
 

ADDIS ABABA UNIVERSITY 

COLLEGE OF NATURAL AND COMPUTATIONAL SCIENCES 

CENTER FOR ENVIRONMENTAL SCIENCE 

 

TANNERY SOLID WASTE GENERATION RATE AND 

PREPARATION OF LEATHER BOARD FROM CHROME 

SHAVING WASTE AND PLANT FIBERS“A WEALTH FROM 

WASTE APPROACH” 

 

BY 

BETHELHEM HAILE TESEMA 

 

A Thesis Presented to Graduate programs of Addis Ababa University in Partial 

Fulfillment of the Requirements for the Degree of Masters of Science in  

Environmental science 

 

June, 2018 

Addis Ababa, Ethiopia  



II 
 

ADDIS ABABA UNIVERSITY 

GRADUATE PROGRAMS 

 

Tannery Solid Waste Generation Rate and Preparation of 

Leather Board From chrome Shaving Waste and Plant Fibers 

“A Wealth from Waste Approach for Leather Industry” 

By 

Bethelhem Haile Tesema 

 

A Thesis Presented to Graduate programs of Addis Ababa University in Partial 

Fulfillment of the Requirements for the Degree of Masters of Science in  

Environmental science 

 

 

 

Approved by the Examining Board:  

 

 

Name and Signature of Members of Examining Board 

Name                                                                   Signature                           Date 

 

1. Dr. Seyoum Leta (Advisor)                             __________                   _________ 

2.  Dr. Andualem Mekonnen (Advisor)               __________                   _________ 

3. Dr. Ahmed Hussen(Examiner)                        __________                   _________ 

4. Dr. Tadesse Alemu (Examiner)                       __________                   _________ 

5. Dr. Ahmed Hussen (Chairman)                        __________                   _________ 

 

 

 

 

 

 



III 
 

DECLARATION 
 

I, the undersigned, declare that this thesis is my original work and that all sources of 

materials used for the thesis have been dully acknowledged. 

 

___________________                             __________________ 

Signature                                                             Date 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



IV 
 

DEDICATION 
 

This work is dedicated to all my family 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



V 
 

ACKNOWLEDGEMENT 
 

First of all I would like to praise God for giving me health and patience to accomplish 

this thesis work successfully and strength on difficult times. I would like to express my 

heartfelt appreciation and thank to my Advisor Dr. Andualem Mekonnen and Dr. Seyoum 

Leta, advising and sharing their knowledge, skill and fine-tuning up to the successful 

completion of thesis. I would like to express my deep sense of gratitude and sincere 

thanks to Mr. Wondu Legesse, Director General LIDI for give me an opportunity to carry 

out my M.Sc. program by kind permission to use all the laboratory facilities. I personally 

thank Mrs. Zerfie Mersha Environmental Technology Directorate Director for her 

encouragement during the course work. I would also like to thank Mr. Tewodros Kassa 

for his continuous guidance, great effort and constructive suggestions during research 

work. In addition my thanks also goes to Mr. Bereket Yiheyis research and development 

laboratory chemical testing expert, Mrs. Meron Mengistu (Research and testing chemical 

lab team leader) Mrs. Aster Mekasha (Research and testing physical lab team leader) and 

to all laboratory staffs in LIDI for their assistance and cooperate on the laboratory 

analysis. Similarly, my gratefulness goes to Miss Bethelhem Tegegn, for her support in 

guiding and supporting while doing my research work. My gratitude also goes to Batu 

Tannery general manager for allowing me to conduct the tannery solid waste generation 

rate experiment in their tannery and to all Batu tannery staffs for their cooperate and 

participation in the data collection part of the study. Finally, I am also glad to thank to my 

beloved family and all of my friends whose continuous inspiration, unconditional support 

and sacrifice made me possible to accomplish this study. 

 

 



VI 
 

Table of Contents 

List of figures .................................................................................................................................. IX 

List of tables .................................................................................................................................... XI 

Abbreviations and Acronyms ........................................................................................................ XII 

List of annexes .............................................................................................................................. XIII 

1. INTRODUCTION ....................................................................................................................... 1 

1.1 Background of the study ........................................................................................................ 1 

1.2 Statement of the problem ................................................................................................... 3 

1.3 Objectives .............................................................................................................................. 4 

1.3.1 General Objective ........................................................................................................... 4 

1.3.2 Specific Objectives ......................................................................................................... 4 

1.4 Scope of the study ................................................................................................................. 5 

1.5 Significance of the study ........................................................................................................ 5 

2. LITERATURE REVIEW ............................................................................................................ 6 

2.1 Tannery Process ..................................................................................................................... 6 

2.1.1 Beam House Process ....................................................................................................... 6 

2.1.2 Tanning Process .............................................................................................................. 7 

2.1.3 Post Tanning ................................................................................................................... 8 

2.2 Types of waste generated in leather processing ................................................................. 10 

2.3 Solid wastes generated in tannery process ......................................................................... 10 

2.3.1 Untanned solid waste .................................................................................................... 11 

2.3.2 Chromium containing solid wastes ........................................................................ 12 

2.4 Impact of tannery solid waste on health and the environment .......................................... 13 

2.5 Tannery solid waste management practice ...................................................................... 14 

2.6 Utilization of chrome shaving dust ...................................................................................... 15 

2.6.1 Fertilizer production ...................................................................................................... 17 

2.6.2 Gelatin and glue production from chrome shaving ....................................................... 18 

2.6.3 Brick production from chrome shaving ........................................................................ 18 

2.6.4 Collagen Protein recovery from chrome shaving.......................................................... 19 

2.6.5 Leather board ................................................................................................................ 19 

2.7 Leather board production .................................................................................................... 20 

2.7.1 Plant fibers .................................................................................................................... 21 



VII 
 

2.7.2 Binders .......................................................................................................................... 23 

2.7.3 Fat liquor ........................................................................................................................... 25 

3. MATERIALS AND METHOD ................................................................................................. 27 

3.1 Sample collection ................................................................................................................. 27 

3.2 Study location ...................................................................................................................... 27 

3.3 Chemical and materials ........................................................................................................ 27 

3.4 Determination of tannery solid waste generation rate ....................................................... 28 

3.5 Characterization of Chrome shaving .................................................................................... 29 

3.6 Preparation of leather board from chrome shaving ............................................................ 32 

3.6.1 Optimization of binders ................................................................................................ 33 

3.6.2 Preparation of leather board incorporated with plant fibers .......................................... 34 

3.6.3 Preparation of flexible leather board ............................................................................. 35 

3.7 Characterization of the leather board ................................................................................. 36 

3.7.1 Mechanical properties ................................................................................................... 36 

3.7.2 Physical characterization............................................................................................... 36 

3.7.3Chemical characteristics of leather board ...................................................................... 37 

4. RESULT AND DISCUSSION .............................................................................................. 39 

4.1 solid waste generation rate in leather processing ............................................................... 39 

4.1.1 Solid Waste Generated during processing Cattle hide .................................................. 39 

4.1.2 Tannery solid waste generation rate during processing sheep skin .............................. 42 

4.2 Characterization of Chrome shaving waste ......................................................................... 44 

4.2.2 Thermal Stability .......................................................................................................... 45 

4.2.3 Fourier transforms infrared (FTIR) analysis ................................................................. 46 

4.2.4 Scanning Electron Microscope analysis ....................................................................... 47 

4.3 Characteristics of sugarcane bagasse fiber .......................................................................... 48 

4.3.1 Thermal Stability .......................................................................................................... 48 

4.3.2 Fourier transform infrared (FTIR) analysis .................................................................. 49 

5.3.3 Scanning Electron Microscope analysis ....................................................................... 49 

4.4 Characterization of Jute fiber .............................................................................................. 50 

4.4.1 Thermal Stability ............................................................................................................... 50 

4.4.2 Fourier transform infrared analysis of jute fiber ........................................................... 51 

4.4.3 Scanning electron microscopic analysis of Jute fiber ................................................... 52 



VIII 
 

4.5 Mechanical properties of leather board .............................................................................. 52 

4.5.1 Leather board with Fevicol synthetic resin adhesive .................................................... 52 

4.5.2 Leather board with Natural rubber latex binder ............................................................ 55 

4.5.3 Leather board with Animal glue ................................................................................... 58 

4.6 Mechanical properties Flexible leather board ..................................................................... 65 

4.7 Physical property of composite leather board .................................................................... 67 

4.8 Chromium trivalent and leachable chromium content of leather board ............................ 72 

5. CONCLUSION AND RECOMMENDATIONS ................................................................... 73 

5.1 Conclusion ....................................................................................................................... 73 

5.2 Recommendations ............................................................................................................... 74 

6. REFERENCE ......................................................................................................................... 75 

ANNEXES ..................................................................................................................................... 82 

 

 

 

 

 

 

 

 

 

 

 

 

 



IX 
 

List of figures 
 

Figure 1 Leather processing flow diagram and Type of solid wastes generated   ........................... 9 

Figure 2 Chrome shaving dust burning .......................................................................................... 15 

Figure 3 Disposal in an open dumping site .................................................................................... 15 

Figure 4 Chrome shaving dust management methodologies (Pati and Chaudhary, 2013) ............ 17 

Figure 5 Plant fibers a) Jute fiber b) Sugarcane bagasse ............................................................... 32 

Figure 6 Leather board preparation processes a)pulverized CS b) soaked CS c) minced by meat 

mincer d) homogenizer e) casted on a plate f) plating machine g) raw leather board h) finished 

leather board .................................................................................................................................. 33 

Figure 7 Types of Solid Waste generated from tannery a) raw hide, b) Fleshing waste c) Fleshed 

trimming, d) Splitting waste e) Chrome shaving waste f) Crust trimming g) Finished trimming 

waste .............................................................................................................................................. 40 

Figure 8 Proportion of solid waste generated at the different stages of tannery process ............... 41 

Figure 9 Pollution load % generated in every stage of leather processing during processing raw 

hide................................................................................................................................................. 41 

Figure 10 Proportion of solid waste generated at the different stages of tannery process during 

processing sheep skin ..................................................................................................................... 43 

Figure 11 Percentage shares of leather manufacturing stages in generating solid waste ............... 44 

Figure 12 Chrome shaving waste ................................................................................................... 45 

Figure 13 TGA curve for chrome shaving ..................................................................................... 46 

Figure 14 FTIR data of chrome shaving waste .............................................................................. 47 

Figure 15 SEM picture of chrome shaving .................................................................................... 48 

Figure 16 TGA analysis of Bagasse fiber ...................................................................................... 48 

Figure 17 FTIR graph of Bagasse fiber ......................................................................................... 49 

Figure 18 SEM picture of sugarcane Bagasse fiber ....................................................................... 50 



X 
 

Figure 19 TGA analysis of Jute Fiber ............................................................................................ 51 

Figure 20 FTIR analysis of Jute fiber ............................................................................................ 51 

Figure 21 SEM image of Jute fiber ................................................................................................ 52 

Figure 22 Optimum tensile strength values of the three binders with different concentration ...... 61 

Figure 23 Thermo gravimetric analysis of Control board .............................................................. 68 

Figure 24 Thermo gravimetric analysis of CS- JF ......................................................................... 69 

Figure 25 Thermo gravimetric analysis of CS- SBF ...................................................................... 69 

Figure 26 FTIR data of Control board ........................................................................................... 70 

Figure 27 FTIR analysis of CS-JF composite leather board .......................................................... 70 

Figure 28 FTIR analysis of CS-SBF composite leather board ....................................................... 71 

Figure 29 SEM image of a) Control b) CS-SBF c) CS-JF ............................................................. 72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XI 
 

List of tables 

Table 1Tannery solid waste generation  (Kanagaraj et al, 2006) .................................................. 11 

Table 2Physical and chemical characteristics of chrome shaving waste ....................................... 12 

Table 3 CLFI recommendation guideline for leather board insole ................................................ 21 

Table 4 Tannery solid wastes generated during processing raw hide ............................................ 39 

Table 5 Summery of tannery solid waste generating during processing sheep skin ...................... 42 

Table 6 Chrome shaving waste characteristics .............................................................................. 44 

Table 7 Mechanical properties of CS-JF with 15% (24.5ml) Fevicol synthetic resin ................... 52 

Table 8 Mechanical properties of CS-JF composite sheets with 25% (40.5ml) Fevicol synthetic 

resin ................................................................................................................................................ 53 

Table 9 Mechanical properties of CS-SBF fiber composite board with 15% (24.5ml) Fevicol 

synthetic resin ................................................................................................................................ 54 

Table 10 Mechanical property of CS-SBF composite board with 25% (40.5ml) Fevicol synthetic 

resin ................................................................................................................................................ 54 

Table 11 Mechanical properties of CS-SBF composite board with 15% (24.5ml) NRL binder ... 56 

Table 12 Mechanical properties of CS-SBF composite board with 25% (40.5ml) NRL binder ... 56 

Table 13 Mechanical properties of CS-JF composite board with 15% (24.5ml) NRL binder ....... 57 

Table 14 Mechanical properties of CS-JF composite board with 25% (40.5ml) NRL binder ....... 57 

Table 15 Mechanical properties of CS-SBF composite board with 15% (24.5ml) animal glue .... 58 

Table 16 Mechanical properties of CS-SBF composite board with 25% (40.5ml) animal glue .... 59 

Table 17 Mechanical properties of CS-JF composite board with 15% (24.5ml) animal glue ....... 59 

Table 18 Mechanical properties of CS-JF composite board with 25% (40.5ml) animal glue ....... 60 

Table 19 Mechanical properties of CS-JF Composite board with 3.7-5.28mm thickness ............. 64 

Table 20 Mechanical properties of CS-SBF composite board with 3.7-5.28mm thickness .......... 64 

Table 21 Mechanical properties of CS-JF composite board with 1.95-2.4mm thickness .............. 66 

Table 22 Mechanical properties of CS-SBF composite board with 1.95-2.4mm thickness .......... 66 

Table 23 Mechanical properties of CS-JF composite board with 1.05-1.72mm thickness ............ 67 

Table 24 Mechanical properties of CS-SBF composite board with 1.05-1.7mm thickness .......... 67 

 

 

 



XII 
 

Abbreviations and Acronyms 

CS    Chrome Shaving 

CSW    Chrome Shaving Waste 

CS-JF     Chrome Shaving and Jute Fiber Composite 

CS-SBF     Chrome Shaving and Sugarcane Bagasse Fiber Composite

FLT    Finished Leather Trimming 

FTIR   Frior Transform Infrared 

FTW    Fleshed Trimming Waste 

ICP-OES 

  

Inductively Coupled Plasma Optical Emission                    

Spectrophotometer 

JF         Jute Fiber 

LIDI     Leather Industry Development Institute 

PF  Plant Fiber

SBF   Sugarcane Bagasse Fiber 

SEM  Scanning Electron microscope 

SW   Splitting Waste 

TGA    Thermo gravimetric Analysis

WA   Water Absorption 

WD   Water Desorption

 

 

 

 

 

 

 



XIII 
 

List of annexes 
 
Annex 1Daily and annual soaking capacity of tanneries ............................................................... 82 

Annex 2 Fleshing and Fleshed trimming waste generated per kilogram of raw hide processed ... 83 

Annex 3 Splitting waste generated per kilogram of wet salted hide processed ............................. 83 

Annex 4Chrome shaving waste generated per kilogram of wet salted hide processed.................. 84 

Annex 5 Crust trimming waste generated per kilogram of wet salted hide processed .................. 84 

Annex 6 Finished leather trimming waste generated per kilogram of wet salted hide processed . 85 

Annex 7 Raw sheep skin trimming waste generated per kilogram of wet salted sheep skin 

processed ........................................................................................................................................ 85 

Annex 8 Hair waste generated per kilogram of wet salted sheep skin processed .......................... 86 

Annex 9 Fleshing waste generated per kilogram of wet salted sheep skin processed ................... 86 

Annex 10 Pickled trimming wastes generated per kilogram of wet salted sheep skin processed .. 87 

Annex 11 Chrome shaving waste generated per kilogram of wet salted sheep skin processed ..... 87 

Annex 12 Crust trimming waste generated per kilogram of wet sheep skin processed ................. 88 

Annex 13 Finished leather trimming waste generated per kilogram of wet salted sheep skin 

processed ........................................................................................................................................ 88 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XIV 
 

Tannery Solid Waste Generation Rate and Preparation of Leather Board from Chrome 

Shaving Waste and Plant Fibers “A Wealth from Waste Approach” 

BETHELHEM HAILE TESEMA 

ABSTRACT 

Chrome shaving waste is one of the highly generated solid wastes. There is no proper 

utilization of these huge amounts of waste. Preparation of leather board from chrome 

shaving wastes is economical and helps in reducing environmental pollution. 

Incorporating plant fibers into leather board preparation enhances its mechanical 

properties. Fiberized chrome shaving waste mixed with the plant fibers in various 

proportions (10, 20 and 30%) were used to prepare composite leather board. Plant fibers 

of sugarcane bagasse fiber and jute fiber were used for the study. Three different types of 

binders’; natural rubber latex, Fevicol synthetic resin and animal glue in the proportion 

of 15 and 25% were used for the study and fat liquor were used for preparation of 

flexible leather board. The prepared leather board were characterized physic chemically 

using Fourier transform infrared spectroscopy, scanning electron microscopy, Tensile 

strength, Tear strength, Percentage elongation at break, water adsorption and desorption, 

chromium trivalent and leachable chromium.  Results show that plant fibers improve the 

physic- chemical property of leather board. Among the composite leather boards, 

composite board with 30% jute fiber and 20% sugarcane bagasse fiber and 15% fevicol 

synthetic resin shows better physic chemical property. The leach ability of chrome also 

decreases when plant fiber is mixed.  The composite leather board with 20% sugarcane 

bagasse fiber has the lowest leachable chromium (0.006%) compared to other composite 

leather board (0.01%) and control board (0.02%). The thermal stability also doesn’t 

show sudden degradation. The composite leather boards can be used as raw material for 

the preparation of leather goods (as a supporting material), mouse pads, false roofing, 

foot wear (insole), wall partitioning and interior decorations. The study also envisions 

the production of cost-effective composites, by conversion of wastes into wealth and 

thereby simultaneously decreasing the environmental pollution. 

Key words: Chrome shaving waste, plant fibers, Fevicol synthetic resin, Natural rubber 

latex, Animal glue, Mechanical properties, Chemical properties 
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1. INTRODUCTION 

1.1 Background of the study 

The tanning industry generally uses hides and skins as raw materials for the production of 

stable commercial product called leather, which are the by-products of meat and meat 

products processing industry. In this respect, the leather industry could have easily been 

distinguished as an environmentally friendly industry, since it processes waste products 

from meat production (Vanitha1, 2012).Tanning industry has been categorized as one of 

highly polluting because different chemicals has been used during tanning process and 

different solid, gaseous and high amount of liquid wastes are generated which have an 

adverse effect on the environment ( Ozgunay et al, 2007). The different chemicals that 

have been used in leather processing are salt for preservation of skin/hide which are cause 

for pollution load of total dissolved solid and chloride in water, other major polluting 

chemicals are lime, sodium sulphide, sulphuric acid, Ammonium sulphide, ammonium 

chloride, Chromium sulphate, non-ionic wetting agents, bactericides, synthan, resin, 

polyurethane, formic acid, binder, pigment, wax and enzyme (Huq et al, 1998). High 

amount of solid waste is generated during tanning process in which out of the raw 

material only 20-25% is converted into finished leather 75-80% is dumped to the 

environment (Page, 2005). These tannery solid wastes have different characteristics 

because different chemicals and mechanical processes that are applied to the raw 

hides/skins. Solid wastes generate in tanneries mainly include raw trimming, fleshing, 

chrome shaving, buffing dust, crust trimming and finished trimming. The solid waste 

generated during leather processing containing these hazardous chemicals if they are not 
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properly utilized or disposed they are likely to cause a number of problems on the 

environment. Disposal of chromium containing solid waste in the land fill have potential 

effect on public health due to the possibility of oxidation of chromium (III) into toxic 

chromium (VI)(Aceves et al, 2007). During the use of chromium salt all the chromium 

salts never get into the finished product, about 10 to 40 % of the chrome remain in the 

liquid waste and one third of chromium remain in the solid waste in the form of chrome 

shaving , trimming and buffing dust(Repetto and Favazzi, 2004). 

Currently in Ethiopia there is no significant work done in utilizing this huge amount of 

wastes.  So that every tannery is disposing their solid waste directly to the land together 

with other municipal solid waste and some tanneries are using nearby river for dumping 

their solid wastes because there is no designated site for the disposal of hazardous waste 

(Tadese, 2003). And some of the tanneries are burning it in surrounding area in order to 

minimize the volume of wastes and transportation cost this in turn causes the oxidation of 

Cr (III) to Cr (VI) which cause carcinogenic effect to human body through food chain 

(Anita Singh et al., 2010). 

Improper disposal of these leather wastes causes environmental pollution; therefore, 

proper optimized utilization of these wastes into value added end products will be a 

promising solution (Knagaraj et al, 2006).  

The objective of this study was to prepare leather boards using chrome shaving waste. 

The study aims to convert toxic chrome containing chrome shaving waste into a useful 

product, thereby reducing environmental pollution. Leather boards were prepared from 

chrome shaving waste, in combination with plant fibers of jute and sugarcane Bagasse to 
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enhance its mechanical properties using different concentrations of natural rubber latex, 

Fevicol synthetic resin and animal glue binders. The products were characterized for their  

physic-chemical properties using FTIR, TGA and SEM. Mechanical properties such as 

tensile strength, elongation at break, tearing strength, water adsorption and desorption 

properties were also assessed. 

1.2 Statement of the problem 

Leather manufacturing has been classified as one of polluting industrial sector, and it has 

adverse impact on the environment. Generally, out of 1000kg of raw hide, nearly 850kg 

is generated as solid wastes in leather manufacturing industries. Solid wastes generated in 

leather manufacturing industries are raw hide / skin trimmings (5-7%), keratin wastes (2-

5%), fleshing wastes (50-60%), chrome shaving (30-35%) (Knagaraj et al, 2006). Huge 

amount of solid wastes are generated at different stages of leather processing and there is 

no significant utilization method available for solid wastes so that handling is more 

difficult for tanners. Among those wastes chrome containing wastes are considered as 

hazardous wastes. Current solid waste management practices of tanning industries in 

Ethiopia are disposal oriented, they have dispose their solid waste along  with  municipal  

solid  wastes  in  open  dumping site. Some of the tanners have used to burn the wastes 

which are more dangerous because of oxidization of Cr (III) to Cr (VI) which is 

carcinogenic and mutagenic and have more potential for ground water pollution since it 

can easily penetrate into the ground due to its high ionic mobility.  It causes public health 

problem and environmental pollution, recently high pressure is coming from local 

communities, environmental protection authority.  In order to mitigate these problems, 
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remediation techniques need to be implemented; these wastes can be recovered and 

processed to produce value added products. Some researchers have done researches on 

fleshing waste and finished trimming waste utilization (Wintana, 2014) ; (Teklay et al, 

2017) but there is no significant work done on utilization of chrome shaving waste in 

order to minimize the tannery solid waste. Therefore this research helps to minimize the 

tannery solid waste by utilizing the huge amount of chrome shaving waste. 

1.3 Objectives 

1.3.1 General Objective 

➢ To quantify the composition and amount of solid waste generated in tanning 

industries and to convert chrome shaving waste to Leather board 

1.3.2 Specific Objectives 

➢ To quantify the tannery solid waste generation rate 

➢ To characterize the physic chemical property of chrome shaving waste 

➢ To synthesis leather board from chrome shaving 

➢ To optimize the effectiveness of different kinds of binders in preparing composite 

leather board 

➢ To optimize Jute and Sugarcane bagasse plant fibres in preparing leather board 

➢ To characterize the physicochemical property of the prepared leather board 

➢ To minimize the leach ability of composite leather board using plant fibre as an 

adsorbent 
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1.4 Scope of the study 

The scope for the present study is to quantify the composition and amount of solid waste 

generated in leather industries, characterization of chrome shaving waste and develop a 

viable methodology for the utilization of chrome shaving waste generated in leather industry 

for applications interior design, leather goods, partitioning and false roofing in terms of waste 

management and income source for the industry itself as well as creating job opportunity for 

small enterprises. The scope is limited to chrome shaving wastes alone and does not cover 

other wastes such as hair or other untanned wastes.  

1.5 Significance of the study 

If the solid waste generated in tanning industry is not properly managed, it is difficult for 

the sustainability of the leather industry because huge amount of solid waste is generated 

during processing and causes environmental pollution. The chrome shaving waste is the 

second huge amount of tannery solid waste next to fleshing waste.  In this study the 

chrome shaving waste were converted into useful product. It provides alternative ways to 

manage solid wastes and minimize the amount of solid wastes dump to the environment 

and it also provides for a viable option to use this waste as raw material for leather board 

production. This tannery solid waste recycling technique will markedly reduce 

environmental pollution, public health problems associated with improper tannery waste 

management, and value added to the sector by creating job opportunity for small scale 

enterprises which has an adverse effect on the economy of the country. From the society 

point of view, this process provides for a clean environment around the tanneries. The 

baseline data also uses for other researchers for further study.  
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2. LITERATURE REVIEW 

2.1 Tannery Process 

Tannery process is a process of converting animal skin and hides into non 

putrescible a stable commercial product called leather. The technologies used by all 

tanneries are not the same but there are some common operations in leather making 

activities. Before leather processing the cured skins and hide arriving the tannery are 

trimmed to remove unwanted materials and long shanks. Leather making processes 

are classified in to four main categories. The four main leather processing categories 

are Beam house operation, Tanning, post tanning and finishing (Covington, 2009). 

2.1.1 Beam House Process 

The beam house processes are the process where the skin and hide are soaked, 

washed, limed, unhaired, fleshed, delimed and their preparation for tanning. It 

includes soaking, liming, unhairing, fleshing, splitting, deliming, bating and pickling 

operations (IPPC, 2013). Soaking is a process of rehydrating the skin/hide to remove 

the salt used for the preservation, soluble protein, dirt, blood and dung. Sodium 

hydroxide and soda ash chemicals are used for quick and uniform soaking. Liming is 

the second chemical based operation. Unhairing and liming are used to remove hair, 

epidermis residues, and some degrees of the inter fibrillary protein and to prepare the 

skin/hide for the removal of adhering flesh and fat by the fleshing process. The 

chemicals used for liming and unhairing process are sodium sulphide (Na2S) and 

sodium hydrogen sulphide (NaHS) and lime (IPPC, 2013). After liming/ unhairing 
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the excessive organic material (flesh, fat and connective tissue attached) which must 

be attached prior to further processing are removed by mechanical process called 

fleshing process by using fleshing machine. After fleshing process splitting is 

applied to produce hides of set thickness. Splitting is applied to a grain layer, if the 

hide is thick enough. Splitting can also be done at the tanning condition. Splitting is 

carried out by splitting machine fitted with a band knife (Covington, 2009). The 

limed pelt is adjusted to lower pH by using some mild acids and salts such as 

ammonium chloride, sulphate or boric acid; this process is known as delimming. 

During delimming process the skin/hide become flaccid and is treated with 

proteolytic bating enzymes to clean the grain and make the pelt smooth and silky. 

The removal of hair roots and pigments are achieved by bating process. The bated 

pelts are finally treated with sulphuric acid, formic acid and salt to obtain the desired 

pH for the optimal penetration of the tanning agent and also used for preservation at 

pickled stage. 

2.1.2 Tanning Process 

The second operation in leather processing is the tanning process. Tanning is applied 

to the leather by using two different methods called vegetable tanning and chrome 

tanning (IULTCS, 2013). Chrome tanning by using chromium sulphate chemical 

which is very popular. Nearly 90% of all leather produced is tanned using chromium 

salts (Nashy et al, 2011). Vegetable tanning is a tanning process that uses natural 

tannin materials, available in liquid or powder form which are obtained from 

different part of plants including woods, barks, fruits, fruit pods and leaves 
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(Covington, 2009). These tanning materials blend with the collagenous protein to 

convert the hide/skin into non putrescible material called leather. 

2.1.3 Post Tanning 

After tanning process post tanning is applied to the leather which involves neutralization 

and washing, followed by retanning, dyeing and fat liquoring. Post tanning also called 

wet finishing. To add certain properties such as water repellence, gas permeability, flame 

retarding, abrasion and anti-electrostatics properties to leather specialized operations also 

be carried out at this stage. The different processes that have applied at this stage like 

retanning, dyeing and fat liquoring chemicals are allowed to penetrate and distribute with 

the collagen fibers before the pH is lowered. The astringency causes the chemicals to be 

fixed to the tanned materials. Finally binding of chemicals is encouraged by drying 

process. Batches of leather are toggle dried on frame by using heated tunnel for four to 

six hours or vacuum dried separately. Drying is followed by buffing, conditioning and 

staking. The product get after post tanning process are crust leather, ready for finishing 

which is resistant to microbial attack and have desired leathering property of finished 

leather ( Ozgunay et al, 2007). 

2.1.4 Finished Leather 

The final leather processing stage is the finishing stage. The objective of finishing is to 

enhance the appearance of leather and to provide the performance characteristics 

expected of finished with respect to color, gloss, handle, flex, adhesion, rub fastness as 

well as other properties as required as the end use including extensibility, light and 
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perspiration fastness, water vapor permeability and water resistance. Finishing is also 

required to hide defects and contributed to the leather beauty, property and to provide 

fashion effects. Finally after the leather manufacturing process is completed the product 

sent to product manufacturers to be turned to shoes, clothing or upholstery  (Covington, 

2009). 

 

Figure 1 Leather processing flow diagram and Type of solid wastes generated  (Amal, 

2014) 
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2.2 Types of waste generated in leather processing 

Three different categories of waste types are generated during tanning process such as 

solid, liquid and gaseous. Only 20-25% of the raw hide is converted in to finished leather 

about 75-80% of the raw hide converted in to solid waste (Kanagaraj et al, 2006). 

Different types of chemicals have been used in leather processing (Huq et al, 1998). The 

chemicals that have used in leather processing have an impact on the environment. High 

amount of water is used for leather processing. Considerable parts of the chemicals are 

not absorbed in the production process and they will discharge to the environment 

together with the water used in leather processing (Suresh et al , 2001). The major 

pollution load comes from beam house operation. The organic pollution load in terms of 

BOD comes from beam house operation due to degradation of hides/skins and hair. On 

the other hand the chemicals and dusts released to air due to dry finishing. Different types 

of solid wastes are generated at different stages of leather processing. The major solid 

wastes consists of raw trimming, fleshing, splitting, chrome shaving, crust trimming, 

finished trimming and waste water treatment sludge (Abajidah, 2012). The data from 

FAO reveals that approximately 8.5million tons of solid waste is generated during the 

production of 11 million tons of raw hide processed in the world (Amal, 2014).  

2.3 Solid wastes generated in tannery process 

Different types of solid wastes are generated at different stages of leather processing. 

These solid wastes classified as untanned solid waste (before tanning process) and 

chromium containing solid waste (after tanning process) based on the tannery process. 

The untanned solid wastes are trimmings, fleshing and pelt splitting. Wastes from tanned 
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leather which contains chromium sulphate chemical is chrome shaving waste, wet blue 

trimming, buffing dust, crust trimming and finished trimming (Harshita Nigam et al, 

2015). 

Table 1Tannery solid waste generation  (Kanagaraj et al, 2006) 

Type of waste Amount (%) 

Fleshing  50-60 

Chrome shaving, chrome splits and buffing dust  35-40 

Skin trimming 5-7 

Hair 2-5 

 

2.3.1 Untanned solid waste 

i. Fleshing and Trimming Waste: - Fleshing are a solid waste generated during a 

mechanical process called fleshing that aims to remove the flesh or fats from the inner 

part of the hide or skin. Trimming is cutting unwanted parts of processed hides/skin just 

after fleshing operation is completed (Abajidah, 2012).The amount of fleshing and 

fleshed trimming waste generates 50-60% of the total tannery solid waste (Knagaraj et al, 

2006). 

ii. Splitting Waste:-hides at the pelt stage which have already fleshed and trimmed are 

usually subjected to mechanical operation called splitting to remove some unwanted 

layers of the hides. Splitting operation can also be applied at wet blue stage which is 

called wet blue splitting.  Splitting operation is applied when it is required to divide the 

hide into two layers.  Most of the time the split is utilized and this way make the split not 

considered as waste. The splitting that has been considered as a waste is the splitting at 

the liming stage which is also called pelt splitting (Abajidah, 2012). 
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2.3.2 Chromium containing solid wastes 

All the tannery solid waste are not chromium containing, only the solid wastes that  

generates after tanning processes is chromium containing solid waste because of these 

chromium sulfate salt (Harshita Nigam et al, 2015). The solid wastes that contain 

chromium in tanning process are wet blue shaving(chrome shaving), wet blue trimming, 

buffing dusts, finished leather trimmings and waste water treatment sludge 

i. Wet blue (chrome) shaving: - is one of the tannery solid wastes that generate after 

tanning process. The chrome shaving waste is generated during the thickness adjustment 

process of wet blue leather based on the required thickness. It mainly contains the scraps 

from the reverse side of wet blue. This solid waste consists of wet blue leather cuttings 

originated from un-usable parts of wet blue leather and rags created during shaving 

operation (Sharphouse, 1983). The chromium content present on wet blue stage of 

chrome shaving and wet blue trimming are chromium trivalent ( Fatima et al, 2012).  

Table 2Physical and chemical characteristics of chrome shaving waste 

S/no Parameters  Unit Amount 

1 Moisture content  % 35.1 

2       Cr2O3  % 3.12 

3       Inorganic ash  % 5.21 

4       Nitrogen  % 16.4 

5       Oil and fat  % 1.5 

6       pH  - 3.4 
 

ii. Crust trimming: -After the wet stage tannery process is followed by the dry stage 

tannery. In hide processing, wet vacuum drying is applied at crust stage just after setting 

out operation to reduce the moisture content of the crust leather. Before this drying 
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process the crust leather has to be trimmed to avoid some unwanted parts which are 

considered as crust trimmings waste. The crust leathers are buffed on the flesh side and 

sometimes on the grain side. Buffing is done on the flesh side to produce specialty 

leathers such as nubuck generates leather looking soft and light which is called buffing 

dust (Fathima et al, 2012). 

iii. Finished leather trimmings: -is solid waste that generates during trimming of 

finished leather to remove some unwanted parts of the leather, to maintain the shape of 

finished leather, aesthetic value and for easy measurement of the leather (Fathima et al, 

2012) 

iv. Wastewater treatment sludge: - Sludge is produced during waste water treatment 

process. Waste water contains chromium because the chromium sulphate chemical used 

during tanning and retanning will not completely fix to the leather. More than 40% of the 

chrome sulphate used in leather making process joins the waste water treatment. After the 

waste water is treated the waste water contains high amount of sludge. The sludge 

contains chromium that comes from tanning and retanning process (Jones, 1979). 

2.4 Impact of tannery solid waste on health and the environment 

According to Huq (1998) different types of chemicals have been used during leather 

processing including sodium sulphide and basic chromium sulphate for tanning process. 

It has been reported that only about 20% of the large number of chemicals used in the 

leather processing is absorbed by the leather, the rest is released in the form of waste. 

Wastes are characterized by their source, generation rate and by the type of waste 
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produced, improper handling of solid waste have potential risk to health and the 

environment. According to Mu et al, (2003) about 25% of tannery solid waste end up 

with chromium containing solid waste which are more dangerous than other tannery solid 

waste. Tanneries in Ethiopia have been disposed their solid waste with other municipal 

solid wastes. Mixing up of industrial waste with municipal solid waste has potential 

effect on health ( Alam and Ahmade, 2013). Tannery solid waste has chromium in the 

form of chromium trivalent, the main environmental impact of tannery solid waste are the 

oxidation of chromium trivalent in to chromium six which is highly toxic and has 

carcinogenic and mutagenic effect. Chromium containing solid waste percolates to the 

ground and cause ground water pollution and soil contamination. Water pollution affects 

aquatic animals which are common sources of food and contamination of soil poses 

health effect through food chain also poses a health hazard through inhalation of toxic 

dust which can be inhaled by both people and livestock (Harris and Cartor, 2011).   

2.5 Tannery solid waste management practice 

There are a number of concepts about waste management, In order to guarantee a 

successful and proper integrated solid waste management plan; some of the most widely 

used concept in waste management includes the waste hierarchy. The waste management 

system refers to the ‘3 Rs’ reduce, reuse and recycle. It classifies waste management 

strategies according to their desirability in terms of waste minimization. Thus the waste 

management is based on this concept of hierarchy of options. Not producing the waste in 

the first place is the most desirable alternative. If once it is produced waste is increasingly 

being considered as a valuable resource to the industry and a major economic sector. 
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Therefore, dealing with the waste not only has environmental positive effects but also 

economical, creating jobs and business opportunities (Onyuka, 2010).  

Current solid waste management practice in Ethiopia is very weak. They have disposed 

there solid waste in an open dumping site together with municipal solid waste and some 

have burn it together with other dry solid waste. There is no significant work done on 

utilization of solid waste. 

 

Figure 2 Chrome shaving dust burning 

 

 

Figure 3 Disposal in an open dumping site 

2.6 Utilization of chrome shaving dust 

The chrome shaving waste is one of the major solid wastes generated during the leather 

processing. The chrome shaving waste mainly consists of collagen and chromium in the 

trivalent state, it forms complex with the collagen which is responsible for the formation 
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of leather. This complex could be treated to give the potential resources of collagen 

protein and chromium (Kanagaraj et al, 2006).If these proteins and other chemicals are 

not treated properly it will pose hazardous problem to the environment. There are 

significant approaches in preventing environments pollution from the pollution 

prevention hierarchy the idea of prevention is better than reuse, reuse is better than 

recycling, and recycling is better than disposing of the wastes ( Rao et al, 2003). Proper 

waste management and waste treatment methods are of utmost import (Fatimal et al, 

2012). Varies technologies have been used to utilize chromium containing leather waste 

that helps to solve difficulties related to chromium containing solid wastes. 

The presence of chromium in wastes creates difficulty in disposing to landfill and 

incineration (Pati and Chaudhary, 2013). The chrome shaving can be managed in two 

ways. The one is by disposing to landfill with compliance to good management practices 

and the second is up gradation by viewing the waste as potential raw material serving 

either existing or new markets (Carlos, 2003).  

Tannery wastes normally contain only trivalent chromium. The production of chromium 

containing solid wastes (including chrome shavings) in a tannery has been recognized as 

a problem for many years but recently pressure from environmental authorities has given 

the problem increasing urgency. As a result, many scientific groups have oriented their 

research to find a suitable for processing to recover their constituents but the economics 

of the process is very important for industrial implementation (Cao et al, 2005). 

Basic chrome sulfate (Cr (OH) SO4) is used in chrome tanning and the basicity of chrome 

sulfate is 33%. Trivalent chrome of basic chromium sulfate reacts with the free 



17 
 

carboxylic group of collagen protein by complex coordination bond during chrome 

tanning. Because cross linking is developed in chrome tanned leather during aging 

olation, oxolation and polymerization have been occurred (Dutta et al, 1999). The 

following coordinate linkage is formed in chrome tanned leather and chrome shaving dust 

(Pati and Chaudhary, 2013) 

 

Figure 4Chrome shaving dust management methodologies (Pati and Chaudhary, 2013) 

2.6.1 Fertilizer production 

Chrome shaving waste can be used as a fertilizer by treating the chrome shaving waste 

with protolytic enzyme in the presence of lime. Protein has been separated by living 

chrome cake by using filter press. The protein hydrolysate contains significant amount of 

chromium (< 4.5ppm) is potential as a fertilizer (Taylor et al, 1990). On the other hand, 
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the chrome shaving waste can also be hydrolyzed in an autoclave (150oC) then air dried 

at high temperature. The product that obtained from this hydrolysate contains moisture 

content (7-10%), total N (10-11%), organic C (40%), Chromium (III) (2.5-3%). By 

blending the product with other products the product is sold as a fertilizer (Repetto and 

Favazzi, 2004). 

2.6.2 Gelatin and glue production from chrome shaving 

Glue manufacturers have uses chrome shaving waste as raw materials for making 

adhesive and gelatin (Pearson, 1994). The chrome shaving waste is by hydrolyzing 

chrome shaving waste with magnesium oxide by increasing to pH 8. After the solution is 

mixed in a temperature controlled system (72oC) for 6hrs filtered by using hydraulic 

press, the collagen hydrolysis is separated from the chrome cake. Liquid proteins can be 

used for industrial applications. The chrome cake can be recovered by using sulphuric 

acid for chrome liquor production. The extracted protein was further treated with poly 

vinyl alcohol, glycerol (to prevent burning), acrylic resin, polyvinyl acetate, bacterioside 

and fungicide (to preserve the glue) (Cabeza et al, 1998).  

2.6.3 Brick production from chrome shaving 

Bricks can be made by mixing of limited amounts of chrome shaving into clay. Mixing of 

waste water treatment sludge into clay for brick making is carried out in some countries 

(IUE, 2008) 
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2.6.4 Collagen Protein recovery from chrome shaving 

Leather is portentous substance mainly collagenous protein. Collagen is a generic name 

for a family of at least 28 distinct collagen types, each serving different function in 

animals, importantly as connective tissue (Covington, 2011). With consideration to the 

wide spread, practices of land fill deposit for these wastes; the upgrade option requires a 

significant change in approach. Instead of throwing proteins way their reuse in 

agriculture provides one option, but it can also be seen as a material for other industrial 

products (Carlos, 2003). Within this context, the processing of chrome containing leather 

wastes (CCLW) such as chrome shaving, unusable splits and trimmings by alkaline 

enzymatic hydrolysis leads to a collagen hydrolysate and a chrome cake of impure 

chromium hydroxide. These products have a potential application in diverse industrial 

sectors. In recent years, collagen is widely used in various fields, including foods, 

cosmetics, medical materials and cell culture technology. As a kind of proteins, collagen 

has a specific amino acid sequence, size and structure. Collagen is generally produced for 

industrial use from animal pelts. Tanning salts can be obtained from these cakes through 

acidification. These may be recycled to the tanning process (Carlos, 2003). 

2.6.5 Leather board 

Some wastes contain many reusable substances of high value. Solid leather waste is one 

such potential waste which can be converted into value added products. Leather boards 

are produced from bovine chrome, vegetable shavings and splitting in several countries. 

The leather board produced from chrome shaving satisfies the quality requirements and 

accepted for processing. The leather fibers are mixed with latex and resin with the 
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subsequent hot pressing of the mixture mass, and after coagulation, the mixture is de-

watered, pressed and dried resulting in a board (Janete et al, 2015) (IUE, 2008).  

2.7 Leather board production 

To reduce environmental pollution related to tannery solid waste, preparation of leather 

board and regenerated leather from chrome shaving waste and finished leather scrap is a 

promising solution (Teklay et al, 2017). Incorporating plant fibers into leather board 

enhances the mechanical properties. Due to their good physic mechanical characteristics, 

environmental friendly and availability and low cost plant fibers are important as 

reinforcement material. According to Senthil et al,(2015),by mixing fiberized finished 

leather scrap with plant fibers in various proportion, plant fibers improves the mechanical 

property of leather composite material. Different researches were also done by mixing 

plant fibers coconut, sugarcane, banana and corn silk with finished leather scraps. Results 

clearly show that plant fibers significantly improve the mechanical and thermal properties 

of regenerated leather composites. Binders are used to bind the fibers together most of the 

time researchers have used natural rubber latex binder( Sumathi and Senthil, 

2016).Leather composites materials are promising solution for the preparation of 

footwear materials and leather goods (used as a reinforcement material). In addition to its 

cost, it also used to reduce the environmental pollution (Senthil et al, 2015). Preparation 

of flexible composite sheets made from dyed trimmings and in combination with natural 

fibers in various blend ratios of wastes from jute and cotton as sources of natural fibers 

shows good mechanical strength property. The natural fiber significantly improves the 

mechanical strength and thermal properties of the blended composite sheets with the 
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increase in flexibility as the concentration of the plant fiber increases (Pallav et al, 2017). 

Leather board is not only used for insole but also used as chappal upper, partitioning, 

false roofing, support for leather goods and interior decorations based on the physical and 

mechanical property (Senthil et al, 2015) 

Table 3 CLFI recommendation guideline for leather board insole 

S/No Property  CLRI Recommendation  

1 Tensile strength 4-7MPa 

2 Flex index 2.7-3.7 

3 Tear strength 50-70N/mm 

4 Scuff resistance 50-100 mm3 

5 Surface peel strength 0.3-0.5 

6 Water absorption Min 35% 

7 Water absorption Min40% 

2.7.1 Plant fibers 

Plant fibers are exploited as reinforcement materials owing to their low cost, fairly good 

mechanical properties, high specific strength, non-abrasiveness, eco-friendly and bio-

degradability characteristics(Ku et al, 2011). Plant fibers, possess good mechanical 

properties, hence when it is combined with composite materials, it provides smooth 

surface amenable to be used in footwear, leather goods, textiles materials, etc.(Kalia et al, 

2011). Plant fibers are widely used in composite preparation owing to their structure, 

composition and properties (Reddy and Yang , 2004).  

a) Sugarcane Bagasse 

Sugarcane bagasse fibers are waste that generates from sugar manufacturing industries 

after extraction of sugar from the sugarcane plant.  It mainly contains cellulose (45%), 

hemicelluloses (28%) and lignin (18%)(Pehlivan et al, 2013).  
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Sugarcane bagasse fibers are used as an adsorbent for the absorption of heavy metals 

(Dos Santos et al, 2012). Studies on the development of effluent treatments containing 

heavy metals have indicated that adsorption is a highly effective and inexpensive 

alternative process among the various treatments available for removing heavy metal 

ions. Adsorption of heavy metals by agro-industrial residues is commonly called bio 

sorption. The mechanisms responsible for the interaction of metal ions with the structure 

as a result of electrostatic interactions and complex formations between metal ions and 

functional groups are determined by the identification of functional groups, such as 

carboxyl ate, phosphate and amino groups, which are typically important for the bio 

sorption process. Bio sorption capacity could be significantly increased by performing a 

chemical modification of the biomass surface. According to (Dos Santos et al, 2012) 

Sugarcane bagasse has chromium trivalent adsorption capacity when sugar cane bagasse 

is chemically modified with sodium hydroxide and citric acid; it has three times greater 

chromium trivalent adsorption capacity than raw sugarcane Bagasse. Bagasse has average 

composition of 49% moisture, 2.3% soluble matter and 48.7% fiber (Dos Santos et al, 

2012). 

b) Jute fibre 

Jute has high specific properties like low density, less abrasive behavior to the processing 

equipment, good dimensional stability, and harmlessness. Jute textile products are low-

cost eco-friendly products, abundantly available, easy to transport, and have superior drap 

ability and moisture retention capacity (Nahar et.al, 2012). Jute consists of 58- 63% 

cellulose, 20-24% hemicelluloses and 12-15% lignin 
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2.7.2 Binders 

Resins are flammable organic substance which is insoluble in water and released by some 

trees and plants like notably fir and pine. It is found in solid or liquid state. Resins are 

synthetic organic polymers used as the basis for the production of plastics, adhesives, 

varnishes and other products. There are two types of resin natural resin and synthetic 

resin. Synthetic resins have found widespread application as woodworking glues. 

Synthetic resins are usually divided into two general groups thermoplastic and 

thermosetting. The thermoplastic resins have no stable property.  The physical property 

of the thermoplastic resins varies with temperature change, it melts as the temperatures 

raised and harden again as the temperature cooled. Thermosetting resins undergo 

irreversible chemical reactions to develop their strength and durability ( U. S. Department 

of agriculture, 1966). The only important group of thermoplastic resin glues used in 

woodworking at present is the water emulsions of polyvinyl acetate. 

a) Fevicol synthetic resin  

The Fevicol types of gums are based on synthetic resins which are made from polyvinyl 

acetate resins. Polyvinyl acetate in solid state is a clear, odorless, tasteless, non-toxic, 

thermoplastic resin. Fevicol type adhesive is heat and water resistant, long Storage life 

and unsurpassed bonding strength (TANSIA, 2011).Fevicol synthetic resin can resist 

water for more than 48hrs and for 1hr under boiling temperature (Ansari and Nirala, 

2015) 

b) Natural Rubber Latex 
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Natural rubber latex (NRL) is one of the most important biosynthesized polymer made 

from renewable natural resource. Its main constituent is poly (cis-1, 2-isoprene) units, 

and it can be isolated from more than 2000 different species of plants; however, the 

commercially important tree is Heveabrasiliensis (Rose and Steinbuchel 2005). NRL is a 

very versatile raw material because its behavior is governed by the composite properties 

of the vulcanized and the base rubber. Natural rubber latex is widely used as thermo 

setting material in the preparation of composites because of its eco-friendly nature 

(Lopattananon et al. 2006). Filler of natural rubber latex with different types of particles 

can markedly change its mechanical and thermal properties (Ahmed et al. 2012). Natural 

rubber (NR) latex is a natural commodity that has tremendous economic and strategic 

importance. Among the applications of NRL is the production of dipped goods, extruded 

threads, and adhesives, carpet-backing and molded foams. This is because of its unique 

characteristics natural rubber exhibits excellent chemical and physical properties such as 

elasticity and flexibility, outstanding formability and biodegradability. Latex as found in 

nature is a milky fluid found in 10% of all flowering plants (angiosperms). It is a 

complex emulsion consisting of proteins, alkaloids, starches, sugars, oils, tannins, resins, 

and gums that coagulate on exposure to air ( The Malasian rubber producers research 

association, 1984). Natural rubber exhibits excellent chemical and physical properties 

such as elasticity and flexibility, outstanding formability and biodegradability. Ferreira et 

al. (2010) prepared rubber - leather composites using finished leather wastes. The results 

indicated that up to 100phr, the composite properties were compatible for use in foot 

wear (in-shoe) applications. Senthil et al. (2014) have reported that the composites 
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prepared using leather fiber, plant fiber and NRL possessed better mechanical properties 

and could be used in the manufacture of leather goods and foot wear. 

c) Animal glue 

Animal glue is the most important protein adhesive obtained from animal hides, skins, 

and bones through hydrolysis of the collagen. Glue production from animal bones and 

hides has long been a lucrative business in various parts of the world. Animal glue 

historically refers to “hide or bone glue” adhesives, which need to be heated and melted 

before usage. Animal glue is the most important protein adhesive obtained from cattle 

and other animal hides and bones by hydrolysis of the collagen. Hide glue is higher in 

molecular weight than bone glue and therefore stronger (Pearson, 1994). It has unique 

combination property which cannot be achieved by other synthetic resins, such as the 

ability to deposit a viscous, tacky film from a hot aqueous solution that forms a firm gel 

while cooling. Animal glue, however, is soluble in water, and this property has limited 

use in dry application only (Idris et al, 2010). 

2.7.3 Fat liquor 

Fat liquoring of leathers are performed to impart softness, flexibility, feel, drape, run etc.  

The strength properties are also improved by fat liquoring. In effect, what is being aimed 

at in fat liquoring is to coat the individual fibers or fiber bundles (depending on the extent 

of fiber opening achieved in beam house operations for different types of leathers) with a 

thin layer of oil so that the internal friction is reduced and the fibers slide over one 

another to give the required softness and flexibility. The optimum softness is achieved by 

a penetrating as well as surface fat liquor. Application of fat liquor over several process 
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steps leads ultimately to a maximum softness. It should be mentioned that excessive 

softness may give looseness. Softness is influenced by viscosity and interfacial tension of 

oils, and depends upon the ratio of emulsifier fraction to neutral fraction of the oil. The 

particle size distribution and emulsion stability of an emulsion are variables which 

influence the stability and penetration of the oil. (Covington and Alexander, 1993). 
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3. MATERIALS AND METHOD 

3.1 Sample collection 

The samples/tannery solid wastes were collected from Batu tannery which is located at 

Bishoftu road Akaki Kality sub city on the ring road to Hana Mariam. The daily soaking 

capacity of Batu tannery is 1000pieces of raw hide and 2500pieces of sheep skin. Taking 

280 working days per annual the annual soaking capacity of Batu tannery is 

280000pieces of raw hide and 700000 pieces of sheep skin.  

3.2 Study location 

The research work was conducted at Leather Industry Development Institute which is 

located at Bishoftu road Akaki Kality sub city. The experimental tests were conducted in 

Research and Testing Laboratory and research development laboratories. The laboratories 

are equipped with Hi-Tech Analytical Instruments mainly engaged in Chemical, 

Instrumental, Environmental, and Physical and Mechanical test for leather sector. The 

tannery solid waste generation rate was done at Batu tannery. 

3.3 Chemical and materials 

The raw materials and equipment used for the preparation of leather board were Chrome 

Shaving, Plant fibers (sugar cane bagasse and jute fiber). Chrome shavings were collected 

from Batu tannery, sugar cane bagasse was collected from Wonji Sugar Factory and jute 

were collected from market places. Leather grinding machine, plate, plating machine, 

cutting, homogenize and meat mincer equipment’s that were used to prepare the leather 

board. The chemicals natural rubber latex, Fevicol adhesive, polyvinyl alcohol, polyvinyl 
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acetate, acrylic resin, glycerol, ethylene glycol (C2H6O2), sulfuric acid (H2SO4), 

Aluminum sulphate which are laboratory grade and fat liquor were purchased from the 

market . All the chemicals and reagents that were used for laboratory experimental 

analysis were analytical grade, chemicals used for characterization of raw materials and 

product are sodium hydroxide, sulphuric acid, nitric acid, Per chloric acid, 

Orthophosphoric acid, potassium bromide, copper sulphate, potassium sulphate, boric 

acid, sodiumthiosulphate and standard solution of chromium(1000ppm)(ICP grade). 

Different instruments were used for the physic chemical analysis of the raw material and 

prepared composite leather board. The instruments were scanning electron microscopic 

(SEM- JSM-IT300),Thermo Gravimetric Analysis(TGA),  Fourier Transform Infrared 

(FTIR, Shimadzu, Japan IRAffinity-1), microwave digestion(Milestone start D ), 

Inductively coupled plasma optical emission spectrophotometer  (ICP- OES,Agilent7000 

series, USA) Universal testing Machine (350-810g MC UTM), kjeldhal distiller (UDK 

129 kjeldhal distillation unit),digital pH meter(HANNA 210) and weighing balance.  

3.4 Determination of tannery solid waste generation rate 

The tannery solid waste generation rate were done by taking 13 pieces of Wet salted 

cattle hides and 10 pieces of wet salted sheep skins were taken piece by piece and 

measured. At the different leather processing stages the weight of the processed skin and 

hide and the weight of waste were measured. Material balance analysis techniques based 

on tanneries production capacity were applied to determine solid waste generation rate. 



29 
 

3.5 Characterization of Chrome shaving 

In order to determine the physicochemical characteristics of chrome shaving which were 

selective for the production of composite leather board, moisture content, PH, chromium 

trivalent, nitrogen content, ash content and chromium content were determined 

a) PH 

The pH of the chrome shaving was determined by soaking 5grams of sample in 100ml 

distilled water and keep in orbital  shaking device for 16 – 24 hours followed by direct 

measurement of the pH according to the standard methods of SLC 13 (SLC, 1996). 

b) Moisture content 

The moisture content of the grinded chrome shaving was determined by gravimetric 

method by weighing 3 gram of sample by crucible and put it in an oven for 5 to 6 hours 

and the moisture content will be determined according to standard method of SLC 3 

(SLC, 1996). 

Calculation: Moisture content % = [(Wi − Wf)/Wi] × 100. 

Where Wi- weight of sample before dry 

         Wf -weight of sample after dry 

c) Ash content 

The ash content of the grinded wet blue shaving dust was determined by weighing 2 gram 

of sample by crucible and put it in a muffin furnace for 2 to 3 hours at 500oC and the ash 

content determined according to standard method of ISO 4047:1977. 

d) Nitrogen content  
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The chrome shaving waste will be grounded and 2 g of the sample was weighed and put 

in digestion tube 5g of mixed catalyst, 30 ml of concentrated sulphuric acid were added 

and digest until the color changes to sky blue. After the digestion is completed distillation 

were done by using kjeldhal distiller by using SLC 7 test method (SLC, 1996) 

e) Chromium trivalent 

According to SLC 1996, Chromium trivalent was determined by using SLC 8. 2g grinded 

chrome shaving is weight, 5ml of sulphuric acid and 10ml of per chloric acid, or 15ml of 

the mixture and 15 ml of nitric acid were added. Heated to boil on hot plate to a moderate 

flame, a small funnel was placed on the neck of the flask until the reaction mixture begins 

to turn to orange, the flame were lowered until complete change of color, further heated 

gently for further two minutes, cooled for a short time in air, then rapidly in cold water 

and diluted to approximately 200ml. to eliminate the chlorine interference further boiled 

for approximately 10minutes. Cooled and 15ml of orthophosphoric acid added to mask if 

any iron present and 20ml of 10% potassium iodide, leaved to stand for 10minutes in the 

dark place. The sample was titrated against 0.1N Sodiumthiosulphate until the solution in 

the flask turns to light green by using 5ml of 1% starch indicator (SLC, 1996).  

𝐶𝑟2𝑂3(%) =
𝑡𝑖𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 ×  0.00253 × 100 × 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑓𝑎𝑐𝑡𝑜𝑟

𝑠𝑎𝑚𝑝𝑙𝑒𝑤𝑒𝑖𝑔ℎ𝑡
 

Where 0.1N Sodiumthiosulphate =0.00253g Cr2O3 

f) Total chromium 

The total chromium  content of chrome shaving was determined by  using ISO17072-

2:2012 test method by taking the sample and grinded with grinding machine and 1gram 

of the ground sample was  weighed and 8ml of concentrated nitric acid and 2ml 
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concentrated hydrogen peroxide were added in digestion tube including blank and 

digested in milestone  start D microwave digester with maximum  temperature of 250oc 

and pressure of 1200 psi for thirty minute and then the digested samples were poured into 

50ml Erlenmeyer flask and made up to the mark with 2% nitric acid solution and filter 

through 0.45μm pore diameter membrane filter to avoid possible contamination and 

analyzed the by using ICP-OES (Agilent 700 Series) .The samples were analyzed in the 

same operational manner used in the calibration routine and the calibration solution were 

prepared from  ultra-high purity grade ICP-OES chromium standard  (99.99% pure)and 

five calibration solutions  were prepared that was(1ppm, 2ppm,3ppm, 5ppm and  10ppm) 

by plotting calibration curve with 205.56nm and 267.716nm wavelength with  the plotted 

curve type of  linear  with the rinse blank also being used between all sample solutions 

with specific wavelength of  205.56nm and 267.716nm and this was recommended 

because of its sensitivity and overall acceptability and corrected for spectral interference 

and the main gas supply was argon and used as to the plasma, nebulizer and optics 

interface purge and also required to purge the polychromatic assembly with its Purity: 

99.996% and its maximum oxygen content: 5ppm with, recommended pressure: 550kPa 

(80 psi) regulated, recommended flow rate: 0.7 to 32 L/min  and the instrument was 

equipped with recirculating water Chiller with  cooling capacity of 1000 W (Axial) or 

200 W (Radial), Recommended inlet temperature: 20 °C (68 °F) ±1.0 °C with 1.1 L/min 

Flow rate: and Minimum inlet pressure:55kPa (8.0 psi),and Maximum inlet pressure: 

310kPa (45 psi).  Finally element specific emission spectra were produced by radio-

frequency inductively coupled plasma. 
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3.6 Preparation of leather board from chrome shaving 

i) Preparation of chrome shaving fiber 

Chrome shaving waste was prepared by using leather grinding machine(SM-300) to 

convert it into leather fiber (LF). The fiber size ranged between 6mm mesh size. 

ii) Preparation of plant fiber 

The sugar cane bagasse waste was grinded by using leather grinding machine with 6mm 

mesh size and jute was collected cut into small pieces by using scissor. It was used to 

convert the plant fiber into smooth and short fibers.  

 

Figure 5 Plant fibers a) Jute fiber b) Sugarcane bagasse 

iii) Preparation of leather board from chrome shaving and plant fibers 

Fiberized chrome shaving (162g) were soaked in water for 24hrs then squeezed by hand 

in order to reduce the moisture content. The shavings were then grounded with meat 

mincer, further it was grounded with homogenizer and 500 ml water was added to make 

thin chrome shaving solution, 3% Aluminum sulphate was added and stirred, 15(24.5ml) 

and 25%(40.5ml) of binders were added and 5 ml of ethylene glycol was added and 

mixed thoroughly. The final pH were adjusted to below 5 using diluted 1 M H2SO4 and 
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stirred. The prepared paste were then poured into steel plate sized 32 x 20cm pressed 

gently using hand role to make leveling and then covered with another steel plate pressed 

by using hand to remove excess moisture and then dried under the shade for 24 hours. 

The sun dried leather boards were then pressed with 100bar with 50oC temperature for 5 

seconds plate pressing machine. The boards were finally trimmed. 

 

Figure 6 Leather board preparation processes a)pulverized CS b) soaked CS c) minced 

by meat mincer d) homogenizer e) casted on a plate f) plating machine g) raw leather 

board h) finished leather board 

3.6.1 Optimization of binders 

Leather board(LB) were prepared using leather fiber and three different binders namely 

Fevicol synthetic resin, natural rubber latex (NRL) and animal glue at different levels of 

(15(24ml) and 25%(40ml)) and tested for their tensile strength and elongation at a break 

to take the optimum result as reference for the binders 



34 
 

Preparation of natural rubber latex (NRL) leather board (NRL-LB) 

Fiberized chrome shaving (162g) was soaked in 1000 ml of water for 24hrs, squeezed by 

hand to remove excess water and  minced in the meat mincing machine (La Minerva C/E 

680 N) (two times minced to reduce the particle size) and made into fine paste. To this 

paste two different concentrations of NRL (24.5 ml and 40.5ml), 5 ml of ethylene glycol  

and 3% of Al2 (SO4)3 was added and mixed thoroughly. Later, the PH was adjusted to 

below 5 by adding 1:3 ratio diluted H2SO4 by through mixing, the mixture was diluted 

using 500 ml water so that slurry was formed. Then the sample was poured into the sheet 

making machine of (32 cm x 20 cm) and wet sheet was pressed using sheet plate to 

remove excess water. The pressed sheet was air dried for 48hrs and plated using ironing 

machine at a pressure of 100bar at 50oC for 10 s. 

Preparation of Fevicol synthetic resin leather board 

The process was same as above (NRL-LB preparation) the change is only binder, instead 

of NRL, Fevicol synthetic resin was used. 

Preparation of animal glue leather board 

The process was same as above (NRL-LB preparation) the change is only binder, instead 

of NRL, animal glue was used. 

3.6.2 Preparation of leather board incorporated with plant fibers 

To the prepared chrome shaving fiber, already extracted and fiberized plant fibers (PFs) 

were added individually in the proportions of 10%, 20%, and 30% mixed with the LF, 

and then fiberized in the fiberizer machine (SDL868, USA). Composite sheets containing 

LF and different species of PFs were then prepared separately following the same 
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procedure as that of control sheet. The details of the composite sheets prepared are noted 

as follows: 

1. Composite sheets made from chrome shaving and binders served as a control. 

2. Composite sheet made from chrome shaving (CS) and Jute fiber labeled as CS-JF 

3. Composite sheet made from chrome shaving waste (CS) and sugarcane Bagasse fiber 

labeled CS-SBF 

3.6.3 Preparation of flexible leather board 

Fiberized chrome shaving waste (100%, 80g, 72g, 64g and 56g) were soaked in water for 

24hrs and then squeezed by hand in order to reduce the moisture content. Plant fibers 

(PFs) were added individually in the proportions of 0%, 10%, 20%, and 30% respectively 

to the soaked and squeezed CS. The shavings and plant fiber were grounded two times 

with meat mincer, Further it was grounded with homogenizer for 5 minutes and 500 ml 

water was added to make mixed solution, 3% Aluminum sulphate were added stirred for 

5 minutes.15ml of fat liquor were added after emulsifying it with hot water and stirred for 

5 minutes. 5 ml of ethylene glycol was added and 12ml of Fevicol binder was added and 

mixed thoroughly. The final pH was adjusted to below 5 using diluted 1 M H2SO4, stirred 

for 5 minutes. Then the sample was poured into the sheet making machine of (32 cm x 20 

cm) and wet sheet was pressed using sheet plate to remove excess water. The pressed 

sheet was air dried for 48hrs and plated using ironing machine at a pressure of 100bar at 

50oC for 10sec. 
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3.7 Characterization of the leather board 

The quality of the chrome shaving leather board (that serves as a control) and the 

composite sheets (CS-PF) were characterized using their mechanical properties, thermal 

stability. The surface morphology and change in functional group were studied using FT-

IR analysis. Moreover chromium leach ability was also analyzed. 

3.7.1 Mechanical properties 

Mechanical properties were assessed using three dumb bell shaped specimens of 4 mm 

wide and 10 mm length. Tensile strength, elongation at break and stitch tear strength 

were measured using Universal Testing Machine (350-8109 MC UTM). The extension 

rate was 5mm/min. The tensile strength and elongation at a break were measured 

according to ISO 3376:2015 test method. Double edge tear load was measured by using 

ISO 3377-1:2000 test method. The water absorption and desorption (%) capacities of the 

different control leather board and composite sheets were determined according to 

SATRA IM6: 1993 Method 2 test method. 

3.7.2 Physical characterization 

The thermal stability of the raw materials (chrome shaving, Jute fiber and sugarcane 

bagasse fiber), control board and composite sheets were analyzed using thermo 

gravimetric analysis method. TGA measurement was performed using TGA/DSC 

analyzer TA instrument SDTQ600. A 2 g of sample was placed in a platinum pan, and 

test was carried out in a programmed temperature range of 20 – 700oC at a heating rate of 

10oC/min under nitrogen atmosphere at flow rate of 60 ml/min. Fourier transform 
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infrared (FTIR) measurements were done determined to see the formation and changes in 

the functional sample functional group. The spectra were measured at a resolution of 4.0 

cm-1 in the frequency range of 4000 – 400 cm-1using FTIR (Shimadzu IR Affinity- IS 

spectrometer). The surface morphology of the natural fibers and the cross sectional 

morphology of control board and composite sheets were visualized by using scanning 

electron microscope (SEM Model JSM-IT 300). 

3.7.3Chemical characteristics of leather board 

Leachable chromium content of control board and the composite leather board was 

determined by using ISO 17072-1:2011(E): IULTCS/IUC 27-1:2011(E) test method. To 

the accurately weighed 2 g of grounded leather board sample in the conical flask, 

artificial-perspiration acid that was prepared by mixing 5g of sodium chloride, 2,2g of 

sodium dihydrogen orthophosphate dehydrate, 0.5g L- Histidine monohydrochloride 

monohydrate per 1litre, 100 ml of the acid artificial-perspiration acid solution were added 

and at 37 °C ± 2 °C, the sample were shaked slowly in a water bath for 4 h ± 5 min. the 

extracted solution were Filtered with a filter paper, then it was filtered with a membrane 

filter. For the direct measurement of the elements, suitable amount of extract were taken 

for analysis and add 5 % (by volume) of nitric acid. This addition was considered in the 

dilution factor. Blank sample were carry out with the sample to control contaminants with 

the same procedure. An aliquot of acid perspiration is placed in a sample container and 

treated as a sample, in all respects, including all analytical procedures. After completion 

of sample preparation the leachable chromium content was determined by using ICP-

OES instrument (Agilent 700 Series). Chromium trivalent content control board and 
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composite sheets were determined by using SLC 8 test method. 2g of sample was taken 

and 20ml of nitric acid was added followed by 20ml of mixture of per chloric acid and 

Sulphuric acid with 70 to 30 ratios. The mixture was heated until orange color is 

observed. The digested sample was cooled and 100ml of distilled water was added, 

heated for further 10min to remove excess chlorine. To avoid interference of iron 15ml of 

Orthophosphoric acid was added. 20ml of 10% Potassium iodide was added and kept in 

dark place for 10 minutes to avoid light interference to iodine. The sample was titrated 

against 0.1N Sodium Thiosulphate by using starch indicator until sky blue color observed 

(SLC, 1996). The pH of the leather board were determined by soaking 5grams of grinded 

sample in 100ml distilled water and keep in orbital shaking device for 16 – 24 hours 

followed by direct measurement of the pH according to the standard methods of SLC 13 

(SLC, 1996). 
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4. RESULT AND DISCUSSION 

4.1 solid waste generation rate in leather processing 

4.1.1 Solid Waste Generated during processing Cattle hide 

The waste generation rates found in different stages of tannery process are shown in 

Table 4. As shown in the table the highest waste was generated at the splitting of limed 

pelt (0.25kg/kg), followed by chrome shaving waste and fleshed trimming (0.224kg/kg). 

On the other hand the lowest were recorded in finished trimming (0.003kg/kg), crust 

trimming (0.012kg/kg) and fleshing waste (0.07kg/kg). This showed that the total amount 

of solid waste generated was found to be 0.783kg/kg (78%) of raw hide. Only 217kg/ton 

of leather is manufactured from one tone of raw hide. The tanning industry used in this 

study has estimated to generate around 4384.8 tons of waste per 5600tones of raw hide 

processed per annual. In this study 78.3% of the raw hide has generated as solid waste 

during leather processing. Other study also reveals that 200kg of leather is manufactured 

from one tone of raw hide processed (Langmaier et al, 1999). 

Table 4 Tannery solid wastes generated during processing raw hide 

S/No Solid waste WG (kg/kg) 

of raw hide 

WG (kg/ton) 

of raw hide 

TTSW 

(kg/ton)  

1. Fleshing waste  0.07±0.009 70  

 

 

783 

2. Fleshed trimming waste 0.224±0.014 224 

3. Splitting waste 0.25±0.06 250 

4. Chrome(wet blue) shaving waste  0.224±0.025 224 

5. Crust trimming 0.012±0.004 12 

6. Finished trimming 0.003±0.0015 3 

NOTE: TTSW-Total tannery solid waste; WG- Waste generation 
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Figure 7 Types of Solid Waste generated from tannery a) raw hide, b) Fleshing waste c) 

Fleshed trimming, d) Splitting waste e) Chrome shaving waste f) Crust trimming g) 

Finished trimming waste 

The proportion of waste generate during the different stages of tannery process are shown 

in Figure 8. According to the figure, splitting waste accounts 31.9% of the waste and 

fleshed trimming and chrome shaving each accounts 28.6% of the waste. The remaining 

10.8% of the waste contribute in fleshing, crust and finished trimming. 
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Figure 8 Proportion of solid waste generated at the different stages of tannery process 

The contribution of leather manufacturing stages in solid waste generation during 

manufacturing of leather from wet salted raw hide is shown in the Figure 9 below. The 

largest amount of solid waste generated during the beam house operation (69.4%) 

followed by tanning operation (28.6%). The least amount of solid waste was generated in 

the post tanning and finishing operation (1.9%). 

 

Figure 9 Pollution load % generated in every stage of leather processing during processing raw hide 
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4.1.2 Tannery solid waste generation rate during processing sheep skin 

The waste generation rates found in different stages of tannery process during processing 

raw sheep skin are shown in Table 5. As shown in the table the highest waste generated 

was hair (0.108kg/kg) followed by raw sheep skin trimming (0.058kg/kg), chrome 

shaving waste (0.032kg/kg) and fleshed trimming (0.025kg/kg). The lowest solid waste 

generation rates were recorded in pickled trimming (0.017kg/kg), crust trimming 

(0.012kg/kg) and finished leather trimming (0.009kg/kg). This showed that the total 

amount of solid waste generated was found to be 0.261kg/kg of raw hide. About 

261kg/ton of solid waste is generated during processing one ton of wet salted sheep skin.  

The tanning industry used in this study has estimated to generate around 292.3tons of 

solid waste per 1120tones of wet salted sheep skin processed per annual. Other study also 

reveals that 262kg of solid waste is generated from one tone of wet salted sheep skin 

processed (Abajidah, 2012). 

Table 5 Summery of tannery solid waste generating during processing sheep skin 

Types of TSW WG(kg/kg)  WG(kg/ton)  TTSW(kg/ ton) wet salted sheep skin 

Raw sheep skin trimming 0.058±0.01 58.0  

 

 

261.0 

 

Hair waste 0.108±0.015 108.0 

Fleshing waste 0.025±0.007 25.0 

Pickled trimming waste 0.017±0.004 17.0 

Chrome shaving waste 0.032±0.005 32.0 

Crust trimming waste 0.012±0.0019 12.0 

Finished leather trimming 0.009±0.0009 9.0  

NOTE: TSW-Total solid waste; WG- Waste generation 

The proportions of solid waste generated during the different stages of tannery process 

during processing wet sheep skin are shown in Figure 10. According to the figure, hair 

waste accounts 44.5% of the waste and raw wet salted trimming and chrome shaving 

waste accounts for 15.5 and 13.2% respectively. The others higher amount of solid waste 
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accounts for fleshing waste (10.3%) and pickled trimming waste (8.04%). The remaining 

8.6% of the waste contributed in crust and finished trimming.  

 

Figure 10 Proportion of solid waste generated at the different stages of tannery process 

during processing sheep skin 

 

The contribution of leather manufacturing stages in solid waste generation during 

manufacturing of leather from wet salted sheep skin is shown in the Figure 11 below. The 

largest amount of solid waste generated during the beam house operation (78%) followed 

by tanning operation (18%). The least amount of solid waste was generated in the 

finishing operation (4%). 
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Figure 11 Percentage shares of leather manufacturing stages in generating solid waste 

4.2 Characterization of Chrome shaving waste 

The physic chemical characteristics’ of the chrome shaving waste found in the study are 

shown in the Table 6. Chrome oxide content of the chrome shaving waste was 2.9±0.165. 

The PH value of the chrome shaving waste was 3.48±0.149.  The PH value of chrome 

shaving waste was found within the range at which chromium is fixed (3.8-4.0) at which 

the chromium sulphate chemical is fixed to leather. The chromium is fixed at low PH 

which is at 3.8 – 4.0. The moisture content of the wet blue shaving was very high 

(46%±1.6%) which results wet blue stage of leather processing is undergone at the wet 

stage. The nitrogen content and ash content were of 14.6±1.1% and 7.5±1.15% 

respectively. The physicochemical characteristics of chrome shaving waste was almost 

similar with data in other literatures (Deb, 2014) 

Table 6 Chrome shaving waste characteristics 

Parameters  Unit Amount 

PH - 3.48±0.149 

Moisture % 46±1.6 

Chromium trivalent content % 2.9±0.165 

Nitrogen content % 14.6±1.1 

Ash content % 7.5±1.15 

Beam house 

operation

78%

Tanning process

18%
Finishing Process

4%
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Figure 12 Chrome shaving waste 

4.2.2 Thermal Stability 

Figure 13shows the result found in thermo gravimetric analysis. As the figure shows, 

chrome shaving waste has three stage degradations.  The first stage degradation was 

shown at the temperature between 0 to 173.8oC with 16% loss by weight. This might be 

due to loss of water molecule in the sample. The second degradation was observed at 

173.86oC to 406.3oC. The corresponding weight loss was 40% due to protein degradation, 

it was the highest degradation. Animal skin is composed of protein (90-95% of solid, 3-

5% liquid) lipid, carbohydrate, salt and water. Among several classes of protein 

(collagen, elastin, keratin, glycoproteins, albumins and globulins) collagen is present in 

the largest amount and is responsible for the formation of leather in a combination with 

tanning agent (Mclaughlin and Theis, 1945).According to the study by Kamaraj et al. 

(2017) protein degradation was started at 200oC. The third degradation was observed in 

the temperature between 406.03°C to 521.16°C with 8% loss in mass. There was also 7% 

weight loss observed till the end with final residue of 27.7%. 
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Figure 13 TGA curve for chrome shaving 

4.2.3 Fourier transforms infrared (FTIR) analysis 

Figure 14 shows the infrared spectra of chrome shaving waste. The characteristic peaks 

of chrome shaving are seen at 3436,2919, 1615, 1401, 1057 cm-1 corresponding to OH 

stretching , C–C ring stretching, O-H bending of absorbed water, C–N stretching, N–H 

bending, ring deformation and C–C stretching((Krimm and Bandekar, 1986). Since the 

chrome shavings originate from skin/hides, it possesses the characteristic peaks 

corresponding to collagen. FTIR spectra of chrome shaving characterized by amide A 

(3436.98cm-1) band associated with NH stretching. Amide I (1615cm-1) band associated 

with C=O stretching, Amide II (1401cm-1) band associated with CN stretching (Elliott 

and Ambrose, 1950).The most sensitive spectral region to the protein secondary 

structural components is the amide I band (1700−1600 cm−1), which is due almost 

entirely to the C=O stretch vibrations of the peptide linkages (approximately 80%). The 

frequencies of the amide I band components are found to be correlated closely to each 
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secondary structural element of the proteins. The amide II band, in contrast, derives 

mainly from in-plane NH bending (40−60% of the potential energy) and from the CN 

stretching vibration (18−40%), showing much less protein conformational sensitivity 

than its amide I counterpart. Other amide vibration bands are very complex depending on 

the details of the force field, the nature of side chains and hydrogen bonding, which 

therefore are of little practical use in the protein conformational studies (Krimm and 

Bandekar, 1986). 

 

Figure 14FTIR data of chrome shaving waste 

4.2.4 Scanning Electron Microscope analysis 

Figure 15 shows the surface morphology of chrome shaving waste with three different 

magnification powers(X100, X500 and X1500). The individual collagen fibers were 

clearly observed.  
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Figure 15 SEM picture of chrome shaving 

4.3 Characteristics of sugarcane bagasse fiber 

4.3.1 Thermal Stability 

Figure 16 shows the result found in thermo gravimetric analysis of sugarcane bagasse 

fibers as the result shows the first degradation was shown in the temperature between 0 to 

139.71oC with initial weight loss of 3% which is due to loss of free or bounded water 

from the sample, the second weight loss was observed at 139.71oC to 374.95oC with 63% 

weight loss which is the highest weight loss due to degradation of cellulose, 

hemicelluloses and lignin. The pyrolysis proceeds in a slow pace where another 12% 

weight loss was observed till the end with final residue of13.87%. 

 

Figure 16 TGA analysis of Bagasse fiber 
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4.3.2 Fourier transform infrared (FTIR) analysis 

Absorption bands 1599 and 1384 cm-1 show presence of hemicellulose and lignin group 

is identified through absorption band at 1255 cm-1. While absorption bands at 2915 cm-1 

show a C-H aliphatic bonds. Further feature show OH stretching bond through absorption 

band at 3421 cm-1. Similar functional groups have also been observed by Zizumbo et al 

(2011). 

 

Figure 17 FTIR graph of Bagasse fiber 

5.3.3 Scanning Electron Microscope analysis 

Figure 18 shows the surface morphology of sugarcane bagasse fiber, the surface 

morphology was done with three different magnification powers(X100, X500 and 

X1500). The morphological structure of sugarcane bagasse fiber was clearly observed 

with a magnification power (X1500).The image was shown rough on the surface this is 

may be due to the rigorous process of preparing the fibers and some spots were shown on 

the surface.  
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Figure 18 SEM picture of sugarcane Bagasse fiber 

4.4 Characterization of Jute fiber 

4.4.1 Thermal Stability 

Figure 19 shows the result in thermo gravimetric analysis as shown from the Figure 

thermal degradation of jute fiber observed at three points. The first weight loss observed 

around at 47oC with 6.7% loss by mass which is due to loss of free or attached water 

molecule in a sample, the second weight loss was observed at a temperature between 

170oC to 315oC due to decomposition of hemicelluloses and cellulose, the corresponding 

weight with 42% by weight, the third weight loss observed at a temperature of 315oC to 

700oC due to decomposition of lignin with a final residue of 14.44%. Zeriouh and Belbirl 

(1995) also reported that the decomposition of hemicelluloses, cellulose and lignin 

occurred at temperature ranges from 180 to 240oC, 230 to 310oC and 300 to 400oC, 

respectively. 
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Figure 19 TGA analysis of Jute Fiber 

4.4.2 Fourier transform infrared analysis of jute fiber 

The spectrum of jute fibers exhibit O-H stretching absorption 3427cm-1C-H stretching 

absorption at 2914cm-1, 1623 OH bonding of absorbed water, hemicelluloses peak also 

observed at these absorption and C-O-C stretching absorption around 1038cm-1. These 

absorptions are consistent with those of the typical cellulose backbone (Omole and 

Dauda, 2016) 

 

Figure 20 FTIR analysis of Jute fiber 
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4.4.3 Scanning electron microscopic analysis of Jute fiber 

Figure 21 shows the surface morphology of Jute fiber at three different magnification 

powers (x100, x500 and x1500). As shown in the figure the surface morphology of Jute 

fiber were shown as long and thick fibers. 

 

Figure 21 SEM image of Jute fiber 

4.5 Mechanical properties of leather board 

4.5.1 Leather board with Fevicol synthetic resin adhesive 

The mechanical properties of the leather board synthesized from jute fiber with 15 and 

25% Fevicol synthetic resin adhesive are shown in Table 7 and 8 respectively. As shown 

in Table 7, the composite leather board has shown different tensile strength with variation 

of CS: JF proportion. The highest tensile strength was observed in 90:10 CS: JF ratio. 

The control board has shown similar tensile strength with composite board with 20%JF.  

Table 7 Mechanical properties of CS-JF with 15% (24.5ml) Fevicol synthetic resin 

Sample 

no. 

LF/PF 

(%) 

Fevicol 

(%) 

Tensile 

strength(MPa) 

Elongation at break 

(%) 

Optimum 

ratio 

1 100:0 15 2.8a±0.8 9.2±0.65  

2 90:10 15 6.2b±0.1 8.6±1.05 90:10 

3 80:20 15 2.8c±0.75 8.3±1.1 80:20 

4 70:30 15 4.7d±0.2 8.6±0.85 70:30 



53 
 

Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05). 

Similarly the composite board with 25% Fevicol synthetic resin adhesive has shown 

different tensile strength with variation to CS: JF ratio. The highest tensile strength 

(3.4MPa) and the highest elongation at break (16.5%) were in 90:10 ratio of chrome 

shaving to plant fiber ratio. On the other hand, the control (2.3±0.65) and 70:30 ratio of 

CS: JF (2.4±0.15) showed the same tensile strength. The elongation at a break value of 

the composite leather board with 10% JF shows the highest value 16.5±0.15MPa 

Table 8 Mechanical properties of CS-JF composite sheets with 25% (40.5ml) Fevicol 

synthetic resin 

Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05). 

The mechanical property of CS: SBF with 15 and 25% of Fevicol binder are shown in 

Table 9 and 10. Table 9 shows the tensile strength and elongation at a break value of the 

composite leather board of sugarcane bagasse fiber with 15% Fevicol adhesive.  The 

tensile strength of the composite board is lower than the respective control board 

(2.8±0.08MPa). Composite leather board with 20% of JF shows better tensile strength 

than the others composite boards next to control board.  

 

Sample 

no. 

LF/PF 

(%) 

Fevicol 

(%) 

Tensile 

strength(MPa) 

Elongation at break 

(%) 

Optimum 

ratio 

1 100:0 25 2.3a±0.65 9.3±0.94  

2 90:10 25 3.4b±0.35 16.5±0.15 90:10 

3 80:20 25 1.6c±0.06 7.5±0.08  

4 70:30 25 2.4a±0.15 7.8±0.1  
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Table 9 Mechanical properties of CS-SBF fiber composite board with 15% (24.5ml) 

Fevicol synthetic resin 

Sample 

no. 

LF/PF 

(%) 

Fevicol 

(%) 

Tensile strength 

(MPa) 

Elongation at break 

(%) 

1 100:0 15 2.8a±0.08 9.2±0.45 

2 90:10 15 0.7b±0.01 10.9±0.12 

3 80:20 15 1.9c±0.06 8.6±0.55 

4 70:30 15 1.4d±0.03 8.9±0.16 

Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05) 

As shown in Table 10 the tensile strength of composite boards prepared from LF/JF with 

25% of Fevicol adhesive also showed higher tensile strength than their respective 

controls (2.3MPa) except for a sample with 80:20 ratio (1.6MPa) which have lower 

tensile strength than the respective control.  

Table 10 Mechanical property of CS-SBF composite board with 25% (40.5ml) Fevicol 

synthetic resin 

Sample 

no. 

LF/PF 

(%) 

Fevicol 

(%) 

Tensile 

strength(MPa) 

Elongation at break 

(%) 

Optimum 

ratio 

1 100:0 25 2.3a±0.1 9.3±0.5  

2 90:10 25 3.1b±0.24 9.1±0.16 90:10 

3 80:20 25 2.6c±0.09 8.9±0.24 80:20 

4 70:30 25 3.3d±0.1 7.9±0.33 70:30 

Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05). 

Tensile strength of composite boards prepared with 25% of Fevicol synthetic  binder 

have showed higher tensile strength than their respective control, the tensile strength of 

composite board increases as the concentration of SBF(sugarcane Bagasse fiber) 

increases. Except sample with 20% SBF which have the lowest tensile strength than the 

control board.  

The tensile strength of leather board composite prepared from LF/JF with 15% 

concentration of Fevicol adhesive with 90:10 and 70:30 LF/JF (6.2MPa and 4.7 MPa) 

meets the standard guideline set by Central Leather Research Institute (CLRI) shoe 



55 
 

design and development center (CLRI-SDDC) which is in the range of 7.0–4.0 MPa and 

possessed the optimum tensile strength. 

Elongation at break values of composite sheets made by using Fevicol adhesive showed 

lower values than their respective control, but in case of composite sheet with 90:10 ratio 

of LF/JF (16.5%) shows higher elongation at break value than the respective control. 

As shown in the above tables the tensile strength of composite board are compared on the 

bases of their average value LF / JF has greater tensile strength than Sugarcane Bagasse 

fiber (SBF) 

4.5.2 Leather board with Natural rubber latex binder 

Tables 11 and 12 have shown the mechanical property of leather board synthesized from 

SBF. As shown in the Table 11, the tensile strength of composite leather board with 20 

and 30% LF/SBF showed greater value than the control board (1.0±0.18MPa). The 

tensile strength of composite leather board with 10% sugarcane bagasse fiber 

(0.7±0.09MPa) showed smaller than the respective control leather board. According to 

the result showed in the table as the concentration of the plant fiber increase the tensile 

strength of the composite leather board increases. The elongation at a break value of the 

composite leather board with 10 and 20% of SBF (8.1±0.65 and 8.4±1.25%) are less than 

the control board (9.3±0.80%). As the concentration of plant fiber increases the 

elongation at a break value also increases.  
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Table 11 Mechanical properties of CS-SBF composite board with 15% (24.5ml) NRL binder 

Sample 

no. 

LF/PF 

(%) 

NRL 

(%) 

Tensile strength 

(MPa) 

Elongation at break 

(%) 

1 100:0 15 1.0a±0.18 9.3±0.80 

2 90:10 15 0.7b±0.09 8.1±0.65 

3 80:20 15 1.3c±0.09 8.4±1.2 

4 70:30 15 1.8d±0.08 9.7±0.75 

Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05) 

Table 12 showed that the tensile strength and elongation at a break value of composite 

leather board with 25% NRL binder. As shown in the table the tensile strength of the 

composite leather board is lower than the control board (1.2±0.05MPa). The tensile 

strength of composite leather board increases as the concentration of plant fiber increases 

(10, 20, and 30%, 0.7±0.05, 0.9±0.1 and 1.1±0.3 respectively). The elongations at a break 

value of composite leather board are greater than the control board. Elongation at a break 

value of composite sheet with 10% SBF showed lower value (9.1±0.1%) than the control 

board (9.8±0.65%) 

Table 12 Mechanical properties of CS-SBF composite board with 25% (40.5ml) NRL binder 

Sample no. LF/PF (%) NRL 

 (%) 

Tensile strength 

(MPa) 

Elongation at break 

(%) 

1 100:0 25 1.2a±0.05 9.8±0.65 

2 90:10 25 0.7b±0.05 9.1±0.1 

3 80:20 25 0.9c±0.1 10.1±0.9 

4 70:30 25 1.1d±0.3 10.2±0.65 

Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05). 

 

Table 13 and 14 showed the mechanical property of composite leather board of jute fiber 

with 15 and 25% NRL.  LF/JF composite leather board with 20 and 30% ratios of JF 

showed higher tensile strength than their control and other composite material. Tensile 
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strength of composite material with 30% Jute fiber and 40ml (25%) of NRL have 

possessed optimum tensile strength value (11. 1MPA).  Elongation at break values of 

composite sheets made by using natural rubber latex has showed higher values with their 

respective control. Increased at PF ratio increases the value of elongation at break of 

composite material. ). According to the study ( Senthil et al, 2015) on preparation of 

composite board from finished leather scrap and NRL as the concentration of plant fiber 

increases the tensile strength of the composite board also increases but the concentration 

of the natural rubber latex used in the study was very high(400ml for 400g fiberized 

materials).  

Table 13 Mechanical properties of CS-JF composite board with 15% (24.5ml) NRL binder 

Sample 

no. 

LF/PF 

(%) 

NRL 

(%) 

Tensile strength 

(MPa) 

Elongation at break 

(%) 

1 100:0 15 1.0a±0.06 9.3±0.15 

2 90:10 15 0.7b±0.03 8.1±0.15 

3 80:20 15 1.2a±0.05 9.5±0.64 

4 70:30 15 0.7d±0.05 9.6±0.35 

Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05) 

Table 14 Mechanical properties of CS-JF composite board with 25% (40.5ml) NRL binder 

Sample 

no. 

LF/PF 

(%) 

NRL  

(%) 

Tensile strength 

(MPa) 

Elongation at break 

 (%) 

1 100:0 25 1.2a±0.02 9.8±0.15 

2 90:10 25 1.1b±0.02 9.5±0.54 

3 80:20 25 1.8c±0.1 9.5±0.2 

4 70:30 25 11.3d±0.84 10.0±0.22 

Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05) 

The tensile strength values of these composite sheets made with natural rubber latex did 

not meet the required standard set by Central Leather Research Institute shoe design and 
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development center (CLRI-SDDC) which is in the range of 7.0-4.0MPa depending on 

different shoe quality production except those with 70:30 ratio of PF/JF (11.3MPa) 

except sample with 70:30 LF/JF ratio (11.1MPa) 

4.5.3 Leather board with Animal glue 

The tensile strength and elongation at a break value of the composite leather board 

prepared from sugarcane bagasse fiber with 15 and 25% of animal glue were shown in 

Table 15 and 16.  As shown in Table 15 with 15% of animal glue, the tensile strength of 

the control board was recorded to be 0.6±0.01MPa. The composite board with 10 and 

30% sugarcane bagasse fiber showed lower tensile strength than control board. On the 

other hand the composite board with 20% SBF showed higher tensile strength. The 

elongation at a break value was lower in all composite board compared to their respective 

control. Composite board with 10 and 30% SBF were shown similar level of elongation 

at a break.  

Table 15 Mechanical properties of CS-SBF composite board with 15% (24.5ml) animal glue 

Sample 

no. 

LF/PF 

(%) 

Animal glue 

(%) 

Tensile strength 

(MPa) 

Elongation at break 

(%) 

1 100:0 15 0.6a±0.01 8.5±0.83 

2 90:10 15 0.4b±0.01 7.8±0.7 

3 80:20 15 0.7a±0.015 8.0±0.55 

4 70:30 15 0.4b±0.01 7.8±0.5 

Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05) 

Table 16 showed that the tensile strength and elongation at a break value of composite 

leather board with 25% of animal glue adhesive. The tensile strength of the control 

leather board was 3.1±0.05MPa.  The tensile strength of the composite leather board with 
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10, 20 and 30% SBF showed lower tensile strength than the control board. The tensile 

strength of the board with 10% SBF was better among the composite board (1.5±0.06).  

The elongation at a break value of the composite leather board with 10 and 30% SBF 

were higher than the control board. Composite board with 20% SBF was shown lower 

elongation at a break value than the control board. 

Table 16 Mechanical properties of CS-SBF composite board with 25% (40.5ml) animal glue 

Sample 

no. 

LF/PF  

(%) 

Animal glue 

(%) 

Tensile strength 

(MPa) 

Elongation at break 

(%) 

1 100:0 25 3.1a±0.05 9.1±0.5 

2 90:10 25 1.5b±0.06 9.6±0.62 

3 80:20 25 0.7c±0.05 7.9±0.1 

4 70:30 25 0.6d±0.01 9.6±0.64 

Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05) 

The tensile strength and elongation at a break value of the composite leather board 

prepared from jute with 15 and 25% of animal glue were shown in Table 17 and 18. 

Table 17 showed that the tensile strength of the composite leather board were higher than 

the control board (0.6±0.08MPa).the composite leather board with 10, 20 and 30% JF 

were 1.1±0.1, 1.5±0.2 and 0.7±0.06MPa respectively. The composite board with 20% JF 

showed higher tensile strength with higher elongation at a break value (9.6±1.1). The 

elongations at a break value of the composite leather boards were higher than the control 

board (8.5±0.1). 

Table 17 Mechanical properties of CS-JF composite board with 15% (24.5ml) animal glue 

Sample  

no. 

LF/PF  

(%) 

Animal glue  

(%) 

Tensile strength  

(MPa) 

Elongation at break  

(%) 

1 100:0 15 0.6a±0.08 8.5±0.1 

2 90:10 15 1.1b±0.1 8.9±0.9 

3 80:20 15 1.5c±0.2 9.6±1.1 

4 70:30 15 0.7d±0.06 8.2±0.5 
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Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05) 

As shown in Table 18 the tensile strength of the composite leather board were lower than 

the control board (3.1±0.6MPa). The composite board with 30% JF showed better tensile 

strength than the other composite sheets next to the control board. The elongations at a 

break value of the composite leather boards were lower than the control board (9.1±0.25). 

Whereas the elongation at a break value of composite board with 20% JF showed higher 

elongation at a break value than the control board. 

Table 18 Mechanical properties of CS-JF composite board with 25% (40.5ml) animal glue 

Sample 

no. 

LF/PF 

(%) 

Animal glue 

(%) 

Tensile strength 

(MPa) 

Elongation at break 

(%) 

1 100:0 25 3.1 a±0.6 9.1±0.25 

2 90:10 25 0.9 b±0.03 7.6±0.8 

3 80:20 25 0.9 b±0.02 9.5±0.5 

4 70:30 25 1.2 c±0.09 8.7±0.65 

Values are mean + SD, different superscripts in the same column represent statistically 

significant difference (P<0.05) 

The tensile strength values of these composite sheets made with animal glue did not meet 

the required standard set by Central Leather Research Institute shoe design and 

development center (CLRI-SDDC) which is in the range of 7.0 – 4.0 MPa. Elongation at 

break values of composite sheets made by using animal glue have showed greater values 

than their respective control but it doesn’t meet the standard set by Central Leather 

Research Institute shoe design and development center (CLRI-SDDC) which is in the 

range of 50– 70MPa 
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As presented in Figure 22 the optimum values in tensile strength (TS) of the three binders  

(Fevicol adhesive, natural rubber latex and animal glue) were obtained at a level of  24.5 

and 40.5 ml and are taken as reference level for the preparation and standardize of 

optimum value of binders and binder types of other composite sheet. 

 

Figure 22 Optimum tensile strength values of the three binders with different concentration 

 

The composite leather board with Fevicol synthetic resin has greater tensile strength 

followed by natural rubber latex and animal glue respectively. Fevicol synthetic resin 

with 15% concentration is the optimized concentration of binder. 

In this study the composite sheets were prepared with three different thicknesses. The 

thickness of leather board also has an impact on the mechanical property of the leather 

board and determines the final use of the product.  
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The hard and thick composite leather board with thickness that range between 3.8 to 

5.3mm , the total weight of leather fiber and plant fiber mix are the same with all the 

composite leather board.  

The tensile strength of the control sample was very less compared to the composite 

boards; addition of plant fiber improves the tensile property. The tensile strength of all 

the prepared leather board are higher than the control samples except sample with 30% 

ratio of SBF which have lower tensile strength (1.46Mpa) than control sample 

(2.74Mpa). From the prepared leather board sample LF/SBF (80:20) with 20% sugarcane 

bagasse has shown higher tensile strength (7.5Mpa) compared to control sample 

(2.74MPa) and other prepared composite boards of LF/ SBF and LF/JF. An increase in 

tensile strength was observed with increased in the ratio of plant fibers (SBF and JF). 

Fiber content has an impact on the properties of natural fibers reinforced composites, 

increase in fiber loading leads to increase in tensile property (Ahmad et al, 2006) . 

Rowell et al. (2000) reported that the increase in tensile strength of composites could be 

attributed cellulose content of plant fibers. Lower cellulose content cause lower tensile 

property. The tensile strength of LF/SBF (80:20) and 90:10 meet the requirement 

standard guideline set by Central Leather and Footwear Research Institute shoe design 

and development center (CLRI-SDDC) (7.0–4.0MPa) in the wet condition for the 

insole/shank board of footwear as per the SATRA TM2:1995 test method because the 

value is in the range (7.5MPa) which is used for the preparation of high quality shoes and 

4MPa casual quality shoe respectively based on the requirement guideline. However the 

others that don’t meet the requirement guideline can serve for other products. According 

to Dodwell (1989) fashion and comfort foot wear could be made from leather board with 
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tensile strength 5.5MPa while in expensive and light foot wear could be made from 

leather boards with tensile strength of 4.0MPa. 

Elongation at break reveals the elasticity of the composite material. Ethylene glycol was 

used to increase the elasticity. Composite leather boards exhibited significantly higher 

elongation at break percentage compared to the control sample. As the concentration of 

plant fiber increases the percentage of elongation at a break also increases. 70:30 ratios of 

LF/SBF and LF/JF (7.8 and 7.9%) shows higher elongation at break than the control 

sample (6.8%) and other composite sheets. Among the composite sheets leather board 

with 30% of Jute fiber has displayed the higher elongation at a break value (7.9%). 

The tear strength of composite material with thickness 3.7- 5.28mm, composite leather 

board composite leather board sample with 20% of sugar cane bagasse fiber has the 

highest tear strength out of the six composite leather board sample with 34N/mm, it 

exhibit optimum tear strength followed by sample with 30% of jute fiber mix 

(30.2N/mm).  According to Senthil et al. (2015) the optimum tear strength of composite 

leather board made from finished leather waste and plant fiber (coconut fiber) was 

28.69N/mm. So the optimum tear strength of the composite material (34N/mm) is greater 

than that of Senthil et al. (2015). 

According to Dodwell (1989) fashion and comfort foot wear could be made from leather 

board water absorption and desorption (%) should be minimum of 35 and 40% 

respectively. Water absorption and desorption capacity of composite material play a 

major role in deciding its use, Leather boards with decreased water absorption values and 

increased water desorption values are highly encouraged properties in footwear and 

leather goods manufacturing because dry product surface is essential to prevent 
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slippering and microbial growth(Senthil et al. 2015). Plant fibers are hydrophilic in 

nature. The hydrophilic nature of natural fibers is incompatible with hydrophobic 

polymer matrix and has a tendency to form aggregates. These hydrophilic fibers exhibit 

poor resistant to moisture, which lead to high water absorption, subsequently resulting in 

poor tensile properties of the natural fiber reinforced composites ( Ku et al, 2011). The 

water absorption (%) properties of the composite leather board are very high. The water 

desorption property of composite leather board with the higher thickness is low because 

of its thickness it takes time to remove the water. According to the standard guideline set 

by CLFI for footwear insole and study by Dodwell (1989), the water absorption and 

desorption listed are the minimum requirement. Thus the values described in this study 

are greater than the minimum requirement. 

Table 19 Mechanical properties of CS-JF Composite board with 3.7-5.28mm thickness 

LF/PF 

(%) 

Thickness 

(mm) 

Tensile 

strength (MPa) 

Elongation 

at break (%) 

Tear strength 

(N/mm) 

WA (%) WD (%) 

100:0 5.28 2.74±0.12 6.8±0.1 21.8±1.95 105.3±2.1 14.4±1.1 

90:10 3.95 3.39±0.2 7.05±0.1 23.7±1.05 136.6±2.6 32.5±1.0 

80:20 3.865 2.59±0.32 7.5±0.32 19.6±0.75 196.3±1.3 31.3±0.6 

70:30 3.81 3.46±0.1 7.9±0.6 30.2±0.4 175.0±1.5 32.0±0.3 
NOTE: WA- Water absorption; WD-Water desorption 

Table 20 Mechanical properties of CS-SBF composite board with 3.7-5.28mm thickness 

LF/LF 

(%) 

Thickness 

(mm) 

Tensile 

strength(MPa) 

Elongation 

at break (%) 

Tear strength 

(N/mm) 

WA (%) WD (%) 

100:0 5.28 2.74±0.12 6.8±0.1 21.8±1.95 105.3±2.1 14.4±0.9 

90:10 3.709 4.0±0.1 7.5±0.08 18.9±0.52 148.6±3.32 31.9±1.1 

80:20 4.093 7.5±0.2 7.7±0.12 34.75±1.65 104.4±1.84 42.7±1.6 

70:30 4.165 1.46±0.09 7.8±0.1 12.3±0.31 178.9±1.69 27.0±1.2 

NOTE: WA- Water absorption; WD-Water desorption 
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4.6 Mechanical properties Flexible leather board 

Flexible leather boards are prepared by adding 15ml of synthetic fat liquor to improve the 

flexibility of the leather board composite. As described in the tables below the tensile 

strength of leather board thickness ranges between 1.9 to 2.3mm. Leather board with 10 

and 30% ratio of sugarcane Bagasse fiber shows better tensile strength (1.92, 2.12MPa 

respectively) than the control sample (1.55MPa) and other composite leather boards. The 

tensile strength of leather board composite sheet with JF has shown less tensile strength 

than their control sample. From the three LF/ SBF ratio sample the 30% sugarcane 

bagasse fiber ratio have possessed optimum tensile strength value (2.12MPa), whereas 

from the three LF/ JF sample with 20% of jute fiber has possessed optimum tensile 

strength value (1.44MPa). 

Elongation at a break of the leather boards are higher than the control board, except 

sample 90:10 ratio of LF/JF has the lower elongation at a break value 7.05% than the 

control and other composite leather board. Elongation at a break exhibits the elasticity of 

the leather board. According to Senthil et al. (2015) elongation at a break increases as the 

concentration of plant fiber increases but the optimum elongation at a break was 5.62%. 

In this study the optimum elongation at break value is 7.9% which is composed of 30% 

jute ratio. 

The tear strength of the leather boards with the jute fiber composition is higher than the 

control board and the others that are prepared from sugarcane bagasse fiber. In the case of 

jute fiber as the concentration of jute fiber increases the tear strength also increases. The 

optimum tear strength is 18.9MPa. According to Senthil et al. (2015) during preparation 
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of leather board from buffing dust wastes the optimum tear strength of the leather board 

is 14.8MPa which is less than 18.9MPa. The prepared leather boards have higher water 

absorption and the water desorption property higher than the minimum standard 

requirement (35% and 40%minimum) respectively.  

Table 21 Mechanical properties of CS-JF composite board with 1.95-2.4mm thickness 

LF/PF 

(%) 

Thickness 

(mm) 
Tensile 

strength (MPa) 

Elongation 

at break (%) 

Tear strength 

(N/mm) 

WA (%) WD (%) 

100:0 1.945 1.55±0.06 7.55±0.09 12.2±0.1 153.3±2.1 74.0±2.3 

90:10 2.085 0.67±0.03 7.58±0.09 14.1±1.2 113.1±2.8 40.9±1.9 

80:20 2.339 1.44±0.07 7.05±0.06 18.8±0.9 190.5±2.5 86.6±2.6 

70:30 2.082 0.68±0.01 7.0±0.1 18.9±0.7 190.0±2.9 64.0±1.1 

NOTE: WA- Water absorption; WD-Water desorption 

Table 22 Mechanical properties of CS-SBF composite board with 1.95-2.4mm thickness 

LF/PF 

(%) 

Thickness 

(mm) 

Tensile 

strength(MPa) 

Elongation 

at break (%) 

Tear strength 

(N/mm) 

WA (%) WD (%) 

100:0 1.945 1.55±0.06 7.55±0.09 12.2±0.1 153.3±2.1 74.0±2.3 

90:10 2.40 1.92±0.08 8.1±0.68 9.25±0.6 135.9±3.6 66.3±1.9 

80:20 2.015 1.38±0.04 7.25±0.97 15.4±0.8 162.6±3.2 76.7±2.2 

70:30 1.965 2.12±0.02 7.15±0.81 7.2±0.08 203.0±2.1 77.3±1.8 

NOTE: WA- Water absorption; WD-Water desorption 

The tensile strength of the leather board composite material with 1.05 to 1.72mm increase 

as the concentration of the leather fiber increases except for a composite leather board 

with 20% sugarcane bagasse fiber (0.41MPa) which have smaller tensile strength than the 

control and other composite leather boards. The composite leather board with 30% jute 

fiber (1.7MPa) is the optimum tensile strength value. Related to the other prepared 

leather boards, leather board with thickness 1.05 to 1.72mm shows lower tensile strength. 

As the concentration of plant fibers increases elongation at a break value of composite 

leather board increases. The optimum elongation at a break value is 7.55% of leather 

board with 30% ratio of jute fiber. Tear strength of composite leather boards are smaller 
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than their respective control(5.7N/mm) except leather boards with 30% jute 

fiber(16.7N/mm), and with that of Sugarcane bagasse fiber ratio 10%(6.2N/mm) and 

30%(10.2 N/mm). The water absorption and desorption value of the leather board is 

higher than the minimum requirement. The leather board composite material with 30% 

Jute fiber shows better mechanical property than the control and other composite leather 

boards. 

Table 23 Mechanical properties of CS-JF composite board with 1.05-1.72mm thickness 

LF/LF 

(%) 

Thickness 

(mm) 

Tensile 

strength(MPa) 

Elongation at 

break (%) 

Tear strength 

(N/mm) 

WA (%) WD (%) 

100:0 1.05 0.62±0.04 4.8±0.12 5.7±0.08 134.3±1.1 79.3±1.3 

90:10 1.19 0.73±0.03 5.75±0.8 5.1±0.04 137.9±2.3 100.0±1.2 

80:20 1.37 0.88±0.07 6.6±0.09 4.1±0.3 214.7±2.12 80.4±1.8 

70:30 1.39 1.71±0.09 7.55±0.1 16.7±0.05 137.3±1.3 79.1±1.6 

NOTE: WA- Water absorption; WD-Water desorption 

Table 24 Mechanical properties of CS-SBF composite board with 1.05-1.7mm thickness 

LF/PF 

(%) 

Thickness 

(mm) 

Tensile 

strength(MPa) 

Elongation 

at break (%) 

Tear strength 

(N/mm) 

WA (%) WD (%) 

100:0 1.05 0.62±0.04 4.8±0.12 5.7±0.08 134.3±1.3 79.3±1.9 

90:10 1.72 0.65±0.07 7.4±0.11 6.2±0.06 167.7±1.8 82.7±1.5 

80:20 1.645 0.41±0.01 6.6±0.06 4.1±0.1 193.6±2.2 94.8±2.2 

70:30 1.528 0.85±0.08 7.2±0.1 10.2±0.25 192.8±3.4 92.5±1.7 

NOTE: WA- Water absorption; WD-Water desorption 

4.7 Physical property of composite leather board 

TGA reveals the thermal stability of the control and composite leather boards. In Fig. 23 

of the control sample a two-step weight loss was observed at 252oC this is due to loss of 

free and bound water (25%) weight loss was observed and the second and major weight 

loss (49%) was observed between 252oC and 514oC is due to protein degradation, and 

22% final residue.   
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As shown on Fig. 24 leather board with jute fiber composite had a three step weight loss, 

the first weight loss (14%) was observed up to 103oC and these is due evaporation of free 

or bonded water molecule in the sample, the second major weight loss 59% had occurred 

up to 479oC is due to protein and cellulose degradation. The third weight loss 5% is 

observed up to 700oC with a final residue of 22.5%, this is due to decomposition of 

degraded products.   

In composite leather composite with sugarcane bagasse fiber (LF/ SBF) had a two-step 

weight loss, the first weight loss 15% was observed up to 120oC, this is due to loss of 

water in the sample and the second and major weight loss 54% was observed from 214oC 

up to 465oC, this is due to degradation of protein, cellulose, hemicelluloses and lignin 

with a final residue of 24.5% (Flandez et al, 2012).  

Among the prepared leather board composite and control sample LF/SBF possess better 

thermal stability due to presence of high amount of lignin. Thermal stability of substance 

is exhibited by its increased decomposition temperature along with high amount of 

residue at the end of the temperature (700oC)(Abdullah and Ahmad , (2013)) . 

 

Figure 23 Thermo gravimetric analysis of Control board 
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Figure 24 Thermo gravimetric analysis of CS- JF 

 

Figure 25 Thermo gravimetric analysis of CS- SBF 

The Fourier transform infrared (FTIR) spectra for the samples are shown in Fig. 

26(control), Fig. 27(CS-JF) and Fig. 28(CS-SBF). The FTIR spectrum of control board 

shows the amide bonds of collagen fibers at 1635, 1543, and 1234cm-1 representing 

amide I, II, and III, respectively (Ramnath et al. 2012). Strong absorption between 3600 

and 3200 cm-1 region results from superimposed –OH and NH3 stretching bands. A 

strong and sharp peak is observed at 2922 cm-1 representing C–H of Fevicol synthetic 
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binder. A broad peak around 1080–1033 cm-1 represents bonded –OH groups in the 

sample. 

 

Figure 26 FTIR data of Control board 

FTIR spectra of CS-JF composite sample show a broad peak from 1030 to 1635 cm-1 

representing C–O–C and C–O stretch (primary and secondary hydroxide groups) and 

bonds  are belonging to the glucoside linkage and possibly to due to lignin(Sekar et al. 

2009). The peak at 1456 cm-1 in this spectrum represents H–CH and O–CH in plane 

bending vibration. The peak at 1236 cm-1 represents –C–H bending at C-6 in the 

cellulose molecular structure.  

 

Figure 27 FTIR analysis of CS-JF composite leather board 



71 
 

 

As shown in the figure below (Fig. 28) the FTIR study of leather board with Sugarcane 

Bagasse fiber also show similar trend with that of leather board with jute fiber. 

 

Figure 28 FTIR analysis of CS-SBF composite leather board 

 

Cross sectional morphological structure of control, CS- JF and CS-SBF in Figure 29 

shows the SEM image of the control sample it shows the chrome shaving fiber along with 

the fevicol adhesive. The SEM image of CS/ JF reveals the binding of jute fiber and 

leather fiber these reveals that the binding nature of the binder with CS/ JF. The SEM 

image of CS-SBF composite board the network of leather fiber, sugarcane Bagasse fiber 

adhering with binder is clearly seen. The cross section surface is observed that fibers are 

close packed and the resin is covering the fibers. Some cracks are observed this is may be 

due to processing of materials for SEM sample. All composite sheets prepared in this 

experiment exhibited an intermingling of fibers along with the binder All composite 

sheets prepared in this experiment exhibited an intermingling of fibers along with the 
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binder with no significant difference among the samples in their SEM images revealing 

that they have composite nature. 

 

Figure 29 SEM image of a) Control b) CS-SBF c) CS-JF 

4.8 Chromium trivalent and leachable chromium content of leather 

board 

The chromium trivalent value of the chromium sulphate chemical used for tanning in 

leather processing is 24% (Covington, 2009). The results of the analysis showed that the 

chrome shaving waste contain 2.9% trivalent chromium. The amount of chromium 

trivalent was 1.9% in the leather board with jute fiber and 1.7% in the leather board with 

sugarcane bagasse fiber. Similarly, Senthil et al. (2015) has also showed in the amount of 

trivalent chromium concentration during the preparation of leather board from buffing 

dust waste.  The results of the chromium leach ability test showed that the leachable 

chromium content was lowest in the leather board with sugarcane bagasse fiber (0.006%). 

The leachable chromium content was 0.01% in the leather board with jute fiber and 

0.02% in the control board. The decrease in concentration of chromium content observed 

at leather board with sugarcane bagasse fiber because it has the tendency to absorb heavy 

metals (Dos Santos et al, 2012) 
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5. CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

In conclusion, now a day with the actual soaking capacity of tanneries in Ethiopia 

8216.7ton/year of chrome shaving waste is disposed to the environment. Utilization of 

this high amount of waste into useful product is a promising condition. The CS-PF 

composite boards have shown better tensile strength properties when compared to the 

control sample. The tensile strength of LB composite prepared from 10% (6.2Mpa) and 

30% (4.7Mpa) jute fiber with 15% Fevicol synthetic resin meets the CLFI guideline (7-

4Mpa). In terms of thermal stability LF/SBF showed better with final residue of 24.5% 

than LF/JF (22.5%). In most of composite boards, tear strength is better than the control, 

all the composite board show good water absorption and desorption property and the 

SEM studies have shown the composite nature of the boards. The composite leather 

boards with 30% jute fiber and 20% sugarcane bagasse fiber shows better physic-

chemical property. The plant fibers used as an adsorbent to absorb the chromium present 

in the chrome shaving waste. The composite leather board with 20% sugarcane bagasse 

fiber has the lowest leachable chromium (0.006%) compared to other composite leather 

board (0.01%) and control board (0.02%). The thermal stability of CS-PF (CS-SBF and 

CS-JF) composites have shown no sudden degradation and are encouraging. Therefore, 

based on these results, it is concluded that the composite boards prepared can be used as 

raw material for the preparation of leather goods as a supportive material, mouse pads, 

false roofing,wall partitioning, components of furniture and interior decorations. 
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5.2 Recommendations 

• Additional work have to be done to improve physical and mechanical property of 

the leather board 

• Additional work  to increase application area of the leather board by using 

different cross linker  

• Dechroming of chrome shaving waste should be considered 

• Estimation of the economic feasibility of the processed products, providing 

estimates of annual mass production and price of waste leather, fevicol, plant 

fibres, dyeing agents for finishing, demand and an approached price of composite 

boards, machine costs, and energy requirement for (cutting, fiberizing, pressing, 

plating) to make it applicable at marketable level needs to be done.  
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ANNEXES 
Annex 1Daily and annual soaking capacity of tanneries 

Serial 

no. 

Tannery Installed soaking 

capacity(pieces/ 

day) 

Installed soaking 

capacity(pieces/annual) 

Actual soaking capacity(pieces/annual) 

Hide skin Hide Skin Hide Sheep skin Goat skin 

1. Colba Tannery 600 6,000 168,000 1,680,000 241,354 561,460 268,235 

2. Ethiopia Tannery 1,200 12,000 336,000 3,360,000 241,354 2,762,231 1,359,768 

3. Sheba Tannery 600 6,000 168,000 1,680,000 206,201 873,655 0 

4. ELICO  1,050 13,000 294,000 3,640,000 114,122 210,043 287,936 

5. Dire Tannery 600 6,000 168,000 1,680,000 79,180 876,971 0 

6 DX Industrious 0 8,000 0 2,240,000 0 0 1,157,711 

7. East Africa Tannery  0 8,000 0 2,240,000 - 189,882 194,900 

8. Batu Tannery  1,000 2,500 280,000 700,000 281,639 1,701 0 

9. Modjo Tannery  500 8,000 140,000 2,240,000 63,488 568,634 193,423 

10. Hafede Tannery 250 6,000 70,000 1,680,000 0 0 0 

11. Friendship Tannery  1,000 10,000 280,000 2,800,000 65,733 710,367 2,767,258 

12. New wing 10 180 2,800 50,400 4,861 236,527 32,887 

13. Kombolcha Tannery  0 6,000 0 1,680,000 0 41,259 126,278 

14. Gelan Tannery  0 3,000 0 840,000 0 110,590 22,991 

15. Hoandachen 0 10,000 0 2,800,000 0 645,000 197,000 

16. Bahirdar Tannery  300 2,000 84,000 560,000 147 261,437 5,669 

17. Wallia Tannery 1,000 5,000 280,000 1,400,000 30,968 323,152 43,275 

18. Hora Tannery 0 3,200 0 896,000 0 304,620 78,602 

19. Addis Ababa Tannery  900 2,500 252,000 700,000 152,275 2,600 0 

21. DebreBirhan Tannery 0 6,000 0 1,680,000 0 359,091 22,100 

22. Habesha Tannery 0 4,000 0 1,120,000 0 354,634 114,325 

23. Farida Tannery  0 7,000 0 1,960,000 19,547 618,518 6,522 

24. United Vasn Tannery 0 5,000 0 1,400,000 - 548,190 - 

25. Xiang xinxhange 500 5,000 140,000 1,400,000 219,500 35,056 119,520 

 Total  9510 144380 2662800 40426400 1720369 10595618 6878880 
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Annex 2 Fleshing and Fleshed trimming waste generated per kilogram of raw hide 

processed 

S/No Weight of 

WSRH 

(kg) 

Weight of  

hide Before 

fleshing and 

trimming (kg) 

Weight after 

Fleshing(kg) 

Weight 

after 

Trimming 

(kg) 

Weight of 

FW (kg)  

 

Weight of 

TW (kg) 

Weight of 

FW and 

TW(kg/kg) 

1. 19.0 23.0 22.0 17.6 1.0 4.4 0.28 

2. 20.2 24.2 22.6 18.6 1.6 4.0 0.28 

3. 19.9 24.6 23.2 18.0 1.4 4.8 0.33 

4. 20.8 24.8 23.2 18.2 1.6 5.0 0.32 

5. 20.8 24.8 23.4 18.4 1.4 5.0 0.31 

6. 19.6 23.6 22.2 17.6 1.4 4.6 0.31 

7. 20.5 24.6 23.0 18.6 1.6 4.4 0.29 

8. 20.6 24.6 23.2 18.6 1.4 4.6 0.29 

9. 20.0 24.0 22.6 18.0 1.4 4.6 0.30 

10. 20.3 24.0 22.8 18.0 1.2 4.8 0.29 

11. 25.0 33.0 31.0 26.0 2.0 5.0 0.28 

12. 16.0 19.0 18.0 15.0 1.0 3.0 0.25 

13. 19.0 23.0 22.0 18.0 1.0 4.0 0.26 

Average 20.1 24.4 23.0 18.5 1.4 4.5 0.29 

NOTE –WSRH-Wet salted raw hide; FW- Fleshing waste; TW- Trimming waste 

 

Annex 3 Splitting waste generated per kilogram of wet salted hide processed 

S/No Weight of 

WSRH (kg) 

Weight before 

splitting(kg) 

Weight after 

splitting (kg) 

Weight of 

SW (kg)  

Weight of SW 

(kg/kg) of raw hide 

1. 19.0 17.6 12.6 5.0 0.26 

2. 20.2 18.6 12.0 6.6 0.33 

3. 19.9 18.0 12.2 5.8 0.29 

4. 20.8 18.2 13.0 5.2 0.25 

5. 20.8 18.4 13.2 5.2 0.25 

6. 19.6 17.6 13.0 4.6 0.23 

7. 20.5 18.6 13.6 5.0 0.24 

8. 20.6 18.6 14.6 4.0 0.19 

9. 20.0 18.0 14.0 4.0 0.20 

10. 20.3 18.0 13.0 5.0 0.25 

11. 25.0 26.0 17.0 9.0 0.36 

12. 16.0 15.0 13.0 2.0 0.13 

13. 19.0 18.0 14.0 4.0 0.21 

Average  20.1 18.5 13.5 5.03 0.25 

NOTE –WSRH-Wet salted raw hide; SP- Splitting waste 
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Annex 4Chrome shaving waste generated per kilogram of wet salted hide processed 

S/No Weight of  

WSRH (kg) 

Weight before 

shaving (kg) 

Weight after 

shaving (kg) 

Weight of 

CSW (kg)  

Weight of 

CSW(kg/kg) of raw 

hide 

1. 19.0 10.0 5.4 4.6 0.242 

2. 20.2 11.6 6.1 5.5 0.27 

3. 19.9 10.8 6.4 4.4 0.22 

4. 20.8 11.5 6.0 5.5 0.264 

5. 20.8 10.5 6.0 4.5 0.216 

6. 19.6 8.7 4.4 4.3 0.22 

7. 20.5 10.5 6.3 4.2 0.205 

8. 20.6 9.7 5.6 4.1 0.20 

9. 20.0 9.9 5.7 4.2 0.21 

10. 20.3 11.0 6.0 5.0 0.246 

11. 25.0 10.3 5.5 4.8 0.19 

12. 16.0 7.06 3.8 3.28 0.205 

13. 19.0 8.4 4.3 4.2 0.22 

Average  20.1 10.0 5.5 4.506 0.224 

NOTE –WSRH-Wet salted raw hide; CSW- Chrome shaving waste 

 

Annex 5 Crust trimming waste generated per kilogram of wet salted hide processed 

S/No Weight of 

WSRH(kg) 

Weight before 

CT (kg) 

Weight after 

CT (kg) 

Weight of 

CTW (kg)  

Weight of CTW  

(kg/kg) of raw hide 

1. 19.0 2.9 2.8 0.1 0.005 

2. 20.2 3.4 3.15 0.25 0.012 

3. 19.9 3.2 3.0 0.2 0.010 

4. 20.8 3.0 2.9 0.2 0.010 

5. 20.8 3.6 3.3 0.3 0.014 

6. 19.6 2.9 2.7 0.2 0.010 

7. 20.5 3.4 3.1 0.3 0.014 

8. 20.6 3.5 3.3 0.2 0.010 

9. 20.0 3.2          3.0 0.2 0.010 

10. 20.3 3.4 3.2 0.2 0.010 

11. 25.0 3.84 3.3 0.54 0.0216 

12. 16.0 2.5 2.3 0.2 0.0125 

13. 19.0 2.8 2.5 0.3 0.016 
Average  20.1 3.2 2.96 0.24 0.012 

NOTE –WSRH-Wet salted raw hide; CT- Crust trimming; CTW- Crust trimming waste 
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Annex 6 Finished leather trimming waste generated per kilogram of wet salted hide 

processed 

S/No Weight of 

WSRH (kg) 

Weight FL before 

trimming (kg) 

Weight FL after 

trimming (kg) 

Weight of 

FLT (kg)  

Weight of FLT  

(kg/kg) of raw hide 

1. 19.0 2.8 2.67 0. 03 0.001 

2. 20.2 3.3 3.25 0. 05 0.002 

3. 19.9 3.0 2.9 0.1 0.005 

4. 20.8 3.2 3.16 0. 04 0.002 

5. 20.8 3.1 2.9 0.1 0.005 

6. 19.6 2.7 2.65 0.05 0.003 

7. 20.5 3.1 3.0 0.1 0.005 

8. 20.6 3.3 3.25 0.05 0.002 

9. 20.0 2.9 2.8 0.1 0.005 

10. 20.3 3.2 3.15 0. 05 0.002 

11. 25.0 3.4 3.3 0.1 0.004 

12. 16.0 2.4 2.37 0. 03 0.002 

13. 19.0 2.5 2.4 0.1 0.005 

Average 20.1 3.0 2.95 0. 146 0.003 

NOTE –WSRH-Wet salted raw hide 

              FL- Finished leather 

 FLT- Finished leather trimming 

Annex 7 Raw sheep skin trimming waste generated per kilogram of wet salted sheep skin 

processed 

S/No Weight of 

WSSS (kg) 

Weight of RTW 

(kg)  

Weight after 

trimming(kg) 

Weight of RTW 

(kg/kg of raw skin) 

1. 1.60 0.05 1.55 0.03 

2. 2.0 0.1 1.9 0.05 

3. 1.60 0.027 1.5 0.017 

4. 1.50 0.056 1.4 0.037 

5. 1.20 0.05 1.15 0.041 

6. 1.40 0.05 1.35 0.036 

7. 1.6 0.06 1.54 0.037 

8. 1.90 0.1 1.80 0.053 

9. 1.40 0.05 1.35 0.036 

10. 1.80 0.06 1.7 0.033 

Average  1.6 0.256 1.5 0.037 

NOTE- WSSS- Wet salted sheep skin 

RTW- Raw trimming waste 



86 
 

Annex 8 Hair waste generated per kilogram of wet salted sheep skin processed 

S/No Weight of 

WSSS(kg) 

Weight before 

unhairing(kg) 

Weight after 

unhairing(kg) 

Weight of 

HW (kg) 

Weight of HW (kg/Kg)of 

raw sheep skin 

1. 1.60 2.350 2.181 0.169 0.106 

2. 2.0 2.720 2.548 0.172 0.086 

3. 1.60 2.320 2.486 0.166 0.104 

4. 1.50 2.230 2.401 0.171 0.114 

5. 1.20 2.226 2.063 0.163 0.136 

6. 1.40 2.438 2.269 0.169 0.121 

7. 1.6 2.644 2.477 0.167 0.104 

8. 1.90 3.06 2.885 0.175 0.092 

9. 1.40 2.462 2.296 0.166 0.118 

10. 1.80 2.878 2.704 0.174 0.097 

Average  1.6 2.53 2.431 0.169 0.108 

NOTE- WSSS- Wet salted sheep skin 

HW- Hair waste 

 

Annex 9 Fleshing waste generated per kilogram of wet salted sheep skin processed 

S/No Weight of 

WSSS (kg) 

Weight before 

fleshing(kg)  

Weight after 

fleshing (kg) 

Weight of 

FW (kg) 

Weight of FW (kg/Kg)of 

raw sheep skin  

1. 1.60 2.181 2.152 0.029 0.018 

2. 2.0 2.548 2.501 0.047 0.024 

3. 1.60 2.486 2.454 0.032 0.02 

4. 1.50 2.401 2.359 0.042 0.028 

5. 1.20 2.063 2.039 0.024 0.02 

6. 1.40 2.269 2.252 0.017 0.012 

7. 1.6 2.477 2.425 0.052 0.033 

8. 1.90 2.885 2.826 0.059 0.031 

9. 1.40 2.296 2.26 0.036 0.026 

10. 1.80 2.704 2.642 0.062 0.034 

Average  1.6 2.431 2.4 0.04 0.025 

NOTE- WSSS- Wet salted sheep skin 

 FW- Fleshing waste 
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Annex 10 Pickled trimming wastes generated per kilogram of wet salted sheep skin 

processed 

S/No Weight of 

WSSS (kg) 

Weight before 

PT(kg)  

Weight after 

PT (kg) 

Weight of 

PTW (kg) 

Weight 

PTW(kg/Kg)of WSSS 

1. 1.60 0.64 0.616 0.024 0.015 

2. 2.0 0.80 0.765 0.035 0.0175 

3. 1.60 0.56 0.525 0.035 0.022 

4. 1.50 0.6 0.577 0.023 0.015 

5. 1.20 0.5 0.478 0.022 0.018 

6. 1.40 0.56 0.529 0.031 0.022 

7. 1.6 0.61 0.584 0.026 0.016 

8. 1.90 0.78 0.728 0.052 0.027 

9. 1.40 0.58 0.555 0.025 0.018 

10. 1.80 0.74 0.695 0.045 0.025 

Average  1.6 0.637 0.610 0.0267 0.0195 

NOTE- WSSS- Wet salted sheep skin 

             PT-Pickled trimming 

PTW-Pickled trimming waste 

 

Annex 11 Chrome shaving waste generated per kilogram of wet salted sheep skin 

processed 

S/No Weight of 

WSSS (kg) 

Weight before 

shaving (kg)  

Weight after 

shaving (kg) 

Weight of 

CSW (kg) 

Weight of CSW 

(kg/Kg)of WSSS 

1. 1.60 0.213 0.166 0.047 0.029 

2. 2.0 0.286 0.234 0.056 0.028 

3. 1.60 0.22 0.174 0.046 0.029 

4. 1.50 0.214 0.164 0.050 0.026 

5. 1.20 0.17 0.126 0.049 0.041 

6. 1.40 0.20 0.144 0.056 0.04 

7. 1.6 0.213 0.167 0.046 0.029 

8. 1.90 0.253 0.206 0.054 0.028 

9. 1.40 0.2 0.148 0.052 0.037 

10. 1.80 0.25 0.194 0.056 0.031 

Average  1.6 0.222 0.172 0.051 0.032 

NOTE- WSSS- Wet salted sheep skin 

CSW- Chrome shaving waste 
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Annex 12 Crust trimming waste generated per kilogram of wet sheep skin processed 

S/No Weight of 

WSSS (kg) 

Weight before 

trimming (kg)  

Weight after 

trimming (kg) 

Weight of CT 

(kg) 

Weight of CT 

(kg/Kg)of WSSS 

1. 1.60 0. 267 0.249 0.018 0.011 

2. 2.0 0.339 0.317 0.022 0.011 

3. 1.60 0. 267 0.247 0.020 0.0125 

4. 1.50 0. 259 0.238 0.021 0.014 

5. 1.20 0.203 0.187 0.016 0.013 

6. 1.40 0.233 0.221 0.012 0.008 

7. 1.6 0.262 0.240 0.022 0.014 

8. 1.90 0.311 0.286 0.025 0.013 

9. 1.40 0.241 0.221 0.020 0.014 

10. 1.80 0.286 0.264 0.022 0.012 

Average  1.6 0.268 0.247 0.0198 0.012 

NOTE- WSSS- Wet salted sheep skin 

CT- Crust trimming 

 

Annex 13 Finished leather trimming waste generated per kilogram of wet salted sheep 

skin processed 

S/No Weight 

WSSS (kg) 

Weight FL before  

trimming (kg)  

Weight FL after 

trimming (kg) 

Weight of FLT 

skin(kg) 

Weight FLT 

(kg/Kg)of WSSS 

1. 1.60 0.260 0.246 0.014 0.009 

2. 2.0 0.338 0.322 0.016 0.008 

3. 1.60 0.274 0.254 0.012 0.0075 

4. 1.50 0.264 0.250 0.014 0.009 

5. 1.20 0.210 0.2 0.010 0.008 

6. 1.40 0.234 0.222 0.012 0.008 

7. 1.6 0.282 0.266 0.016 0.010 

8. 1.90 0.314 0.297 0.017 0.009 

9. 1.40 0.247 0.233 0.014 0.010 

10. 1.80 0.299 0.281 0.018 0.010 

Average  1.6 0.272 0.257 0.014 0.009 

 

NOTE- WSSS-Wet salted sheep skin 

FL-Finished leather 

              FLT-Finished leather trimming 

 

 


