NF), filtration using GF/A paper and centrifugation and the results were shown in Table.1.
This results mentioned that the fragmentation/removal of biomolecules was inetedsr SOAR
outlet rather than for initial soak liquor upon different filtration systems. Also, SOAR outlet showed
the removal of COD and BOD in the leveB®8% and 31.2% respectively by microbial degradation
using halophilic organisms as shown in Tdbl&he increase in values of ORF®02.2mVY in SOAR
outlet indicates the degradation of organicssafak liquor

Table. 1Characteristics of soak liqguor and SOAR outlet at different stages of filtration

Soak liquor SOAR outlet

Parameters TSWW  NF WE  CENT Parameters SOAR  NF WF CENT

pH 672 6.34 6.87 6.54 pH 7.09 714 7.03 7.23
CcoD 5766 4987 4363 4051 COoD 3644 3073 2750 2415

BOD 2160 1820 1560 1440 BOD Ded | nedy | tlen Jil
Ob.COD sl ioaes ooy Foace BOD:COD 0.407 0.409 0.397  0.400

NH, 276 254 248 240

NH; 294 279 255 241

TOC 483 449.9 418.4 378

TOC 924 757 6645 567 = il =
TN 388 345 310 288 Proteins 386 3464 270  242.22
Protein 734 614 489 410 Amino acids  29.03 17.13 14.96  14.061
aiofacicl IEES S Rt o I Lipids 40.84 26.63 2525  23.46

Lipids 138 98 76 53 Fatty acids 244 228 22 21.2
Fatty acid 148 144 88 5.4 Carbohydrates  62.70 55.43 52.02 47.93

Carbohydrates 113.6 87.29 74.8 67.94
Glucosamine 85.49 51.16 58.73 40,71

Glucosamine 26.81 14.12 13.8 11.78

Ol ey Fa Pao T Mioloa Glucuronicacid 50.03 40.15 39.94 33.32

Sulphate 541 537 528 522 Sulphate 521 502 498 496
Chloride 58981 58450 57976 57452 Chloride 54677 54302 54288 54242
ORP, mV 5267 527.1 -526.9 -528.3 ORP, mV -302.2 -301.4 -308.7 -304.4

Total solid 63288 62256 60272 57950
Total solids 69210 65431 64722 630936 i e

Suspended solids - 3779 4488 5274  Suspendedsolids - e e e

All the parameters except pH, BOD: COD and WP expressed in mg/L

3.3. Isolation of microorganisms for thedigestion of suspended and dissolved solids present in
soak liquor

The biofilm formed around the round shaped plastic packing material from the SOAR was collected
for the isolation of microorganismia phosphate buffer (pH=7) and it was serially diluted to calculate
the colonies. Based on the serial dilution, the colonies were pour plated using Starch Casein Agar,
Tributyrin Agar and Calcium Caseinate Agar medium with 3% of NaCl saline conceriffaiothe

plates were incubated at 3T for 24 h for growth of organisms as a response to different kinds of
substrate with varying levels of saline condition. Totally five different microbial colonies were
isolated from the biofilm collected from SOAR. &ag which Strak8 showed a positive response for



all three activities and hence it was considered for further experimental studies. Other four
microorganisms exhibited different activity towards the substrate as depicted in Fig. 2.

Activity i Strain-1 Strain-3 il Strain-4 il Strain-5
r r N r—

i P“’tease]-) r| Fositive | M Negative | [pogsitive| |HNegative| H Negative
- - ~ :

— Lipase [mmp H Negative H Negative | | | Positive L Positive | Positive
; > | S — S —

[aiiyiage I‘ — Negative — Negative | Y Positive — Negative - Positive

Fig. 20rganismshaving different activities isolated from bio film of the material was taken from
SOAR

The production of amylase enzyme from Strdiwas evaluated by zone of clearance i.e. blue colour
disappearance was observed on Starch Casein Agar (SCA) in preséridé ifdine solution onto

the SCA plate. The zone of clearance on SCA indicated that these microorganisms utilized the starch
as substrate in saline medium (3% (w/v) for their growth. The production of protease was
determined by zone of clearance observed Calcium Caseinate Agar (CCA) and for the ability to
synthesize lipase was observed usingBltyrin Agar (TBA) as a selective media. From these analyses
confirmed thatthe selected Strai3 has ability to synthesize all three enzymes (Amylase, Protease
and LipaseYhe microorganisms isolated from the plastic packing material of SOAR showed
degrading performance on protein, carbohydrate and lipid, which were cultured and its optimum
conditions were determined for the maximum production of enzyme. Thépéd conditions were
found to be time, 48 h; pH, 7; and temperature,’@0 The 168DNA sequencing analysis confirmed
that the isolated strairB is Bacillus cereusThe quantity and activity of enzymes extracted using
acetone were found to be 110 (prote@), 1320 (lipase), 1386 (amylase) U/ml respectively. The
results confirmed that the presence of halophilic organisms was responsible for the degradation of
organics present in soak liquor.

3.4. Instrumental evidences

3.4.1. U\WVisible and fluorescence studies

U\-Visble spectro photometer and fluorescence studies were carried out to confirm the organic
degradation insoak liqguorby SOAR process, and the results were shown in Fig. 3 (a) and (b). The
absorption intensity was observed to be decreased with HRT which eértbe degradation of
carbonaceous matter (proteins, lipids and mucopolysaccharides) preserstoak liqguor The
absorption peaks observed at 2@Q30nm may be attributed to presence of polypeptide backbone of
protein presence and the peaks observed betwe260-300nm may be due to the presence of
aromatic amino acids of proteins smak liquor(Ni et al., 2008)
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Fig. 3(a) UWisible and (b) fluorescence spectrum of soak liquor and SOAR processed samples

A clear evident on decrease in absorption intensity for treagedk liquorthan initial wastewater as
shown in Fig3. Similarly the fluorescence spectrum showed that the peaks observed at 623.2, 631.2,
543.5, 394.5, 282.7, 231.8 and 215.7 for inisalk liquor denoted the presence of organic
pollutants. The excitation peaks observed at 282.7 and 231.8 denoted the presence of polypeptide
and amino acid components in the initial soak liquor (Wang et al., 2009). The fluorescence peaks
where found to be dcreased significantly after SOAR collected at different HRT such as 3h, 6 h and
12 h, and thus confirming the degradation of the organic by SOAR process. The characteristic
fluorescence peaks of proteins vary for their active and denatured state (@@, 1998). Hence,

the microbial degradation of suspended particles and the dissolved organics by SOAR has proved to
be an effective process for the primary treatmentsofak liquor

3.4.2. SEM analysis

The surface morphology of the microorganisms presentthia plastic packing material was
characterized by SEM analysis and it was found that they belong to the group of filamentous bacteria
as shown in Fig. 4@&Yd).




Fig. 4Normal and SEM images of (a, ¢) the round shape plastic packing material (b, d) gnalter

the growth of bio film over on packing material reason for the digestion of suspended and dissolved
organics of soak liquor in SOAR

The initial stage of the bifilm formation on the plastic material has been shown at 30 um resolution

in Fig 4(a) which indicated that there were more the empty spaces available for the growth of the
microorganisms. The growth of the microorganisms in clusters leading to the formation of the bio
film lead to the occupation of these spaces on the plastic packingriahdepicted at 10 pm
resolution in Fig. 4 (b) which is attributed to the digestion of the dissolved organic compounds in the
soak liquordue to microbial metabolization (Akyon et al., 2015; Motten et al., 2013)

4, Conclusions

This study concludes that thannery saline soak liquor was primary treated using a sequential oxic
anoxic bioreactor by using the mixture of halophilic organisms and FB for the removal of suspended
and dissolved organic compounds at high TDS environmero]é The removal of suspded solids

was achieved upto 72.6% at 12 h HRT. Totally five bacterial strains were isolated from the bio film
formed on the plastic packing material and they displayed different characteristics such as ability to
synthesize enzymes like protease, lipasal amylase at saline condition. The Strair{Bacillus
cereus) was found to synthesize all the three enzymes by utilizing the components in the soak liquor
as the substrate, with enzyme activity for protease, lipase and amylase calculated to be 110, 1366,
and 1305 U/ml respectively. Instrumental analysis such ad/isitdle, Fluorescence spectroscopic
analysis also confirmed the degradation of dissolved and suspended organic matter present in the
soak liquor. The morphology of the mieboganisms constitutig the bio film on the packing material

of the SOAR before and after the treatment process was observed and the digestion of the excess
suspended matter in the sludge was attributed to the presence of filamentous bacteria in the bio
film. Hence, the combirgksequential oxic anoxic bio reactor system promises to be a more beneficial
primary treatment option for soak liquor in future.
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HEXAVALENT CHROMIUM REDUCTION BY CHROMIUM TAARANIS
FROM TANNERY WASTE

Uthirappan Mani*, Dhanasingh Sujatha, Kalimuthu Balasaraswathi, Sandana mala
Geraldine & Chellan Rose*

Cr (VI) designated as a priority pollutant or Class A pollutant by the United States Environmental
Protection Agency (USEPA), cause mutations and cantemmans. Tanneries are the major source

of chromium pollution, releasing about 4®5,000 mg/L of Cr in their effluents. In addition to this,
leakage due to improper handling and faulty storage containers also adds to the accumulation of
chromium in tle environment. Therefore treatment of tannery effluent containing hazardous
compounds becomes necessary prior to their final discharge into the environment. Biological
treatments arouse great interest because of their cost effective, safe and lower ingpathe
environment. Certain species of bacteria are capable of transforming much toxic and highly mobile
Cr (VI), into less toxic and less mobile Cr (lll) and thus chromate bioremediation is of considerable
interest. In view of the potential applicationd €r (VI) reduction, the present study was aimed to
isolate and enrich the Cr (VI) resistant strains from the tannery effluents and to mediate biosorption
and detoxification of hexavalent chromium into ntoxic compound. An indigenous chromium
reducing baterial strain wasisolated from the tannery solid waste located at Pallavaram and was
identified asBacillusSpbased on its morphology, physiology and-bieemical characteristics. This
particular strain when grown in media containingCikO;, could resis concentrations as high as
300mg/L of Cr (VI) and was able to reduce the entire chromate when cultured in as low as 10 mg/L
after 48 h exposure of incubation.

Scanning electron microscopy (SEM) revealed the distribution of chromium on bacterial ceésurfa

Cr (VI) treatment brought several changes in the FTIR spectrum of bacteria treated with Chromium.
This isolated organism can therefore be successfully used for reduction of significant amount of Cr
(V1) in the natural environment as well.

Key wordsChromium, tanneries, bioremediatiofacillus SEM, FIR.

1. Introduction

Leather making is an environmentally challenging process. Tanning is the key processes that renders
stability to the skin matrix against microbial degradation, heat, sweat, etda(Ri al., 2012).
Chromium has found extensive use in tanning industry mainly because of the good quality of leather
obtained. When the wastewaters containing chromium are discharged into the environment, they
pose a serious problem to the quality of thatter (Onyancha et al., 2008Lr(VI) causes severe
carcinogenic, systemic, immunological, and developmental effects (Manahan, 2003) due to its rapid
permeability through biological membranes and subsequent interaction with intracellular proteins
and nucléc acidgHoritsuet al. 1978).Conventional techniques for removing dissolved heavy metals
including chemical precipitation, chemical reduction and carbon adsorption ion exchange, solvent
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extraction, reverse osmosis, membrane process, evaporation andr @leetrolytic and chemical
methods (Abraham and Bai, 2003, Rengaraj et al., 2003)are ineffective when applied to low strength
heavy metal ion concentration and have certain disadvantages which include production of
secondary waste products, oxidation of(\@)that makes it unstable (Park et al., 2005), high
operating and maintenance cost, low efficiency, operational complexity, high energy requirements
and incomplete metal removal (Ucun et al., 2002). Phytoremediation is another method which
although is cet effective, is extremely time consuming. Hence there is a dire need to search for
other new methodologies that would be efficient and cost effective at low concentrations of this
pollutant. The methods using sorbents of biological origin (Babel etGd3)Zor removal of heavy
metals are gaining interest among researchers due to several advantages that include possibility of
metal recovery, good performance and low cost of the process. Biosorption employs inexhaustible,
inexpensive and nonhazardous magts and natural affinity of biological compounds for metallic
elements (Kratochvil and Volesky, 1998) and it does not produce toxic sludge and does not create
any problem to ecosystem. The most frequently studied biosorbents for chromium by bacteria
include Pseudomonas aeruginog&anguli and Tripati, 2012), Bacillus gpudgjntun and Xiaohua,
2009) andfungi includeGanoderm lucidun{Krishna and Philip, 2005) afsbergillus nigeMTCC

2594 (Sandana mala et al., 2006)tefent examination on th@ccumulation of different metals in

the water, soil and vegetables grown around the SIPCOT industrial area of Ranipet, India has
reported the exceeding mean level of metals beyond the safe limits (Sujatha et al., 2013).

Highly soluble Cr(VI) in bacterias transported rapidly across the cell membranes via the sulfate
pathway and reduced in the cytoplasm to trivalent Cr(lll). Trivalent chromium, which interacts with
proteins and nucleic acids, however, is far less soluble than hexavalent chromate antbtpass
through biological membranes, f dzZR3IS RSLIRaAAGA2Y FTNRBY {(lyyAy3
provides a natural environment for enrichment of chromiuasistant bacteria. Chromiumesistant
microorganisms from such chromium contaminated sedimenéwvehbeen isolated by several
investigators (Horitswet al. 1978; Luliet al. 1983). The reduction o€r(VRo the less toxicCr(lll)
either extracellularly or intracellularly, could find useful application in the treatment of industrial
waste.

The presentstudy was an attempt to evaluate potential of the bio reduction of toxic hexavalent
chromium to less toxic trivalent chromium by chromiuesistant bacteria isolated from the tannery
effluent sediments of tanning industries located at Pallavaram Towmrtae

2. Materials and methods
Collection, Isolation, identification and characterization of chromium reducing bacterial strains

Tannery effluent sediment samples were collected in sterilized screw capped plastic containers from
the outlets of tannery neaPallavaram town in Chennai District of TamilNadu, India. The effluents
were stored at 4°C to avoid changes in its characteristics.

Hexavalent chromium tolerant bacterial isolate was isolated using Nutrient Agar plates amended
with potassium dichromatekeCrO;) and incubated at 37°C for 24 The isolate used for the Cr(VI)
biosorption was enriched by a series of transfers by gradually increasing the Cr(VI) concentration
from 10 to 300 mg/L.-The selected bacterial isolate were characterized morpholdgiaaider
microscope after Gram staining and biochemically for the activities of Indole productici,RviBst,
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Catalase, Nitrate and Citrate utilization and identified upto generic level by employing the standard
YSGK2R& | & RSaONR o SyRtemigbacterdNGy GHoltetal., ¥994).dzZ £ 2 F

Metal analysis

The total Cr content and other heavy metals presendiied tannery solid waste sampleere
determined using Atomic Absorption Spectroscopy (AR8)kin Elmer, USA, model Analyst 3005
digeston mixture of HN@QHCIQ (6:1) (NIOSH, 1987).

Antibiotic resistance

Antibiotic resistance of the isolate was tested by the standard agar diffusion method using
commercial discs (Didimedia) impregnated with antibiotics such as bacitracin (10 units),
Chlaamphenicol (30 mcg), Penicillin (10 mcg), Polymixcin B (300 mcg), gentamycin (10 mcg) and
Neomycin (30 mcg). Inhibition zones in diameters were measured in cm using a caliper and classified
as Resistant (R), Intermediate (I) and Susceptible (S) accdalittge standard antibiotic disk
sensitivity testing method (DIFCO Manual'#@d. DIFCO Laboratories Inc).

Cr biosorption

The reduction of Cr(VI) with the selected isolBte was carried out under varying conditions such as
initial Cr(V1) concentration (:060mg/l), pH (), temperature (250°C) to optimize the parameters

in nutrient broth mediumFlasks containing 50 mL of NB medium supplemented with 80 mg/l Cr(VI)
were inoculated with exponential phase inoculum and incubated at 37°C. Control experiment
without the isolates was also maintained to ensure that removal was due to microorganisms and not
due to any other abiotic reason or precipitation. The amount of Cr was estimated by Diphenyl
carbazide method at an OD of 540nm at time intervals of 24, 2&nd 96 h respectively (Snell and
Snell 1959). The reduction in the concentration of Cr(VI) was taken as the reducing ability of the
isolates. As the bioeduction of Cr(VI) by bacterial isolate was good up to 80mg/l concentration, the
characterization ofreduced product associated with bacterial cells was carried out with this
concentrationoy SEM and FTIR.

High Resolution Scanning Electron Microscope (SEM)

The bacterial cells associated with Cr reduction, after 48h incubation was filtered, washed with
buffer (pH8.0), fixed in 3% glutaraldehyde and again washed withHTisbuffer followed by de
ionized water several times. The ethanol dried sample witlbaméd and Cr(VI) loaded biomass
were mounted on gold coated aluminium stab under vacuum and npbaiographed by HRSEM at
200kv Quanta 200 FBEG

FTFIR analysis

A qualitative and preliminary characterization of the main functional chemical groups present on the
bacterial biomass responsible for heavy metal biosorption was studied throu¢fR. AT raw sample

of bacterial biomass and biomass loaded with Cr(VI) wamalyzed using an Infrared
spectrophotometer  (IR) (Model;, ABB MB3000) following KBr disk technique.
Absorbance/transmittance of HR was analyzed with reference to standard values (Silverstein et al.,
1991).

3. Results and Discussion
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Identification and haracterization

A Cr resistant bacterial colony showing maximum tolerance towards Cr(VI) was isolated based on its
growth observation in }CrO;. The morphology and biochemical tests assigned the isolate to the
genusBacillusand named as P1. Table 1 peat the biochemical nature of the isolatéhe sludge

from the tannery waste disposal site used for isolation of Cr(VI) reducing bacteria confiréd
mg/kg and the pH was 7.&8espite the high concentrations of Cr in contaminated soils and
sediments, acurrence of a substantial quantity of bacterial populations has been repoitad.
count of bacteria on Nutrient agar containing Cr(VI) decreased with increasing concentrations of
Cr(VI). This may have been due to the inability of sensitive organismrevoom Crsupplemented
plates. Similar declines in bacterial populations of the@taminated sediments were also reported

by Luliet al(1983) and Losi and Frankenberger (1993). For chromegistance, the isolate was
screened primarily on chromate splemented solid media and was found resistant to 300 mg/L of
Cr(vD.

The present study revealed that titgr(VI1) resistanBacillus s was capable of removing significant
concentration of Cr (VI). However, the highest Cr uptakbfvas observed with 10yl at 48 h
incubation time.Microorganisms can be used for the removal of Cr(VI) from the environment owing
to their ability of Cr(VI) tolerance and reduction (Camargo et al., 2003). Chremésistant bacteria
isolated from industrial waste materials éhdbeen studied to be used for remediation purposes of
metalpolluted environments (Faisal et al., 2004). The isolate P1 was studied for its temperature, pH
dependence of the Cr(Vieducing ability at different initial Cr(VI) concentrations (data not shown
The optimal temperature was found to be €7 and pH was 9 for maximum Cr(VI) reduction. It is in
agreement with Sultan and Hasnain (2007) who also found the optimal temperature®@sf&7
maximum Cr (VI) reduction l§ychrobactrum intermediurB8DGi5.

Metal analysis

The total chromium content of tannery effluent was found to be 70.75mg/kg. The other heavy
metals like Cd, Pb, Cu, Ni and Zn were found to be 1.00, 1.69, 3.00, 5.45 and 4.97mg/kg respectively
(Table 2).

Antibiotic resistance

As heavy metal réstance is linked with antibiotic resistance, the chromate resistant isolate P1 was
tested for its sensitivity to antibiotics and results shown in Table.3 and Fig 1. The isolate was highly
resistant (HR) to Bacitracin and penicillin, intermediate to Nedmgnd Polymyxin and sensitive to
Gentamycin and Chloramphenicol. This multiple antibiotic resistance of this isolate is also correlated
with high degree of resistance to different heavy metals (Basu et al., 1997).

Cr biosorption

SEM

The biosorption of Cby Plisolate was analyzed by scanning electron microscopy to understand its
surface morphological characterization of bacteria. The bacterial cells without Cr treatment are
elongated in shape and appeared to be plump having smooth surfaces in a lbosaty form
(Fig.3). After incubating in 80 mg/l of Cr(VI) for 48 h, the bacterial cells were coated with either the
precipitate of reduced Cr(lll) or adsorbed Cr(lll) (Dhal et al.,-269DSEM showed occurrence of
flakes like morphology with inscribed clastformation after usage of metal ion. Konstantinidis et al.,
stated that the outer envelope of the bacterium cells may change when grown in the presence of
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heavy metals. It has been reported that, with progressive increase in chromium concentration, the
cell becomes both longer and wider. However, further increase in chromate led to decreased cell size
(Srivastava and Thakur 2007). In fact, this change in cell shape due to the exposure of heavy metals is
an adopted mechanism to resist the toxicity of thealry metals. Here, the stressduced
morphological changes might have important role to keep up metabolic activity and survival and
hence the absorption of chromium from the medium/effluent. The first mechanism for removal of
heavy metals from the enviranent involves extracellular binding. Cationic heavy metals attach to
some anionic compounds on the bacteria surface. So, binding of heavy metals to the surface of
bacterium cells changes the shape of the bacterium (Fig 3). The results of the presergrsiuyl

that the binding of Cr(VI) by P1 altered the shape of bacterium cells compared to the control.

FTFIR analysis

The functional groups present on the bacterial cell wall responsible for the adsorption of Cr(VI) and
other heavy metals due to nespecifc binding of metal ions with them and FTIR spectra are shown
in Fig 4. Analysis of absorption of chromium untreated and chromium treated bacteria samples
showed significant functional group interaction by means of shifting the absorption frequencies as
sea in the spectraThe shifts at 2924cthto 2942cm' denotes GH. Alkane stretches and shifts are
denoted by 1052cmto 1087cnt. Higher frequency bands are more intense in anhydrides and the
lower frequency band is more intense in cyclic hydrides. Nemd®aorresponding to cid also
appeared at 905cihand 957crit. Generally, heavy metals affect its kpecific interaction with the
expression and suppression of certain functional groups on bacterial cell wall which might help the
bacterial strain to @lerate the toxicity of the heavy metals (Kamnev 2008).

4. Conclusion

From this study, it is therefore concluded that the highly toxicdvVQrhas bieremediated by the
bacterial isolate of this study to produce less toxic trivalent chromium. This isolate could be used for
the reduction of Cr(VI) which is likely to be formed from tannery effluent or for the treatment of the
effluent generatedrom Cr discharging units.
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Table X Biochemical Test for the identification of Bacteria
Characteristicy Gram
stain Indole MR VP Citrate Catalase | Nitrate
Result - - + - + + -

Table 2. Heavy metals in Tannery Sludge

Metal Chromium | Cadmium | Copper Nickel Lead Zinc
Concentration| 70.75 1.00 3.00 5.45 1.69 4.97
(mg/Kg)

Table 3. Antibiotic resistance in terms of diameter of inhibition zone in cm

Antibiotics Zone of inhibition (cm)

Bacitracin (10units) -

Chloramphenicol (30mcg)| 2.1

Penicillin (10mcg) -

Polymyxin (300meg) 16 Figure 1.Antibiotic resistance
Gentamycin (10mcg) 24 disk Figure 2.Reduction of
Neomycin(30mcg) 1.7 Cr(VI) by bacillus Sp.
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Figure 3SEM micrographs of Bacillus sp. P1. [A] In the absence of Cr (control) and [B] exf@ised to
(VDindicating modification in bacterial shape and chromium aggregation

Figure 4 FTIR spectra of thBacillus spP1 untreated (control) and treated with 80 mg/l of Cr(VI) in
nutrient broth medium after 48 hrs.
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CHROMIUM REMOVAL FROM THE TANNERY WASTEWATER USING
BIOSORBENT

Md. Abul Hashem*, Md. Abdul Momen, Mehedi Hasan, MshahrukNur-A-Tomal

Departmentof Leather Engineering, Khulna University of Engineering & Technology (KUET), Khulna
9203, Bangladesh
*E-mail: mahashem96@yahoo.com

Disposal of wastewater from the tannery causes a serious environmental pollution. In tanning
process, most of the tanneries use basic chromium sulphate as tanning agent where only 60% is
taken up by the pickle pelt and themaining 40% chromium reminded as the solid or liquid phases
especially in spent chrome liquor. Discharging of chromium after chrome tanning operation is the
most common pollutants in tannery. Removal or recovery of chromium from the tannery wastewater
is an important issue. In this study, an investigation was made to remove the chromium from
wastewater using the prepared low cost charcoal of plant bark on the removal of high concentrated
chromium tanning wastewater. The effectiveness of chromium removak vexamined by
investigating different parameters e.g., charcoal dose, contact time.The chromium removal efficiency
was obtained at optimized conditions 99.9%. This approach will enable a substantial reduction of
environmental pollution. The use of low ¢dadigenous biosorbent could be better option for the
removal of chromium from tanning wastewater.
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1. Introduction

Chromium is discharged into the aquatic systems from the anthropogenic activities e.g. tanning
industries, electroplating, metal finishing, textile industries and chromate preparation.
Contamination of water, soil or sediment by the chromium issignificat concern for the
environment. It could enter into human food chain from the water, soil or sediment.

Many works have been studied on the toxicological effects of chromium presence into various food
items on the human health (Cubadda et al. 20B@&takos et al. 2002)luozlu et al. 2009). Chromium

has several oxidation states e.g:, dii-, penta, hexa; amongthem, thetrivalentand hexavalent state

of chromium can be mainly existing in the aquatic environment (Evangelou 1998). Although
chromium(lll) is considered as an essential trace element for some metabolic function humhan

body (Kalidhasan et al. 2009), a leiegn exposure to Cr(lll) is recognized to cause allergic skin
reactions and cancer (Eisler 1986). On the other hand, chronfijncan be toxic and carcinogenic
(Matos et al. 2009; Yalgin and Apak 2004).
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In tanning process, 90% tanning industry use basic chromsilphateas tanning agent (Aravindha

et al. 2004) where 60% chromium is taken up by the pipkleand the remainingd0% chromium
remained as the solid and liquid wastes especially in spent chrome liquor (Fabibi et al. 1997). It is
reported that chromium content in the wet blue spent chrome liquor ranges from ZB8B® mg/L
(Hashem et al. 2015). Therefore, the level afromium in the spent chrome liquor is strictly
regulated in many countries.

Removal of chromium from the various industrial wastewaters, especially tannery wastewater is an
important issue.

Good numbers of methods have been developed to remove chromiwomfthe wastewater.
Chemical precipitation and electrochemical precipitation are widely used for the removal of heavy
metals. Both the techniques have a significant problem in terms of disposal the precipitated wastes
(Ozdemir et al. 2005; Meunier et aD@5); the ion exchange technigue does appear to be economical
(Pehlivan and Altun 2006). Many attempts have been carried out for the removal of heavy metals
with low-costadsorbent e.g., wood materials (Shukla et al. 2006), agriculturprdyuct (Chuah &

al. 2005), natural zeolite (Erdem et al. 2004), clay (Marguez et al. 2004) and eggshell and powered
marble (Elabbas et al. 2015).

In this study, an investigation was made to remove the chromium from the wastewater using the
preparedlow costcharcoal ofSyzygiuncuminibark on theremovalof high concentrated chrome
tanning wastewater. The effectiveness of chromium removal was examined by investigating different
parameters e.g., charcoal dose, contact time, pH effect.

2. Material and Methods
2.1Adsorbent preparation

The bark ofSyzygiuncuminivas collected from a loc&aw mill Khulna, Bangladesh. The bark was
cut into small pieces and stdried. Then, the sudried bark was burnt a#50-550°C, cooled and
grinded to make apowder using a mortar The grinded charcoal was sieved on 8fesh and
preserved for theexperiment

2.2Sample collection

Chromium containing wastewater was collected from the SAF Leather Industries Ltd., Jessore,
BangladeshThe wastewater containing chromium sample wademtéd in apolyethylenecontainer,
pre-washed with diluted nitric acid, and immediately transported to the laboratory for
experimentation.

2.3 Reagents
The reagents: nitric acid (Merck KGaA, Germany), sulphuric acid (Merck KGaA, Germany), perchloric
acd (Merck, India)N-phenyl anthranilicacid (Merck, India), ferrous ammonium sulphate (Merck,

India) and glass beads (Loba Chemie, India) were purchased from a local scientific store, Khulna,
Bangladesh.
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2.4 Treatment othromiumcontainingwastewater

Batchwise chromium removal examination was performed with the prepared charcoal. The scheme
for the treatment of wastewater is shown in Fig. 1.
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Fig. 1Scheme for the chromium removal treatment process

Firstly, physicochemical parameters of the untreatedromiumcontaining wastewater were
analyzed and filtered through 0.45 um pore size filtéecondly,75 mL filtrate wastewater was
mixed the prepared charcoalhe charcoal mixed wastewater wstirred over a fixed time period

and the mixture was allowesettling for a fixed time period. After settling, the mixture was filtered
through 0.45 pm pore size filter. Chromium and physicochemical parameters of the supernatant
were analyzed.

2.5 Physicochemical analysis

Physicochemicaparameters of the untreated and treated spent chrome liquors: total dissolved
solids (TDS) and total suspended solids (TSS) were determined gravimetrically following the standard
methods of APHA (APHA 2012). pH of the spent chrome liquor was measursdpyhe pH (UPH

314, UNILAB, USA) meter. Electrical conductivity (EC) and salinity were measured by using the
conductivity meter (G676, BOECO, Germany) meter. The dissolved oxygen (DO) was measured by
the DO meter (D&G80, BOECO, Germany). Before meagyiall the meters were calibrated with the
standard solutions.

2.6 Determination of chromium
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Chromium content in the untreated spent chrome liquor and after treatment in the filtrate was
performed by the titrimetric method by following the official miebds of analysis of Society of
Leather Technologist and Chemists (1996) official method of analysis (SLC 208). A 50 mL sample
volume was taken in 500 mL conidlalsk 20 mL concentrated nitric acid was added followed by 20

mL perchloric acid/sulphuric acid mixture; the flask was gently heated and boiled until the mixture
had become a purerangered colorand continue boiling for one minute. The flask was removed
from the heating source and as soon as ebullition has ceased; rapidly the flask was cooled by swirling
in cold water bath. Carefully, 100 mL distilled water was added with a few glass beads and boiled for
10 minutes to remove free chlorine. Then, 10 mL 30%) (svllphuric acid was added and cooled to
room temperature. The mixture was titrated with freshly prepared 0.1N ferrous ammosulphate
solution with six drops ofN-phenyl anthraniliacid as an indicator. The end color was indicated by a
color change fsm the violet to green.

2.7 FTIR Analysis

The Fourier transform infrared spectroscopy (FTIR) study was carried out to obtain adsorption
spectrum of pure and chromiudoaded bisorbent. The FTIR spectra were recorded using Fourier
transform infrared specbmeter (FTIR 1600, Perkitimer) between 400 and 4000 €m

2.8 Process optimization

Tests were carried out to optimize the chromium removal parameters: charcoal dose, contact time
and settling time. The optimized conditions were established by inatsiig the removal efficiency
of chromium.

3. Results and Discussion
3.1Characteristics of the spent chrome liquor

Characteristics of wastewater are shownTable 1 Results indicate that wastewater had strong
pollution loads because it contained highguantities of pollutants e. g. high chromium content,
suspended solids, total dissolved solids (TRB8hngly acidic (4.0<pH). Wastewater containing
chromium is threatening to thenvironment,it is very important to treat thdiming wastewater
properlyto reduce its polluting potency.

Table 1Data comparison witBBangladesistandard (MoEF 1997)
Parameters Raw sample Treated sample Bangladesh Standard

Cr (mg/L) 2920.24+0.73 3.46+0.31 2.0
pH 3.85+0.1 8.9+0.3 6¢9
TDS (mg/L) 42.2+0.05 47.95+0.2 2100
EC (mS) 71.85+0.1 80.5+0.42 1.20
Salinity (ppt) 43.8+0.14 50.8+0.14 q

3.2 Optimization of adsorbent
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The dose of adsorbent is the most important parameter that has a significant effect on the chromium
removal. Chromium removal efficiency on adsorbdose and respective pH changes are depicted in

Fig. 2. It is clear from the figure that chromium removal efficiency was increased with the increasing
of adsorbent dose.
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Fig. 2Chromium removal efficiency on adsorbent dose

At adsorbent dose 3 g for 75Lmchromium removal efficiency was 99.88% and dafiat there was

no significant change occurred. It was also perceived that with increasing the adsorbent doses
increasing the mixture pH; gradual increase the pH simultaneously increases the chromiunalremov
efficiency. Therefore, it was anticipated that the maximum removal of chromium occurred with 3 g
adsorbent dose for every 75 mL wastewater where pH was 8.9.

3.3 Optimal contact time

Contact is one of the important for the removal of chromium in thergpchrome liquor. In Fig. 3
shows the chromium efficiency on contact time.

100 g ——3—3
S 98t
=
(8]
g 9%
S
k5
T 9%4F
>
o
£
& 92Ff
90 1 1 1 1 1
5 10 15 20 25

Contact time (min)
Fig. 3Chromium removal efficiency on contact time
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It is clear from the above figure that chromium removal efficiency was gradually increased with
increasing the contact time. The chromium removal efficiency for 5 mimibQand 15 min was
99.89%, 99.89%nd 99.91%, respectively and after that remov#fi@ency was unchanged. Thus, it
was assumed that extreme removal of chromibappened at 15 min contact time

3.4 FTIR Analysis

FTIR spectrum of pure and chromidioadedbisorbentis inserted in Fig. 4. The figures show a shift
in the peak intensity. Ais gives an indication of the various functional groups which are responsible
for the removal of chromium blisorbent
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The results of the treatment process with optimum conditions are represented in Table 1. The
physicochemical parameters were obtained after all stages of treatments were: chromium 3.46
mg/L, pH 8.9+0.3, TDS 48.51+0.2 mg/LAEB5+0.21 mS, and salinity 48.42+0.21 ppt. The highest
percentage of chromium removal of chromium was 99.9%. It seems that after treatment pH was
within the discharged level although other parameters e.g. TDS, EC and salinity were slightly
increased. In atch-wise experiment higher percentage of chromium was removed from the tannery
wastewater bySyzygiuntuminbark charcoal abisorbent

4. Conclusion

Batchwise spent chrome liquor was treated to remove chromium. The removal efficiency of
chromium at opimized condition was obtained 99.9% although others parameters were slightly
increased. The investigation indicates that it was an effective technique to reduce toxic substances
that will minimize pollution load from the spent chrome liquor. The studyldde helpful to design

the treatment of spent chrome liquor inouseprior to discharge and the adsorbed chromium could

be recoveredby desorption.
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ECT 7
AN ECG@RIENDLY SHORT TERM PRESERVATION OF GOAT SKIN USING
INDIGENOUS PLANT LEAF PASTE
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Hide/skin is the basic raw materials for the leather production, which is thprdguct of meat
industry. The degradation difide/skin starts within several hours after the death of the animal if it is

left untreated. Application of common salts¢dium cloride) is the most popular preservation
method of hide/skin;it preserves the skin by its dehydrating ability and bacteriostatic effect. The
hostile effect of sodium chloride that it generates a huge amount of pollution in the form of total
dissolved slids (TDS) and chlorides during leather processing. In the present study, an investigation
was made to preserve goatskin using indigenous plant leaf paste. The preservation process was
assessed by monitoring different parameters e.g. shrinkage temperataieslip, putrefaction odor,
moisture content, nitrogen content, and bacterial count in comparison to the conventional salting
method. Results indicate that the leaf paste could be used as curing agents to preserve goat skin.
Preparation with 10% leafgste + 10% NaCl could preserve the goat skin for a period of 28 days. This
lesssalt preservation method reduces pollution load e.g., chlorides and TDS in soaking operation by
51% and 41.6, respectively.

Key words Skin, Preservation, Pollution, TDS, Plan leaf paste

1. Introduction

Animal skin is the basic raw materials for the leather industry. Abotit(80 (w/w) moisture and
nearly 2530% (w/w) protein are the main constituents of skin makes the materials susceptible to
bacterial attack. The degradatiaf skin starts within % h after the death of the animal if it is left
untreated (Kanagaraj et al. 2005). The bacteria on raw skin may penetrate the most important part
of the skins (corium) from the flesh surface iFl3 h; the bacteria may also form rggus grain
peeling and voids in the skin in-28 h (Emel and Meral, 2011). Quality of leather depends on the
presence of intact protein materials. Therefore, proper curing process is an important to prevent the
proteins degradation of the skin from pufieetion due to bacterial attack before being processed
into leather.

Common salt (sodium chloride) is widely used for the short term preservation of skins. Application of
40-50% salt preserves the skin by its dehydration ability and bacteriostatic effeetduces the
moisture content of skin from 70 to 30% which makes the skincwrducive for bacterial growth
while bacteriostatic effect check the bacterial growth on animal skin (Kanagaraj et al. 2001, 2005).
The hostile effect of sodium chloride (NG that it generates a huge amount of pollution in the
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form of total dissolved solids (TDS) and chloride during leather processing. The wet salting method
pays more than 40% of TDS and 55% chlorides in the tannery effluent (Covington, 2011). &ll to dat

there is no available technology for treating the effluent containirfgigh concentration of neutral

salt especially sodium chloride (Kanagaraj et al. 2005). The significant level of chlorides renders the
ground water saline and reduce the fertility siil.

To reduce pollution during tanning or cleaner tanning, numerous researchers are continuously trying
in developing the alternative preservation methods with dede or less salt. Several alternative
preservation methods are being developed. Phygicaservation methods are energy intensive and
economically unviable, alternative chemicals methods are either not practicable or have other
environmental impacts. The attempts reveal several chemical preservation methods e.g. potassium
chloride (Bailey rad Gosselin 1996), boric acid (Hughes 1974), soda ash (Rao and Henrickson 1983),
benzalkonium chloride (Cordon et al. 1964), antibiotics (Berwick et al. 1996), bacteriocin (Kanagaraj
et al. 2014), formaldehyde (Sharphouse and Kinweri 1978), silica gelg@¢anet al. 2001), Vantocil

IB (Haines 1973), chlorites and hypochlorites (Margold and Heidemann 1977), sulphates (Vankar and
Dwivedi 2009), and bisulphitacetic acid (Hopkins et al. 1981). These approaches are good but in
some cases they are potentilhazardous or are not virtually possible or are not afitctive.
Solution of this problem lies in developing green technologies to keep a check on pollution levels.
The present study was attempted with the useFa€us carideaf paste formulation ina@mbination

with the less amount of common salt.

In this present study, an attempt was made more ecofriendly preservation method for goat skin with
Ficus carideaf paste with or without sodium chloride. The curing process was monitored for a
month and evluated by examining different parameters e.g., moisture content, hair slip, bacterial
count, extractable nitrogen, and shrinkage temperature in comparison to the conventional salt
curing method.

2. Material and Methods

2.1 Materials

To examine the possibility dficus caricdor the preservation of skin, freshly flayed goat skins of
average weight 1 kg per skin were purchased from a nearby local slaughter house at Khulna,
Bangladesh. Thé&icus caricplant leaf was used for this studywhich was collected from near
university Campus, Khulna University of Engineering & Technology, Khulna, Bangladesh. The leaf was
paste using laboratory mortar and used for the experiments.

2.2 Chemicals

Analytical grade chemicals were used for the determoratof biochemical and pollution
parameters. Commercial sodium chloride was used for the preservation experiments and commercial

auxiliaries were used for pianning and postanning processes to make shoe upper leathers.

2.3 Experimental systems for presaiion
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Primary experiments were conducted to define the minimum quantity of salt required for the
preservation. Four (04) samples of size 30 cm x 30 cm was cut from the freshly flayed goat skin. The
different percentages (w/w) of preserving materials werféeced with different combinations based

on the raw weight as shown in Table 1 and assessed periodicdig"{14", 7", 14", 21 day of
preservation) for the physical changes e.g., odor, hair slip, and moisture content. Based on primary
experimentd results, the optimum concentration of salt for preservation was found to be 10% (w/w)
with the leaf paste. After assuming the amount of salt in the proposed preservation method; the
method was compared with the conventional wet salting preservation meithereshly flayed two

(02) goat skin was collected from the local slaughter house; one piece was taken éontha (50%

NaCl) and ii) another piece was used as experimental sample (10% NaCl + 10% leaf paste). After
applying preserving materials, theisg& were piled up flesh to flesh and kept for preservation at
surroundings temperature (28+2°C) for 28 days. The preservation approaches was critically assessed
by determining moisture content (%), shrinkage temperature, hair slip, odor, bacterial codnt an
total extractable nitrogen at different intervals. To carry out these analyses, a small piece of goat skin
samples were collected on thé' 12", 4", 7", 14", 21, and 28' day of preservation time.

Table 1 Leaf paste optimized in preservatioethod
No. % of curing agents

01 10% leaf paste

02 5% NaCl + 10% leaf paste

03 10% NaCl + 10% leaf paste

04 15% NaCl + 10% leaf paste

2.4 Monitoring the preservation method
2.4.1 Determination of moisture content

The moisture content (%) of the goat skins were determined by taking about 5 g of the preserved
skin pieces from the experimental and control samples at different periods of curing storage
according to the standard procedures (Bureau of Indian Standai8s,1871). The sampl€were
weighed in a suitable silica crucible and placed it for 3 h in an oven at AD5HMe samples cooled in

a desiccator and weighed. The procedures were repeated for extra 1 h or more until the samples
mass remains constant (with0.1 mg difference). Each experiment was conducted in triplicate.

2.4.2 Determination of extractable nitrogen content

The cured samples of known weight (5 g) were kept in distilled water ten times its weight, shaken
well in a conical flask at 200 rpm for &in to extract the soluble nitrogenous compounds. The
extract was then filtered through a filter paper, digested, and the amount of nitrogen was
determined by Kjeldahl method (APHA, 2012). Each experiment was conducted in triplicate.

2.4.3 Determination of extactable nitrogen content

The cured samples of known weight (5 g) were kept in distilled water ten times its weight, shaken
well in a conical flask at 200 rpm for 30 min. A volume of 1 ml extract liquor was taken in 9 ml of
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sterile water in a vial andhaken well to make uniform suspension of bacteria. After that, 0.1 ml of
the corresponding diluted solution was poured in a sterile Petri plate and molten nutrient agar at
40°C was poured. The Petri plate was shaken gently to get uniform distributitve dacteria. The

Petri plate was incubated at 37°C for 48 h. The number of colonies on the agar media was counted
using colony counter. Each experiment was conducted in triplicate.

2.4.4 Hydrothermal stability determination

The SATRA shrinkage meter was useddtermine the shrinkage temperature of the preserved goat
skins. The temperature at which the specimen starts shrinking was noted as shrinkage temperature
of the particular skin. All the experiments were performed in triplicates.

2.4.5 Leather processing

Corventional leather processing method was performed for the present approach preserved goat
skins. After 28 days of preservation, both the control and experimental goat skins were processed to
manufacture shoe upper crust leathers following the conventideather making procedures.

2.4.6 Pollution load generated during leather making

Pollution load in soaking operation of leather processing was determined. The wastewater in soaking
operation both from the control and experimental was collected and analyzeaHmrides (C),
biochemical oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS), and
total suspended solids (TSS) following the standard methods of APHA (2012). All the experiments
were analyzed in triplicates.

2.4.7 Physical stregth of leather

The produced crust leathers were conditioned at temperature 20 £ 2°C and relative humidity 65 + 2
% over a period of 48 h; samples were taken from the specified sampling location. The properties
such as tensile strength, elongation at breand bursting strength were assessed following ISO
3376:2011 and ISO 3379:2015.

3. Results and Discussion
3.1 Optimization of leaf paste

The percentage leaf paste combination with NaCl for preservation of goat skin is shown in Table 2. It
seems that with theall conditions preserved goat skin was intact. But the physical feel (hand feel)
was different. Preservation without salt the skin was very hard and it will be difficult to process in
drum or in paddle. Preservation with 10% leaf paste and 5% NacCl, skim&tium hard that will be
hindrance to process in drum or paddle. Therefore, in this approach preservation with 10% leaf paste
and 10% NacCl was considered to carry out the experiment.

Table 2: Leaf paste optimized in preservation method (21days)
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No. % d curing agents Hair slip Odor Physical feel

01 10% leaf paste No No Hard

02 5% NaCl + 10% leaf paste No No Medium hard
03 10% NaCl + 10% leaf past No No Flexible

04 15% NaCl + 10% leaf past No No  Soft and flexible

In Table 3 and Table 4 show thmisture consents and shrinkage temperature of the new approach
preservation method. The shrinkage temperatures of the preserved goat skins with the various
conditions were unchanged. It seems that based on shrinkage temperatures of the conditions of
preseaved goat skins were in good. It is clear from Table 4 that moisture contents of the preserved
goat skins were gradually decreased. In case of goat skin preservation with 10% leaf paste and 5%
NaCl + 10% leaf paste, or"2lay moisture contents was 23.2% and 29.6% respectively. On the other,
on 2T day, moisture contents in the preserved goat skins with 10% NaCl +10% leaf paste and
15%NaCl + 10% leaf paste were 39.3% and 41.6%, respectively. It is obvious that presssivagion

only leaf paste goat skin was flint like feel and it was difficult to rehydrate. It is also noticeable that
with increasing NaCl moisture content in preservation method moisture content was increased due
to NaCl having the hygroscopic property. Theisture content in the preserved goat skin with 10%
NaCl + 10% leaf paste 39.3% which value was close to the moisture content (43.1%) in the control
method (50% NacCl).

Table 3: Shrinkage temperature of the preliminary experiment (21 days)
5% NaCl 4 10% NaCl +15% NaCl -
10% leaf paste 10% leaf paste 10% leaf paste

Duration 10%leaf paste

Fresh  64.1 64.3 65.1 64.3
1day  65.1 65.8 65.1 66.2
4"day  65.8 66.1 65.3 66.4
7"day 65.4 66.3 65.4 66.4
14" day 65.5 66.4 65.6 66.3
21%day 65.4 66.5 65.7 66.4

Table 4: Moisture content of preliminary experiment (21 days)

Duration 10% leaf 5% NaCl + 109 10% NaClH 15% NaCl -
paste leaf paste 10% leaf paste 10% leaf paste

Fresh 77.54 58.3 66.7 70.1

1%day  60.16 50.12 50.5 58.7

4"day 44.6 41.9 48.4 49.0

™day 27.7 32.2 44.1 44.1

14"day 25.4 30.7 40.5 43.2

21%day 23.2 29.6 39.3 41.6

3.2 Effectiveness of the preservation method

3.2.1 Total extractable nitrogen
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The extractable nitrogen content in experiment and control is depicted in Figure lexiiaetable
nitrogen was calculated by the amount of nitrogen extracted in aqueous phase. Total extractable
nitrogen is the best indicator whether bacteria degrades in the animal skins or not. The putrefaction
of skin proteins result the release of nitrageus components, which lead the emission of
putrefaction odor and hair slip.

In this study, physical assessments e.g., hair slip and odor of the preserved goat skin by control and
experiment were observed; there were no hair slip and odor during preservgteriod up to 28

days. In fresh goat skin, extractable nitrogen contents were 1.5 g/kg and 3.4 g/kg for control and
experimental respectively. Or*'day, 4" day and ¥ day extractable contents were in goat skins
significantly different but there wer@o hair ship or odor of the preserved skins by control and
experiment. On 14 day, 2£' day and 28 day, extractable nitrogen contents in both goat skins were
almost same. It is noticeable that combination of 10% NaCl and 10% leaf paste preserveatthe go
skin for 28 days.

6k

5 °/§7§

4k / —o— Control
°/° —@— Experimental

Extracatble nitrogen (g/kg)

O 1 1 1 1 1 1 1 1

0 4 8 12 16 20 24 28
Duration (day)

Figure 1: Extractable nitrogen content in preserved goat skin by control and experimental methods

3.2.2 Bacterial count

Bacteria count of the control and experiment preservation of the goat skins is shown in Table 5. On
4™ day, the bacterial count was for control and experimental 1.734gabid 3.9x10/g respectively.

On day ¥, 14" and 2F' bacterial count of the experimental preserved goat skin was less in
comparison of the control preserved goat skin; preservatiorha firesent approach (10% NaCl and
10% leaf paste) has biocidal effects which inhibit the bacterial population. Although on Bay 28
bacterial count was higher in the experimental preserved goat skin than in control preserved goat
skin. However, there werao hair slip, odor in the present approach preservation method by using
10% NaCl and 10% leaf paste.

Table 5 Bacterial count (CFU/g) in the preserved goat sk
Duration 10% NaCl + 10% leaf paste 50% NaCl

Fresh  1.23x10 3.2x10
1%Day 1.64x1d 8.4x10
4"Day 1.74x10 3.9x10

33



7" Day 2.72x16 2.1x10

14" Day 2.06x16 4.6x16
21%day 13.8x10 1.7x16
28"day 16.4x10 5.1x1G

3.2.3 Moisture content

Raw skin contains about 6% moisture which is favorable condition for bacterial growth. The
moisture content (%) of preserved skin is consideredmaportant indicator that can be used to
evaluate preservation method. The moisture content in the experimental (preservation with 10%leaf
paste + 10% NacCl) goat skin in comparison with the conventional method is shown in FigURE 2 during

the period of 28 days. Thefs no significant variation in moisture content between the experimental
and control.

It can be seen from Figure 2, moisture content was same both in experimental and control methods
within the first 24 h. On 24 day, moisture content was little higheb.7%) in experimental but there

was no sign putrefaction which may be due to the potential antibacterial aids dfithes caridaaf

paste against degrading microorganisms.Ghday, moisture content was 3.8% higher than the
conventional preservation mhbd. Subsequently, in the both preservation methods, moisture
content was gradually decreased and it was lower than the critical moisture content (50%). Moisture
content was almost constant from the “14lay to 28" day and the percentages of moisture cent

in experimental was 1.2% to 3.7% higher than the control methods. It is obvious that there was no
skin degradation e.g., hair slip, odor etc.
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Figure 2: Moisture content of preserved goat skin in control (50% salt) and experimental method
(leaf pasé 10+ 10% salt)

3.2.4 Hydrothermal stability
The hydrothermal stability (shrinkage temperature) of collagen is considered as a significant property

for the assessment of the animal skouality because it indicates indirectly any structural
deterioration of the skin protein. The shrinkage temperature is the measurement of the breakdown
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of stabilizing linkages and the bases for the type of interactions existing in the collagen matrix (Babu
et al, 2012). The purpose of this parameter of the study was to know whether the proposed
preservation method had any effect on the deterioration of collagen matrix. The hydrothermal
stability of the experimental (preservation with 10% leaf paste + 10% Na#tlskio in comparison

with the conventional method is shown in Figure 3 during the period of 28 days.
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Figure 3: Shrinkage temperature of preserved goat skin in control (50% NaCl) and experimental
method (10% leaf paste + 10% NaCl)

The shrinkage temperate of experimental skin shows marginal differences in comparison with
control preserved skin. In Figure 3 shows that up foddy (fresh, 1 day and & day) there is no
significant difference in shrinkage temperature for experimental and control metheuh ¥, 14"

and 2f' day, shrinkage temperatures were little higher in experimental (66.7°C, 66.2°C and 66.7°C)
than conventional (65.4°C, 65.6°C and 65.7°C) preserved skins. Howevel, day2&he shrinkage
temperature was for experimental and coat was same (65.8°C). Therefore, it can be decided that
Ficus caricteaf paste based preserving does not modify the stability of the collagen protein matrix in
skin.

3.2.5 Pollution load in soaking operation

Pollution load generated in soaking operation tktpreserved goat skins for both control and
experimental samples were depicted in Table 6. It seems that the chloride and TDS load were greatly
reduced when the 10% NaCl + 10% leaf paste was used in preservation in place of the control salt.
Even though hiere was little decrease in the BOD and COD levels in the experimental soaking
wastewater compared to the control. The main pollution problem of the leather manufacturing:
chloride and TDS were reduced 51% and 41.6% respectively in the experimental s@eatawgater.

Table 6: Pollution load generated in soaking of preserved goat skins

Sample ck (mglL) TDS (mg/L) BOD (mg/L) COD (mg/L)
Control 18224 £ 203 42260 £517 1260 + 36 5250 + 63
Experimental 8925 + 09 24660 + 143 1142 +13 4484 + 41

3.2.6 Physicaproperties of leather
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In Table 7 shows the organoleptic properties and physical strength of the crust upper leather of
experimental in comparison with the control. The crust leathers were assessed for softness, grain
tightness, fullness and smoothness.eTtabulated physical properties in Table 7 indicate that the
physical strengths e.g., tensile strength, grain crack of the experimental skin preserved with 10% leaf
paste and 10% NaCl are comparable with that of the corresponding control sample. Thetietonga

at break (%) and load at grain crack (kg) values were fulfilled required values. It could be concluded
that the present approach for preservation the goat skin in combination with 10% leaf paste and 10%
NaCl reduce the salinity in soaking operation.

Table 7: Physical properties of processed control and experimental leather

Parameters Experimental Control RequirementsKanagaraj et al. 2001
Tensile strength (kg/cfn 226.14 244.2 200

Elongation at break (%) 44.6 39.6 4065

Bursting strength

Distension at grain crack (m 8.0 8.3 7

Load at grain crack(kg) 32.0 43.0 20

4. Conclusion

The novel preservation system based Bitus caricdeaf paste in combination with less salt
formulation could be a cleaner preservation choice to the conventional wet salting preservation
methods. Preparation with 10% leaf paste + 10% NacCl could preserve the skin for a period of 28 days.
The physical propéies of the produced leather were fulfilled the requirement of shoe upper. This
lesssalt preservation method reduces pollution load e.g., chlorides and TDS in soaking operation by
51% and 41.6, respectivelyhe method could be a viable option to preseryoatskin which could
reduce the pollution load during leather processing.
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FABRICATION OF COMPOSITE FROM DECHROMED LEATHER SHAVINGS FO
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The processing of conversion of putrescible hide/skin into imputrescible leather generates huge
amount of solid waste. One of the potential solid wastes generated from leather industry is chrome
shavings, and its disposalifereasingly becoming a huge challenge on disposal to tanners due to
presence of chromium. The present study aims to develop sustainable technology for management
and valorization of chrome shavings by the process of dechroming and preparing compasitadro
dechromed fibre. Investigations were carried out to remove chromium from chrome shavings by
treating with organic acids. Oxalic acid yields best dechroming among diammonium oxalate, oxalic
acid, and citric acid. Then delimed shavings was incorponaiidvarious chemicals to obtain define
properties and finally coagulant was used for sheet forming. The mixture was then poured on nylon
net into aluminum sieve. The fabricated composite sheet was dried and pressed. The fabricated
composite sheets werenspected and characterized for their physical properties. The chromium
removal efficiency from shavings was obtained 85%. The tensile strength and elongation at break of
the finished composite wer22.7 + 2.5 kg/c 24.2 + 0.15%gspectively. The resudtindicate that

the fabricated composite could be used in the footwear and leather products industry. The present
approach has dual benefits for the tanner: i) it allows the production of new valuable product for the
commercial use and ii) it could redute environmental impact from the tannery.

Keywords:Chromium, Leather shavings, Dechroming, Organic acid, Composite, Insole
1. Introduction

Leather industry plays a significant role in the economy of country in terms of its contribution to
domesticmarket and export which consumes -pyoduct of meat industry as raw material. Now
leather production is advancing due to the increase in meat consumption. These leathers are used as
raw material in many sectors such as footwear industry, bag industryhietptindustry, and
furnishing and decoration.

In Bangladesh there ar220 tanneries; 85% of them are located at Hazaribagh, western part of
Dhaka and others are scattered all over the country (PKF 2Dé&&her and its allied industries are
one of the bigest export earners of Bangladesbne of the main problems associated with the
activity of tanneries is the great amount of environmental pollutants. Due to environmental pollution
tanneries of Bangladesh has gained a negative image thus facing a dstraing#lenge to survive.
Tanneries are considered as the major sources of environmental pollution in Bangladesh.
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Environmental pollution parameters can be classified as solid, liquid and gas. It is a matter of distress
that every chemical and mechanical epgon of leather processing generates substantial amounts

of solid, liquid and gaseous pollutants. Whatever the forms of waste in quality and quantity; it has
the adverse impact on the environment.

Tannery solid waste problem ascends in both leather pgsitey and wastewater treatment plant.

Solid wastes in tanneries from leather processing are raw trimmings, hair, fleshings, limed trimmings,
splittings, shavings, tanned trimmings, buffing dust, and sludge. It is reported that more than 60 kg
solid waste 8 generated from the conversion of 100 kg raw hide/skin into leather (Boopathy et al.
2013). The solid wastes in tanneries have been recognized as a real problem for many years. It is not
possible to minimize the solid waste because of removing unwantatiops of the hide/skin is
essential to produce quality leather. The most common way to manage these solid wastes is by
disposing of them on controlled land sites (Fernh&empere et al. 1997).

Chrome shavings are obtained as waste material when chitameed leather undergoes the
process of shaving operation. Chrome shavings in fibrous shredded form are available2é6 486

the weight of the raw hide. The chromium present in chrome shavings is in trivalent state.
Worldwide, about 0.8 million tons of atime shavings is generated per year (Fathima et al. 2012).
The generation of solid wastes during leather manufacturing is unavoidable. The generated huge
amount of shavings is not well managed in Bangladesh. These wastes are partly utilized, but mainly
they are deposited in storage yards, posing a hazard to the environment (Przepiorkowska et al.
2007). The deposition of huge quantity of tanned collaggmomium complex wastes in land is a
potential danger to public health due to the possibility of oxidatminchromium(lll) into toxic
chromium(VI). Chromium(VI) has been shown to cause serious toxic and carcinogenic effect leading
to respiratory, lung, skin and bladder cancer. Proper recycling of these wastes would certainly save
the energy and conserve the geurces. However, only limited efdendly processes were
developed from leather wastes because of the presence of hazardous chemicals or ingredients.
Hence, there is a need to develop cleaner processes in order to find a practical solution to the
disposd of this potentially toxic waste (Ashokkumar et al. 2010).

It is possible to minimize the pollution during the treatment process by applying envirorment
friendly technologies and methods as an alternative to these treatment levels. Approaching more
new hformation would be able to offer widespread answer for tannery waste management.

In the present study, chrome shavings were dechromed with organic acid and used it to fabricate
composite sheet for the footwear and leather products making. The feasitaiitg of the composite

were performed by monitoring physical properties.

2. Material and Methods

2.1 Sample collection

Chrome shavings was collected from the SAF Leather Industry Ltd., Jessore, Bangladesh and
transported to the laboratory foexperimentation.
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2.2 Materials

Chemicals used for dechroming of shavings were surfactant (Eusapon OC, BASF, Germany), lime
(commercial grade), diammonium oxalate, oxalic acid, and citric acid (Merck, India) were purchased
from local scientific store. Chacals used for fabrication of composite from dechromed shavings are
generally used in leather and footwear industry. Fungicide (BUSAN 30L, Buckman, USA), vegetable
extract (Quebracho, Unitan, Argentina), latex (Thai Rubber Latex Corp., Thailand), gfiaterin
(Synthol AC, Smith & Zoon, Holland), sulphuric acid (Qingdao Lasheng, China), aluminum sulphate
(Sanfeng, China) were also purchased from local scientific store. In addition, during experimentation
always distilled water was used.

2.3Dechroming offgavings by organic acids

Inorderto fadlitatesubsequentmechanicalandchemicalefects,itisnecessaryto
makethespaceincreasedamongshavingsibers.Waterimmersion canncreasethefiberspace,and
thehydrogenbondbetweenfiberand
fibercarbedamagedsocammakeshavingsillwater.Insoakingtheshavingsto wateratiowasl:10After 12

h, the weight of shavings is no longer a big change; therefore, water immersion time was limited to 12
h.

After that, theshavingswasimmersedinalimeliquor
forfurtherprocessingofloosefiber,replenishitsexpansiontoincrease iberspaadng.
CongderingthesolubilityofCaOH),inwater,takeshavingas refeence,theconcentrationofCa@H,was
takera<0.4 g/LThe limed shavings were washed repeatedly with warm waterGp@ remove lime
from shavings structure.

Different organic dechroming agents suchaslic acid, diammonium oxalate, and citric agiere
investigated to obtain maximum removal efficiency. The shavings was mixed with water (1000%) and
dechroming agents (50%). The mixture was stirred hourly foimbites. The dechroming time was 24

h. The pH of dechromed shavings was adjusted-® % using sodium carbonate. The duration of
neutralization was 2 h. Finally the dechromed shavings were washed with water repeatedly.

2.4Process optimization for de@ming

Assays were carried out to optimize the treatment parameters: oxalic acid dose and reaction time.
The optimized conditions were established by investigating the chromium removal efficiency and fiber
structure. To optimize oxalic acid dose, varyingas were used for each batch 10%, 20%, 30%, 40%,
50%, and 60% where other parameters were left unchanged, such as reaction time (24 h) and water
used. To optimize reaction time, shavings fiber structure was monitored physically after every hour
time perod; water and oxalic acid dose used were left unchanged.

2.5Charaderizaion of shavings

2.5.1 Eterminationofchromiumcontent
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For determination ofchromiumoontent, each sample (2 g) was digested with nitric acid (65% 3HNO
Merck KgaA, Germany). Theidmixed samples were heated and refluxed on hot plate for several
hours; occasionally nitric acid was added until no brown fumes were given off. Then, the mixture was
cooled and hydrogen peroxide (30%C; Merck, India) was added. The mixtures weretbdaand
refluxed on hot plate and hydrogen peroxide was added to it in gradual doses until the fizziness
became minimal or the mixture appearance was unchanged. The mixtures were continually heated
until the volume had decreased to 5 mL. Then, 50 mL desdnivater was added and the mixtures
were again heated for another one hour. The mixtures were then cooled and filtrated through filter
paper (Whatman No.1) and solution volume was increased to 100 mL with the addition of deionized
water. The samples werereserved in higilensity polyethylene (HDPE) bottles at 4°C until to
complete the analysis.

The chromium content in the aliquot was determined by following Society of Leather Technologists
and Chemists (1996) official method of analysis (SLC R@)mL sample was taken in 500 mL
conical flask, 20 mL concentrated nitric acid was added followed by 20 mL perchloric
acid/sulphuric acid mixture; heated the flask gently at the boil until the mixture had become a pure
orangered-color. After reaching this point, heat was continued boiling for one minute. The flask was
removed from the heating source and as soon as ebullition has ceased; rapidly cool by swirling the
flask in coledwater bath. Carefully, 100 mL distilled water was addedhwifew glass beads and boiled

for 10minutes to remove free chlorine. Then, 10 mL 30% (v/v) sulphuric acid was added and cooled at
room temperature. The mixture was then titrated with freshly prepared 0.1N ferrous
ammonium sulphate solution ugirsix drops of Mhenylanthranilic acid as an indicator. The end color
was indicated by a color change from violet to green. The analysis was done in triplicates and the
mean value was used for calculations.

2.5.2 @romiumremoval efficiency
Theremoval efficiencyofchromiumfrom chrome shavingsascaculated by following Eq. 1

W.-W:

1

Chromium removalefficiency (%) = 3100 )

Where,
W, = Chromiumcontentbeforeremoval, W, = Chromiumcontentafterremoval

2.6 Fabrication of composite

Batch wise composite was fabricated by usibgffing dust with different chemicals. Firstly
dechromed shavings was mixed with water, preservative and stirred for 5 min. After that, 6%
vegetable extract was added and stirred for 10 min. Then 3% fat was added with stirring for 10 min.
Latex 40% (optimed) and few drops of glycerin were added and stirred for 15 min. Finally, 10%
aluminum sulphate (optimized) was gradually added; pH was adjustefl @ ®ptimized) with dilute
sulphuric acid then stirred for 15 min. The mixture was then poured on nydomto 210 x 297 mm
aluminum sieve. The fabricated composite was dried under sunlight and finally pressed.
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2.7 Properties of fabricated composite

The surface of fabricated composite was inspected. Softness, flexibility, elasticity etc. were checked.
Dumbbell shaped 1 cm x 11 cm specimens were prepared from fabricated composite. Tensile
strength (kg/crd) and elongation at break (%) was measured using SATRA STD 172 simple tensile
tester (Eq. 2 and Eq. 3) following 1SO 3376:2002.

Breakingload (kg)
Thickness(cm)?® Width (cm) (2)

Tensile strength(kg/lcm®) =

Lengthatbreak(cm)- Initial length (cm) 5 100

Elongation atbreak(%) =
Initial lenghth (cm) 3)

Crack resistance was determined by bending the test sample around a mandrel of diameter not more
than three times the thickness of the board. The test sample was examined for any visible crack.

2.8 Leaching test

Solubilisation test of fabricated composite sheet was determined following Brazilian norm NBR10006
(Associacao Brasileira de Normas Tecnicas 1987a). The solubilisation test is a tank leaching test used
to classify a material on a scale between #inert ard inert. The fabricated composite was grounded

to particle size of less than 9.5 mm were mixed with 10 times of distilled water. After mixing for 5
min the mixture was left in beaker for 7 days. After this period the liquid constituents were
separated fromthe solid by filtration. The liquid constituents were analysed for chromium content

by following Society of Leather Technologists and Chemists (1996) official method of analysis (SLC
208).

3. Results and Discussion

3.1 Dechroming of shavings by orgamiids and salt

The results drawn from the investigation of dechroming by different dechroming agents is
represented in Table 1. Chromium content of the collected chrome shavings was 23.74 + 0.18 mg/g.
Chromium content in the chrome shavings dechromed witialic acid, diammonium oxalate, and

citric acid were 3.57 = 0.05 mg/g, 18.48 £ 0.11 mg/g, and 10.62 + 0.09 mg/g respectively.

Table 1: Chromium content (mg/g) in chrome shavings before and after dechroming

Sample Shavings Shavings + Shavings + Shavings + citric
oxalic acid diammonium oxalate acid
Chromium (mg/g) 23.74 +£0.18 03.57 £0.05 18.48 +0.11 10.62 + 0.09

It is clear from Fig. 2 that oxalic acid yields better chromium removal from the chrome shavings. The
chromium removal efficiency fooxalic acid, diammonium oxalate, and citric acid were 85%, 22%,
and 55%, respectively.
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Figure 2: Effect of different dechroming agents
3.2 Process optimization for dechroming

The effect of oxalic acid dose on removal percentage of chromium from shavings is represented in
Fig 3. The figure clearly indicates that the concentration of oxalic acid has a significant effect on the
removal of chromium. It was perceived that with inasing oxalic acid dose, the removal percentage

of chromium was increased gradually to 40 g per 100 g shavings and subsequently with increasing
oxalic acid dose; removal percentage of chromium was almost constant. The removal percentage of
chromium for an aalic acid dose of 40 g/100 g shavings was 84.7%, for a dose of 50 g/100 g
shavings, removal was 84.9%, for a dose of 60 g/100 g shavings, removal was 85.0%. Therefore, it
was assumed that maximum removal of chromium occurred with 40 g dose of oxalioraeikry

100 g shavings.
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Figure 3: Effect of different oxalic acid dose on dechroming
Structure of shavings was observed at regular time intervals to determine the optimal reaction time.

With the lapse of time, there was a gradual damagehef shavings. After 12 h, the structure was
good as well as chromium removal efficiency was at its maximum.
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3.3 Properties of fabricated composite

Different concentration of chemicals, especially latex provides different properties of composites.
Lower percentage of latex did not show good quality composite and higher percentage enhanced
higher physical properties but it reduced buffing property and increased chemical cost. The
fabricated composite at optimized conditions is shown in Fig. 4.

Figure 4: Fabricated composite from dechromed shavings

The composite surface was smooth. It was light in weight, flexible and elastic in nature. The tensile
strength and elongation at break of the finished composite were 222.7 + 2.5 kg&eh? + 0.15%,
respectively. The results indicate that the fabricated composite could be used in the footwear and
leather products making. The comparative physical properties of the fabricated composite with the
Indian standard values for leather boards are insertedabld 2. It seems that tensile strength of the
fabricated composite was higher than the minimum value and elongation at break (%) was below the
maximum value. The obtained results indicate that the fabricated composite is suitable as insole
material.

Table 2: Properties of fabricated composite compared with Indian standard for leather b
(1970)

Parameters Fabricated composite Requirements
Tensile strength (kg/cf 222.7+25 60 (min)
Elongation at break (%) 24.2 +0.15 25 (max)
Crack resistance Didnot crack Shall not crack

3.4 Leaching test

The chromium concentration in the liquid phase was 0.02 mg/L. The result from solubilisation test
clarifies that chromium was not solubilised from the fabricated composite sheet. According to the
BrazilianRegulation NBR10004, Maximal concentration of chromium to consider a material inert is
0.05 mg/L (Associacao Brasileira de Normas Tecnicas 1987b). So that it could be assumed the
fabricated composite sheet is inert.
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4. Conclusion

This study is an approh to utilize the solid waste generated during shaving operation in tannery.
Chrome shavings were dechromed by treating with oxalic acid. The composite sheet was fabricated
from the dechromed shavings incorporating with different chemicals which are génersed in
leather and leather products industries. Chromium removal efficiency could be obtained 85%. The
fabricated composite was showed good tensile strength and elongation at break as well as gave
pleasant surface which could be used in the footweaat &eather products industry. This will enable

a substantial reduction of environmental pollution consecutively will produce valuable product.
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Hides/skins, the outer coverings of animals are used as the basic raw mdderitde leather
industry. Proper curing is essential to save the hides/skins before to start the tanning process. In the
tropical countries like Bangladesh and India, conventionally fresh hides/skins are preserved by the
wet-saltingmethod using sodium dbride. Although sodium chloride is cost effective, available, and
easy to apply, the method suffers heavily from the environmental point of view. In the last few
decadeshumerous works have been carried out with various curing agents efficiently torpeese

the hides/skins to reduce pollution load from the effluebinfortunately,they are not commercially
viable because of their limitations. In the present study, an attempt has been made to preserve the
goat skins with the extracted oil from the seedAybhanamixigpolystachyarhe oil was applied on

the flesh side of the skin in different concentrations. The efficacy of the curing method was
periodically assessed by analysis of the preserved goat skin for hair slip, odor, moisture content,
bacterial count total extractable nitrogen, and shrinkage temperature which compared with control
method. Results indicate that the system is effective in preserving goat skins for more than a month.
The production of preserved goat skins revealed that the pollutiorddofrom soakingare
significantly reduced. The main pollution problem of the leather manufacturing: chloride and TDS
were reduced 97.8% and 82.3% respectively in the experimental soaking wastewater. The leather
produced from experimental skins show comparable strength prigemwith that of control skins.

The developed oil based method is proven to be an auspicious alternative to the traditional wet
salting by reducing pollution from leather processing.

Keywords Hides/skins curing, Wsedalting, Pollution, Environment, Indenous plant extract
1. Introduction

Hides/skins, the outer coverings of animals, are usedasscraw material for the tanning industry.
After flaying hides/skins are susceptible to bacterial attack which starts withéhHours after the

animal death(Balada et al. 2008). Bacteria either in native or derive from the air or soil, putrefy the
proteins and makes hides/skins inapt for the production of quality leather (Vijayalakshmi et al. 2009).
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Animal death causes a dramatic metabolic changhkidiedskins due to not supplying oxygen and
nutritional components. As a result, accumulation of toxic substance leads to cause inactivation of
some coenzymes; autolysis starts to decompose the protein to peptide and finally amino acids.
Autolysis products are ftlier broken down through the secondary process by the action of
putrefactive bacteria (Bienkiewickz 1983).

To stop the decomposition dfidedskins protein afterflayingtwo possible options are available i)
instantly start tanning process and ii) properly curing. The first option is not possible and even in
some cases impossible becaus®of hide/skin areslaughteredin the remote where there is no
tanning facility a well as a large number dfide/skin is collected in the especial occasion for
example during Eitll-FAzha (Muslim festival) period, which cannot pecessedat the collection

time. Therefore proper curing is the best option to save the hide/skin befaresport to the tanning
industry.

In tropical countries like Bangladesh and Indianventionallyfresh hides/skins are preserved by
wet-salting method where 4660% common salt (sodium chloride) is applied immediately after
flaying (Vankar and Dwivedi 20)0. The dual actions of sodium chloride: i) dehydrating and ii)
bacteriostatic properties are being exploited in this curing method (Babu et al. 2009).

Although sodium chloride is cost effective, available, and easy to practice hide/skin, the method
suffers heavily from the environmental perspective. It is reported that only after soaking 70% TDS of
the entire leather processing is released in the effluentlasrideion (Selvi et al. 2015). Processing

of one ton conventional wesalted hides/skins contiutes about 350450 kg of salt as total
dissolved solids in the wastewater. Chlorides remain a burden to the environment as it is not
affected by the effluent treatment because of its high solubility. The high amount of salt contained in
the effluent willincrease surface salinity, thus reducing the fertility of soil resulting in the poor yield
of crops (Preethi et al. 2006). An etendly preservation of raw hides/skins has become a great
challenge for the researchers and scientists.

In the last fewdecadesnumerous works have been carried out with various curing agents efficiently

to preserve the hides/skins to reduce salinity load from the final effluent. A great deal of research
has done to cure hides/skins chemically which is likely to generatmndacy pollutants which need

to be treated. Some physical curing approaches were developed. But the proposed techniques is
facing challenge because of high establishing cost, high operating cost, as well as low curing
efficiency. To overcome these problessme plant based curing have been investigated to preserve
hides/skins (Preethi et al. 2006; Rashid et al. 2008; Vedaraman et al. 2009; Vijayalakshmi et al. 2009;
lyappan et al. 2013; Selvi et al. 2013hfortunately,they are not commercially accepteagdtause of
limitations.

An investigation was carried out to use indigenous plant extract which has the curing potentiality and
also available even in remote area of Bangladesh. One of the most common negative images for
Bangladesh is not to cure the hidekins properly after flaying in the remote area. In the long run
many hides/skins are putrefied causing lots of materials are downgraded or even rejected due their
defects.
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In the present study, goat skins were preserved with the extracted oil from tleel & the
indigenous plant. The outcome of this research will be very effective in the economy as well as
environmentfriendly.

2. Material and Methods
2.1. Goat skin sample collection

Freshly flayed goat skins of average weight 1.4 kg per skin wéeeted from a local slaughterhouse
located at Khulna, Bangladesh and immediately transported to the laboratory for experimentation.
The collected skins were firstly washed with water to remove adhering blood, dung, and dirt. The
washed skins were hangedf80 min to drain extra water.

2.2. Plant extract

The seeds ofAphanamixispolystachyawere collected from docal area of Sirajganj, Bangladesh
which isabundantly available. The collected seeds were washed with water and dried well under
shade at room temperature. The dried seeds were groundedin® powder. The powders were
subjected to heating with water at water bath for several hours. After cleapaated oil from
seed, the mixture was then transferred to the separating funnel tamally, oil was separated from

the aqueous phase. The residual water in oil was then distilled off.

2.3. Materials

Sodium chloride (commercial grade) used for the preation experiments was purchased from local
market. Surfactant, bactericide, sodium sulphate, lime, sodium sulphide, ammonium chloride,
ammonium sulphate, formic acid, sulphuric acid, sodium bicarbonate, sodium formate, basic
chromium sulphate, vegetablkannin, syntanand fungicide all were procured from a tannery which
were used for prdanning and postanning processes to manufacture crust upper leathers.
Analytical grade chemicals were used for determination of total extractable nitrogen, bactari#l c
chloride (&), biological oxygen demand (BOD), and chemical oxygen demand (COD).

2.4. Curing experiments

Preliminary experiments were conducted with 5%, 10%, 15%, and 20% oil only to knowimem
quantity of salt required for skin preservation. Four (04) samples of size 5 cm x 5 cm was cut from the
butt portion of the freshly flayed goat skin. The different percentages (w/w) of oil were applied on
the flesh side of the skins. Skins were assesszmgically for physical changes like odor, hair slip,
and moisture content for confirmation of good preservation. The obtained results indicate that the
optimum concentration of oil for preservation was found to be 15% (w/w). After assuming the
required anount of oil in the proposed preservation method; it was compared with the conventional
wet salting preservation method. A freshly flayed goat skin was cut into halves along the backbone to
avoid skin to skin variation. The left half was taken for¢betrol sample (50% sodium chloride) and

the right half was used as experimental sample (15% oil). Each experiment was repeated for three
times. The efficacy of the preservation method was periodically (afterd®, 7", 14", 21% and
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30"days of preservaion) assessed by analysis of the cured skin for total extractable nitrogen,
bacterial count, hydrothermal stability, as well as moisture content.

2.5. Observing the effectiveness of proposed curing method
2.5.1.Preparation of skin extract

The preserve skin pieces of known mass were kept in sterile water (ten times by volume of its
mass), shaken well in an orbital shaker at 200 rpm for 30 min. The extract liquor was then filtered
through a filter paper (Whatman No.l); the filtrate and further used futrogenous and
bacteriological analysis.

2.5.2. Determination of total extractable nitrogen content

The extract liquor was digested using sulpuric acikb@), potassium sulphate ¢{8Q), and copper
sulphate (CuSfpin a Kjeldahl flask providing themperature 375385°C for effective digestion. The
nitrogen content was determined by Micijeldahl method according to the standard method of
APHA (2012). Each experiment was conducted in triplicate.

2.5.3. Determination of bacterial count

A volume ofl ml extract liguor was taken in 9 ml of sterile water in a vial and shaken well to make
uniform suspension of bacteria. After that, 0.1 ml of the corresponding diluted solution was poured
in a sterilePetri plate and molten nutrient agar at 40°C was palird hePetri plate was shaken
gently to get uniform distribution of the bacteria. TRetriplate was incubated at 37°C for 48 h. The
number of colonies on the agar media was counted using colony counter. Each experiment was
conducted in triplicate.

2.5.4 Determination of hydrothermal stability of the skin

The hydrothermal stability of the skin is typically evaluated by shrinkage temperature. The shrinkage
temperature (°C) of the preserved skin was determined using a shrinkage tester (SATRA STD 114, UK)
according to the standard method (ISO 3380:2015). Each experiment was conducted in triplicate.

2.5.5. Determination of moisture content

The moisture content of the skins was determined by following Bureau of Indian Standards (1971).
About 5 g perseveredkin samples were cut and weighed. The samples were dried in a drying oven

at 50-60°C temperature for B h. The dried samples were cooled in a desiccator and weighed. The
weight loss was calculated. Each experiment was conducted in triplicate.

2.6. Leatler making

After 30 days of curing, both the control and experimental goat skin were processed to manufacture
upper crust leathers as per conventional leather making procedures.
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2.7. Pollution load generated in leather making

Pollution load generated in thesoakingoperation of leather processing was determined. The
wastewater generated from the control and experimental soaking operation was collected and
analyzed for chlorides (gl biochemical oxygen demand (BOD), chemiogigen demand (COD),

total dissolved solids (TDS), and total suspended solids (TSS) following the standard methods of APHA
(2012). Each experiment was conducted in triplicate.

2.8. Physical properties of leather

The leather samples were tested for theihysical characteristics to compare proposed oil cured
leather with conventional wesalted cured leather. After conditioning the crust leather at 20 + 2 °C
and 65 * 2 % of relative humidity over a period of 48 h according to ISO 2419:2012 standard, samples
was taken from specified sampling location as per ISO 2418:2002. The properties such as tensile
strength, elongation at break, and bursting strength were assessed following 1SO 3376:2011 and I1SO
3379:2015. Each experiment was conducted in triplicate.

3. Results and Discussion
3.1. Optimization of oil concentration for curing

The hide/skin is composed of proteinaceous substances which are susceptible to microbial attract.
Proteinaceous substances are hydrolysed to amino acids by proteolytic enzymesgmofiam
bacteria; bacteria further hydrolyse the amino acids and liberate ammonia gas. Therefore, odour of
ammonia gas is considered as the initiation of putrefaction. Hair follicles on the skin and hide are
fairly appropriate structures for many specief bacteria to easily colonize. Hence, hair slip is the
first indication of putrefaction as the protein present in the bulb of the hair is degraded by the
bacteria during the commencement of putrefaction. Hence, putrefaction odor and hair slip is
monitoredas physical evaluation to determine effectiveness of curing method.

The standardization of optimum concentration of oil for curing of goat skin is depicted in Table 1. It
seems from results that 15% was found to be effective in curing the skin for rhare2 months.
There was no putrefactive odor or hair slip observed indicating no putrefaction of the goat skin.

Table 1: Optimization of oil concentration
S.N. Oil applied Effectiveness of curing method
Putrefaction odour Hair slip

01 5% Light odour Light hair slip
02 10% Light odour No hair slip
03 15% No odour No hair slip
04 20% No odour No hair slip
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3.2. Effectiveness of the curing method
3.2.1. Total extractable nitrogen content

Total extractable nitrogen content is a vital factor Essessment the effectiveness of curing skins.
The putrefaction of skin proteins result the release of nitrogenous components which leads the
emission of putrefaction odour and hair slip. The putrefaction was measured by the amount of
nitrogen extracted irwater. Figure 1 shows the total extractable nitrogen content in the preserved
goat skin. It is clearly seen that the putrefaction contributes extractable nitrogen in the extract
liquor. The release of total extractable nitrogen content in the experimeskith showed lower
values. The control experiment showed slightly higher total extractable nitrogen content after 7 days
of curing. The results confirm that the decrease in total extractable nitrogen content in the
experimental skin is due to the oil strdggesponsible for impeding the bacteria from putrefaction.

—&— Control

—&— Experimental

Total extractable nitrogen (mg/g)

Ok 1 1 1 1 1 1

0 5 10 15 20 25 30

Duration (day)

Figure 1: Total extractable nitrogen content of cured goat skin by control and experimental methods

3.2.2. Bacterial count

The bacterial count in preserved skins wesformed to determine number of bacteria present in

the skins. The effectiveness of preservation principally depends on the development of inhibitory
properties for bacteria on the skin. The bacterial count reveals the degradation of skin i.e. the
presene@ of bacteria on the skin during preservation. The bacterial count of the control skin and
experimental skin at different intervals are represented in Table 2. The experimental skin exhibited
relatively lower bacterial count in comparison to the controlinskThis clearly validates the
antibacterial property of oil. The results disclose that the oil starts preservation skin not only at initial
stage but also at later stages.
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Table 2: Bacterial count of control (50% NaCl) and experimental (15% oil) :

Duration Bacterial count (CFU/Q)
Control Experimental

Fresh 3.2x10 2.5x10
1% day 8.4x10 6.1x10
4" day 3.9x14 1.7x10
7" day 2.1x1d 5.3x10
14" day 4.6x16 2.9x10
21% day 1.7x16 4.0x1¢
30" day 5.1x1G 1.9x1d

3.2.3. Hydrothermadtability

The hydrothermal stability of collagen is considered as a significant property for the assessment of
the hide/skinquality because it shows indirectly any structural deterioration of the hide/skin protein.
The purpose of this parameter of the study was to know whether the proposed curing method had
any effect on the deterioration of collagen matrix. The shrinkage temperaifieserved skins in
different time periods in represented in Figure 2. No remarkable change in the shrinkage
temperature of control and experimental skins was observed. It could be concluded that the
preserved skins were not deteriorated during curing.

65 |
—&— Control

—&— Experimental

64 |

Shrinkage temperature (°C)

63 |

0 5 10 15 20 25 30

Duration (day)

Figure 2: Shrinkage temperature of cured goat skin by control and experimental methods

3.2.4. Moisture content

The moisture content (%) of preserved skin is iamportant to assess the effectiveness of
preservation method The moisture content of the preserved control and experimental skins at

different time intervals are depicted in Figure 3. The moisture content of control and experimental
skins were reduced 19.3% and 50.0% respectively after 4 days. The moisture emderduced to
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34.5% and 13.2% respectively for control and experimental skins at the end of 30 days. The greater
reduction in moisture content in experimental skin could be due to the hygroscopic properties of oil.

70 |

—— Control
—Q@— Experimental

60 |-

50 |

40 |
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Moisture content (%)

20 |

10
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Figure 3: Moistureontent of cured goat skin by control and experimental methods.
3.3. Pollution load generated from leather making

The analysis of pollution load generated in soaking operation of preserved goat skins for both control
and experimental samples were represed in Table 3. The table depicts that the chloride and TDS
load were greatly reduced when the oil was used in preservation in place of the control salt. Even
though there was little increase in the BOD and COD levels in the experimental soaking wastewate
compared to the control. The main pollution problem of the leather manufacturing: chloride and TDS
were reduced 97.8% and 82.3% respectively in the experimental soaking wastewater.

Table 3: Pollution load generated in soaking of preserved goat skins

Sample CF (mg/L) TDS (mg/L) BOD (mg/L) COD (mg/L)
Control 18232 + 203 42260 + 517 1260 + 36 5250 + 63
Experimental 398 £+ 12 7470 £ 143 1440 %29 6048 £ 71

3.4. Physical properties of leather

The physical properties e.g., tensile strength, elongasibhreak, distension at grain crack, and load

at grain crack of crust leathers which were obtained by processing of preserved cured skins are
represented in Table 4. The results disclose that there is no significant variation in physical properties
between control and experimental leather samples. The values fulfilled minimum physical
properties. The physical properties results clear the effective preservation by oil.
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Table 4: Physical properties of control (50% NaCl) and experimental (15% oil) leather

Parameters Control Experimental Minimum requirements
(Kanagaraj et al. 2001)

Tensile strength, kg/cfn 245.1+1.18 259.8+1.13 200

Elongation at break, % 39.8+£045 394+051 4065

Bursting strength
Distension at grain crack, mm 7.9+ 0.14 7.8+0.16 7
Load at graircrack, kg 43.3+0.64 40.0+059 20

4. Conclusion

Commercially feasible sditee curing development has become a great challenge in recent years to
save environment from pollution. To response, an investigation was mapeegerve goatskin using
indigenous plant oil. The oil is capable to preserve goat skins for more than a month because of the
antimicrobial property present in it. The results from experiments indicate that the oil is an effective
and ecofriendly curing age. The present study averts the limitations: cost, and no availability in
remote areas. The novel preservation method based on plant oil could be a cleaner preservation
choice to the conventional wet salting preservation methods.
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In beamhouse, just after liminglSt & KIF & (2 LI &da GKNRdZAK Fy 2LISNI A
the mostindispensable mechanical operations in leather processing where substantial amounts of
inevitable solid wastefleshing$ are producedHere an attempt was made to fabricate composite

from fat extracted limed fleshing analssessmenbf physical propertiesThe collected fleshing was
delimedwith boric acid and pH was adjusteeréy the diluted hydrochloric acid and further washed

with water. Thedelimedfleshingwvas subjected to heating at water bath in a beaker with water for

several hours. After clearlyeparated fat from fleshing, the mixture was then transferred to the
separating funnel; finally fat was separated from the aqueous phase. The fat extracted fleshing was
sundried and grinded to make 050 cm sizes. Then, grinded fleshing was mixed withxgpesin

and hardener.The mixture was then poured into aluminum sieve. The physical properties of
FIONROFGSR O2YLRaAildsS ¢6SNB Ay@SadAalriSR FyR Al &ack
approach will enable a substantial reduction of envir@mtal pollution consecutively will produce

valuable product.

Keywords Fleshing, Fat, Composite, Young modulus, Tensile strength

1. Introduction

Recyclereusereduce (3R) are three great ways to eliminate waste and protect our environment. An
industry only ould survive if the industry maintains the 3R ways. Nedlays leather industry has
become great challenge to survive due to generating inevitable solid wastes. Due to environmental
regulations many countries are going to stop leather processing becausgerwdrating high
pollutants. Leather processing involves the conversion of putrescible hide/skin into imputrescible
leather and consequently huge amount of solid waste. In tannery at beam house, fleshing is one of
the most indispensable mechanical operatioin leather processing whemibstantial amounts of
inevitable solid wastefleshing3 are produced. The other solid wastes consistufing salt, raw
trimmings, keratins (hair, wool, nail etc.), shavings and buffing dust etc. The quality and quéntity o
solid waste generation depend on many features such as animal species, breeding conditions,
slaughterhouse practices, conservation conditions, leather process stages, mechanical operations,
qualification of the personnel, and chemicals used in proce€egunagt al.2007).

In leather processing, from every 1000 kg raw hide/skin only 150 kg of the raw material is converted
into leather and nearly 850 kg is generated as solid wastes (KanetgataP006). Skipping the
fleshing operation would inhibit difision of tanning agents as well as other chemicals into hide/skin
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from the flesh side. Consequently, chemicals will be wasted and quality leather will not be produced.
Fleshingcontains proteinaceous substances that are hydrolyzed to amino acids throotgolytic
bacteria; further amino acids are hydrolyzed by bacteria, which liberate gaseous ammonja (NH
hydrogen (H), carbon dioxide (G volatile fatty acids (VFAS) etc., that are directly merged to the air
(Shanmugam and Horan 200%leshingcontains protein 5/%, fat 418%, lime %%, sulphide 2%

etc. (Lupo 2006)

In the last decadespumerous steps have been takdo minimize solid wastes generated in
tanneries.Many efforts have made to utilize thigeshingin various techniques e.g. pradtion of

feed ingredients (Radt al. 2010) compost Rvindran andsekaran 2010), bioggRavindranattet al.
2010 O0A2RAS&St o0~FyS1 SiG Ff o unwgoml 201¢)R a2l LI LINE |
In this study, an approach was made to fabricate contpasiaterial from the fat extracted limed
fleshing to reduce the disposal load. The feasibility studies of the composite were performed to
ensure the quality. The novel approach would be able to offer more widespread answer for tannery
waste management.

2. Material and Methods
2.1 Sample collection

Cowhide fleshings was collected into polyethylene from a tannery at Khulna, Bangladesh and brought
back to the laboratory immediately for experiment.

2.2 Chemical and reagents

Commercial boric acid and commerciatdrochloric acid were used as deliming agent and were
collected from a local scientific store at Khulna, Bangladesh. The standard epoxy resin (Araldite
AW106, India) and hardener (Araldite HV 953 IN, India) were procured from the Khulna, Bangladesh.

2.3 Deliming of fleshing

The collected fleshing was washed with water to remove the free lime and cut into small pieces to
facilitate the next operation. The fleshing was delimed with 2% (w/w) boric acid and 60% water for
about 56 hours to remove lime. ThaH of the delimed fleshing was adjusted af ®y treating with
hydrochloric acid. The delimed fleshing was further washed with water.

2.4 Fat extraction

Thedelimedfleshingsvas subjected to heating at water bath in a beaker with water (water: fleshings
= 1:1) for several hours. After clearly separated fat from fleshings, the mixture was then transferred
to the separating funnel and finally fat was separated from the aqu@hase. The residual water in

fat was then distilled off. At optimized conditions 6.2% (dry weight) fat is extractable (Hashem and
Nur-A-Tomal 2016).

2.5 Drying of fat extracted fleshing

The fat extracted fleshing was sundried and finally at oven at 108%€h, the dried fleshing was
grinded with mortar to make granules.
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2.6 Fabrication of composite
The granule of fleshing was mixed with the epoxy resin and hardener at different ratidsye was
then poured into aluminum sieve and kept for overnight éaring.

2.7 Fabrication process optimization

Experiments were carried out to optimize the fabrication process e.g., fixed amount of fleshing
granules with the ratio of epoxy resin and hardener (epoxy resin: hardener = 2:1). The epoxy resin
and hardeneratio was fixed because of the manufacturer guide. Fabrication ratio for the composite
is shown in Table 1.

Table 1 Composite fabrication combination

Sample ID Fleshing granules (g Ratio (Resin: Hardener)

A 60 20:10
B 60 30:15
C 60 40:20
D 60 50:25
E 60 60:30

2.8 Physical properties of composite
¢KS FFEONROFGISR O2YLRaAGS aKSSd ¢l a AyaLSOdSRY
moduluswere measured by the standard method of ASTM: D225 using Universal Testing Machine
(UTW, WAW2000E, India). The tested data were used finally to calculate value with the Eq. (i), Eq.
(i) and Eq. (iii).

Breakingload (N)

Tensile strength(N/mm?) =— e, [0}
Thickness(mm)3 Width (mm)

Elongation atbreak= Li-Lo
0

Ly is theseparation of jaws or sensors at breakid.the initial separation of jaws or sensors.
Y OUNG S MOAUILS = 0SS e (ii)
Strain

3. Results and Discussion

3.1 Fabricated composite

The fabricated composite is shown in Figure 1. The fabricated composite was rigid in gedyri
color with dry feel. The average thickness of the composite was 14.3 £ 0.16 mm.

Figure 1: Fabricated composite from fleshing granule
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3.2 Physical and mechanical properties of composite

The fabricated composite was investigated for tensile sirénK > St 2y 3l GA2y G o6 NBI

modulus. Tests were done to verify the usability of the composite.

3.2.1 Tensile strength of composite

The tensile strength of the composite with various combinations is depicted in Figure 2. Results
indicate thatfor a fixed amount of fleshing (dried fleshing granule wt. 60 g) with increasing the
amount of mixture (resin: hardener=2:1) gradually tensile strength was increased. For the
combination of composite sample D (fleshing granule: resin: hardener=60:56r&5letstrength was
maximum 10.80+0.34 N/mfn In combination of composite sample E (fleshing granule: resin:
hardener=60:60:30) the tensile strength 9.4 + 0.3 N/mihseems that with the increasing amount

of mixture (resin and hardener) for a fixathount of fleshing tensile strength was decreased. It may
be the reason; the ratio of fleshing granules and resin should not more than 1. However, the ratio of
fleshing granule: resin: hardener= 60:50:25 was decided the optimum ratio.
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Figure2: Tensile strength of the fabricated composite

3.2.2 Elongation at break (%)

In Figure 3 shows the elongation at break (%) of the fabricated composite at varying combination.
The elongation at break (%) of the composite sample B was the highest 10220+ After that
elongation at break (%) was gradually decreased; for composite sample D (6.0 £ 0.2) was minimum.
As composite is going to be used as rigid body with less elongation, therefore, combination of the

composite sample D selected for the fabricatof composite.
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Figure 3: Elongation at break (%) of the fabricated composite
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modulus for the composite samples A, B, and C were 9884, 106.1 N/mrhrespectively. In case
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modulus which will show merrigidity under pressure during real life application.

4. Conclusion

This study was an approach to utilize the limed fleshing in a dual ydgs extraction andii)

fabrication of composite from the fat extracted fleshing. The fabricated composite was showed good

GSyairtsS aidNBy3aGdkKz St2y3araazy a4 oNBIF]1 FyR | 2dzy:

leather products reinforcement, etd@.he developed fabricatiooomposites could provide a solution

to the environmental problems associated with the waste management of the leather industry.
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Graphene has a unigue twdimensional structug and excellent thermal conductivity and electrical
conductivity. It can be used to modify the performance of other materials for broader application.
Synthesis of composite material with polyurethane is a kind of new functional polymer material
research dtection and the composite material has wide application prospect. This paper reviews the
preparation methods of graphene and polyurethane composite materials, as well as the application
of the selfhealing, UV curing, shape memory, conductive, electroraignshielding, and
biocompatibility properties of the composite material. Finally, we made certain outlook of the
application of graphene in polyurethane.

Keywords Polyurethane; graphene; functional materials; review
1. Introduction

Graphene (GNS) is avd-dimensional honeycomb material from a single layer of carbon atoms
connected together sphybrid, with a huge surface area (2608/g) and excellent electric properties

of highsspeed electron mobility ( at room temperature rate 15000°8% and thermatonductivity

(5300 W/mK). Polyurethane (PU) is composed of isocyanate and polyol polymerization of polymer
materials. It has outstanding properties, such as the adhesion, abrasion resistance, cold resistance,
elasticity, etc. It is widely used in adhesiviesther finishing, textile, construction, light industry and
other fields (Virendra Singh et al, 2011). Composite material can be formed by the nanometer
materials with polyurethane matrix to endow them with more features. The composite
materialspreparedwith graphene and polyurethane are new type of functional polymer materials
with excellent electrochemical properties, thermodynamics and mechanical performance (Karima
Benhamou et al, 2015). The composite materials have good application prospects ifietdmguch

as the electrode materials, solar energy materials, electromagnetic shielding.
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2. Preparation of graphene/polyurethane composites

DN} LIKSyS Ll2aasSaasSa KAIK adz2NFIFOS SySNHéod . dzi AGQ
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performance of the polyurethane composite material and limit its application scope. Currently, the

main methods of graphene dispersing in polyurethane systems aralinlg, graft copolymer and in

situ polymerization.

2.1 blending method

The graphene/polyurethane composite material can be prepared by blending method without
damage the structure of graphene. The physical performance of graphene and polyurethane can be
mixed in the composite material. It is relatively a simple and commonly used method by solution
blending, melt blending, and other methods to carry out the sol blending. The blending can be
prepared by mechanical stirring with ultrasonic agitation and th&persed in the polyurethane
system. The surface modification of graphene before blending can improve its compatibility in the
polyurethane system.

Xin Wang used the KB50 to modify the graphene oxide (GO) and waterborne polyurethane (WPU)
complex by seyel method. It was found that the mechanical and thermal properties of the
composites were significantly improved. The tensile strength and Young's modulus of the composites
were increased by 71% and 86% when the dosage é3Hvas 2.0 wt% (Xin Wang dt 2012).
Nariman Yousefi used the solution blending method to prepare the GO and PU composite. A small
amount of hydrazine was added by heat treatment. With the reduction of oxygen containing
functional groups of graphene oxide (rGO), the hydrogen bondiag formed between the amide
groups of PU chains. Finally, the rGO can be well dispersed in the PU system. The results showed that
3 wt% of rGO made the elastic modulus and tensile strength of the composites increased by 21 times
and 9 times. At the sam#me, the confirmed rGO achieved the molecular level of dispersion in
polyurethane system. With the increase of the content of rGO, the water vapor permeability of
polyurethane systems declined (Nariman Yousefi et al, 2013). -nilign ding used the
polyvnylpyrrolidone to improve the dispersibility and stability of an aqueous solution with a higher
concentration of graphene. The graphene / waterborne polyurethane conductive composites were
LINSLI NER o6& az2fdziizy YS i E@negopyltrietkoRysilhids &KESONO K | £ & 2
modify the surface property of the graphene oxide (functionalized graphene oxide). The hydrophilic
of the graphene oxide sheets was reduced. Furthermore, the dispersibility in organic solvents and
intermiscibility with polymerwere improved. Finally, the graphene oxide/aqueous polyurethane
nanocomposites was prepared (Jiaimg ding et al, 2011). Zhao Jian et al prepared the thermoplastic
polyurethane/graphene composites by solution blending method and studied relationship eetwe

the structure and properties. The results showed that the high temperature reduction of graphene
could greatly improve the storage modulus of thermoplastic graphene/polyurethane composite
material. The electrical properties of the composite appearedantuin the mass fraction of 1% to

3% of the amount of filler range resulted in 6 orders of magnitude decreasing of the volume
resistivity (Zhao Jian, et al, 2013). Mingkai Liu, et al. studied the prevention of graphene reunion by
the carbon nanotubes andrgphene hybrid to form threalimensional structure. The thermoplastic
polyurethane/graphene composites were prepared by solution blending method. The results found
that the conductivity of the composites was significantly increased. Carbon nanotubes payed
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supporting roleon on the layer of graphene and avoided the overlap between layer and layer and
reunion (Mingkai Liu, et al, 2013).

2.2 Graft copolymer method

Graft copolymerization method is a common method for producing a polyurethane nanocomposite.
This means that a chemical bond was formed between the polyurethane molecular and surface
graphene in the polymerization process to prepare the composite material. This method makes the
grapheme dispersed in the system more evenly and stable performance.

Sartosh Kumar adav et al used the diazotization reaction to functionalize the graphene oxide and
then seal the prepolymers with isocyanate to copolymerize (shown in figure 1). Finally, the F
GNP/PU nanocomposite was synthesized. The results showed that difikion of graphene
significantly improved the mechanical, thermal and shape memory properties of the composites.
With the increasing of-GNP dosage, the elongation at break and shape memory of the composites
were improved. The elastic modulus increasgd1® times when the dosage oGNP was 2 wt%,
while the thermal stability upgrade by 80(Santosh Kumar adav et al, 2013).
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In-situ
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. Prepolymer
-GNP epoly Nanocomposites

Fig.1.Synthesis of-GNP/PU nanocomposites by in situ polymerization
2.3 In situ polymerization

In addition to the physical blendnd graft copolymer, in situ polymerization is also one of the
important methods for the preparation of graphene/PU composite material.

Yugi Li et alused MDI to modify GO before synthesizing GO/polyurethane compositesitoy in
polymerization. Furtherma, the composites were compared with (PU/GO/EP) composites which
were synthesized by blending with epoxy resin (EP). It was found that the mechanical performance
and thermal stability performance were improved significantly (Yugqi Li et al, 2013). Mukestr Eu

al synthesized the graphene/polyurethane nanocomposites with the graphene oxide as a kind of
"pseudocrosslinking agent”. The results showed that the compound materials were synthesized by
the reaction between the hydroxyl on the surface of graphemxéde and the-NCO sealing side
polyurethane without any chain extender. Compared with pure polyurethane, the thermal stability of
the complexes was significantly enhanced (Mukesh Kumar et al, 2013). Zhongxin Chen et al
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synthesized graphene/waterborne puoirethane (WPU) composite material using in situ
polymerization by Jpyrene methanol modified graphene oxide reduction, and then reacted with the
isocyanate and polyethylene glycol under certain conditions (shown in figure 2). The results showed
that the thermal stability, mechanical properties and the elongation at break of the composite
material were significantly enhanced. Compared with pure polyurethane, the tensile strength, tensile
modulus and toughness of composites increased by 50.7%, 50.7% ar@%1@hen the adding
quantity is 2 wt % of modification of graphene (Zhongxin Chen et al, 2012).
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Fig.2. Synthesis route for covalently and noovalently functionalized GNs (H&ENS).

The above method can be seen in contrast, blending method is simpleet@ate, but because of the
INI LIKSYS ada2NFIFOS IINBF Aa fFNHSNE a2 AdGQa Slkae (2
polyurethane matrix is the most difficult part in the present study. The graft copolymer and in situ
polymerization methodcan ensure the branched chain of polyurethane to be fully connected with
the edges of functional groups of modified graphene, and there is certain interface interaction
between them which is advantageous for the graphene dispersion in polyurethane. Tibeltgifis,
however, the experimental condition is stricter, and then makes the lamgde applications to be
more difficult. However, the above methods are commonly used in wadsed polyurethane with
graphene composite, since the composite materialsearch is not mature, and the basic research is

in the experimental stage now, most researchers are still exploring, so the composite materials have
more extensive application prospect. Therefore, we can learn from other methods of graphene
composite polyeric materials, such as graphene and polycarbonate (PC), polypropylene (PP),
polystyrene (PS), polyethylene alcohol (PVA), polymethyl methacrylate (PMMA) and other materials,
which provides a more experimental scheme for the preparation of graphene/palyame
composite material, and also provides a powerful theoretical basis.

3. The functionalization application of grapheme/polyurethane composite material

In recent years, graphene materials become more popular because of its excellent physical, chemical
and mechanical properties which have made great progress in the field of polymer materials. The
research shows that grapheme/polyurethane composite material exhibits excellent electrical
mechanical, electromagnetic shielding, UV and biocompatibility.
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3.1 &If-Healing Material

Selfhealing material is a new functional material to repair it by itself when it was damaged. Its wide
range of applications, including the field of military equipment, electronic products, automobiles,
aircraft, construction material etc. (Lewis R. Hart, et al, 2014), where its application in the
smartphone and tablet screens have attracted the most attention. Research and development of this
kind of material can not only improve the service life of the product but also can retiecsdste of
resources.

Jin Tae Kim et alused phenyl isocyanate and a small amount of hydrazine as modification to the GO
compound with hydroxyl polyurethane sealing side by solution blending method. Under conditions of
infrared radiation, the infrared heajenerated induced polymer chains healed. The study found that
when the dosage of modified graphene was 0.75 wt%, thehsafing effect of the composite was

the most obvious shown in figure 3(Jin Tae Kim et al, 2013).

*» Scratched film * Scratched film after healing

* Cut film * Cut film after healing
Fig. 3. Photographs showing NIRuoed healing of PU/MG nanocomposite films
3.2 The UV curing material

Photocurable material is a polymeric substance shows the physical and chemical changes rapidly
within a short period of time when exposure to light, commonly used in the coatings. Cechpéth

the traditional natural drying or heaturable coating, this material has high energy utilization,
suitable heat sensitive substrate, nonpolluting and thin film deposition speed properties.
Furthermore, the quality of coating film is high whiclsigtable for continuous mass production and
conform to the requirements of environmental protection in countries around the world today.

S H Yoon et al used allyl isocyanate modified graphene oxide (iGO) to synthesize waterborne
polyurethane hydroxyethylaylate terminated prepolymer. iGO was added to prepare UV curing of
WPU/iGO nanocomposites when emulsified. The research showed that iGO in the WPU molecular
chain by chemically combine, played a dual role of a crosslinking agent and an inorganithi#ler.
mechanical properties and thermal performance of composite materials improved significantly when
the iGO adding amount was 1 wt % (S H Yoon, et al, 2011). Xin Wang et al, prepared nanocomposites
using the modified graphene K70 (FGNS) and acryHoased polyurethane under the conditions of
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UV radiation. The study found that the thermal decomposition temperature of the composites
increased by 16, the energy storage modulus and glass transition temperature was significantly
enhanced when the-ENS dosge was 1wt% (Xin Wang et al, 2013).

3.3 Shape memory material

{ KIS YSY2NE YIGSNALt OFry 088 RST¥2N¥YSR YR FTAESR
quickly restored to its original shapeunder suitable ambient conditions (e.g. heat, light,i@tgctr
chemical treatment, etc.).

Samsook Han et al used sodium dodecyl benzene sulfonate, sodium borohydride and amino benzene
ethanol to modified graphene oxide surface. It was found that the graphene modified by carbamate
with polyurethane formed a cratinked structure, and the role of hydrogen bonding exhibited
excellent shape memory properties and mechanical properties. Within the four times cycles, the
material exhibited as much as 98% of the shape fixability and 94% of the shape recovery ratio, the
hysteresis loss was as low as 0.5% to 2% (Samsook Han et al, 2014). Hye Jin Yoo et al.prepared shape
memory polyurethane (PU) nanofibers based on the polycaprolactone (PCL), graphite alkylene oxide
(GO), PClfunctionalized graphene (P@GO) and reductiomf graphene oxide (rGO) complex, and
explored their mechanical and shape memory properties (show in Figure 4). Modulus and fracture
stress of graphene/polyurethane nanofiber increased when compared with pure polyurethane
nanofiber. Especially the PGIO mlyurethane nanofiber showed the maximum mechanical
properties due to the increased interaction between the polyurethane and@®CLMeasurement of

the shape memory, the speed of recovery of T/polyurethane nanofiber and rGO/polyurethane
nanofiber wasmuch faster than pure polyurethane nanofibers. The shapes of the@@Cand 1GO
polyurethane nanofiber recovery time were 8 seconds when the addition amount was 1 wt%, while
the pure polyurethane nanofibers and G@lyurethane nanofibers were 25 secondslal3 seconds.

This study showed that P@O integrated into the shape memory polyurethane nanofibers can
effectively achieve high speed recovery and high mechanical strength (Hye Jin Yoo et al, 2014).

(b)

Fig. 4. Shape recovery images of (a) PU and (b)[Po/s Yy I y2 U6 S N&

3.4 Conductive Composites
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Conductive composite materials are mainly prepared by polymerizing with a variety of conductive
materials. With the emergence of graphene, it is applied to the conductive polymer composites
direction, and used in thelectronics, electrical, petrochemical, machinery, and other aspects of
integrated application prospects because of its excellent electrical conductivity.

Anjanapura V et al used the thermal reduction method to prepare the graphene. And then they
preparedgrapheme/waterborne polyurethane nanocomposite by in situ polymerization and solution
blending methods, respectively. The results showed that the addition amount of the graphene was
2wt% can improve the five orders of magnitude of conductivity, while giass transition
temperature of the material can also be reduced significantly (Anjanapura V et al, 2012). RM Hodlur
et alprepared a kind of active material with flexible polyurethane foam and graphene oxide, and
prepared pressuresensitive conductive congsite material by the reduction using hydrazine
hydrate. The conductivity of the material was pressseasitive. Under weak pressure (0.5 atm), the
conductivity of composites increased more than 5 orders of magnitude; the graphene was linked by a
chemicalbond with polyurethane and distributed uniformly in the matrix through infrared, scanning
electron microscopy and thermogravimetric analysis confirmations shown in figure 5 (RM Hodlur et
al, 2014).

Fig. 5. Photographs of (i) bare PU foam, (ii) PU w@ta@d (iii) PU with graphene.

KenHsuan Liao et al prepared graphene with acrylic polyurethane composite and the
tetrahydrofuran was used as solvent. They got the low percolation threshold of the composite
conductive material. The results showed that whiév'e dosage of graphene was 0.15 wt%, the
composite material can form a conductive network and its thermal stability improved significantly
(KennHsuan Liao et al, 2013). YuainHuang et al prepared the silver nanoparticles load on the
graphene sheets by emical methods. Polyurethane nanocomposite fibers with high light
transmittance and high electrical conductivity were prepared by-astembly. The study found that
graphene as a "bridge" between silver particles and polyurethane, had good compattien the
FRRAGAZ2Y NIYGA2 2F 3INILKSYSKkAAT OSNI yIy2LI NIAOE Sa
adzNFI OS NBaradgAgAaAGe YR ypz OGN yavYaaidlryoSe 2Ki
significantly improved at the same time (YdanHuang et al2012). HsWen Tien used silver
nanowires with cysteamine, graphene with high conductivity and surface area to composite AQNW

by selfassembly method. This material in the land of'Nttkaline environments can combined with
sulfonate functional groups orthe surface of the waterborne polyurethane, generated high
transmittance and low surface resistance of transparent conductive films/\fEsiTienet al, 2013).

3.5 Electromagnetic shielding materials
Electromagnetic shielding material is, when the electrgmetic wave reaches the surface of the

material, the impedance of air and material at the interface is discontinuous, and the incident wave
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will be reflected. Wave without being reflected will get into shielding material, the process of the
forward propagéing within the material, the shielding material will be attenuated,-cstled
absorption. In summary, electromagnetic shielding materials absorb electromagnetic waves are
mainly based on the reflection and attenuation of electromagnetic waves. It iseattho people's
health that a variety of radiation in current life, so the electromagnetic shielding materials become
popular research materials now.

ShengTsung Hsiao prepared aqueous polyurethane fibers by electrospinning method, tBihg L
selfassemby method to support nGO with pGO on the polyurethane fiber, then treated it by
hydroiodic acid to give the graphene/aqueous polyurethane composite fibers. The results showed
that, the electrically conductivity of conjugate fiber was significantly enhaialedut 16.8 S/m), the
electromagnetic shielding performance was increased by about 34 db, and the frequency range of
the electromagnetic shielding was in 82.4 GHz (Shenbsung Hsiao et al, 2013). Ch&hi M.
Mareduced and adsorbed graphene oxide ofi@ait surfactants (octadecyl trimethyl ammonium
chloride) and graphene oxide without any modification by sodium borohydride to obt&hN® and
SGNS, then two kinds of graphene and polyurethane physical blending composite material were
prepared. The restd showed that, sulphonated graphene due to good interface effect can be
uniformly dispersed in the agueous polyurethane, and also exhibited lower conductivity percolation
threshold and good electrical conductivity, electrical conductivity increased byt &b S/m. When

the SGNS dosage was 7.7 wt%, the electromagnetic interference (EMI) shielding efficiency would be
increased to 32dB (Chdbhi M. Ma et al, 2014).

3.6 Biocompatible material

Graphene can be used as a drug carrier and applied in the nadiificof biomaterials because of its
unique large specific surface area and a single atomic layer structure.

Jin Sixing et al usedthe phosphorylcholine supported on the surface of graphene oxide, and then it
was physically blended with polyurethane to pese polyurethane/graphene load polymer
phosphorylcholine composite materials. Protein adsorption tests and platelet adhesion test
assessment showed that the composite may improve-gpecific protein adsorption and platelet
adhesion. These studies showttht, graphene/polyurethane composite material could be used for
drug delivery, for application in the biomedical fieldin (JirxBig et al, 2013).

4. Conclusions

In summary, the graphene/polyurethane composite materials have excellent performances on UV
curing, conductive, electromagnetic shielding, the shape memory, enhanced material aspeets, self
KSIFfAy3as StSOGNRYIIYySGIAO aKASERAY3I FyR ! xd Ly
applications. Overall, the current graphene/polyurethanenpmsite material scope of the study is

still narrow and faces many problems and challenges, such as the compatibility between graphene

and polyurethane, the nature of the interaction of themselves and the development of composite
material performance, etc.The further indepth study is still needed. But the presence of
graphene/PU composite material offers a variety of research object. Perhaps in the near future,
graphene/polyurethane composite material will be significant application in different areas and
change our lives.
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STUDIES ON EFFECT OF DIFFERENT PIGMENT AND BINDER COMBINATIONX
ONSURFACE PROPERTY OF FINISHED LEATHER
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The present work attempts to analyze the surface and physical properties of leathers finished with
various combinations of binders and pigments by keeping other auxiliaries con3tamtcontact
angles of liquid drops resting on the leather surface have been used to evaluate surface energy,
acidity, basicity components of the surface energy, polarity and work of adhesion. Contact angle
values have been measured for chrome tanned aodventionally retanned crust and finished
leather made by varying pigment and binder combinations. The wettability of finished leather has
been correlated with the contact angle values: the higher the contact angle value the lesser is the
wetting observed Complete wetting can be obtained when the contact angle value is zero i.e. the
drop of liquid spreads spontaneously on the surface and partial wetting is obtained when the contact
angle value is in between 0and ®@\crylic binders with different filnfiorming properties, protein,
polyurethane and butadiene binders have been combined to prepare different finish formulations.
Pigment to binder ratio for acrylic system and acrylic with polyurethane binder system have been
optimized from the information olstined from contact angle values, which have direct relation to
degree of wetting. And the results have been correlated with wet and dry rub fastness, finish
adhesion, vamp flexing value, water vapour permeability and water proofness. It has been observed
that when the surface of leather is coated with acrylic binder the contact angle value due to polar
solvents(water) , non polar solvents(hexadecane) and moderately polar( DMSO) and methyl iodide
show that as the thickness of coating increases, the contagteavalue decreases for the base coat
and sharply increases when top coat is applied. Top coats have the ability to increase the contact
angle and they improve the performance properties of leather such as water resistance, fastness,
finish adhesion etcCationic and anionic finishing formulations have been compared to study their
effect in modifying the surface of finished leather based on contact angle values, wet and dry
fastness to circular rubbing and water resistance. It has been observed that figdthished using
anionic finishing technigue shows better wet rub fastness and water resistance effect compared to
cationic finishing technique.

Key words: contact angle; surface energy; cationic finishing; anionic finishing; work of adhesion;
acidity; kasicity
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1. Introduction

The obiject of finishing is to give a treatment of coatings to the grain surface to protect it against dirt,
staining, wetting, mechanical stresses like rubbing, scuffing, flexing etc., levelling or evening out the
colour of the grairsurface, hiding grain blemishes and upgrading its quality, improving the aesthetic
appeal and the sales value of the product. By the finishing process, the grain surface of the leather is
coated with various substances and is then submitted to differenthmeical operations, depending

upon the purpose intended whereby the appearance of leather can be highly influenced to make it
more useful, attractive and appealing to users. Finishing may be employed to impart colours, a
uniform shade, special patterns,smooth or grained or printed/embossed surface, lustre (Matt or
glossy) as well as opaque (covered) or transparent (anilinefaeifine) appearance to the leather
surface. Finishing operation is the most vital part of the processing of leather as therfidact is
judged by its appearance, evenness of colour and surface, feel, handle, break, gloss etc. Hence it is
usually the finishers who have to face the complaints or blames, if anything goes wrong. They are
also expected to correct whatever faultsathhave occurred during the earlier operations [1].

In this work, the overall objective has been to understand the surface energy parameters of different
finishing of leather and relate these properties to the quality of finishing. Further, the work has
attempted to optimize the quantity, nature and the combination of different finishing chemicals to
obtain optimal finishing properties for different types of leathers.

2. Materials and methods

Materials used for this study were finishing chemicals from Stali liglass plates for preparation of
finish films, glassware, contact angle measuring instrument, universal physical testing machine, goat
crust leather.

Several finish formulations were prepared to study the surface property of finished leather by
varying binders and pigments alternatively and keeping other auxiliaries constant. Contact angle
value for different solvents such as water, methyl iodide, DMSO and hexadecane were determined
for the respective finish formulations by the help of optical microgcdmving digital camera
mounted perpendicular to the test sample where the drop of solvents going to be applied. The detail
procedure for preparation of sample in order to determine contact angle, and the design of the
whole experiments were described. Th&periments were also conducted to study the advantage
and disadvantage of anionic and cationic finishing technique, the effect of pigment to binder ratio on
the surface and physical properties of finished leather, film forming properties of differedetsin

effect of commonly used top coats on the surface of the leather and etc
Surface energy calculation for two liquid systems

fmo dte vP [ vER® [vemd 1)
2 KSNB ‘I O2ydl Od I y3ats

[ m oliquid vapour surface energy

['v 8=solid vapour interfacial energy of non polar component

[m <-3=quuid vapour interfacial tension of non polar solvent

[ v &=solid vapour interfacial energy of polar component

[ m = Liquid vapourinterfacial energy of polar component

Surface energy calculation for three liquid systems

r,p AIfO ¢ rO r, ¢ rOrl ¢ rOrl —-{2)

—~
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Where,

[ ¥ 7= the Lifshitgvan der Waals (nepolar) component of the surface free energy

[ v And v = the Lewis acid parameter and the Lewis base parameter, respectively.

From the contact angles of at least three liquids of known surface tension pararrﬁewri T

r vg,r B WE @ equation (2) can be used to determine thenva@ss, Chaudhury and Good
parameters for the surface free energy of the solid.

3. Results and Discussion

Contact angle and surface energy value for dyed crust and different finish formulations.

The crust sample was cut into appropriate rectangular shape siz#h similar to microscopic slide i.e.
3cm by 1cm. The contact angle for the dyed crust was measured with the help of contact angle
measuring instrument which is microscope where digital camera is mounted on it to take the droplet
pictures on the test spémen. Three different solvents highly polar (water), less polar (methyl iodide)
and completely notpolar (hexadecane) have chosen and the values were described as follows:

Table 1. Contact angle values for crust leather for shoe upper (black)

Sample no. contact angle values Remarks

WCA MICA HDCA In each cases on
Bl 69.01 ND ND drop of the
B2 80.69 ND ND solvents
B3 80.66 ND ND (approximately
B4 66.02 ND ND Sulywere applied
B5 85.61 ND ND
B6 73.47 ND ND
B7 78.12 ND ND
B8 83.59 ND ND
B9 62.43 ND ND
Average 75.51 - -

ND=not detectable

From above table one can conclude that the surface contact angle with less polar solvent {methyl
iodide) and non polar solvent (hexadecane) for the crust leather is negligible i.e. the drop of the
liquid was spontaneously dispersed on the surface of the leather this might be due to the imbalance
between the solid liquid interfacial energy and the cohesive force of the molecules of the solvents.
But in the case of water the contact angle is approximatetre than 75C which is indication of
hydrophobic nature of the given leather. The cohesive force which is due to the interaction of the
molecules of water /surface tension of water is more than the sdiipiid (leather surface /water)
interaction. Theefore the molecule of water tends to form droplets rather than spontaneously
spreading as it was observed in the case of methyl iodide and hexadecane. The higher value of the
contact angle indicates the slower wettability of the surface by respectivadduoicontact with the
surface.

@ dzAAy3 e2dzy3Qa Sljdzr A2y GKS ada2NFIFOS SySNHe
value.

rmo o vP [ vER® [veme 3

2 K § NXontadt angle
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[ m oliquid vapour surface energy

['v 8=solid vapour interfacial energy of non polar component
[m <-3=quuid- vapour interfacial tension of non polar solvent

[ v &=solid vapour interfacial energy of polar component

[ m = Liqud- vapour interfacial energy of polar component

By using equation [1], it is possible to determine the surface energy of crust leather and finished
leather finished with different finish formulations as follows. As it has described in-1abbkhove,

the average value of contact angle for the crust leather is 75.51 in degrees. By using equation [1], it is
possible to calculate polar and non polar components of surface energy and hence total surface
energy. For the surface energy calculation, contact afuylevater and hexadecane were used.

Surface energy calculation for two liquid systems.

Consider the contact angle for hexadecane to be zero and for water to be°75.51

o 2F 61 GSNIT 1Tpodpwm

® 2F KSE} RSOFySTrTn

Tt @ F2N) 6FGSNIT THDPY YbKY

1t @ F2NJ KSEIFIRSOFYySTI' urodnTtYbkY

It is possible to calculate the total surface energy by using equation (1) as follows:

(mo  Jka wP v e® [ veme
In the case of hexadecane, the polar component will be vanished because it is highlyolam
substance, lterefore;
The above equation becomes:

[mo J"'= o VP m
27.47mN/m (1+cos0)=2[ v&z 8 0O
By rearranging the values

r v8=27.47m Nim
In similar waythe polar component of surface energy¥ = can be calculated, by considering the
contact angle value of water and its polar and non polar component of surface tension values as
follows=-

(mo  dka wP v e® [ verme

Bysubstituting the values

8 4 gpod =
8 o4m *o w8 —2——  [vee i TE]

By rearranging terms, the polar component of surface energy wil be:

[ vo=8.53m N/m

From the polaf(vo=0 | Y R vy 2 vy doipbrenNdf suifafe energy values one can see that
there is inverse relationship between surface energy and contact angle i.e. the higher contact angle
the smaller the surface energy and vice versa.

The total surface energy of the solid material (crust leatherjhe sum of polar and non polar
components.

IF-N7%) d-a 0 / 8=8.53m N/m+27.47m N/m=36m N/m
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The above surface energy value is the specific for the particular crust leather taken for the control.
The magnitude will vary based on the type oftaening and fafiqouring chemicals used. Any
surface treatments like coating and

different mechanicaloperations have significant influence on the surface
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Figurel. Contact angle (CA) and surface energy (SE) values for p/b ratios for acrylic {RA&7,
RA27006 and R2354)combinations

—m— WCA
—e— MICA

920 — —a— HDCA
] -‘-/-\-/-\+ NPCSE
80 — —<— PCSE

—»— TSE

70
60 —
50

40 —

'SE'and 'CA' values

30 -
20

10

T T T T T T
1to 0.5 1to1l 1to 1.5 1to2 1to 2.5 1to3
P/B ratio

Fig.1 contact angle and surface energies for very soft resin binder-@HA

From the fig 2 it is evident that maximum contact angle value and minimum total surface energy was
observed at p/b ratio of 1:1.5 and the PCSE does not show significant change as the ratio of p/b ratio
varies. At p/b ratio of 1 to 0.5 and 1 to 1 higher NPCSE was observed
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Figure2 contact angle and sdace energies for soft resin binder (RZ&v006)

From the graph 3 it is clear that as the contact angle value increases the surface energy value
decreases. Smaller surface energy values and higher contact angle (WCA, MICA and HDCA) values
were observed at B ratio of 1 to 2. These values indicate that the surface of the finished leather is
less wettable at this ratio because the higher the contact angle the surface of the solid is difficult to

be wetted. And the graph shows that when the binder concentratimmeases beyond the limit the

water contact angle value was observed to be decreased because the hydrophilic nature of the
binder this in turn affect surface of finished leather i.e. the surface was appeared to be plastic, tacky
and has poor fastness vat.
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Figure3 plot of contact angle and surface energy values versus P/B ratios for medium soft resin
binder. (RA2354).

From the graph in fig 4 higher contaangles and lower surface energy values were observed at P/B
ratio of 1 to 2.5.This is the optimum value to get better finishing effect. That means at this ratio
better fastness, flexing endurance and other surface properties were observed. It was alsoighow
the above graph that the contact angle value increases as the ratio of p/b increases up to ratio of 1 to
2.5 and beyond this value it starts to decrease gradually. But the total surface energy value was high
at lower concentration of binder up to cexin limit and then starts increasing. This result is better
indication for a finishing technician in deciding the quantity of soft binder to be used.

77



—=—WCA
%0+ —e— MICA
—4— HDCA

contact angle values

T T T T T
1st 2nd 3rd 4th 5th
number of coats

NPCSE

N
o
1

@
<]
1

@
S
1

IS
)

W
S
1

surface energy and its components
N
o
!

e
5]
1

o

T T T T T
1st 2nd 3rd ath 5th

number of coats

Fig5. Effect of number of base coats and use of CAB top coat on surface energy and contact angle
value

In fig 5, the contact angle value and surface energy showed inverse relationship that means the
higher contact angle the lower surface free energy and astivaber of coat increases the surface
energy also increased initially and decreased sharply when the top coat was sprayed and the water
contact angle value also start slowly decreasing and then showed sharp increase after the forth coat
but the change incontact angle value for methyl iodide and hexadecane was not as high as
compared to water contact angle. Because all the finishing chemicals used are water based and have
polar groups, the change in water contact angle value is high during the coaticgspro

Table 2 contact angles fotpcombinations (1:2 ratios) by varying the type of binders.

Type of binders used Contact angle value

water DMSO Hexadecane
B, 27154 67.050 ND ND
combination 79.747 62.389 ND
VS,S,MS(1:1:1)without filler
Resin binder combination with| 87.65 70.36 38.17
filler
CRUST for control 75.829 ND ND
RA2354 87.094 60.347 ND
RA27006 91.431 58.609 ND
RA17 88.536 59.807 ND
B, 27047 65.871 ND ND
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Note: - Vs= RAL7,S= RR7006, MS=R2354, ND= not detected

Surfaceenergy calculation for three liquid systems

By using the contact angle value of the three liquids it is possible to calculate the Lewis acid
parameter (cationic nature) and Lewis base parameter (anionic nature of the surface of the resin
finished shoe uppeleather using equation [2].

[ SGQa O2yaARSNI GKS O2ydl 04 +y3tS G tdzSa RSUSNNAY
in the table 2,
For hexadecane, since it has no polar component of surface tension value, equation [2] is reduced to:
4 e ve (¥ FE
2 KSNB 3 o' T4@7r47mN/m
By substituting the given values,g X k- v8 YT B X

By rearranging termg; VT ¢ @ t 0Fa, non polar component of surface energy

To calculate the Lewiscid parameter or the cationic nature of the surface, one can use water and
DMSO contact angle and surface tension values.

Since DMSO has very snialéivalue compared td m value, it is logical to neglect the last term in
equation [2] and the equatiois reduced to:

4 ge vP r¥wdiT (vrm

From literature, for DMSO we can get

rd o#

14T o @ 674

'm OHY bkYZ o I' Tnooc
By substituting the above values
Tt F- v8 WC@voe T[VvYoQ

c¢8 C@&T [ VYOG
WG [ vYoQ

Squaring both sides and rearranging terms
[ v =0.003mN/m, the Lewis acid parameter which signifies the cationic nature of the surface.

To calculate the Lewis base pareter [ ¥ , one can use surface tension of water and the above
surface energy components obtained in the case of hexadecane and DMSO.
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For water
[m 8 odm
WCA= 87.65
fi=i ca&f .1
147 7=21.8mN/m

By usingequation [2] and substituting the known values:

X@ Q&g N @uec@ WBinoc® + [VIg®
ORW ¢y TvZged
Solving for the unknown value and rearranging terms

[ v =8.6mN/m, Lewis base parameter which signifiesah@nic nature of the surface of the leather
finished with the above formulation indicated in table 26

The polar component of the surface energy can be estimated by using equation as follows:
rvY= TVl V
By substitutirg the values
Fw= st moyd® =0.32 mN/m
The total surface energy is the sum of polar and non polar components
- AN
f vt @t 67a 0.32 mN/m=24.16mN/m

From the surface energy and its componeniues one can deduce that the coated surface of leather
have more of non polar nature and the charge characteristics is mostly anionic in nature even though
there is residual cationic charges.

4. Conclusion

The current research presents different finish forniidas were prepared by using commercially
available finishing chemicals to study the effect of pigment and binder combinations on the surface
property of shoe upper leather. Contact angle was used as a parameter to study the effect of each
finish formulatons on the surface property of the leather. Water, methyl iodide, hexadecane and
DMSO were used to measure the ligigiolid contact angle. The experimental result from contact
angle value showed that coating with pigments and binders have increased tkectangle value
compared to the control crust. And the corresponding value of surface energy were calculated by
using Thomas young equation and the results showed that there is decrease in surface energy when
the contact angle increases. It was obsentkdt when the contact angle increases the degree of
adhesion and the wettability of the surface of the leather were decreased. In addition to this the
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effect of top coats and other finishing auxiliaries other than pigments and binders on contact angle
value were investigated. Fillers have the ability to increase the contact angle.CAB top coated leather
showed more contact angle than PU and acrylic top coats. This value clearly showed that wettability
is more in the case of PU and acrylic top coated leattiexs CAB top coated leathers. The effect of
number of top coats on water contact angle value were determined ,and the experiment showed
that the value were decreased gradually at the beginning of the coat because the top coats are water
based so during #h coating process the hydrophobic nature of the surface of chrome tanned
leather have decreased. And finally the contact angle value were increased and the corresponding
surface energy were reduced when CAB top coat were sprayed. In general when timg coat
chemicals have more polar groups the contact angle values were observed to be increased.

Physical tests like rub fastness, finish adhesion, water vapour permeability and flexing endurance
were conducted for leather samples finished with different acrydinder pigment combination,
cationic finish formulations and PU binders with and without incorporation of performance
chemicals. The physical test results showed that pigment binder ratio and the property of the given
binder have significantly affectethe above mentioned physical test parameters. In the case of
acrylic binder pigment combination better result were obtained when we use combination of soft,
medium soft and very soft binders at 1 to 3 p/b ratios but very soft binder has to be used liersma
proportion to minimize the tackiness effect. And better wet rub fastness and water resistance effects
were observed in the case of acrylic resin finish and PU based finishing technique compared to
cationic finishing technique.

Film forming property oflifferent acrylic binders and protein binders were studied and the result
showed that soft, medium soft and very soft acrylic binders form flexible, softer films and hard
acrylic binders do not form film at room temperature where as protein binders fagnodtinuous

and brittle film.

The wettability of the surface of leather has to be good before applying the top coat otherwise the
top coat cannot adhere to the surface of the leather whenever such hard binder is used at the base
coat in larger proportionResin binders having lower water contact angle are ideal for base coat
since they can easily spread on the surface of the leather this in turn facilitates degree of adhesion.

Stahl finishing binders such as -B#%4, RA27006 and RA7 can be used in basmat since they
have lower contact angle value compared to-RA6. And hence the surface of the leather before
applying the top coat is easily wettable. But if they are used at the top coat the surface of the leather
can be easily affected by differentiBng agents such as dust, dirt, fats and oils because of their
tackiness.

When RAL7, RA27006 and R&354 are used independently with other finishing chemicals in base

coat, optimum finish effect is observed at p/b ratio of 1 to 1.5,1 to 2 and 1 taekpectively. And

when these binders are combined the optimum value is observed at p/b ratio of 1 to 3. The
percentage elongation of the films prepared by soft, very soft and medium soft resin binders showed
maximum value where as when the hard resin Bn(RAMH Mmc 0 (G KS @I f dzS KI & NBRc
modulus which indicates the stiffness of the finish film were increased when hard binder is
incorporated

81



5. Acknowledgements

My praise goes to the lord Jesus Christ for the strength He bestows on me throutjfeut
development of this thesis work.

My special thanks go to my advisdds.Aruna Dhathathreyan (Chief Scientist, @3LRI, Indjaand

Dr. Swarna VKanth (Principal Scientist, CEIRRI, India) failendering their invaluable supervision,
support and guidance for the accomplishment of this work.

My appreciation and gratitude also goes to Dr.N.K. Chandrababu, (Chief ScientisELBSIRdia)

for his technical support at the very beginning of mydisevork.

| am also very grateful to Dr. B.Madhan (Principal Scientist; Q3R and India) for his advice during
the experimental work.

I would like to express my special thanks to Ms. D. Madhumitha, Research Assistant@tRISHhd
Mr.Maheshkumar aganathan research scholar, Biophysics lab for their help in measuring contact
angle.

| am also glad to thank my beloved sisters Aberesh Wakaso and AmerechTeketel for their
encouragement until the accomplishment of this thesis work.

Finally, | would likea thank Ato Wondu Legesse, Director General of LIDI and management staff for
giving this chance to me in order to pursue my study.

6. References
1. S.S.DUTTA , An introduction to the principle of leather manufacture, Indian Leather Technologists
Assoscition,Calcutta; 1985

2. N.K.Dr. Chandrababu..Manual on principle of leather finishing (unpublished), CLRI, India

3. Synthetic Resins & Leather Finishww.aaqtic.org.ar/congresos/china2009/download/d2-

M p@IR F

4. WO | { KF NLJK2dza S>> [pKobki KSNJ ¢ SOKYAOALYyQa |ty

5. S.V.Kanth, , B.Madhan, R.Venba and A.Dhathathreyan. Effect of differemtniag systems on
surface properties of leather. JALCA, VOL, 102, 2007.

6. D.Y. Kwok, A.W. Neumann, Contact angle measurement and contact angle interpretation,
Advances in Colloid and Interface Science81 (1999p467

7. Journal of achievements in materials and manufacturing engineering. Methods for calculation of
surface freeenergy of solids.Vol.24, Sep. 2007

8. K. B. Gilleésheldahl, IndiRheology and Surface Chemistry

9.Van 0SS, C.J. and R.F. Giese, colloid and surface properties of clay materials and related minerals.
New York, 2002. Marcel Dekker.

10.Norris, J.G. surfadeee energy of smectite clay materials, in SUNY, 1993: Buffalo

11. P. F. Rios 1, H. Dodiukl, S. KeiigMccarthy2 and A. DotaiThe effect of polymer surface on

the wetting and adhesion of liquid system&l. 21, No. &4, pp. 227 241 (2007)

12.A. W. Adamson, Physic&hemistry of SurfaceSth edn. Wiley, New York, NY (1990).

13. ALAIN CARRBylar interactions at liquid/polymer interfaceds,Adhesion Sci. Technolagyol.

21, No. 10, pp. 96081 (2007)

Mn® | SYNE CfSYAYy3I tORYWSIZ2 HchéNAH | #y2A(00 / T GW/KY ¢2SA f S @
15. Colour quantification based on CIE guideline, European association of flat glass manufacturers,
January 2005.

82



Mc® YNR&AT O 27 .ASY1ASsA02T Gt KéaaA Ol Publighiigs YA & (i NJ
Company, Florida, 1983.

17. Kinloch, A.J., "Adhesion and Adhesi&sience and Technology”, Chapman and Hall, 1987

My® | SARSYlIYYyS 9d3 daCdzyRIYSydalrta 2F [SFGKSNI al yd
19. Sthal chemical company, Leather intgional., Cationic finishing technology:

October 2002.

20. Saimani Sundara, NarasimanVijayalakshmia, Sanjeev Gupta b, R. Rajaramc, Ganga Radhakrishnan.
Aqueous dispersions of polyurethagmolyvinyl pyridine cationomers and their application as binder

in base coat for leather finishing. Progress in Organic Coatings. Vol.56, pat@4178uly.2006.

83



VL P20

COLLAGEN HYDROLYSATE SYNTAN: A PRODUCT OF HIGH VALUE FROM LIMI
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Ethiopian tannees processing from hides result in the generation of significant amount of limed
trimming wastes. Annually about 2000 tons of limed trimming are generated from Ethiopian
tanneries. Most of these trimming wastes go unutilized and utmost find use in inaugtue, a
product of low value. This study reports a methodology for making syntan from these limed trimming
waste thus not only internalizing the trimming waste problem but also generating high value product
from waste. In addition, such a syntan woudd an ecofriendly alternative to syntans based on
phenoHormaldehyde or other resin syntans. In order to meet the property requirements brought
about by the combination of other syntans, preparation of the collagen hydrolysate composite with
varied moleclar weight fractions is required. Collagen hydrolysate syntans with varied amount of
alkali of hydrolysis has been prepared and characterization of the collagen hydrolysate syntan has
been carried out. Further, the application of these syntan in retanfonghe manufacture of various
types of leathers and characterization of the leathers has been carried out to determine the
effectiveness of the collagen hydrolysate syntan for retanning purpose. Thus, this study will solve not
only solid waste disposal @inlem but will also generate high value returns from waste.

Keywords: collagen hydrolysate; trimming waste; syntan; retanning

INTRODUCTION

Solid wastes generated from tanning industries contain different chemicals which are used during
leather manufacturig process. These tannery solid wastes have different characteristics. Some
tannery solid wastes made of organic collagen protein will rot away after being placed for a period of
time in nature environment. And the others contain substances, such as chrome.

However tannery solid wastes contain collagen protein, which is a valuable resource. Collagen
proteins have application for making gelatin, additive component for cosmetics, biomaterial for
medical product§ for animal feed staff, nutrition component fdrealth care products, and as raw
material for protein based industrial products. Moreover some of tannery solid wastes contain
chrome, which is a valuable material for tanning.
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Trimmings of about A0% of hides are trimmed in beam house operation maiaiythe ease of
handling hides/skin in leather making. It may be noted that these trimmings contain a very high
proportion of collagenous protein. The practice of trimming the offal and other undesired portions of
hides and skin is carried out before saakiprocess. In Ethiopia in addition to trimming in raw, the
practice of trimming after liming is very common especially in the case of bovine. Abd®03Ky of

limed trimmings is generated per ton of wet salted raw hide processed. The limed trimmings are
done to facilitation of the limed splitting operation which is a common practice in Ethiopia tanneries.

Annually about 2000 tonns of limed trimming are generated from Ethiopian tanneries. These
trimmings which are rich in collagen are utilized for makgitge. There is a great opportunity
available for making valuable products using collagenous wastes. In our approach to internalize this
waste within the tanning industry, we explored the preparation of collagen hydrolysate syntan, a
greener option to amigt of wide variety of notbiodegradable to so hard to biodegradable syntans

in retanning. This is first of its kind approach for making collagen hydrolysates from limed trimmings.
Early reports on collagen hydrolysates were based on raw trimmings or clsioenéngs.

Collagen hydrolysis can be brought about through several approaches. Vera Kasparkova Etal have
reported the preparation of collagen hydrolysate using chemical hydrdlyBimwn etal have
separate the protein from chrome shavings and the celladnydrolysis was carried out using
enzyme>* These protein hydrolysates were targeted for agricultural application.

Collagen is a unique protein which provides structural integrity to connective tissues. Type | collagen
present in hides and skin are aitdB300CA long and 1%A in diameter. These collagen molecules are
highly organized in fibrillary form in skin. In general collagen molecules are resistance to wide range
of proteases such as trypsin, pepsin. Only enzymes such as collagenases, chymdiagpsire

ability to breakdown collagen in native form.

In this paper, we present a simple approach for the preparation of collagen hydrolysates from limed
trimming waste using alkaline hydrolysis method. We have also demonstrated the effectiveness of
these collagen hydrolysate compositions as a retanning auxiliary in leather manufacture.

MATERIALS AND METHODS

Materials

Hide limed pelt trimmings. Chemicals used for the analysis were of analytical grade. Chemicals used
for processing of skins were of commid grade.

Preparation of collagen hydrolysate

Limed pelt trimmings were collected. 100 g of it was weighed and delimed completely with 100%
water and 1% ammonium chloride based on its weight. Then the delimed pelts were cut into small
pieces. They are vighed and transferred in to 500 ml conical flask. Then 150% (v/w based on the
wet weight) of water was added. 2%, 4%. 6% and 8% of sodium hydroxide pellets were added. The
trimmings are then digested by heating at°80for 4 hours in autoclave. After thtte hot melted
dispersion is cooled to room temperature. The extracted collagen hydrolysate was then filtered off
with Whatman filter paper. Then it was neutralized to a pH of 6.2 with 0.1N HCI. Finally it was
concentrated with rotary evaporator at a tempure of 40C.

Characterization of the collagen hydrolysate
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Matrix Assisted Laser Desorption/lonization (MALIDOF)

In analyzing our collagen hydrolysate with MAIDIF, sinapinic matrix was used. Both positive and
negative ions were collected and tispectrum of the hydrolysate m/z over a wide mass range versus
intensity was plotted.

Application of collagen hydrolysate to wet blue leathers

The prepared collagen hydrolysate products (four) prepared at different concentrations were used
for retanning trals to see the efficacy of the products for its effectiveness for the intended purpose.
Five pieces of wet blue goat leathers with a dimension of 10 cm x 10 cm was prepared by cutting
them around butt area. The four pieces were used for experimental (G (2% NaOH), CH(4%
NaOH), C¥ (6% NaOH), and €H(8% NaOH)) and one pieces was used for control process using
commercially available syntan. The offer of the syntans in both the control and experiment were 10%
based the shaved wet blue leather ight. No other syntans were used in both the control and
experiment. Acrylic drums of the same size were used for processing control and experimental
leathers, and the same post tanning process formulation was used except for the use of retanning
agents.

Organoleptic evaluations of crust leathers

The experimental and control leathers were evaluated by a group of experienced technologists for
their organoleptic properties. The organoleptic properties such as softness, fullness, roundness, grain
smoothness, @in tightness, and intensity of the shade of the color and overall appearance of the
crust leathers treated with collagen hydrolysate samples (CHs) and control were evaluated. The
values were rated from 1 to 10; higher value represents better functiorogenty.

Physical Strength characteristics of crust leathers

The five pieces of crust leathers were tested for physical strength properties. Sampling and
conditioning was done as per standards 1SO 2418:2005 and ISO 2419:2005. Physical strength
propertiestensile strength and elongation at break, and double edge tear strength were measured
as per standard procedure .

RESULTS AND DISCUSSION

Matrix Assisted Laser Desorption/lonization (MAL-DDF) of Collagen Hydrolysate

MALDITOF spectrum of the collagen hydrolysates sample prepared are presented in Fiune 1.
can note that there are no differences in the molecular weight of the fractions between the four
samples. However if you observe closely, the ratio betweenitmastthere are minor differences, in

the case of CH the degree of hydrolysis is higher because the proportion of 440 Daltons is lower
compared to 200's. Generally it was observed that the molecular weight of the fractions varied from
200 to 450 Daltonsof all the collagen hydrolysates prepared.
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Figure 1. MALBTOF spectrum of collagen hdyrolyzate -Ciop left), CFR (top right), CE8 (lower
left) and CH4 (lower right)

Organoleptic properties

The organoleptic properties of the experimental aswresponding control leathers are presented in
Figure 2. The fullness and roundness properties of collagen hydrolysate treated samples are
comparable with that of the control, whereas the grain tightness, grain smoothness, intensity of the
shade/uniformty of samples which has been treated with CH, are better than control leathers.
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Figure 2: Organoleptic properties of control and experimental leathers

Physical Strength properties

The tensile strength, percent elongation and double edge tear streingthbeen presented in Table

1. Experimental leathers had been observed to have better tensile strength, tear strength and
elongation than the control. But there were minor differences among the samples that have been
treated with collagen hydrolysates.

TABE 1

Tensile and tear strength of control and CH treated leathers

Retanning Tensile Strength Elongation (%) Tear Load
Treatment (N/mm?) (N/mm)
Commercial syntan  22.45+1.65 62.81+1.21 51.32+1.08
CH1 30.40+1.75 66.10+1.64 62.41+1.19
CH2 35.30+1.62 65.12+1.35 66.10+1.26
CH3 33.48+1.56 66.26+1.08 64.37+1.15
CH4 34.89+1.41 64.16+1.46 62.87+1.34

CONCLUSIONS

Collagen hydrolysates from limed trimming wastes were successfully prepared by a simple procedure
using sodium hydroxide. The moleculaeight fractions of the collagen hydrolysates prepared by
alkaline hydrolysis were observed in the range of 200 to 450 daltons.

The data of tensile and tear strength indicate that collagen hydrolysate increases the strength
properties of the leathers. Furermore, comparable fullness and better softness, grain smoothness
and color shade of the grain are achieved by treating leathers with collagen hydrolysate.
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With the overall objective to enable local leatHesised industry to sustain conversion of locally
available raw hides and skins into exportable products without jeopaglithe livelihood of the

human settlements and supplementing various ongoing activities to achieve total environmental
security, the UNIDO Kanpur Leather Development Project has been demonstrating various cleaner
tanning technologies in volunteer tannesie These units have been developed as pilot
RSY2yalGNY GA2Yy dzAA20gaé OYIBR Sitva @ ac K KRfgz ¢ 2 F S@Syida
follows: Implementation on pilot but commercial scale Fine tuning the process Closely
monitoring the operational parameters and analysis of result®reparation of technology packages

- Dissemination widely among the industry (through-site demonstrations, workshops and
seminars).

The following six cleaner technologies have bdemonstrated within the first year of the project:
PDUL1: Hair save unhairing/liming,
PDU2: Water mixing and measurement,
PDU3: Solar water heating and its effect on leather quality and waste reduction,
PDU4: Solar air heating,
PDUS5: Processing fresh atllhides,
PDUG6: Desalting,

PDU7: Lime water recycling system
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PDU1: Hair save unhairing/liming

Hairsave unhairing method in leather processing, accompanied using cleaner technologies in all
other stages of the processing, contributes to substantial improvements in the waste water
dischargeDissolving the hair results in high organic pollutionha twvaste water. With increasingly
stringent environment requirements, it has become necessary to reduce the pollution load in
wastewater as much as possible. This may be done by treating the wastewater biologically: an
expensive undertaking. Moreover, wastater treatment generates a large amount of sludge posing
disposal problems. For this reason, ksdwve unhairing has taken on renewed importance. Today, it is

a wellestablished practice, especially in industrialised countries.

The hair save unhairing &chieved using a screw type filter for recovering hair from the liming
unhairing float. A special arrangement was made in a tannery by connecting one hair filtering
equipment to serve four liming drums. The unhairlilging liquor after immunization of hais
collected from drums through drain vahNmnana channelsonveyance drautransfer pitfiltering

and pumped sent back to drum. The filtered hair is collected and disposed separately and liming
continued. A series of characterization tests were madenaste lime liquors in the conventional
process and after installation of hair save system. This system helps reduce pollution parameters of
the liming bath, namely Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD),
sulphides and total susperd solids by 32 to 42%, 37 to 49%, 55 to 66% and 40 to 61% respectively.
Duration of hair filtration, duration of hair immunization and float levels were varied and arrived at
optimum values as 40 minutes, 60 minutes and 80 t0100% respectively.

Figure 1& 2: Hair saving screen installed within existing tannery

Figure 3 below provides the environmental benefits obtained so far in terms of reduction of pollution
load in liming wastewater while adopting the hair sae unhairing:
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Fig. 3.Reduction of pollution load in liming Fig. 4. Quantity of hair recovered during
wastewater while adopting hair save filtration

unhairing

PDU2: Water mixing and measurement

In manytanneries in Kanpur, the float levels in processing vessels are not measured but judged
visually. Calculations and observations on float levels used in processing vessels revealed that the
water consumption is higher by 50 to 200 percentage points overdttgal requirement. The
following Table 1 shows the estimated levels in water consumption based on 64 measurements,
ranging from soaking to post tanning in tanneries.

Table 1: Estimated water consumption levels in different process vessels

Process stagg Process | Requirement (as pe| Actual usage Excess percentage points
vessel | recipe)

Beamhouse | Paddles| 150 to 200% 200 to 216% +50 to +66%
Tanning Drums | 70 to 150% 120 to 200% +50 to +130%
Post tanning | Drums | 100 to 150% 220 to 300% +70 to +200%

Threedifferent methods of measuring water were demonstrated, namely, woltman type water flow
meters, electremagnetic flow meter with solenoid valve and automated water mixing cum addition
systems.

Measuring water levels itself has reduced the water consumptipr20 to 30% in these tanneries.
This has also resulted in reduction of quantum of pollutants like COD and TDS by 15% and 10% in the
dyeing/fatliquoring bath contributed by increased uptake of chemicals.
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Figure 5 & 6: Water mixing unit; control panéthe water mixing unit

PDUS: Solar water heating

The tanning industry uses a considerable amount of hot water in its processing, mainly during the
beamhouse, tanning and dyeing. Up to now, the industry has been heating water with fossil fuels,
gas oil ad natural gas, either with a conventional boiler or, in certain locations, with cogeneration.

New technologies are available for the industry to produce hot water. Thermal solar energy can be
an option to produce hot water in tanneries and reduce costsepergy but in same time also
reduce carbon emissions, greenhouse gases and minimise reliance on fossil fuels. Indian tanneries
are favourable located for application of the solar water heating systems.

The solar insolation data for Kanpur was obtaineu NASA Surface meteorology and Solar Energy
Available Tables. The same is provided in the following Table 2.

Table 2: Monthly averaged insolation incident on a horizontal surface (k¥tay) for Kanpur

Lat 26.5| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec| Annual
Lon average|
80.3
22 year| 3.72| 4.67|5.75| 6.32| 6.57| 5.91| 4.8 | 4.48| 4.51| 4.87| 4.26| 3.6 | 4.95
average

_—~10KL tank

Figure 7 & 8: Active solar water heating

Installation of solar water heating system reduced the demand for steam thereby reducing the coal
consumption in boiler. The solar water heating system of solar field area of ¥9#avides hot

water of about 7000 litres per day on annual average. The use of hot water in leather processing
increased uptake of chemicals thereby reducing the chemicakwoption. The environmental
savings are reduction in COD-30% and TDS-B3% in post tanning operations contributed by
increased uptake of chemicals. Fuel savings is about 155 kg of coal per day.

Benefits:

©w wSRdzOSR 02aida T2 NictBn/oSReH80,000p& hnhuin faa thisicEpad@iyh f 0 = N.
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w [ 2 g.BnNdsidnd, 108 to 109 tonnes of Q@duction per annum for next 15 years (life of
the system)
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Fig 9 & 10: Solar water heating system

PDU4: Solar air heating

In autospray and roller coating, the leather is dried in tunnel driers using hot air at about 86Go 90
Hot air is produced from steam or hot thermic oils. Hot air is generated using solar energy over the
roof top and applieddirectly to the tunnel driers to dry the leathers. Installation a 270ofnsolar air
heating provides heat energy to one autospray drier with five compartments and of working width
3m.

The solar collectors consist of the follogimaterials starting from bottom: roof sheet, insulation for

100 mm thickness, corrugated black painted aluminium base material, space for air flow and glass
cover on top. The air is circulated between the black painted material and glass, during vgath it
heated. The air is collected through insulated ducts and applied to the tunnel drier.

) EXHAUST HOT AIR FROM HOT AIR FROM
MOJSTAIR

- SOLAR COLLECTORS SOLAR COLLECTORS
- RADLATIONFRCM SUN I
// \\\ GLASS SURFACE
/ Bk Bod

-

R
/

HEAT ACCUNMULATICN

HEAT LOSS (EMITANCE)Y

Fig. 11. Conceptual diagram of solar hot air

generation ) _ _ _
Fig.12. Cross section view of autospray drier

introduction of solar hot air introduction
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The solar panel is formed by 45 m6 solar modular units installed on the support frame over the
factory building. The solar collector is formed using aluminium extrusions, high sensitive special
absorber, 4mm thick toughened glass (partial double), mineral wool insulation, and polgneeth
sealant and EPDM rubber. The shatve length radiation from sun transmits through glass up to
92%. When it falls on the black absorber radiant energy is converted into thermal energy. As glass
blocks reradiation [long wave length] from the absorbéemperature raises in the absorber. Fresh

air will be zig; zagged below the absorber sheet so that the collector will deliver hot air in the range
of 70 ¢ 100°C depending upon solar radiation. Air makes three passes and finally exits at the
insulated outets which are connected to a metal box which is again insulated. A solar blower of 2.2
kW, 7000 riyh, and 1420 rpm draws the hot air from the panel and pushes it through the auto
sprayer through the insulated duct.

Fig. 13 A view of solar hot air collectors Fig.14: Ducting arrangement to introduce hot
air in autospray drier

The savings are 35 tonnes of coal per year angde@ssion reduction by about 88 t €@er annum
in one autospray.

PDUS5:Processing chilled hides

Process steps for chilled buffalo hides to wetblue were arrived at. The reduction of 300 kg of salt per
tonne of raw material is estimated. This corresponds to reduction of about 50% of salt discharge
from conventional salted hidprocessing.

A commercial scale trial was conducted on fresh chilled hides without salt preservation to produced
wetblue. About 350 buffalo hides were obtained from a slaughterhouse in Unnao by a tannery
located in Unnao. The weigbf the material was 10 tonnes. The wetblue produced were like regular
production. This trial alone has saved release of about 3000 kg of salt into environment. Now, a
group of tanners have expressed their interest to process fresh chilled hides. Tiene#treams

were analysed in a private laboratory. Table 3 below provides a comparison of TDS and chlorides in
soak liguor from wesalted and chilled hides processing. Preliminary observations have revealed
that about 10000 hides per day could be avdiafor tanneries in this region as fresh chilled hides, if
proper chilling and transportation facilities are arranged. This could lead to saving release of about
90 tonnes of salts per day into environment.
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Figl6. Wetblue produced from chilled hide processing

Table 3: Comparison of TDS and chlorides in soak liquor frosalted and chilled hides processing

TDS in soak liquor discharged from chil
hide processing

15,652 mg/l

TDS in soak liquor discharged from w
salted hides

53,780 mg/I

Chloride content in soak liquor discharg
from chilled hide processing

387 mg/l

Chloride content in soak liquor discharg
from wet-salted hides

15,000 to 30,000 mg/l (Sources of pollution
leather processindDr. S RajamaniyNIDO, 1998

PDUG: Desalting

Desalting of raw hides prior to soaking in salt shaker provides dusted salt 60 to 90 kg per tonne of raw
material. In the case of salted hidpsocessing, desalting reduces the fixed dissolved solids content by

15% in combined effluent.

The desalting drum (cage) is primarily made of stainless steel 316 and is rotated by a motor of 15 kW.

The rpm of the drum is kept at 6.




The raw material ifbaded with even folded condition through a belt conveyor. The hides get unfolded
in the desalting cage and the salt sticking on the hides fall off. The inclination of drum is possible to
adjust the timing of the desalting. The salted hides come out ofdituen at the rear end of the drum.

The diameter of the drum is 2.7 m and the overall length is 7.7 meters, in which the length of the drum
(cage) is about 5 m. While the transfer time for one hide through the drum varies depending on the
inclination, it isgenerally takes about 3 to 6 minutes. The duration for the desalting of 10 tonnes takes
about 2 hours.

Figure 17: Desalting drumFigure 18: Raw hides after desalting

The TDS of soak liquor was tested after desalting. The following Table 4 shows timesoBIS liquor
before and after desalting:

Table 4: TDS in soak liquor after desalting

TDS emission in soak First soak Second soak
Average TDS of soak liquor without desalting (3¢ 53,780 mg/I 27,580 mg/I
water for soaking)

Average TDS of soak liquafter desalting (3009 33,250 mg/I 15,000 mg/l
water for soaking)

The overall reduction in TDS in the combined effluent stream due to desalting of raw hides / skins has
been found to be about 15%.

PDU?7: Lime liquor recycling system

The waste relime liquois rich in dissolved lime content, which gives an opportunity to recycle back to
reliming. The dissolved lime is more useful for reaction of lime with pelts. In this pilot demonstration
unit, the relime liquor is collected separately from the drum thrbugath segregation channels. This
liquor is sent in a separate channel which is protected against ingression other waste streams to a
collection sump. This liquor is pumped to two hopper bottom settling tanks operating serially. The
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unwanted solid particle if any from the liquor are settled in these settling tanks and clear liquor is
collected in lime water storage tank. This liquor is recycled back to reliming drums for subsequent
batches.

u: VATERFECYCLNG s REUSE SYSTEM

P‘l‘@
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Fig. 19: A view of lime liquor recycling system

The relimeliquor recycling has reduced the fresh water demand up to 64% in relime. The float
requirement is 125% for reliming in drums. About 80% of float is used from recycled liquor and only 45%

2F o6l GSNJ Aa&a | RRSR I a 7TNXBaKg loinSsh\ikplay itSshobssitfeitcairediice vy S NB
the volume by 600 ffiper annum and equal amount of freshwater exploitation.

The CaO content in the recycled lime liquor is about 3 g/l, hence this liquor of 80% volume per tonne
material corresponds to 2.4 kg CaO, ebhis equivalent to 3 kg lime of 80% CaO content. There is
reduction of 0.3% lime for reliming, i.e., from 1% lime it is reduced to 0.7%.

Rainwater harvesting

Roof top rainwater harvesting has been implemented. The rainwater from the roof top is coliaected
gutters. Pipelines and filters are arranged in such that the debris can be easily removed and the filtered
rainwater is sent through pipe into borewell. Thus, the ground water gets recharged. The system is
patented by the supplier.

Rain water catchmenarea is approximately 3500°mand per season about 7564 thousand gallons of
rain water filtered from 47 different points is estimated to be deposited to the urgteund water
streams by connecting them with boweell through pipe conveyance system aftidrétion process.
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Fig 20: Pipeline and filter arrangement in rainwater harvesting in Kings International
Dissemination of the results and Sustainability of project activities

The results are being accumulated andsite demonstration programmes are being organised for the
local tanners to get familiarised on the new technologies. In addition, the propagating programmes
includes, workshops, seminars and audio visual print @essof the installations.

Further a Core Group on Cleaner Technology (CGCT) has been established consisting of all leading
tannery associations, Government agencies like CLE and research institutions like CLRI and leading
tanners. The Cleaner Technologyr&€dsroup is useful in bringing synergy among the various
stakeholders involved in promotion and implementation of cleaner technologies in tanneries and share
the knowledge on the results of implementation of cleaner technologies under the UNIDO project
among the stakeholders.

Brief about Kanpur Leather Cluster

Kanpur is located on the banks of Ganga River in Northern part of India and it is an important industrial
city in the state of Uttar Pradesh. Textiles and leather are the major industrial activistgels several
ordnance factories, chemical industries, etc.

Kanpur leather cluster is one of the important tannery clusters in India. The Kanpur leather is also well
known for saddlery and harness leather, safety footwear, army shoes, sole leather antstaph
leather besides footwear production. The annual export value of leather and leather products from this
cluster is about Rs.7160 crores in which Rs.3136 crores being the export of finished leather during 2015
16. This corresponds to about 44% of estbasket of leather and leather products.

The tannery sector in Kanpur is in five different pockets around the Kanpur city, namely Jajmau, Banthar,
Unnao, Magarwara and Jainpur areas. Jajmau is one of the major cluster located on the banks of river
Ganga Majority of tanneries, about 402 tanneries, are in Jajmau, processing about 1000 tonnes of raw
material per day.
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Jajmau cluster of tanneries is also located just on the banks of Ganga River. During H98,199@er a

project funded by The Netherlands,large common effluent treatment plant (CETP) of capacity 36 mid

gl a O2YYAaaA2ySR T2N) GKS YIFyLdz2N OAléeQa R2YS&aidAaAo
technology. Later several modifications were carried out in this CETP but at present the pedensian

not as expected is the general opinion from several quarters. The main issues faced are the capacity of

the CETP, while the CETP was established for 9 mld of wastewater, currently it appears that the volume

of waste water discharge has increased mames. Nevertheless, the volume of effluent is reported up

to 50 mld, the consensus among the stakeholders appears to be of 25 mid.

At 35 km from the city of Kanpur, there is a tannery estate in Unnao. There are 21 tanneries in this Uttar
Pradesh Industal Development Corporation (UPSIBIEyeloped estate. There is a CETP, Unnao CETP,
established only for the tanneries of capacity 2.15 mld functional from around 1995.

During 2000, UPSIDC has created another tannery estate in Banthar over 600 acresaaméd@s and

150 leather product units have been planned. But presently the estate covers about 300 acres, and 20
tanneries and 1 product unit are functional. Banthar is located half way between Kanpur and Unnao. A
CETP is functional for these tanneriehwa capacity of 4.5 mld but presently operational with 3 mid of
effluent.

Brief about the UNIDO Kanpur Leather Development Project

Kanpur Leather Development Project is funded by Department of Industrial Policy and Promotion,
Government of India with owvall financial budget of about US$ 1 million with scheduled
implementation of 2 years from November 2015. The following are the specific objectives of the project:

w 9YDBANRYYSYy(l &adzadlFAylroAftAGe 9 AYLINROSR STFAOA
w 21aaGsS alyl3asSySyi

The counterpart organizations of the project are Uttar Pradesh Leather Industries Association, Kanpur
Unnao Leather Cluster Development Company, Central Leather Research Institute, Council for Leather
Exports, UNIDO International Cenfog Inclusive and Sustainable Industrial Development, New Delhi.

Conclusions

Adoption of cleaner technologies in leather processing such as hair save unhairing, desalting, use of
optimum process parameters like volume of water and temperature of floaleather processing
vessels, processing chilled hides without preservation by common salt, reduces the pollution level has
been proven yet again.

9 Hair save unhairing reduces the pollution load in terms of sulphides, total suspended solids and
COD by about6%, 61% and 32% in liming effluent.

9 Hair recovery is about 2% on weight of raw hides

1 Measurement of water itself reduces the water consumption by 20% to 30%
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f  Use of hot water at about 6C in post tanning operations increases the chemical fixing and thus
reduces the pollution load by 130% in terms of COD in the post tanning streams

I Solar water heating and solar air heating systems reduces consumption of coal, there is

reduction of coal by 0.8 kg/d.hffor every 1 mof solar collector)

For every solar howater collector area, the hot water generation is up to 130 litres

CQ emission reduction is about 8 tonnes per sg.m of solar collector totalling in its life time.

CQ emission reduction 8 tonnes per sg.m of solar field in its life time.

While the TDS radttion in chilled hides processing is about 50%, the desalting reduces the

overall TDS by 15%

1 Desalting prior to soaking help recover salt by 60 to 90 kg per tonne of raw hide otherwise
would have entered effluent drains

1 Recycling of relime liquor reducéresh water demand by 60% and lime reduction by 30%

=A =4 =4 =
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DEVELOPMENT OF NOVEL MULTIENZYME SYSTEM FROM A MICROBIAL SOURC
FOR ENVIRONMENTAL FRIENDLY BEAM HOUSE OPERATIONS
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BiologicalMaterial Laboratory Division, Leather Processing Division-C&itiRal Leather Research
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Production and development of novel multienzyme system containing protease, amylase and lipase was
studied for leathe processing particularly in beamhouse operations for unhairing, fiber opening and
degreasing operationg\spergillus tamariMTCC5152 has been identified as a single microbial source for
the production of this multienzyme system in the same culture meditiime various parameters for
maximal production of these enzymes have been optimized by solid state fermentation method (SSF).
The unhairing, fiber opening and degreasing potential of this multienzyme product has been studied using
cow hides and goat skindhe bioprocessed hides and skins were assessed by biochemical, microscopic
methods and subjective analysiExperimental and control hide/skin samples after beam house
operations were processed to chrome tanned crust leathers and assessed for softtiesss, grain
smoothness, grain tightness and general appearance by haddvisual examination.The results
indicate that the multienzyme product has the potential to be used for bioprocessing of hides and skins in
beam house operation and the resuise comparable with the chemically processed hides and skires.

net benefits envisaged from this approach are: Elimination of several processes, viz., liming, reliming and
deliming is possible with subsequent reduction in process time, TDS, COD drelitoitaation of lime
sludge; better exhaustion of chromium in tanning and reduction in the use of chemicals and cost with a
reduction in utilities like water.

KeywordsMultienzyme,Aspergillus tamarjiunhairing, fiber opening and degreasing.

Introduction

The growing global concern of environmental pollution is forcing all the processing industries to adopt
greener and cleaner manufacturing practices. Thus, the leather industry is being pressurized to look for
cleaner leather processing. Leathprocessing involves a number of unit operations. The dehairing
process with sodium sulfide and lime is responsible for 84% of BOD, 75% of the COD, 92% of suspended
TDS? Besides, the lime based swelling removes interfibrillary materials throughtiosfocces

leading to the formation of a large amount of lime sludge apart from the pollution load to the effluent
and subsequently in the soil. The use of ammonium salt for deliming of hides/skins leads to
emission of noxious gas (ammonia). Oa tther hand substrate specific enzymes including protease

I v Ramylase disintegrate the proteoglycans making the fiber matrix open thereby inducing swelling.
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This approach obtains a clean pelt with the desired fiber opening and a significance oadadiime

sludge.

In bioprocessing of leather, enzymes are involved mainly in processes such as unhairing (depilation)
bating (fiber opening) and degreasing operations. In leather industry these processes are called as beam
house operation. Proteasesdnterestingly microbial proteases are finding increasing application in
Syl e@YFLGAO dzyKI ANRY 3 I YR A-gimylasesiake yhblved! inghdldpaningup afd ¢ K S
the collagen fiber bundles. Lipases are used in the degreasing operation toadatdrom hides/skins

to make leather soft and supple.

Typically, a single enzyme catalyzes a reaction from a substrate to a product. Thus, it is limiting to find
many one step reactions to produce higher value products using one enzyme. Multienzymmassyste
have successfully been used for various applications when single enzyme catalysis was not effective (Gill,
1998; Leeet al, 2003). The present work employs lirsglfide free enzymatic unhairing and fiber
opening and degreasing processes using the endiime. fie fungusAspergillus tamamMiTCC5152 has
beenidentified to produce all the three enzymas good yield in the same cultivation medium. These
enzyme consortium has been used along with the preservative (E33ain beam house processing in

two consecutive steps for unhairing, fiber opening and degreasing processes. The results are discussed
and comparable with chemical methods of beam house processing of hides/skins.

Materials and methods

t N2 RdzO( A 2y -@niylasedhhB lip&se Gy Solistate fermentation byA.tamarii MTCC5152

The enzymes protease,- amylaseand lipase have been produced by sditdte fermentation (SSF) at

pilot scale level using wheat bran as the substrate in Koji room based on conditions standardized at lab
scale studies. SSF was conducted using 2 Kg capacity aluminium trays (20 norslys Toataining the
substrates were sterilized and the moisture content of the substrate was maintained at 70% moisture
level. Fungal spores di.tamarii MTCC51520btained from a fully fermented wheat bran substrate
containing 1X 10spores/miwere added as inoculum to each tray and mixed well and incubated- at 26
28°C for a period of 786 h at 9695% humidity. Sampling was done at 24 h intervals to ascertain fungal
growth and enzyme activitySalted cow hides and goat skins were at¢d from a commercial
processing unit. The enzyme consortium is obtained flatamariiMTCC5152 isolated from soil. The
multienzyme LINE G Sdardytge and lipaspepared from the fungus by solid state fermentation
using wheat bran as substrate. Thdzy 3dza Kl @S wmnn dzx 3 LIbByhelaciily | OG A O
and 954 u/g lipase activity. All other chemicals used were of commercial grade.

Enzyme extraction and ultra concentration

The fermented wheat bran substrate was mixed with Borate buffer (il i the ratio of 1:10 and
soaked for 30 min at°4C and kept in the shaker for another 30 mifter mixing the crude enzyme
extract was filtered through nylon mesh, centrifuged at 10,000 rpm for 20 min at 4°C. The supernatant
was collected and storedt @°C and used as a crude enzyme. The crude enzyme was loaded in to the
ultra concentrator and the nitrogen gas was applied to give the pressure. The ten fold concentrated
enzyme was collected and stored at 4 °C.

Assay for protease! - amylaseand ipaseactivity

Protease activity was determined according to the method of Ahgb®838) with slight modification

using casein as the substrate followed by Berla Thangam & Suseela Rajakafed). The
concentrated enzyme was dissolved in different concemratin 20 mM borate buffer (pH 9.0)
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containing 2 mM CaglThe amount of protease activity was determined using a standard graph
prepared from tyrosine. One unit of protease activity (U) was defined as the amount of enzyme required
to produce 1 mg of tyraee per ml of enzyme in 30 min at 55 °C.

¢ KS Sy JampaSeactivity was assayed by the Dinitrosalicylate (DNSA) method of Mill@59)

using 0.3 % starch as the substrate. The amylaseactivity was determined using a standard graph
prepared from m#ose. One unit of h - amylaseactivity (U) was defined as the amount of enzyme
required to liberate 1 mg of maltose/ml/min at 86.

Two methods were adopted to assay the lipase activity. Enzyme activity was assayed through alkali
titration with olive ol emulsion as the substrate, using a modified version of the procedure described by
Saxena et al. (2003). In brief, the assay mixture consisting 5 ml of olive oil emulsion, 4 ml 0.1 M
phosphate buffer (pH 7.0) and 1 ml crude enzyme extract was mixedametlincubated for 20 min at

37°C. The reaction was stopped by the addition 20 ml acetone. The mixture was then titrated with
0.05M NaOH in the presence of phenolphthalein (0.1ml) as indicator. The titre values were calculated
for lipase activity. Onenit of lipase activity is defined as the amount of enzyme required to release
1pmol of fatty acid per minute under the standard assay conditions. To confirm the lipase activity
spectrophotometric method was also performed (Kwon and Rhee, 1986), a goeenagnt has been

noted between the results obtained using the two methods. Protein content of the crude enzyme
extract was analysed by the method of Lowry et al. (1951).

Enzyme based dehairing process

Salted cow hides (2ft X 2ft size) / goat skins (1/2)sigere soaked to remove the salt following
conventional procedure, drained and used for bioprocessing studies. The concentrated enzyme was
mixed with borate buffer (20 mM, pH 9.0). The multienzyme paste was prepared by mixing the liquid
enzyme with 10% W/ of Kaolin or Diatomaceous earth based on the weight of the hide/skin and
applied on the flesh side of the hides/ skins. The hides/ skins were folded flesh to flesh and piled at
room temperature and assessed for their unhairing property afte4& folowing traditional method

using a blunt knife for hair removal. Soak method was also studied by soaking the hides/ skins in various
concentrations of enzyme using 20% V/W water.

The degreasing effect of multienzyme product was assessed by estimatingehiatty acid liberated
during drumming by the method of Saxena et al (2003).

Enzyme based fiber opening and degreasing

ly Syl eyvYFrdAad LIFdKglre gAlK2dzi tAYS F2N¥a | WIaNBSy
formulation without sodium sulfide has ba designed for hides/skins at an operational pH-6{% The
unhaired hides/skins were treated with different concentrations of liquid enzyme along with 20% water
and subjected to drumming for 6 h with intermittent drumming with breaks for 30 min andye3@ min

run for fiber opening and degreasing actions. The hides/skins were processed to crust leather and the
leather quality was assessed by testing the strength properties. The hides/ skins after bioprocessing
were also evaluated by microscopical as@yafter staining.

Estimation of hexosamine from hides

The hexosamine content of hide/ skin pieces an indication of fiber opening of hides/skins were
determined by estimating the amount of pyrrole condensation product formed by the reaction between
hexosanine and alkaline solution of acetyl acetone. The pyrrole that is formed gives a purple red colour
with an alcoholic acid solution PDAB (Ratanethyl amino benzaldehyde) which is read at 530 nm.
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About 0.2 g of hide samples were washed with physiologiaishe and cut into small pieces, defatted
with chloroform: methanol (2:1V/V) and dried. 0.1 g of dried hide pieces were hydrolyzed with 5 ml of
6N HCI at 116C for 1820 h in sealed glass tubes. After hydrolysis the samples were evaporated to
dryness ad the residue was dissolved in water and made up to a known volume. The hexosamine
content was estimated by the method of Elson and Mofga833).

Histological studies of processed hides/skins

Hide pieces obtained after dehairing and fiber openjpmgcess were preserved in 10 % formalin for
histological studie¥. Formalin preserved hide/skin samples were processed and the dried slides were
viewed through microscope (Nikon) at 4x100X magnification following usual procedure.

Results and discussion

The crude extracellular enzyme extract obtained frémamarii MTCC5152 was assessed to have

LINE (i S-anmdyISsE antl lipase activities and in good concentrations. To ascertain the suitability of these

three enzymes for leather processing their activitiesl astabilities were estimated at different pH

levels. The crude protease has an optimal activity at pH 9.0 (Fig.1a). The enzyme is active over a broad

pH range of 8w n ® { AYAT I NI &0 dzR A-&iylasg BMNER puipdsé Bidieeidpdhings A (1 K
SttRASad ¢ KS NB-anghsé Bas @dkithat aciviy latlpH 6.5 (Fig.1b) and the enzyme showed

good pH stability in the pH range of 5.0.0 with moderate activity at pH 8@.5. The lipase also

showed the highest activity at pH 7.0. The pH activity R &G 6 Af A& NBamylade2 y & KA LI
and lipase can be used in the fiber opening and degreasing processes without any change in the process
operation.

Table.1 shows the effect of enzyme concentration on dehairing of cow hides/ goat skirh ipaste

and soak method. In both the methods cow hides were completely dehaired by applying 3% V/W of the
enzyme and complete dehairing was observed in the case of goat skins at 2% V/W concentration. Fiber
opening and degreasing of cow hides were comedcusing multienzyme obtained from.tamarii
MTCC5152. The hides after drumming for 6 h were assessed for hexosamine content. Data on
hexosamine content of the hide/ skin samples after treatment with enzymes shows {Jdabtbat by

using 3% V/W and 3%'W multienzyme maximum degradation of preteoglycan was removed from the
cow hides and goat skin, respectively. The results also show that hexosamine removal from hides were
better in enzyme treated hides than that of lime and sulphide treated hides (Gloiiy indicating the
potential of this enzyme for beam house operation for bioprocessing. The results also show that the
enzyme treated hides/leathers were comparable to control samples processed witlg Buléde and in

certain properties better thanthe control leathers as evidenced from microscopical analysis of
hides/skins (Tabla) and from physical properties of tanned leathers.

Microscopic analysis of hide/ skin samples after dehairing and fiber opening process using enzyme
consortium fromA.tamariiMTCC5152 is given in (Fig@&F ®0 ® LG Q& Of SFNJ FNRBRY GKS
treated hides/skins were dehaired without any trace of hair and the fiber opening was good
comparable to the leather prepared by traditional methods. This could bealtlee combined actions
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2F (KS LINBaSyOS 2amylas? inke drNddiptepaiiafon tis¢dRor these processes.
The enzyme acted very efficiently on the hides/skins and removed the interfibrillary materials by
degrading the carbohydrate maties present in the glycoprotein through enzymatic actions. The
presence of protease in the enzyme consortium also helps in the removal of any root hair and scuds
present in the hides/skins. The degreasing effect of the lipase in the multienzyme prodsiinereased

in comparison with a commercial degreasing agent. The results are comparable with the commercial
degreasing agent used traditionally (2g

The subjective assessment of leathers by hand evaluation for both control and experimental leaghers a
presented in a €0 point scale. It is apparent that the experimental leathers exhibited comparable
properties to that of control leathers (Fig. 4 and Fig. 5). Properties like softness, fullness, grain tightness
are improved in enzyme treated leathecompared to control leathers. Thanikaivelan et @006}°
reported similar trends in integrated hair removal and fiber opening process using commercial mixed
Syl ée&vySa O2y il Ayamylase. LINPGSFasS | yR b

Conclusions

Enzymebased bioprocessing including dehairing, fiber opening and degreasing is a paradigm shift away
from conventional chemicddased leather processing. The multienzyme product developed in this
investigation from A.tamarii 5152 has the potential to beised in bioprocessing in beam house
operations with clear advantages of quality leather and significant reduction in pollution load and
increase in the area of yield. The hair can be saved without any degradation.
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Tablel. Effect of A .tamarii 5152 enzyme consortium for dehairing and fiber opening

Process details Enzyme concentration (WW) dehairing
and fiber openingndex after 24 h
1% 2% 3% 5%
Paste method (cow XX XXXX | XXXX
hide) -
Soak method (cov - XX XXXX | XXXX
hide)
Paste method (goal XX XX XXXX | XXXX
skin)
Soak method (goal XX XX XXXX | XXXX
skin)
Fiber opening (cow +++ ++++ |+ | At
hide)
Fiber opening (goa +++ ++++ | HEHE | -
skin)

XX Slight dehairing; XXgModerate dehairing; XXX>omplete dehairing
+++ Moderate fiber opening; +++tomplete fibre opening---Not done.
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Table2. Hexosamine content of the Table2b. Pollution load
generated in

cow hide after treatment with enzymes bezouse operation
N | Concent. of | Hexosamine Parameter Cow hide Goat skin
enzyme content
(%V/W) (mg/ml)
Experime | Control | Experimen| Contr
1 |1 45 nt t ol
2 |2 2.8 BOD (kg/ton)| 13.7 32.7 22 45
3 |3 0.48 COD (kg/ton) 61 160 46 110
4 |5 0.39 TDS (kg/ton)| 68 163 65 162
5 | ControH 6.8 TSS (kg/ton)| 49 58 40 53
6 | Controt i 3
7 | Contrd-lll 1.6
ControH Untreated hide
Controt Il 10% lime
ControHll 10% lime+ 2.5% sodium sulfide
Fig-la. Effect of pH on protease activity Fig-1b. Ef f e c t -armyfase mdtlvityo N
§ 1 %30_5
a.5 o
o
7 8 o . 10 ja I 12
Fig-1c. Effect of pH onlipase activity
120
100 +H
% GO T
E 40
20 4
O Activity A Stability
O T B B *
s (&3 7 8 = 10

pH
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Fig2. Degreasing effect of commercial enzymatic agents and
A. tamarii 5152 multienzyme on hide

] —=— Experiment
100 == Commercial enzyme

90 +
80
70

60

Free acid released (%)

50 +

40 T

T T
2 Hrs 4 Hrs 6 Hrs 8 Hrs

Hide treated with lipase

Fig 3a. Photomicrograph of unhaired -Blg Photomicrograph of unhaired
cow hide (control) cow hide (multienzyme 3%)

Fig3e. fiber opening (control) - Bigfiber opening (multienzyme 2%)
goat skin goat skin
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The Mechanism of FabricationHigh Moisture Permeability Unfigured -$&and
Superfine Fiber Synthetic Leather Bag@a Surfacemodified Biomass materials

Na Xu*, Xuechuan Wang, Xiangong Ma, Pelying Guo, Longang Ren

College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science and
¢ SOKy2ft238% - AQlY TMAAHMI [ KAYL

Collagen and vegetable tannins are considered to be the largest renewable animal and plant biomass
NE&A2dzNODSa Ay (KS $g2NIR® LY (KAZGAGBENAE YEEKAMBABY
collagen/chromiumvegetable tannin (€rT) on nylon fibeof unfigured sedsland superfine fiber

synthetic leather base (USFSLB) for improving the moisture absorption and transfer abilities. The two

steps surface modification was developed, involving sulfuric acid hydrolysis and graftinGrofab

nylon fiber Compared with that of pristine USFSLB, the moistalvsorbption and permeabilityf

modified USFSLB was improved greatly. And the -assEmbly mechanism of grafting
collagen/chromiumvegetable tannin (€rT) on the nylon fibers of USFSLB was analyzed and reported.

Keywords: collagen, vegetable tannins, unfigured-istmd superfinefiber synthetic leather base,
surface modification

1. Introduction

Unfigured sedsland superfine fiber synthetic leather belongs to highde simulated leather. It has
many characteristics and advantages of natural leather. And its mechanical stremgjttical resistance
and homogeneity are better than that of leather. Compared with leather, the wearing comfort of
superfine fiber synthetic leather is worse due to its poor moisture absorbption and permeability.
Therefore, the study on moisture absorpti@amd permeability of superfine fiber synthetic leather has
become a hot topic.

The present researches on improving moisture permeability of USFSLB had been carried out. Such as
formic acid?, sulfuric aciff!, triethanolamine, protease, pancreatic hydisis, collagen material
filling™, soluble chitosan derivatives (E€AJ', glutaraldehyde and polyamidoamine dendrimi&fs
phosphine and collagétt® had been used to modify USFSLB and the moisture permeability of it had
improved finitely. But themechanism of modification was common sphysical adsorption and filling
which made the modifier be unstable.

The sustainable developing and utilizing of biomass has been constantly studied by researchers. China is
known as a country with leather mass protioa. Consequently, the production inevitably gives rise to
leather solid wastes. It is estimated that more than 1.4 million tons of leather solid wastes are produced
every year. But more than 80% collagen exists in the wéstesAt the same timethe naural
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polyphenols, tannins, are extensively distributed in root, bark, stalk, and fruits of plants as metabolism
[12-15]

products:
In this work, we report the modification of USFSLB by chemical etching of the fiber surfaces and grafting
of biomass material, collagen and chromiwwvegetable tannins, as shown in FigurdJEBFSLBodifed

with collagen and chromiumegetable tannins had excellent property, expesially the moisture
absorption. And the seHassembly mechanism of grafting collagen/chromivegetable tannin (GCrT)

on the nylon fibers of USFSLB was analyzed and reported.

e o @@4’ 2

Hydrolyzed nylon fiber ~ Chromium-Vepetable Tannins collagen
Figure 1 Schematic illustration of@2T modified nylon fiber of USFSLB
2. Material and methods

Materials.The materials and instruments used in tlexperiments are as follows: Collagen (G1)
(Mw3690, Haining Debang CO., Ltd), chromiuggetable tannins (with 5% chromium,Mw2374, Sichuan
De Cai CO., Ltd), Unfigured ssland superfine fiber synthetic leather base with 536.7gnd 1.4mm
thickness (Yami Wanhua Co., Ltd)nfrared heating device (Hua Gao automation equipment CO., Ltd),
Constant temperature and humidity equipment (@005, Gao Tie, Taiwan), Video based contact angle
measuring device (OCA20, Dataphyscs, Germany), Scanning electron apier¢Eit1000, HITACHI,
Japan), Xay photoelectron spectrometry (XPS) (Thermo Fisher Scientific, US).

Modification Methods. Two steps are involved in the modification. Step 1: Samples were first made by
cutting into 1%9cm with weight of 10.7+0.2g, They rmeethen put into the cups of infrared heating
device (Hua Gao automation equipment CO., Ltd) with 5000wt% waler dosage percentage related

to this experimental process was calculated by the mass of the dry USBR8tBvashed for 30min with
70°C . And the the samples were hydrolyzed for 4h with sulfuric acid at 15wt% with 5000wt% water
(the percentageof thedry USFSLBass). They were then washed in water for 30min by ultrasonic and
hung dry.

Step 2 After hydrolyzed, the samples were put into cups withwt% collagen and 1500wt% water
(the percentageof the dry USFSLBiass). The cups were kept shaking for 3h at 45°C. The samples were
then removed and the pH of collagen solution was adjusted to 4.0 with formic acid. Again they were put
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into the cups akr the 5wt% chromiurvegetable tannins were fed into. The cups were kept shaking for
3h at 60°C, and the samples were washed for 30min by ultrasonic and hung dry.

Determination of Moisture Permeability. Static watervapour transmission rate (SWVT was
detected. The brief was that samples were cut into circular pieces 55mm in diameter, and then put into
constant temperature and humiditgquipment forair conditioning.The modification condition was
temperature 20 £ 2Cand relative humidity 65 + 2% f@4h. After air conditioning, 30ml of distilled
water was poured in the test cup. The sample and rubber gasket were put onto it in turn. And the
aluminum cover was tightened up. Then the total mass of the test cup with the sample was weighed and
recorded asm;. The test cup was then put in a desiccator with 98% sulfuric acid as dryer. And the
desiccators were kept in the constant temperature and humidiuipment (GI7005, Gao Tie, Taiwan)
with temperature 20 + 2C relative humidity 65 + 2% for 24h. Afteater-vapour transmission, the test

cup was removed and weighed again, recordednasAll the measurements were performed quartic in
parallel.

SWVT=-m,) /At 1)

Wherem; and m; is the test cup mass before and after watesinsmission respectivel is valid test
area (10 crf) andt is test time (24 h).

Liquid wicking rate(LWEwas detected. Liquid wicking rate is the measurement of capillarity of the
test material, i.e. therate at which the liquid is transported into the fabric by capillary action.
Namely,the liquid wicking height was achieved per unit time in the textile material by capillary action.It
can assess the moisture absorption ability of fabric. The specific merasut is as follows: the sample
was first cut into 30mm wide, 50mm long and then placed into an oven°@.Q%ying to constant
weight. The end of sample was immersed in water for about 15 mm, and then was timed until the liquid
wicking height reached 3@m, recorded as time (s) and calculated as the liquid wicking rate (mm/s). All
the measurements were performed quartic in parallel.

Physical Property Testind.he tensile strength and elongation at break of USFSLB were tested (refer to
QB/T 271005} via a tensile tester (RT171, Dongguan Baoda International Co., Ltd). All the
measurements were performed quintic in parallel at least.

The softness of modified USFSLB was tested (refer to 1ISO 17235:2011, IULTCS IUP/36 TESFfMETHOD)
via a softness test (GX5039, Dongguan gaoxin Co., Ltd). The actual diameter of circular aperture was
selected as 24.975 + 0.025mm. All the measurements were performed thrice in parallel.

The antistatic property were detected according to GB/T 1290%' via antistatic tester (FY403E,
Wenzhou Fangyuan Co., Ltd). And the timing method was selected. The decay time was 10 seconds. The
friction time was 60 seconds. And then the peak voltage (V) was recorded. All the measurements were
performed thrice in parallel.

Characteriation. The water contact angle of the surfaces was determined by using a static contact
angle measuring device (OCA20, Dataphyscs, Germany). The water contact angle was measured by
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sessile drop before and after modification, keeping water droplets folEash stated contact angle is

the average of 11 measurements from various positions on the surface.Iln order to observe possible
changes in material surface morphology, SEM was used. The samples were placed into an avign (105
kept drying to constant weightAfter Au spraying, the micrographs of samples surface were taken using
a field emission scanning electron microscope (FEI Q45+EDAX Octane Prime, USA). The EDS was used to
determine elements of the surface of nylon before and after treatment.Attenuatatdl treflectance
Fourier transform infrared spectra (AFHIR) were acquired via a Fourier transform infrared
spectrometer (VECT@R, Bruker, Germany). For each spectrum, a resolution of 4veas applied and

32 scans were accumulatedry photoelectronspectroscopy (XPS) was used to investigate the surface
chemical composition of the samples before and after different treatments. All XPS spectra were
collected using a AY'h -ray photoelectron spectrometer (Thermo Fisher Scientific, USA) using
monochromatic Xrays focused to a 306m spot size.The collagen and collageshromium tannins
solution was detected by TEM (FEI Tecnai G2 FAWIS, FEI, USA). Atomic force microscopy (AFM)
were used for surface imaging.

3. Results and Discussion

Moisture Permeability SWVT and LWR of the hydrolyzed USFSLB was 658 g/mK | YR nd®pmo Y
respectively, and that of the-CrTF grafted USFSLBwere 986 gov n K | Y RMDPoHOYYK & 6 &K2
2). So compared with pristine USFSLB the moisture permeability oflhyeldoUSFSLB was improved by
27% and 72%, and@F grafted USFSLB was improved by 90.35% and 344% respectively. The reason
was that sulfuric acid hydrolyzed the nylon fiber of USFSLB to make the amide bQ@NH

broken. As a result, carboxyCOOHaNd amino NH,) were exposed on the nylon fibers of USFSLB.
These polar groups not only improved the moisture permeability but also provided available active
groups for subsequent modification. That is, chromium vegetable tannins was reacted witratiese
groups through coordination bond (from chromium complexes) and hydrdgening (from phenolic
hydroxyl of tannins). Therefore, the collagen and chromium vegetable tannins with a lot of polar groups
such as OH, NHand COOH were grafted on thafsice of nylon fiber of USFSLB and improved moisture
permeability of USFSLB.

1200 1.4
a- Untreated a- Untreated
10004 |b- Hydrolyzed - 1.2 |b- Hydrolyzed

c- Collagen-coate: 7 c- Collagen-coate
d- C-CrT-grafted | |d- C-CrT-grafted

800

o
@

600+

LWR (mm/s)
°

SWVT(g/nfe2 )

400

2004 F

Different USFSLB Different USFSLB

Figure 2 Moisture permeability of USFSLB before and after treatment
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Physical property

Tensile strength and elongation at break of USFSLB was improved after modification (Table 1). It was
because the croskinking between nylon fibers occurred. The thickness and uniformity@fFgrafted
USFSLB were obviously increased(Table 1) owirtietgdod selective filling properties of collagen and
tannins. The softness of hydrolyzed USFSLB was improved(Table 1), indicating that the sulfuric acid
made the nonwoven loose which was confirmed by SEM (in Figure 4). But the softneSsHafré&fted

USKLB was declined obviously compared with that of pristine USFSLB. It was because that a lot of
collagen was grafted on the surface of nylon fibers by chromium vegetable tannins. Polar functional
groups such as OH, hNahd COOH of collagen would crédisgk each other via hydrogen bonding in the
LINPOS&da 2F '{C{[. RSKeRN}YilAz2zyo {2 (KS -CrzafddzZ Sa
USFSLB declined. Furthermore, the chromium vegetable tannins was grafed on the nylon fibers of
USFSLB whichlktesulted in declined the softness ofCCTFgrafted USFSLB .

Anti-static performance was improved after modification, especially the collagerred USFSLB . But
anti-static performance of the CrFgrafted USFSLB was lower than that of collag@reredUSFSLB
(Table 1). It was because that the collagen covered the nylon fiber and the polar functional group was
exposed fully on the surface of nylon fiber. These polar functional groups adsorbed water molecules
easily and the conductive water film would figmed on the surface of nylon fiber. As a result, the anti
static performance was improved. But on the fiber oCF grafted nonwoven there was a lot of
different size of microspheres (as shown in Figure 4). The microspheres composed with collagen and
chromiumvegetable tannins with a large number of polar groups. These polar groups still formed the
conductive water film on the surface of microsphere but on the nylon surface. Therefore, the conductive
water film was discontinuous on the surface of nyfiioer and the antistatic performance of the -CrF

grafted USFLB was lower than that of collagemered USFSLB.

Tablel Performance of USFSLB before and after treatment

Pristin  Hydrolyze
yaroly Collagercovered GCrFgrafted

e d
Tensile strength Mpa 16.06 17.66 17.64 17.88
Elongation at break % 68.6 72.7 67.68 72.34
Thinkness mm 1.406 1.415 1.503 1.585
CV of thinkness(%) 2.60 1.98 1.09 1.63
Anti-static performance 1035 986 488 588
a
V)
Softness(mm) 54 5.8 5.5 4.8

®Anti-static performance was stated by the peak voltage (V) during the friction time (60s).

Characterization of Modified USFSLBhere was slight change between the contact angle of hydrolyzed
USFSLB and that of pristine USFSLB(Figure 3ab). After collagen wasonofited of USFSLB, the
contact angle decreased obviously(Figure 3c). It turned much lower after chrew@getable tannins
grafted (Figure 3d). These changes suggested that the hydrophility of USFSLB was improve@rafter C
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grafted. And this point hadden further confirmed by the contrast of digital images of dyed water
droplet on pristine and €rTFgrafted ( Figure 3).

The SEM images of the top view of pristine, hydrolyzed, collageered and €rFgrafted was shown
(Figure 4), the nylon fibers ofS8FSLB became loose after sulfuric acid treatment, a lot of microspheres
on the nylon fiber were observed. These microspheres were composed of collagen and chromium
vegetable tannins. It confirmed that the collagen was grafted on the nylon fibers by ithrem
vegetable tannins successfully.

Compared with pristine and -CrF grafted, the additional peak 1038 cmccurred (Figure 5 bc),
attributed to cyclic ether from the vegetable tannins. The band intensity 330f attributed to the N

H stretching vibrdbn, was broadened (Figure 5 c) by increased number oH fom collagen.
Therefore, it was confirmed that collagen and chromiuegetable tannins were grafted on the nylon
fibers of USFSLB successfully.

1204 (a) Untreated

(b) Hydrolyzed
(¢) Collagen-covered | §
(d) C-CrT-grafted

Water contact angle (°)

Different samples After 2s

Figure 3The water contact angle ohtreated
hydrolyzed CollagencoveredandC-CrT-grafted,
Digital images of dyed water droplet on (a) pristine, (

Figure 4 SEMmagesof the topview of
(@) pristine(b)hydrolyzed(c)collagen

C-CrT-graftedafter 2s covered ¢) C-CrT-grafted
—a
a —b
3357
Cr2p,, cr me
) 1038 —
c) f\Wm
3300 1731 AN
1038

T T T T T T T T T T T T T T T T
4500 4000 3500 3000 2500 2000 1500 1000 500 572 574 576 578 580 582 584 586 588 500 592

Wavenumber (cm™) Binding Energy (eV)

Figure 5 FTIR spectra of (a)chromium Figure 7 XPSharrow scanningpectra ofa

tannins(b) Pristine(c) C-CrT-grafted Cr in the chrorium-vegetabldannins and
the GCrT-graftedUSFSLB
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Figure 6 XPS survey and narrow scanning spectra of Cls, N1s, Ols on(a) pristine,(b)hydrolyzed,
(c)collagercovered, (d) €rFgrafted

Table 2 XPS elemental analysis of USFSLB before and after treatment

Chemical compositior?g) Atomic ratio (%)
Sample Cls Ols Nls Cr2p S2p C/O N/O
(a) Pristine 78.62 16.16 5.22 O 0 4.87 0.32
(b) Hydrolyzed 80.22 1491 4.47 O 0.4 5.38 0.30

(c) Collageftovered 80.76 12.34 6.65 0.13 0.12 6.54 0.54

(d) GCrFgrafted 70.76 1829 9.26 0.45 1.25 3.87 0.51

Chemical composition of the sample surface was investigated by XPS with high sensitivity. According to
XPS survey and narrow scanning spectra of N1s, Ols and C1s (Figure 6 ), in N1s and O1s spectra the peak
intensity of GCrTFgrafted was incresed significantly compared with pristine(a), hydrolyzed (b) and
collagencovered (c), attributed to increasemminonitrogen from collagen and phenolic oxygen from
chromiumvegetable tannins. And in Cls spectra the peak-GfiEyrafted had an asymmetrical tail

(Figue 6 Cl1s), attributed to higher content of carbon with a binding energy of 287.2 and 288.7eV
corresponded to the presence of functional groups (DkCand O=@ species) on the collagen
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surface’® Furthermore, Compared with of pristine(a), hydrolyzed &)Y collagercovered (c), the
[C)/[O Jratio of the &CrFgrafted decreased significantly (as shown in Table 2), attributed to the
presence of phenolic hydroxyl groups from the vegetable tannins. Thus, it was confirmed thaCtfie C
was grafted on the nylofibers of USFSLB successfully.

Figure 7 showed results of the XPSinGhe chromiumvegetable tannins and the-CrFgrafted surface.

The Cr in the chromiumegetable tannins gave distinct peak: 577.6 eV (Cr 2p3/2) and 587 eV (Cr 2p1/2),
and on the nylon fiber of CrFgrafted USFSLB gave distinct peak: 576.6 eV (Cr)2u312586.5 eV (Cr
2p1/2). The oxdunctional groups(denoted by CxOH) includi@H and-COOH from the collagen,
vegetable tannins and hydrolyzed nylon surface greatly influence the Cr valence states. The Cr ions of
chromiumvegetable tannins with higherggitive redox potential was unstable in the presence of
electron donor functional groups@H and COOH). So the Cr species was bound to the phenolic hydroxy
and carboxyl groups through complexation reactidh.

Selfassembly Mechanism of Collagen with @mmium-vegetable TanninsThe chromiumvegetable
tannins consisted of hydrophilic and hydrophobic part.(Figure 8) In consideration of the diversity of
molecular structures among the vegetable tannins and the many different functional groups in collagen,
all of the following interaction types would take place in principle: hydrogen bonding, ionic bonding,
hydrophobic bonding, and covalent bonditg.But the latter represented an irreversible change that
required molecular oxygen and was favored by highopHby the presence of polyphenol oxida%8s

and the charged groups was absent in the condensed tannins. Proanthocyanidins became charged only
at high pH by dissociation of the phenolic hydroxyl groups with formation or phenoxid&46tSo the
interaction types of ionic bonding and the covalent bonding between collagen and vegetable tannins
was not considered. Thus, the presence of hydrogen donors in the form of phenolic hydroxyl groups in
the vegetable tannins and of hydrogen acceptors in the fafrcarbonyl functions of the peptide
linkages of the collagen would naturally lead to a possibility of formation of hydrogen bonds. The
hydrophobic amino acid side chains on collagen such as aromatic ring, pyrrolidine ring, and aliphatic
chain are prone t@oncentrating to form a hydrophobic pock&t (Figure 8).Likewise, since both groups
contain hydrophobic regions, the aromatic nuclei of the vegetable tannins and the aliphatic side chains
of the collagen amino acids, it would seem equally possible thase would participate in the
interaction phenomena. Thus, the mechanism of association between chromwegetable tannins and
collagen was in favor of hydrophobic bonding. Considering that collagen has very complex structures
with a variety of chemicajroups of different affinity characteristics, it would, on the other hand, be
unreasonable to ascribe the interaction phenomena exclusively to this particular mode. It was in the
hydrophobic micro domains collagen molecules that hydrogen bonding wouldur,dé¢ and the
hydrogen bonding reinforced the hydrophobic bonding. (as shown in Figure 8)
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Figure 10 The potentiometric titration ofNaOH and pHNaOH

Modification Mechanism analysigrigure 12 showed that there was the method of grafte@1T on the

nylon fiber. In the step 2 of the modification, collagen was dissolved in the distilled water firstly while
the pH was about 6.0 (collagen stidun) and the microsphere did not form (Figure 9). At the same time,

it was welknown that nylon had a small amount of residual COOH angeN#i group. The pidate
profiles indicated that ionizations of the residual amino and carboxyl end groups in pidyed
important role in the observed piensitive permeation. The nylon formed high barrier to the
permeation of the cationic substance in the acidic medium (below pH5.0) but not in the basic medium
(above pH9.0), relative to the neutrgH region (pH 6:9.0)? The isoelectric point (pl) of the collagen
applied in this study was about 7.4 (Fingure 10). Therefore, the collagen was cationic and nylon was
neutral in the initial solution with pH 6.0. The collagen was permeated in the USFSLB fully @ar a giv
time ( Fingurell). Then chromiumegetable tannins were added and the pH of the collagen solution
was adjusted to 4.0 for preventing the chromium precipitate. In the pH 4.0, the collagen, and nylon had
cationic charge. But the vegetable tannins hadoait charge. So vegatable tannins was attracted by
nylon fiber (Fingurell). At the same time the chromium of vegetable tannins formed the complex with
COOH of nylon fibers by coordination bond (Figure 12). Then the collagen crosslinked with chromium
vegemble tannins by hydrogen bonding and hydrophobic bonding (Figure 12). Following, the chromium
of vegetable tannins formed the complex wHBOOH of collagen (Figure 12). These ways of-tinbésg

were alternated repeatedly until the microspheres werenfi@d on the nylon fibers (Figure 12). So the
outer surface of microspheres presented in two forms surrounded by chromium tannins layer and by
collagen layer.
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Figure13 The SEM/EDSof C-CrT-
onto nylon fiber grafted USFSLBon the different spots

SEM/EDS of-CrFgrafted USFSLB on the different spots were shown (Figure 13 ). After elemental
analysis of different microspheres (Table 3), it was confirmed that there wavefdrms of the outer

surface of microsphere. One was surrounded by chromium tannins layer, as shown Figaje a®l

the relative content of element C, O and Cr was 76.32%,7.04% and 9.67% respectively (Table 3). The
other was surrounded by collagen layas shown in Figure 4(®), and the relative content of element

C, O and N was 56.11%, 19.67% and 22.07% respectively ( Table 3).

Table 3 EDS elemental analysis of different spots

Chemical composition(%)

Spot

C O N Cr Si S Fe Au
(a) microsphere 76.32 7.04 * 9.67 * 0.84 0.83 531
(b) microsphere 56.11 19.67  22.07 1.04 0.13 * * 0.99
(c)nylon fiber  63.57 * * 23.80 0.12 1.36 2.10 0.99

" Not measured
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4. Conclusion

The waste biomass materials, collagen and vegetable tannins, was grafted on the nylon fibers of USFSLB
successfully. Some physical properties @rEgrafted USFSLB had be improved, suchamsogeneity
antistaticproperty. Importantly, the @rTFgrafted USFSLB showed excellent moisture absorption and
permeability. The modification mechanism what collagen and chromegetable tannins grafted on

the nylon fibers of USFSLB was demonstrated to be forming hydrogen bonding, hydrophobic bonding
and coordinationbond. More meaningfully, this method paved a way for recycling the waste biomass
materials, collagen and vegetable tannins.
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Nowadays the bottleneck for production capacity of a tannery is the restricted quantity of effluent
water being let out for treatment to Common Effluent Treatment Plant (GETs paper analyzes
possibility to reuse or recycle various waste water streams generated from various operations in beam
house.

Quantity of waste water generated per Kg of Raw skin or hide by conventional wet blue beam house
process is 8.5L to 10L. $meuse and recycle suggests reduction of this fresh water quantity to 1.5 L/Kg,
where the balance quantities are from this reused and or recycled waste streams. This implies final
discharge as effluent to CETP will be less than 1.5 L/Kg.

Waste water strems in a beam house are generated from8@ak, Main Soak, Lime, Fleshing, Delime
prewash, Delime, Delime 1st and 2nd, Pickle, Tanning, Piling. Beam house waste water streams vary in

pH, TDS and few other parameters. After required primary treatment, églhecemoval of Suspended

a2t ARa GKSasS gl aidsS auNBlFrya akKlrff 06S dzaSR Ay @I NR?2
long liming process, where we do not use any sodium sulphide, there sharpening action was done by the

old lime liquor, thistriggers idea of reusing lime liquor after removing suspended solids. We discuss
similar such reuse ideas for different waste streams at different stages.

Analysis on paper is done regarding quantity of treated waste water from different streams, and that
shall be used for different operations depending on their contents viz TDS, proteins, fats, other
chemicals and pH. This suggests number of iterations of reuse and recycle. Chemical requirement shall
be reduced as these treated waste streams have someeshchemicals, especially chemicals such as
Sodium Sulphide, Sulphuric acid, Chrome which are hazardous to environment and health.

Keywords:effluent water reuse recycle bottleneck reduction Suspended solids pollution load unused
chemicals pH

INTRODUCTION
If a tanner is given an opportunity that they can

9 increase their wet end (beam house) production capacity by 5.5 folds with given capacity of
effluent per day or
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1 earn by saving an amount of Rs 3.5 to 5.6 per Kg of Raw

imagine how much sustainable the buiSid & ¢2dzZ R 6SX | YARald GKS &Aaddz @
curtailed by effluent water quantity and cost involved in effluent treatment to meet pollution control
boards norms.

This is very much possible with reuse or recycling of effluent water, bastttedact that processing of

KARSAE FTyR alAya 32S8Sa ¢AGK FRRAGAZ2Y 2F alfid G2 Ay
TDS are problem for environment but are boon for leather processing, say for example, to solubilize
globular proteins in sdang, to control swelling in liming, deliming and degreasing, to split fiber bundles

and to control swelling in pickling, for dye and fatliqours fixation in dyeing.

This paper is written on the basis of coagulation, discoloration, and physical sepabli@&@Ss, TDS etc
using mechanical filters with sieves. The possibility of reducing TDS by enzymatic treatment and
activated sludge can add value into this project

It is observed here, that how many iterations the water shall be reused or recycled, witffeatirsg
process (reuse) water quality

Waste water streams and their properties

Waste water streams that are generated during beam house processes are Soak liquor, Lime liquor,
Fleshing water, Delime prewash water, Delime water, Delime | wash water, Délvash water, Pickle

bath, Tan bath, piling water

Soak ligour

Soak liquor contains dissolved Sodium chloride, major contributor for its TDS, Fat, Soluble proteins,
traces of hair, Dirt, Dung, Blood, processing chemicals such as wetting agent, Soa&, eéxkgiime
salts(pH controllers) etc. The pH of soak liquor effluent is between 8.5 to 10.5, TDS may vary between
30,000 to 1,00,000 ppm depending on source and percentage of water used. Its 100% for drum soaking
and 200% for paddle soaking based on sadted raw weight

Lime Ligour

Lime liquor has Proteins (Flesh, Hair), Fat, processing chemicals such as Lime, Sodium Sulphide, Anti
wrinkle agent, Lime enzyme, degrease agent. pH is fully alkaline, high TSS content, TDS shall be 10,000
to 20,000 ppm. Dosagis 100% for drum liming and 200% for paddle liming based on wet salted raw
weight or soaked weight.

Fleshing water

Fleshing water is used to prevent rubber feed roller from wear and tear and easy operating condition. Its
running water, it has flesh, fahair, soluble lime and sodium sulphide. Approximately 100% based on
wet salted raw weight or soaked weight., with pH >11
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Delime prewash water
It has flesh, fat, hair, hydrogen sulphide, soluble lime, traces of processing chemicals such as Sodium bi
sulphte, wetting agent. Approximate quantity is 100% on pelt weight, with pH >10

Delime WatEr

It has soluble lime, traces of sodium sulphide, fat, soluble proteins, processing chemicals such as delime
agent, ammonium salts, alkaline bate, degrease agent, baisr Approximate quantity of delime

waste stream is 30%, based on pelt weight, with pH 8.0

delime wash |
It has fat, soluble proteins, processing chemicals such as degrease agent, wetting agent, salt.
Approximate quantity of this waste stream is 100%sdzhon pelt weight, with neutral pH

delime wash ii
It has fat, soluble proteins, measuring 100% on pelt weight, with neutral pH

pickle bath
It has fat, acid soluble proteins, processing chemicals such as Salt (TDS contributor), acids. Approximate
guantity of this waste stream is 30% based on pelt weight, with pH <3.0

Tan bath
It has proteins, traces of fat, processing chemicals such as salt, acids, chrome, fungicide, alkaline salts. Its
waste stream measures around 150% based on pelt weight, with pH 4.0

PILNG water
Piling water is due to liberation of acid during olation and oxolation after the leathers are piled up. This
is similar to tan bath with pH < 3.0

WASTE water treatment and treated waters properties

The waste water is to be treated mainly to segi@ out TSS, decolorize and preserve from fungal and
bacterial activity. The values shown here under are based on waste water treatment in following steps,
coagulation, discoloration, physical separation of TSS, TDS etc with mechanical separator hasng sie
and preservation from fungal and bacterial growth.

The properties of waste streams, what to remove from that waste stream, what method shall be
SYLX 28SR Ay NBY2@If 2F AYLIHHZNAGE NBdzaAalFo6ofS 41 G§SND
processing argiven below.
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Per 100 Kg of Raw
Operation | Water What to Method of removal
Consin L remove

Coagulation, physical
SS, all dirts separation, discoloration

Lime paste 20
Coagulation, physical
Lime 200 SS, Sludge, Hajseparation, discoloration
Coagulation, Physical
Flesh 100 Fat, SS separation
Coagulation, Physical
Fat, SS separation
Coagulation, Physical
Fat, SS separation
Coagulation, Physical
Fat, SS separation

Coagulation, Physical
Il Wash 100 Fat, SS separation

Soluble protien|Physical separation
Physical separation,

TSS acidification

Physical separation

where to reuse treated waste water, why

The waste water should be reused in such a way that its properties are as per requirement at the given
stage of usage, where by usage of additional chemicals shall also be reduced. Also, considegaton

in such a way that TDS built up on no. of iterations be in control. Based on this concept the waste
streams reuse stages are defined as per below table. Read reuse stages column wise and reusable waste
A0NBIYQa &a2dz2NOS A& Ay NRgao
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Per 100 Kg of Raw

Re use stages

Soaking bathis made as composite of Fleshing water,-Resh water and Delime | wash water and
traces of tan bath. Other than tan bath the rest of the waste streams are at pH around 10, which is

Operation | Water |Let out Efflue Limel I
Consin | nt paste LimeFies Wash
10 200 45 85
Lime paste
Lime 200 20 150
Flesh 100 90
of 75
10 10
5 20 70
5 90
5 S
0 5 29 46
1 4
Fresh Watel 10 5 10 15/ 100
900 700200 20 200 100

desired in soaking to prevent bacterial growth, also traces of chromemgt low ppm can also inhibit

growth of bacterial colonies.

Lime bath is composite of some soak liquor, major lime liquor and balancing with fresh water, this has

soluble proteins and NaHS that helps removal of hair, and some portion of salt to resatttrolled

lime swelling.

Flesh water is contributed by traces of fresh water and major Delime Il wash waste stream, which has

deliming property, thereby reducing possibilities for lime blast on drying after fleshing.
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Delime prewash is contributed by aste stream of delime | wash and traces of delime, this helps in
removal of lime without addition of any deliming chemical as in usual practice.

Delime | wash is done with waste stream of soak liquor and traces of fresh water, the salt content in
soak ligior is set to start stage for pickling.

Delime Il wash be done with fresh water for cleaner pelt and balance of TDS on next iteration.

Pickle reuse water is from waste stream of tan bath (supernatant in chrome recovery), traces of pickle
bath and pilingvater, this totally eliminates use of additional salt as the bath itself issssifained.

Tan bath is composite of Recovered chrome, some supernatant water from chrome recovery and pile
water. This reduces usage of Chrome for tanning.

WHAT CAN BEEDUCED

The waste streams composition in reuse stages are designed such that chemical dosages shall be
reduced, a glimpse of the same is given below
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Per 100 Kg of Raw

Operation Water |[Let out Efflue Reduction in
Consin | nt dosage of
Alkali
10

Lime paste
Sulphide

Lime 200 20

Flesh 10

Delime chemical

10

Delime Chemical

Salt, Acid

Chrome

(@I 11N [*) I [%)

How many iterations can be done

It is studied on how much TDS will be contributed at every reuse $tagevery reuse iteration. It is
found that Pickle and tanning stabilizes at 9000 ppm frdhitdration, Soak bath at 52,608ppm from
36" iteration, lime bath at 47,547 ppm from Hbteration and Prewash, delime, delime wash at 45,017
ppm from 40 iteration, after these any number of iterations can be done, the end iteration has to be
decided based on practical experience. Find the numbers from below table
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Per 100 Kg of Raw
Operation | Water |Let ouf
Consin

Lime paste 20

Lime 200

|_\
~
C)

Flesh

[l Wash

|
o
C)
[ —
= © © N o
U1 (@) (&2} (2] O -

Fresh Wate

[teration 1

TDS1
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32,175

Iteration 4 [l Iteration 36 fl Iteration 40l Iteration 46

TDS 47 TDS 368 TDS 40§ TDS 46

44,334

45016

2,000 2,000 2,000



Conclusion

The paper finds clearly that the waste streams be reused effectively, without nofichewer
technologies, just relying on basic requirements of feed bath in various stages, that effluent can be
reduced by 80 90%, or indirectly the production capacity based on effluent shall be increased by 5.5
folds.

A savings of effluent treatment sbby Rs. 3.5 to 5.6 per kilogram of raw hides is possible.

Technologies such as use of enzyme to reduce TDS and in activated sludge system, as some proprietary
suppliers claim, should be explored as one method of removal and or treatment.
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Zerowaste or minimization of waste is now a strongly emergingissuefor the industrial development
especiallyin leather and leather product industrieswhere an integrated waste managementsystemis

the needof the hour to sustainin the leatherbusinessLeatherindustry generatesa significantquantity
of solid wastesthat are affecting the environmentaswell asthe industry economicallylt is estimated
that the industry producesabout 1.4 Million tons of processedwaste per year worldwide, with the

majority as sludge, being disposed as landfill. This waste disposal mechanismis in conflict with

increasinglegislationand environmentaldriversto encourageavoidanceof waste and waste disposal.
Theimplementationof stringentenvironmentalregulationshasled to increasingdisposalcostsalsoto

the industry. Thetanningprocesse generateevengreaterquantitiesof leatherwastes few alternatives
are at presentcommerciallyavailablelike fuelling. Leatherscrapsrepresenta largepart of thesewastes.
In most casesjnternal reductionsolutionscannotreducethe quantitiesof wastevery muchand most of

theseindustriesend up sellingthesescrapsto the local collectingagents.L (ladb&sfor theseindustries
whenthey haveto sellthesescrapsor Rs.1620 per/kg or sometimesevenless,to smallvendors.

Also,from the literature reviewdone, it hasbeenfound that attempts havebeenmadeby the previous
researcherdo utilize the wastesfrom the leather industriesby turning them into leather boardsor
compositeboards,etc. Not muchresearchwork or designinterventionshawe beendonein the previous
yearsfor convertingthe leatherwastesinto commercialeatherproductsfor the market.

In this context, the main objective of this researchwork is to understandthe problem of solid leather
wastes particularly finished leather scrapsthat has been generatedby the leather industry and to

reducethe leather wasteshy convertingthe scrapleathersinto useful productsthereby reducingthe

impacton the environmentand alsominimizingthe lossfor the industrydue to hugedisposl of unused
leathers and scrapsas wastes. The researchwork presentsthe strategiesfor the collection and

assortment of different types of finished leather scrapsgenerated by the leather manufacturers,
footwear, leather goodsand leather garmentsindudries. Then, suitable designconceptsand product
developmenttechniquesare appliedfor convertingthe scrapsinto innovativeleather productswhich
are commerciallyfeasibleand can be marketeddomesticallyas leather lifestyle productsat affordable
priceto the massconsumers.
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1. Introduction

Newtechnologiesare generatinga big amountof leatherwastesyearafter years.It would be helpful for

the environmentif somethingnew from the wasteor unwantedscrapsof better quality are created.The
primary aim was to assesshe type, quality and size of leather scrap collected and to incorporae

different approachesandtechniquesto developvalueaddedfashionand homeaccessoried.eatheris a
uniqueandhighlyversatilematerial. It is a renewableresourcebasedon a by-product of the meat, wool

and dairy industriesand usedin a wide range of productsas diverseas garments,footwear, luggage,
bagsand portfolios, ladieshandbagshelts and severalindustrialaccessoriesThe cutting and sewingis

done accordingto the pattern/design/sizeof the product manufactured.Thisgeneratessmall cuttings,
side layers from the leather sheetswhich are abandonedare consideredas waste. This generated
leather waste disposed into the landfills, which takes long time to decompose and creates
environmentalpollution. Toreducethe eliminationof wasteand usingall the resourcesappropriatelyis
very necessaryHowever leatherindustryis alsoaccusedf beingone of the most polluting industries.
Not only production but consumptionof leather also produceswaste. To counter the problem, the

industry has taken many measuresfor reducingits negative contribution towards environment, but

there are only few measureshat have beenimplementedtowardsthe designintervention part of this

problem.

2. LiteratureReview

Swaminathan(1998xtates that sludge from tannery effluent treatment plants in India has been
categorisedas hazardousvaste due particularlyto the presenceof chromiumin it. Whilst the mobility
and toxicity of chromiumis under review in certain developedcountries(e.g. USA Australia)in many
developing countries the presenceof chromium limits disposaland / or conversionpossibilitiesof
tannery sludge.Threecommoneffluent treatment plants operatingin Ranipetarea, TamilNadu, India,
generateabout 23 tons of sludgeper day (dry matter). With UNID@ technicalassistanceCETHRanitec
establisheda temporarysafelandfillin October1997.CETFSIDCGQollowed suit with a smallerlandfill. A
more basic landfill, representing conventional large landfills, has been planned for CETP Vishtec,
Melvisharam,Ranipet.In conventionalphysicchemicalcum biologicaltreatment system70-80 per cent
of the sludgeis producedin the primarytreatment and the remaining20-30 per centis producedin the
secondarybiologicaltreatment. The solidscontent in the tannery effluent will dependupon the raw
material, type of processadopted,chemicalsusedin the processand other in- plant control measures.
Themainsourcesof suspendedsolidsgenerationare first soakingJiming andvegetabletanningthat too
if carried out in pits using crushed barks and nuts.

Maroquinerie(2000showsthe quantificationof the wastesproducedis a difficult task; the production
data (numberof pairsof shoes,numberof glovesetcher not availableon a worldwide basisexceptfor
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leather and for leather footwear. The calculationsfor the other products have been made from
exportationdata which do not representproduction. However,with the figuresobtained,it seemsthat
Asiais the 1stregionregardingthe productionof wastesin the leathersector.lt is producingmore than
60%o0f the wastesin the world. Leatherscrapsrepresenta largepart of thesewastes;at the sametime,
scrapsfrom wet blue (tanning process)are very important too. In most cases,internal reduction
solutions cannotreducethe quantitiesof wastevery much and internal recyclingsolutionscanonly be
applied in large scaleto thermoplastics.Thisis why recyclingsolutions must be found outside the
factories.Asthe recyclingtechnologiesneedlargequantities of wastes(>2000t/year), the leathersector
must organisethe collection,the transportand the recyclingoperationsin order to find a solution. For
the other wastes,it will be difficult to find a recyclingsolutionwhich could be operationalrapidly. Thisis
why the valorisationsolution seemsto be the incinerationwith energyrecoveryand under controlled
conditions (exhaustgazestreatment). In that way, scrapscontaining PVCwill probably become a
problem due to the production of chlorohydrinacid during the combustion.As a consequenceand
unlikethe other wastes waste containingPVGwill probablycontinueto needlandfillsin the next future.
Theseconsiderationsalsoapplyto worn finishedproductsasit containthe samematerials.In any case
andin order to start/improve the recyclingtreatment of wastes,the leather sectorwill needto develop
a new internal organisationand new internal responsibilitiesin the factoriesas well as a structured
organization between the factories which could deal with these new environmental issues.

Zlin (2000)showsthat the leather manufacturingprocessgeneratesa variety of solid wasteswhich are
well known,we only selectedthe wasteshavinga chemicalcompositioncomparableto finishedleather
1. Wet blue splits,trimmingsand shavings?2.leathertrimmings, 3. Leatherdust. Footwearis the sector
which consumesthe major part of leather (60 %). Logically,this industry is producingthe largest
guantity of leather wastes. However, in spite of the specift application of their products, these
industries a have some common points which are describedhereafter the process(and even the
machines)involves similar production steps and technologies(except for footwear for which the
assemblingechniquescanbe sophisticated) With Europeanpartners(researchinstitutes, industriesof
the leather sector, machinerymakers),the CTChasjust completeda 24 month craft project aimingto
develop a cutting systemableto & 3 S 2 Y S the\tAwih&lés. The objective of this approachis to
generate the solid wastes at the earliest possible stage. This meansthat the best place is in the
tanneries,beforethe beamhousestage.Practicallythe geometrisationconsistdn automatic(CDcamera
+water jet cutting) trimming devie. Thankgo a specificsoftware,the width to be cut at the sideof the
hide/skinis optimised;the sizeof the trimmings are automaticallycalculatedaccordingto the areaof
the hide/skinitself (belly etc.). In this way, the trimmings containlesschemcals(raw hide) and canbe
easilyrecycled.In the whole leather processingchain, the minimum quantity of chrome containing
wastes can then be generated.

Kareland Viswanathan(2001) found in their study that a part of wetblue leather shavingsis usedin
leather board manufacturealongwith vegetabletanned leather (El)shavingsThewetblue shavingsare
mixedwith Elshavingsn the ratio of 1:2 for production of leather board. Unusedwetblue shavingsare
dumpedin openareasaroundtanneries riverbeds andetc. in Indiaand elsewherein the regioncausing
a seriousenvironmentalhazard.The presenceof chromiumin suchshavinggposesa potential danger.
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Thistechnologyusesorganicaminessuch as iso-propyl amine, di-isopropylamine, cyclohexyl amine
and other chemicals.Use of these volatile amines has the following advantages:Ash content in
hydrolyzedproductsis low. It increasesthe chromium oxide content in filter cake, thus facilitating
regenerationof tanning salt. When concentratingdiluted sdutions of protein hydrolyzate,a certain
regenerationof organicbasei.e. aminestakesplace.Theefficiencyof protein yield increasefrom 60%
to 80%and more. Plantsfor treatment of liquid wastehavebeenestablishedn manyof thesecountries.
Thoudh many options existfor managementf solid wastesfrom tanneries,solid waste utilization and
disposal continue to pose a serious challenge to the tanners.

Steve ABBOTT2002)is organisinga project whose objectiveis to developat least one commercialy
viablerecyclingroute for finishedleather, thereby lesseninghe environmentalimpact of the footwear
industry and improving its competitive edge by reducingwaste disposalcosts. The use of products
containingwaste leather would be demonstratedin applicationsin footwear and other industries.The
objective of finding a viable recyclingroute for finishedleather wasto be achievedby: - compression
molding an intimate mix of binder and leather fibers - incorporatingleather fibers into a nonwoven
fabric - using leather fibers as a filler for polymeric systems.A comprehensivestudy would be
undertakento quantify what leather wastagethere is in footwear and other industriessuchas clothing
andfurniture. SATRAad existingdata on footwear production and leatherusage but this lackeddetail.
Forthe purposeof this study,information would haveto be collectedon the compositionof the leather
market suchastype of leather (e.g.cow, pig or goat), type of tannageusedand nature of finish. It was
possiblethat these factorswould affect the recyclabilityof the leather. Leatherfiber propertieswould
be fully characterisedusingtechniquessuchas optical and scanningelectron microscopy,FTIRGCMS
and wet chemicalmethods. Activities were alsoto be undertakento disseminateinformation, both
during and on completionof the project. Thiswasto includein-housepublications,trade journalsand
two seminars, at which use of the leather fiber containing materials would be demonstrated.
Neverthelessthe project hasgenerateda considerablebody of knowledgewhich will be invaluableif
and when conditions are favorable. If, or more likely when, the routes for recyclingwaste finished
leather identified in the project become attractive for commercialexploitation then the anticipated
environmental benefits (reduced disposalof materialsto landfill and incineration, with consequent
reduction in emissions of substances to land, water and air) will be achieved.
Bowden(2003)statesthat the leatherindustryis estimatedto producesomel.4 Million tons of process
waste per year, with the majority as sludge,being disposedto landfill. Thiswaste disposalroute is in
conflict with increasinglegislationand environmentaldrivers to encourageavoidanceof waste and
wastedisposal Thishasled to increasingdisposalcostsand difficult logistics. However few alternatives
are at presentcommerciallyavailable Theresearchis to provide a degreeof industry acceptanceof the
technology, provide experience in emissions and measurement, process operation, robustness,
regulatoryissues licensing,designand an indication of operationalissuesto be expectedwhen rolled
out onindustrialsitesfor riskanalysesTheeconomicandstrategic pressuredacingthe leatherindustry,
the relative successof the technology at demonstration scale suggeststhat the application of
gasificationcould point therefore to a cleangreen and efficient waste disposaland energyrecovery
solution for the leather sector. Thisis in support of EUpolicy implementation,and governmentpolicy
support and yet providespaybackperiodsto eachsite estimatedat 3 yearsor less.Improvementto
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processrobustnesds currently beingaddressedin order to provide evengreater (industrialand public)
confidence.Gasificationof wastessuchas sewagesludge,agricultural residues,packagingmunicipal
solid waste, refusederivedfuel and other residuesfrom paper,tire and leatherindustrieshavedistinct
advantagesover simple combustion devices(e.g. incinerators, boilers etc.).In so far as, with well-
designedgasifiersystemsthe product gasis controllableand cleanenoughto operate combinedheat
and power (CHP)ystemsor be applieddirectly into burner systemsof boilers Downdraft gasification
would seemto be preferableto updraft gasificationfor a smallsite application(e.g.industrial site), on
the basisof cost, gasquality and aesthetics.Compliantemissiongo atmosphereshouldbe achievable.
Thisstagethe technologywill need more on site trials before sufficientdata can be collectedto prove
compliance Also,compliancecan only be ascribedaccordingto the choiceof applicationto which the
syngasis put. SupplementaryRTO (regenerative thermal oxidisers) may be required (secondary
combustion) in  addition to conventional post combustion abatement plant.

Kanagaraj Velappan,Chandra& Sadulla(2006)hasdescribedin their study that solid wastesby the
leatherindustry causepollution problemsin terms of sludge, BODand TDSRawtrimmingsandwet blue
trimmingscanbe usefulto generateglue and gelatin.Keratinhydrolysatecan be usedasan exhaustive
aid for chrome tanning Fleshinghydrolysate can be used as a tanning agent by proper chemical
modjification. Fleshingwastes can also develop poultry feed. Chromead buffing dust are useful in
developingretaining agents, fertilisers and landfill sites. Leatherindustriesin developingcountriesis
facinga lot of solidwastesproblemand manytanneriesclosedfor not ableto meet bio chemicaloxygen
demandandtotal dissolvedsolids.Tha®is why it isimportant to managethe leatherwastein to useful
products generated by the leather industry.

Perssomand Malin (2006)talks about genericdevelopmentprocessthat was followed throughout the
projectandthe goalwasto end up with a numberof conceptideasto further develop.In the beginning
the range of product possibilitieswas wide but the usageof different developmentmethods made it
possibleto eliminate the lesssuitable. The result was eight final product concepts;bookmark,pocket
mirror, serviettering, lantern, vase bowl, mugandglassmadeout of leather.Forthe conceptsa pattern
wasdeveloped.Toevaluatethe result of the project, most of the productswere shownastest products
madein leather at the Noliafair in Pited and the visitorsof the fair were ableto give their reflections.
Thisultimately led to a few changef the final productswhich hopefullywill be manufacturedand sdd
in the future. The main goal with the project wasto give Bot S os&ah@erythe possibilityto usethe
resultin future developmentof their product range. Theresult would consistof three to five product
concepts.Theseconceptswould be well-made, if possiblepresentedasleather models,andwereto be
ready for manufacturing. The products would foremost be attractive to a younger market.

Yimaz Kantarli,Yuskeland Jale(2007)havefound out in their studythat Leatherindustryis the one of
the wide spreadindustriesof Turkeyand thus it is polluting the country in a large scale.The leather
makingprocessgeneratessubstantialquantitiesof solidandliquid wastes(hidesand skins fats, shaving
and trimmings, buffing dust, processeffluents, sludye). Mostly this wastesare disposedin land. It is
reported that the tannedwastesof 0.22kg/kg of wet saltedhides/skindgs generatedper yearin Turkey.
Sincethe chromiummetalis the mostimportant tanningagent,the solidwastesfrom chromiumtanned
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leather requiresspecialattention becauseof the largeamount producedand becauseof the legislative
restrictions. In literature, there are many studieson the treatment of tannery wastes.Most of these
studiesconcernghe extractionof chromiumfrom wastesto re-usein the tanningprocessOnthe other

hand, pyrolysismay be one of the alternativeroute for treatment of solid wastesfrom tannerywastes.
Pyrolysishave beingwidely appliedto organicwastes,suchas agriculturalwastes,scraptires, sewage
sludgeand plasticwastes. The pyrolysisprocessinvolvesheating the carboneousmaterial in an inert

atmosphere.The productsof pyrolysisare gas,oil and carbonaceousesidue.The gascanbe usedas
fuel and the oil caneither be usedasfuel or asraw material for chemicals.The carbonaceousesidue
canbe burnt asfuel or safelydisposedoft sincethe heavymetalsare fixed in the carbonaceousnatrix.

In addition, this residue is also suitable for production of activated carbon. The physicalactivaion

method involvespyrolysisof the raw material and the subsequentactivationat high temperaturein a
carbondioxide or steamatmosphere.Thechemicalactivationmethod involvesthe pyrolysisof the raw
material previouslyimpregnatedwith a chemicalagent suchaszincchloride,phosphoricacid,potassium
hydroxide, etc. A large number of agriculturalby products suchas coconut shells, palm-kernel shells
wood chips,sawdust,corn cobs,seeds,etc., have been successfullyconvertedinto activatedcarbons

Thequalitiesand characteristicof activatedcarbonsdependon the propertiesof the startingmaterials
aswell asthe activationmethodsand processesThereare few studiesrelated to pyrolysisof tannery
wastes.Researchwascarriedout a kinetic analysisof the globalthermal decompositionof leather. The
pyrolysisof chromiumtanned leather was modelled assumingthat it was formed by two different

fractionswhich decomposeby two independentreactions.Theyalso studiedon the pyrolytic products
ewlved from the thermal degradationof chromium tannery wastes by two stagespyrolysis. They
concluded that the formation of pyrolytic products was influenced by the operation conditions
(temperature, heating rate). Theyalso detected significantlevels of ammonia,hydrogencyanideand

Sulphurdioxide. The activation at 825 Cin carbondioxide of chromiumtanned leather. The porous
texture of carbonshasbeen characterisedby adsorptionof N2, CO2and iso-butane. Takingthe above
considerationgnto account the aim of this work wasto investigatethe production of usefulmaterials
from different kindsof leatherwastesby pyrolysis.A primary focusof the paperis on the productionof

activated carbon and investigation of its aqueous adsorption characterisics.

Sekaranswarnalatha,Srinivasulu2007)hasfound in their researchthat Leatherindustry generatesa
significantquantity of solid wastes.Theyare classifiedinto tanned and non-tanned collagenousvaste.
The dissolved chromium and other spent chemicals namely proteins, poly phenolic compounds,
surfactants, dyes, etc. present in the wastewater are removed through chemical precipitation
technique usinglime and ferrous sulphate, before the wastewateris allowed to enter the biological
treatment process.Theprecipitatedchromiumalongwith the other organiccompoundss dischargedas
primary chemicalsludge.The basiccomponentof solid wasteis protein. Hence they undergomicrobial
degradation,may be at retardedrate. Optionssuchaslandfill, vermin composting,anaerobicdigestion
and thermal incinerationwere consideredfor disposalof solid wastes.Leachabilitystudy through TCLP
on solidifiedblock was carried out to determinethe degreeof leachateand metals. The percentageof
metalfixationwas99.199.9%anddissolvedorganicconcentrationin the TCLReachatewas55-66 mg/l.
Indexterms - Chromeshavingbottom ash,sludge starvedair incineration,solidwaste,leatherindustry.
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Karabay(2008) haswrote in his study that there are many some saltingmethods(drying, keepingin a
temperatureof -3 Celsiuslegreeor putting in the ice bars).Treatingleatherwith salt methodis applied
sinceit is economicallythe bestway, it causesan additionaltreatment costto the facility. Thissalt can
be detracted from the facility by whippingby-hand method to a minimum degree.Also, the slaughter
housesare near the leather tanningfacilities but this doesnot necessitatethat the leathersshouldbe
immediately tanned or additional chemicalsor technologiesshould be used. Sincethis factor is not
consideredduring the foundation of the facilities, this alternative cannot be used in the processof
decreasinghe salt addedinto water. In the first facility, waste productsfrom snippingand trimming
processeswere used as raw material in other industries, but in time, these waste products caused
additional pollution sincethe shipmentsexpensesecamecostly becauseof the distancebetweenthe
facilities. In the other facility, these waste productsare sold. Waste productsfrom fleshingprocessare
usedasraw materialin neither facility. Todaythe most easilyappliedmethod for hair-removingprocess
is usingchemicalssuchaslime, sodiumsulphide (arsenic)and kaolinin liming closets,which doesnot
require additionalwork force. But this method is one of the reasonsfor the increaseof the pollutionin
the water. Anothermethod is whiteningmethod. In this method, a solution composedof arsenic,lime,
sulphide hydrate and kaolin is applied on the sub-section of the leather, and the leather is left for 3
hours, then the hair is removed manually. Thiswhitening method should not be ignored sincein this
method the processwater is used and the chemicalsand the pollution in the water are kept at a
minimum level, in addition, it can be sold and most importantly this method helps energy saving.
Consideringthe physicalcharacteristicsof the leather achievedby the chrome tanning method, this
method is used in both facilities for producing desirable qualty leather. Vegetative tanning or
alternative tanning methods can be usedinsteadof this method. Eventhough we cannot completely
extinguishthe pollution that is causedby chrome tanning method, we canrecyclechrome by making
use of cleantechnologiesto minimiseit keepingthe pollution of the environmentand costs of the
chemicalsused at a minimum level. The processof minimisingthe pollution by recyclingchrome is
applicablein both facilitieswithout any areaproblem. Thistechnologyis perfect for the big or medium
sizedfacilities. But it is a fact that, consideringthe additional processesdn the future and unplanned
construction costs; the modification of the clean technologiesshould be subtracted. Sincethe first
facility is located in a free leather trade area, it is not required to constructa pre-treatment facility
becausehere is a singletreatment facility in this free trade areato minimisethe wastesfrom all of the
facilitiesin this area. But wastesfrom liming and tanning are elevaid to the facility in separatecanals
togetherwith the processwater and dischargedn accordancewith the rulesstatedin the Regulations.
In both facilities,for the control of the pollution, the most appropriatetechnologiescanbe preferredin
both refining and operating processedy employingmassbalancecalculationswhich is an additional
indicatorto the RegulationsThesecondfacility hasconcentratedon this kind of an activity andis trying
to get data for calculations.

Katarzynarela(2010)showsin their studythat the tendencytowardscleaner,wastefree productionin
the recentyears,particularlyin the EuropeanUnion, opensnew possibilitiesfor tanneriesin terms of
waste management. However, new technologies are required that would be able to provide
comprehensivesolution for tannery waste management.This paper outlines the concept of such
technology,utilizing chemicalincinerationprocess.Tannerywaste managemenis a seriousproblemfor
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all tanneries.Untannedhide waste can, in certain casespbe usedasraw material for the production of
glues, gelatine, protein casings,as well as forage and fertilizers. There are also technologies of
transformingwasteinto biogas.Furthermore tannedhide waste canbe usedfor the productionof the
so-calledcompositionleather. Neverthelessdue to economicreasonsand legalregulationsprohibiting
the use of animalwastein the forage production, the managementof this type of wasteis minor. The
majority of suchwasteis storedin lands.Thiscreatesfurther environmentalhazardsue to the emission
of odours, washing away of toxic substances,etc. In general, there are no solutions enabling
comprehensivedisposalof all waste within the economiccapabilitiesof the tannery. Thermalwaste
neutralization is, in many cases, the alternative to storage, which is considered the most
environmentally hazardousmethod of waste disposal. Also, it is often required by the relevant
provisionsof the law that order certain types of wasteto be incinerated.Ratherthan a cumbersome
burden,waste canbecomea valuableenergysource.To achievethis, appropriatefacilitiesare needed
to ensure correct and environmentally friendly waste incineration.

Stanislawand Krystyna(2011)wrote in their study that the modernleather industryis basedon hides
whichare a by-productof meatindustry.In this aspecttanneriesreusewastefrom other industries.But
on the other hand, the tanning processegyenerateeven greater quantities of by-products and waste
leather.1 Mg of wet saltedhidesyieldsonly about 200kg of leather. Therest ¢ about800kg ¢ becomes
waste, includingtanned solid waste (about 250 kg), non-tanned waste (about 350 kg) and wastelost in

wastewater(about 200 kg). Water required for the processiig of 1 Mg of hidesamountsto 45¢50 m3.

Thechemicalreagentsconsumptionis alsohigh¢ for 1 Mg of hidesabout 400kg of chemicalds needed,
includingsodiumchloride, lime, sodiumsulphide,sulphuricacid, basicchromium sulphateand others.
Thus, the impact of tanning industry on the environmentis significantand the proper waste and

wastewater managementby tanneriesis of great importance.Due to FAOstatistics,the worldwide
annual production of bovine hides and skins amounts to about 6 million Mg (wet salted weight).
Sheepskinsambskins goatskinsand kidskinsare processedor 600 thousandMg (dry weight). Rough
calculationsrevealthat the world leather productiongeneratesabout 3¢3.5 million Mg of solid waste,
which requires appropriate treatment in respect of the environmental protection standards. The
production of leather hasincreasedin recent years,mostly in developingcountries. The UEcountries
processabout 11%of world bovinehidesproductionand about 12%of sheep and goatskingroduction
(mostly Italy, Spainand Germany).Theamountsof bovine hidesprocessedn Polandhavedecreasedn

recent years, yet the values are still significant¢ 22.7 thousand Mg in 2009. Other sourcesgive
information about the leather production in Poland ¢ about 9.5 thousandMg of leather from bovine
hides was produced in 2008.Theproper utilization of this waste not only eliminates the negative
environmentalimpactof its landfilling,but alsobringsbenefit suchasenergyand materialrecovery.The
combustion  process permits to  utiize all types of solid tannery waste.

Paul,Antunes,Convington Evansand Phillips(2013)hasfound out in their studythat zerowasteis now
a stronglyemergingissuefor sustainableindustrial developmentwhere minimisationand utilisation of
wasteare a priority in the leatherindustry.In a tanneryhidesand skinsconvertedin to leatherthrough
various processes Approximately20% (w/w) of the chrome containingtannery solid waste (TSW)is
generatedfrom oneton of raw hidesand skins.However tannery solid waste may alsobe a resourceif
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it is managedexpertly as we move towards zero waste. Moving towards zero waste requires that
industryadoptsa circulareconomy.ln Bangladeshsubstantialenvironmentaldegradationoccursin the
crude disposalof tannery solid waste. An increasein the utilisation of potential and traditional feed
ingredierts by processingndustrieswill leadto the developmentof new feedstuffs. Tannerysolidwaste
is however a potentially very vital source of protein once dechromed. Dechromingrate can be
controlled to producea final product with a low level of chromium and satisfiesthe requirementfor
poultry feed. Thechemicalsusedin this vital processdo not impingeof the final quality of the product.
Some(Ca,Na)are advantageousn the final product. Thispapershowhow a wastecanbe changedo a
valuableproduct by adoptinga sustainableapproach.Furtherresearchwould needsto be undertaken
into these by-products with the aim of establishingtheir value for a wide range of animal feed.
Kim Joo (2014)claimsthat with the help of 5R (Reduce Reuse Recycle Regeneration,and Refill), the
conceptof upcyclinghas been placedas a strong cultural, political, economic,and cultural factors of
influence in helping understandingthe environmental issuesand working on it. In the following
research 29 designsof high valueaddedup-cycledluxury handbagdor the Dubaifashionmarketwere
developedfrom the consumerwastesproducedfrom the manufacturingand sewingprocessof fashion
productslike handbagst apparel. Thedesigngresultingfrom the following study are plannedto be sold
asa limited exclusivdine in Dubai'sHarveyNicholsand Bloomingdale'srom the 2014 S/Sseason.The
market analysisand proposeddesignmodel in the presentstudy are generallyapplicablein the future
developmentof the trading markes. Throughthe following study, it is hopedthat Koreawill no longer
be the passiveconsumerof the global luxury marketsbut insteaddevelopas a leader of the fashion
industry and lead international exchangethrough strengthenednational competitivenes. Up-cycled
handbagshave manufacturingdisadvantagesvhere the materialsand suppliesare limited and are only
available through order-made service. However, these disadvantagesare rather advantageousfor
Dubai's upper-classconsumerswhere order-made service and the right to choosetheir own color,
material, and shapeof the designis consideredas the opportunity in creatinghigh valuesin Dubai's
luxuryfashionaccessoriemarket. SecondPubai'supper-classwomenprefer coutureaccessoriesvhere
the designsmight be similar but are unique in material, color, and detail. Thus,applicationof three-
dimensionalappliqué techniquesas designelementscan be seenas the key strategy for stimulating
consumersinterests.Third,the keyelementin the consunption patternsof Dubai'supper-classvomen
is the preference of purchasing whole items instead of a single item.

Md Ola, Youssefand Bloch2 &#015) study focuseson two problems: (i) the valorizationof industrial
waste, in leather industry, (ii) the prevention of fire, or at leastthe flame burning tendencyof paper
materials.Oneof the most significantproblemsof the leather industryis waste generation:About 60%
of leather substanceprocessedn tanneriesare eliminated, mainly after shavingprocessin the form of
protein wastescontainingabout 10¢15% chromium. Leatherwaste shavingswere disintegratedin a
multistageway to obtain a powder, and then sievedthrough a sieve(0.3meshes) Theresultantleather
powder was divided into three parts: (i) untreated leather powder, (ii) leather powder treated with

triethyl phosphateand (iii) leather powder treated with Bromine(treated Il). Thetreated samplesvere
Uf G $ NIRRN SR€for 2 hoursin an air ovenand sievedagainthrough a sieve(0.3meshes)then

they canbe includedin the preparationof hand sheets.Thesewastesare mainly depositedand burned
causinghazardsto the environment.In the last few years,chrome shavingsasfiller in polymer,rubber
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and paper were studied. Improvement of flame tendency may impact both society and industry
preventingfire lossesin previousstudy flame retardant of leather were reduced. Worldwide, paper,
plastic,and polymersmakeup a largeamount of materialsusedin everydaylife andin manycaseghey
contribute significantlyto fire when ignition sourcesdue to their ability to firing. In this study, leather
wasteswere grinnedto Nano size,treated with flame retardants,and then added asfiller during the
paper sheetsformation. Usingof these wastes help in reduce their hazardsand give an economical
benefitto papermakingandan effective solutionfor paperfiring. Papercontributesto fire becausehey
havelow flame due to their cellulosicnature while plasticmaterialsare inherently flammableowing to
their chemical based upon petrochemical feedstocks.Among the pyrolysis components,the most
significantis cellulose which is the principalcomponentin forest speciescomprising41¢53%(w/w) of
the total weight. The thermal degradationof celulose takes usually place between 250 and 400 C,
through two competingpathways:one is the dehydrationwhich leadsto charand gases(mainly, CO,
C02,and H20)and the other is the depolymerisationwhich leadsto tar and volatiles through the
formation of laevoglucoseFire retardant is that any substancethat by chemicalor physicalaction
reducesor inhibits combustion,decreasinghereby both the rate of spreadandthe fire line intensity of
a forest fire. Many studies of retardant effectivenesswere carried out based on water solutions
containingdifferent chemicals Thelongterm retardantsconsistof flame inhibiting chemicalsdissolved
in water. They remain effective even after water has been removed by evaporation.
Jiang Junshengnd WeiHan (2016) claimsthat the genuineleather cannotbe obtainedvia an artificial
method and must be convertedfrom raw skin/hides.Thefabricationof leather from raw skin/ hidesto
finished leather must undergo various complexsteps. The proceduresusuallyinclude such operation
stepsas: pre-tanning, tanning and posttanning. In these steps, large amountsof leather solid wastes
(LSWshnd wastewaterare produced.It was reported that about 1000 kg of wet salted hideswould
yield only 200kgof finishedleather (ca. 20%of raw hides);while it would generatemore than 600 kg of
solidwastesand byproducts(beyond60%o0f the raw hides).The conversionof raw skin/ hidesinto the
finishedleatherneedsthe useof about 100 chemicalgo removeunwantedcomponentswhichwill also
generatevarious LSWsor wastewater. Thus, pollution to the environmentinevitably will occur. Asa
result, the contaminationcausedby leathermakingseverelythreatensthe environmentand the health
of humanbeings.Howto treat these pollutants attracts much attention. Consequentlydevelopingnew
strategiesto treat leather wastesis urgent. Presentlythere are two dominatingmaterial streamsand
systemsfor leather waste treatments: Wastewaterand solid waste. The former is directed to obtain
purified water. Whereasthe latter placesmore emphasison the removal of toxic pollutants, suchas
chromium, and the recoveryof some useful products, suchas collagen.Whether it is wastewateror
solidwastetreatment, efficiency,operationcostandadaptabilityof techniquesare the major concernof
cleaningtechnologies.For the direct dechromingof CTSWsmore researchneedsto be done for
optimising the operation parameters, reducing the operation costs and improving the device@
performances. The process integration of hightemperature pyrolysis and biochar dechroming

techniques might be more efficient.
3. Research Method
Modelling
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The aim of this researchmethod is to make designconceptsand fabricate from leather scrapsand
wastescollected from the Kalyanam& Co.tannery, Chennaifor the commercialuse and market or
simulate by referencing it to existing and usually commonly acceted knowledge.

4, Researchmplementation

4.1.  Introduction

The leather scrapsand wasteshas been collectedthat is generatedby Kalyanam& Co. during the

tannery process.Somescrapshave been also collected from their footwear company. Thesescraps
contairs different sizesand thicknessof leather which are scrapedduring the tanning processfor the

better treatment of the leather. Thesescrapsare segregatedaccordingto their size thicknessandfinish

to accordingly create design concepts for the products.

4.2. MaterialsWaste/Scrap Leathers
Theleather scrapsthat hasbeenusedfor the researchwork hasbeencollectedfrom atannery. These
scrapsincludesboth finish and semifinishedleather that hasbeenscrapedduringthe tanningprocess.
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4.3. Collection and Selection of Scraps
Theleatherscrapsare segregatedaccordingo their sizesthicknessesndfinishes.Thoughthere arefull
leather skinsthat hascut outs of the patternsthat hasbeenusedto make footwear. To sort that out,
the leather sheet has been cut into smaller pieces in order to segregate the leather.

-Sizes: 1, 1.5, 3 sq. ft. are available
-Finishes: Patent leather Cow, full grain Cow, Oil pull up Cow, Matte black Cow
-Thickness: 6mm, 7mm, 8mm & 10mm

4.4. New Product Development Strategies
The researchhave been conductedto checkon the existing productsthat are being made by only
leather scrapsthat comesout from the industry. Theseproductsline categoryare dividedinto 5 major
sections:

1. Flat goods
2. Desktop small accessories
3. Javellery
4, Small Leather goods
5. Patched goods
45. Development of Design Concepts

The Conceptshave been created keepingthe market in mind. the products should be commercially
marketed and user friendly. The final products are a Key holder, table coastercum card holder, Pen
holder and a earphone holder.
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4.6. Development of Prototypes

4.7. Conclusion

The leather scrapsthat is being generatedby the leather industries can be used in many possible
creativewaysin everydaylife. Theseproductsare just an exampleof how smalllifestyle productscanbe
fabricatedwith leatherscrapsthat canbe marketedand commerciallyused.Theproductsthat hasbeen
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createdfrom the scrapshas generatedalmost no waste and most of the selectedleather scrapshas
beenutilisedfor creatingtheseproducts.

5. Results and Discussion
Designplaysa major role in any field. In leather, its been observedthat in a past few decadesthe
industry have been trying to experiment with leather from design point of view. Similarly, these
researchpaperstarget the designare on how to usethe scrapsthat comesin huge amountsfrom the
leatherindustry. It will makea hugedifferenceto the leatherindustry economicallyif the productsthat
are madefrom thesescrapsare commerciallyusedand will alsomakea differenceif there is zerowaste
generation to the environment.

6. Future Scope

Thisresearchwould be of a great usein leather industry asthere are tons of leather scrapsthat gets
wasted every year around the world. If the productsare made keepingin mind the trends and data
analysisof current market and are distributedin a mannerthat it reachesa hugepart of the market, it
can make a major difference to leather industry economically and also to the environment.

Conclusion

Theleatherindustryis one of the majorleadingindustryin current scenaricaroundthe world. With that
comesthe problem of environmentpollution by wastedisposal Researcltentreshasalreadycameout
with ideasto turn leatherwastesand sludgesinto boardswhich is commonlydone by the industry and
are equallyusefulbut after a point those boardsare uselessand becomesonly a spaceto waste. There
has to be other ways to use these scrap for a better use in the market.
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Tanning is the most importamqrocess of treating skins and hides of animals to produce leather, which is
more durable and less susceptible to decomposition. Tanning hide into leather involves a process which
permanently alters the protein structure of skin. In this paper, much pragtess been made in
elucidating relationship between tanning solution concentrations and thermal stability of leathers. We
studied the thermal stability by FBSC and compared the thermal stability of hide powder tanned by
2.5g/L, 5g/L, 7.5¢/L, 10g/L and.®@/L chromium solutions. Thermogravimetric analysis simultaneously
coupled with mass spectrometry was employed to study the thermal modification and degradation of
leather through in depth analysis of the evolved gases. The information on the evolutigasebus
compounds during pyrolysis under the conditions revolved in this work was provided-k\sT@ethod

and their evolution were different. The evolved products were similar while the distribution is not the
same, and the thermal stability is differefar the different concentrations of tanning agents. It was
demonstrated that the concentration less affects the thermal stability. In DSC curves, we found the
peaks in hide powder tanned by 12.5¢g/L chrome solution are lowest, indicating that high catimentr

is not a good one.

Keywords: thermal stability, leather, decomposition, tanning

Introduction

Tanning is the most important process of treating skins and hides of animals to produce leather, which is
more durable and less susceptible to decompositiofraditionally, tanning used chromium,
formaldehyde, and glutaric dialdehy@@il 2012) Tanning hide powder into leather involves a process
which permanently alters the protein structure of skin. Tanning can be performedeititar vegetable

or mineral methods. Chromium has long been regarded as the most efficient and effective tanning
agen{Technology 1997)n this paper, we studied the thermal stability and thermal decomposition. So
far, to our knowledge, no systematic thermal analysis on leather tanned by different tanning &gsnts
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been reported. In recent years, the environmental pollution problems involved the emission of tannery
sludge with chromium are increasing, which brings a big challenge for d&adtyraman 2014)The
guality of leather is excellently prepared by chrome tanning. The tanning process provides leathers with
excellent hydrothermal stability, good dyeing characteristics, and softness. With the development of the
economy and the impneed of life level, the demand for leather products is also increasing significantly.
However, only 7€80% of chrome is absorbed by leather during the process of chrome tanning, and the
rest is discharged in effluent. There are still excessive amountsrofmehin the biological sludge after

the tannery waste treatment, which results in the accumulation of the metals in soil. We compared the
thermal stability of hide powder tanned by chromium and glutaric dialdehyde with different
concentrations. The influere of solution concentration to thermal stability of hide powder was studied.

It was demonstrated that there little difference in thermal stability and evolved products.

Experiments

Samples tanned by chromium and glutaric dialdehyde with diffecamicentration were subjected to
thermal analysis. Hide powder was tanned by 2.5g/L, 5g/L, 7.5¢g/L, 10g/L, 12.5g/L potassium chromium
solutions. The process is the same as refer@legong 2004)Open platinum crucible, a heating rate of
10K/min, sample size of Dmg, and flowing argon atmosphere (20ml/min) was used for puriiiag
thermoanalytical furnaces during the evolved gas analysis measurements.

The TEGEGAMSFTIR apparatus consists of a SETSYS Evolution 16/18 Thermogravimetric Analyzer
(SETRAM Instrumentation Inc.), OmniStar (Pfeiffer) and a Tenso27 (Bruker) FTIR lxpecteter
equipped with a TGA/IR Accessory gas cell and an outer DTG detector. The furnace and the gas cell were
coupled through a heated (T=2&T) 0.8m stainless steel tube with the diameter of 3mm. The OPUSTM
software accumulated 40 interferograms in eyesecond, and they were transformed to one- IR
spectrum (6004000cm'). Temperature calibration was carried out using indium. Baseline curves were
obtained under the same experimental conditions. The FTIR spectrometer obtains spectra every 7s to
guantitatively determine the evolution rate and composition of several compounds. Species
identification and analysis are discussed in details below. The components of released gaseous mixtures
were monitored and identified on the basis of their FTIR and MS refergas spectrum available on

NIST mass spectrometry library and EPA.

A mass range betweem/z=1-100 was monitored in multiple ion detection mode (MID) with a
measuring time of 0.5s/channel.
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Results and discussion
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Fig 1a TG curves of leather tanned by different concentrations of tanning solutions, b DSC curves of
leather tanned by different concentrations of tanning solutions, ¢ DTG curves of leather tanned by
different concentration chrome tanning solutions.

Fig 1 showed the TG/DTG and DSC curves of leather tanned by different concentration tanning solutions.
There are two stages in TG curves. Two main mass loss regions were detected in all samples. The first
peak of DTG curve at about 373K, correspondingetoydration of leather bound water. It is most likely

that hide powder decomposed at lower temperature in second stage. Moreover, the decomposition rate
of hide powder is higher than tanned leather. The hide powder was decomposed at about 450K, and
max deconposition rate is at about 600K. When the temperature is above 850K, no obvious mass loss is
observed in argon atmosphere. The largest DTG peak can be attributed to thermal decomposition of
leather. This is main evolution temperature range of many decoitipasproducts. The decomposition
temperature of chrome tanned leather are the highest, which demonstrated that chrome tanned
leather is more stable than untreated leather. In Fig.1c, the decomposition temperature of hide powder
is lower than other samplesand decomposition rate is higher than other samples. It showed that
chrome tanned leather has better thermal stability than untreated leather. The concentration of tanning
solutions has little effect on thermal stability of leathers.

154



Mass/%
i
Mass/%

T T T T T T
200 400 500 800 1000 1200 1400 |——92 200 400 600 800 1000 1200 1400 1600 =92l
Temperature/K Temperature/K

1104

100 4

Mass/%

T T T T T T
200 400 600 800 1000 1200 1400 1600 "3
Temperature/K

Fig.2 T@urve and mass spectroscopy of chrome tanned leather with different tanning solution
concentrations: a)2.5g/L b)5.0g/L ¢)7.5g/L dy10e)12.5g/L

As a part of the EGMS studies on chrome tanned leather with different tanning solution
concentrations, a comparativie situevolved gas analysis was reported. Fig.2 showsuF@& and mass
spectroscopy of chrome tanned leather with diffateanning solution concentrations. As reported in
literature, the organic fraction occurring in leather measureable by TGA is composed mainly of collagen.
It cannot be excluded the contribution of a minor fraction deriving from-nolagenous proteins. @/

found that species of evolved products decreases with the increase of tanning solution concentrations.
No more differences among chrome tanned leather with different tanning solution concentration was
found.
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