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ABSTRACT 
This study gives the idea about useful utilization of leather waste from industry and domestic plastic waste. This study reports the 
preparation and characterization of composite based on High density polyethylene (HDPE) waste and wet blue leather waste. The 
two wastes are compounded by two roll mill at a temperature of 1800C at 15 rpm. After milling composite mixtures were 
compression molded at a temperature of 1900C and less than 40 ton of pressure to improve surface finish. The specimens were 
punched out as per ASTM standard for testing various mechanical properties after molding. The final plate has thickness of around 
3mm and further processed for tensile strength, tear strength, flexural and hardness tests. It provides opportunity for utilization of 
waste materials thereby decreases environmental pollution. 
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INTRODUCTION 

 

Generation of solid and liquid wastes during manufacturing processes is unavoidable in major industries. 

India alone generates 150 million tonne of waste per day and most of it is left in the landfill at city. Only 10-20 

percent of city waste is recycled and rest is allowed to spoil the landfill. The developed nations are able to build 

capabilities for sustainable development for recycle 60-70 percent of waste they generate. A person creates 

waste of around three times of their own weight which means that on average 271.7kg of garbage per person as 

per last year. Domestic operations and dumping of these wastes in wastelands causes severe environmental 

threats. There is increasing trend of plastic manufacturing among industries because Plastic become the crucial 

part of lifestyle and global plastic production has been increased since past 50 years. It is the fact that plastics 

does not degrade and remains on the landscape for several years. The recycling of plastic materials can be done 

2 to 3 times. Proper recycling of these wastes would certainly save the energy and conserve the resources. Waste 

management has become a major problem in modern society, especially solid wastes with potential toxic effects. 

The search for innovative solutions for the reuse of solid waste increased in the late 20th century and has 

intensified with growing urgency for environmental preservation. [1-3] Many waste management solutions aim 

to add value to wastes through the development of new materials and processes. Presently, recycled plastics are 

finding growing importance in producing composite products. In this context, leather fiber are now recognized 

to produce good reinforcing capability to polymeric composites and also they are used as a cost-cutting 
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alternative to mineral fillers. [5] Hence, the addition of natural fibers, e.g., wood, sisal, jute, etc., to waste 

packaging polymer could produce newly developed composites, which are viable from both the mechanical 

performance and the economic points of view. 

 

Materials: 

Leather is wasted during each and every operation while transforming it to final product. Each operation 

leads to the generation of different kind of wastes. Tannery generates huge amount of solid wastes during each 

stage of processing. For this study leather wastes such as Trimming Waste (TW) have been utilized. These 

wastes were collected from leather industry, Chrompet, Chennai. Trimming waste is generally obtained from 

trimming operations during leather processing. Trimming waste from chrome tanned leather which is 

portentous, impregnated with chromium, synthetic fat, oil, tanning agents and dye chemicals is one of the 

difficult tannery wastes to manage. Huge amount of solid waste generated during tannery during each stage of 

processing. In fleshing 50 to 60 %, during trimming 5 to 7% of waste are obtained. During leather processing 

trimming waste are obtained from trimming operation. High Density Polyethylene is a plastic polymer with 

flexible properties which make it ideal for wide range of applications. It is a light material with high tensile 

strength. It is density is higher compared to other polymers with specific gravity of 0.95. The durable properties 

of HDPE fits for heavy duty containers and is primarily used for milk containers as well as bleach bottles. It 

does not absorb liquid readily, also it is extremely resistant to many oils, chemicals and acids.  

  

              
 

Fig. 1: Waste HDPE bottles                                                        Fig. 2: Trimming wastes 

 

Methodology: 

The collected HDPE bottles are cleaned and washed with hot aqueous solution with detergent at 60°C and 

this is followed by repeated with cold water. The cleaned HDPE bottles are cut into small pieces subsequently 

dried under direct sunlight to remove moisture content. Now the HDPE bottles are ready for further processing. 

Collected leather trimming wastes are contains more amount of water, since it is called wet blue leather. So in 

order to remove water content from the leather trimming waste, the wastes are dried under direct sunlight for 8 

hours. The amount of percentage removed from the trimming wastes are listed in table.1. 

 
Table 1: Moisture Content of Trimming wastes 

Before(gms) After (gms) Weight Reduction 

1000 385.2 61.5% 

 

For the present study the formulations are listed in table2. Based on the literature survey the content of 

leather used for preparing the composites was decided.  

 
Table 2: Formulations of HDPE wastes and leather waste 

Ingredients (wt.%) 
Formulation Numbers 

1 2 3 

HDPE Waste 80 60 50 

Leather waste (TW) 20 40 50 

 

Compounding is a process of mixture in which both wastes are mixed in proportionally. Composite 

mixtures were prepared by using two roll mill. The two roll mill consists of two horizontal, parallel, heavy metal 

rolls which can be heated by electrical heater. Temperature is controlled by controller. The temperature is set as 

135⁰C. The material is fed through from the top of the roll mill. The gap between the rollers is maintained at 

1mm.The back roll usually turns at a faster surface speed than the front mill. Back roll is rotate at 15rpm and 

front roll rotates at 10 rpm. This difference increases the shear forces. The difference in roll speeds is called the 

friction ratio. The materials generally form a ‘band’ around the front mill. Compression molding is the oldest 

mass production process for polymer products. The main reason for this choice of process in this case gives a 

clue to one of the features of the process, namely the low level of orientation in the moldings. Compression 

molding is simple, discontinuous technique using a mold inserted between heated metal plates in a hydraulic 
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press. After compounding materials are placed on the lower die. The dies are heated up to 95⁰C. Then upper die 

is compressed against lower die at 20kN pressure. Then it is allowed to cool in the die itself for half an hour. 

The die size is 270x130x3mm.Using the ejector pin material is taken out from the die. The prepared composites 

are shown in figure3. 

 
 

Fig. 3: Prepared Composite sheet 

 

Characterization Of Composites: 

4.1 Tensile Test: 

According to ASTM standard D412, tensile test on composite sheets were performed using computer 

controlled universal testing machine with an extensometer gauge length of 50mm and a test speed of 50mm/min. 

Specimens were tested for each type of Composite sheets. The final mechanical properties of the composite 

sheets were evaluated from the average of five different measurements.  

 

4.2 Tear Test: 

Tear test on composite sheets were performed as per ASTM standard D1004. Tear resistance of composite 

sheets is a complex function of its ultimate resistance to rupture. The specimen geometry of this test method 

produces a stress concentration in a small area of the specimen. 

 

 
 

Fig. 4: Test Specimens 

 

4.3 Flexural Strength: 

The flexural test measures the force required to bend a beam under three point loading conditions. Test 

specimens prepared as per ASTM D790. Most commonly the specimen lies on a support span and the load is 

applied to the center by the loading nose producing three point bending at a specified rate. The parameters for 

this test are the support span, the speed of the loading, and the maximum deflection for the test. 

 

4.4 Hardness Test: 

This test method is based on the penetration of a specific type of indentor when forced into the material 

under specified conditions. Composites were tested as per the ASTM D2240. Durometer is used to find out the 

hardness of prepared composites. The specimen is first placed on a hard flat surface. The indentor for the 

instrument is then pressed into the specimen making sure that it is parallel to the surface. The hardness is read 

within one second of firm contact with the specimen. 

 

RESULTS AND DISCUSSION 

 

The variation of the mechanical properties as a function of leather fiber is listed in the table. The tensile 

strength values of this composite materials with three types of proportions lies between the range of various 

materials like borosilicate glass, natural rubber, isoprene, leather, polyethylene and Teflon. Flexural results 
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indicates that the 20%leather content composites are flexible than the other. Since the addition of leather content 

decides the flexibility of this type of composites materials. Adding of leather content increases the rigidity of the 

composite materials. Tear resistance results reveals that tear property of material purely depends on HDPE 

content of prepared composites. Similarly hardness of the materials also depends on the HDPE content. It 

clearly indicates in the Shore D results. 50% leather content composites has more hardness value than other 

compositions. The summary of test results given in the table 3. 

 
Table 3: Formulations of HDPE wastes and leather waste 

S.No Mechanical property Unit Formulation Number 

1 2 3 

1 Tensile Strength N/mm2 25.27 25.31 24.25 

2 Tear Strength N/mm 159.56 148.57 103.03 

3 Flexural  Strength N/mm2 250.61 225.56 116.04 

4 Hardness Shore D 63.8 66.4 67.4 

 

Conclusion: 

The present study provides the possible solution for the management of solid waste generated in leather 

manufacturing industries and household garbage. Polymer composites made from the leather trimming wastes 

with waste HDPE bottles provides good mechanical properties. It has Hardness is increasing when the polymer 

ratio is increasing. Thus different kinds of waste materials have been successfully utilized as filler in polymer 

composites with various applications. Thus the prepared leather polymer composites have potential for 

numerous applications in different industry. This not only reduces the production cost and material cost, but also 

offers an opportunity for utilization of waste materials and thereby reducing environmental pollution. Moreover, 

this study also reveals a simple and efficient way of fabricating waste material into useful composites. The 

composites produced could be used as a replacement for synthetic leather-like materials.  
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