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Abstract— The performance characteristics of EVA (Ethylene Vinyl Acetate) is studied and its use as an effective 
Geomembranes liner in containment systems is investigated. Melt mixing and film casting of various blends containing only 
EVA and of blends containing both HDPE (High Density Polyethylene) and EVA (Ethylene-co-vinyl acetate) were 
performed to synthesize the geomembrane.  The effects of adding HDPE to EVA is identified by various physical, chemical 
and mechanical tests such as Tensile, tear, TGA, UV/IR, etc.  A comparison between the properties of blends containing 
only EVA and of blends containing EVA and HDPE were conducted. From the results obtained for tear strength, tensile 
strength, it was observed that the specimen containing EVA and Nano clay (NC) showed optimum values, which indicated 
that the addition of filler material resulted in an increase in the tensile and tear strength of the film upto 9% wt. The thermal 
properties of EVA/HDPE blends showed an increase in the thermal degradation with the addition of HDPE. The chemical 
properties of the polymer film were analyzed by means of UV/IR tests. All the specimens containing blends of HDPE and 
EVA showed similar behavior. The FTIR spectra indicated the presence of alkenes group, -C=H stretching at bands in the 
range of 2841- 2845 cm-1. 
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I. INTRODUCTION 
 
Management of solid waste was a problem that 
plagued mankind from the origin of civilizations. 
Until recently, the management of solid waste was 
considered as a mere inconvenience. However, 
nowadays due to increased use of non-decomposable 
packaging and increasing consumerism, the problem 
of accumulation of solid wastes is escalating [1]. This 
piling up of solid waste has significant adverse 
impact on human health, environment, society and 
the economy of a nation as a whole.  
The most commonly adopted means of disposal of 
solid waste is engineered landfills. A landfill is a site 
usually located away from residential neighborhoods, 
where waste is disposed by means of burial. It is 
considered to be one of the oldest forms of solid 
waste treatment [13]. Leachates from landfills are a 
major source of pollution of groundwater. Hence it is 
necessary to control and if possible avert the flow of 
leachate into groundwater. 
Landfill liners are low permeability barriers that 
retard the flow of leachate into the ground. 
Traditionally, they were made of clay. As time 
progressed modern polymers were developed and 
were found to be highly impervious, thereby forming 
effective leachate barriers [8]. Geomembranes are 
used extensively in different engineering scenarios. 
This includes water collection ponds, waste 
management, municipal solid waste and hazardous 
waste landfills, water protection systems, floating 
covers, and other containment facilities. 
Hydraulic conductivity of in-situ soils can be reduced 
by using geomembranes. Geomembranes have the 
ability to enhance the geotechnical properties of the 

soil. Ever since their inception in the early 80’s, 
HDPE geomembranes have established itself as the 
material of choice of every industrialized nation for 
containment applications [13]. Their swift growth 
was enhanced by wide acceptance among industries 
through governmental endorsements in various 
countries and ensuing regulations Modern engineered 
containment structures constructed using geome-
mbranes like HDPE and PVC represent the safest, 
most efficient, reliable and economical containment 
technique.  
The major component of geomembranes is synthetic 
polymer. These polymers undergo degradation with 
time. Some of the vectors through which degradation 
happens is by biological, chemical, ultraviolet, and 
oxidative, mechanical and thermal degradation. Due 
to this, the material undergoes several changes in its 
performance thereby reducing its durability [8].  
HDPE geomembranes are more popular as they have 
high tensile strength, high inherent flexibility 
achieved without additives, high chemical resistance 
but are not environmental friendly since they do not 
permit the natural degradation of organic constituents 
present in the waste. Medium density 
geomemberanes (MDPE) are found to have excellent 
chemical resistance as they do not undergo 
degradation themselves. Few chemical compounds 
such as aromatics and halocarbons swell the polymer 
structure and increase the permeability, MDPE do not 
degrade themselves [2]. As a result of increased 
exposure to UV radiation, presence of high 
temperature, direct exposure to oxygen, 
geomemberanes constructed in open environment 
have the tendency to undergo rapid degradation. 
(Rowe et al. 2002; Koerner et al. 2012).The addition 
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of EVA to LDPE imparts superior elasticity, 
mechanical strength, resistance to ultra-violet (UV) 
radiation and enhances its thermal stability [6]. 
Othman Y. Alothman, investigated the effects of 
increasing the VA percentage in blends of HDPE and 
EVA. The data revealed that tensile strength, young’s 
modulus decreased with the increase in VA content in 
the blends. This could be due to the decrease in the 
crystallinity of the blends [7]. 
The purpose of this study is to observe the variations 
in different physical, chemical, mechanical and 
thermal properties of polymeric geomemberanes with 
different combinations of HDPE and EVA. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials 
For this study, the polymers used were EVA 
(Ethylene-co-Vinyl Acetate) and HDPE (High 
density Polyethylene). Di-cumyl Peroxide (DCP) 
with minimum assay of 99% obtained from HI Media 
Laboratories Pvt. Ltd. was used as a curing agent. 
Nano clay which was obtained from Elementis 
specialties used as a filler material. 

 
Table 1: Formulation and composition of samples 

 
 
2.2 Methodology 
2.2.1 Melt mixing 
14 sets of samples were prepared using Brabender 
plastograph machine. The first two sets of samples 
were prepared on mixing EVA and DCP at a 
temperature of 80⁰C and at a rotational speed of 
60rpm. The next six sets of sample were prepared on 

mixing EVA, DCP and Nano clay. The next six sets 
of samples were prepared on mixing EVA, HDPE 
and DCP at a temperature of 143⁰C and a rotational 
speed of 60 rpm. 
2.2.2 Film casting 
Compression molding technique was employed to 
cast the melted samples into thin plastic sheets. 
Initially preheating of the flat molds was done for a 
period of 10 min. This was then followed by melting 
and curing. The melting was carried out at a 
temperature of 150⁰C for a period of 6 min. Then the 
curing of molten sample was carried out using 
hydraulic press for a period of 4 min.  
 
2.3 Film Testing Methods 
2.3.1 Tear Resistance 
The tear resistance of all the 7 sets of specimen were 
determined with the help of tensile tester as per 
ASTM D 1004 - 94a. The rate of loading was set as 
51mm(2 in.)/min.. The specimen geometry was in the 
form of a dumb-bell and speed of testing in this test 
method are controlled to produce tearing in a small 
area of stress concentration at rates far below those 
usually encountered in service. The gauge length was 
set as 40mm. Then after placing the specimen 
between the grips of the machine firmly, and then 
starting the machine the values of tear resistance in 
N/mm were recorded.  
2.3.2 Tensile Resistance 
The tensile properties of plastics in the form of thin 
sheeting (less than 1.0mm in thickness) were 
determined as per ASTM D 882-01 with the help of a 
tensile tester. Specimen extension was measured by 
grip separation. The specimen was cut in the shape of 
rectangle. The corresponding values of width and 
thickness of all the 7 sets of sample were noted. The 
speed of testing the specimens were set. The 
specimen was placed firmly between the grips and 
then the grips were tightened properly. Then on 
starting the machine the corresponding values of 
stress and strain were recorded and then the load 
extension curve was obtained. On dividing the 
maximum load by the minimum cross-sectional area 
of the specimen, the tensile strength was calculated in 
force per unit area.  
 

 
Table2: Tear strength for specimen 

2.3.4 FTIR spectroscopy 
FT-IR spectra on the thin films of the polymer blends 
before and after electron beam irradiation were 
recorded using a Perkin Elmer Frontier spectrometer 
(UK) in ATR mode at room temperature over the 
range of 4000–400 cm-1. 
2.3.5 Thermo gravimetric analysis (TGA) 

Thermo gravimetric analyses (TGA) of the as well as 
EVA/HDPE blends were measured by using a thermo 
gravimetric analyzer (Mettler-Tolledo AG, Switzer-
land). The sample weight was 8–10mg and the 
heating rate was 100Cmin-1. Tests were performed 
from ambient temperature to 7000C under N2 
atmosphere. 
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2.3.6 Thickness 
The thickness of all the 7 sets of sample were 
measured as per ASTM D 6988 by means of a 
thickness gauge. 
 
III. RESULTS AND DISCUSSION 
 
3.1 Physical tests 
3.1.1 Thickness 
The thickness results clearly indicated that the sample 
containing the blend of EVA and HDPE possessed 
maximum thickness.  It was observed that maximum 
thickness was obtained for sample EH2 at 0.53mm of 
thickness. While the minimum thickness was for 
sample E1 at 0.26mm. Since the machine operates at 
a constant load, it can be safely concluded that the 
sample with the least thickness would be 
considerably more pliable than the others.   
 
3.1.2 Tear strength 
As per the procedures in ASTM D 1004 – 94a, the 
blends containing EVA and HDPE were prepared in 
proportion of 25%, 50%, and 75% by weight of 
HDPE. The values of tear strength of each of these 
blends have been summarized in Table 2. From the 
vales recorded it is very clear that the tear strength of 
sample containing only EVA and nanoclay as filler 
material showed the maximum tear strength. The 
results also revealed that with the addition of filler 
material there has been a boost in the tear strength of 
the samples.  
 
3.1.3 Tensile strength 
The tensile strength of all the 14 sets of samples were 
performed as per per ASTM D 882 – 01. The tensile 
strength results clearly indicated that the sample ENC 
6 containing only EVA  showed the maximum tensile 
strength. The results included the values of both 

tensile strength and modulus of elasticity of all the 
sets of sample. 

 
Table 3: Tensile properties of Polymer films 

 
 
3.1.4 Thermo gravimetric analysis (TGA) 
The thermo gravimetric analysis (TGA) was 
conducted to understand the thermal behavior of the 
sample the curves are shown in Fig. 11. The results of 
TGA were obtained from ambient temperature to 
700⁰C under N2 atmosphere. The results clearly 
 

 
Figure 1: TGA analysis results for polymer membranes 

 

 
Figure 2: FTIR Results 
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indicated that the addition of HDPE in increasing 
proportion lead to a slight increase in the thermal 
stability of the polymerfilms 
 
3.1.5 FTIR Analysis 
The Fourier transform infrared analysis was carried 
out for the samples containing EVA and HDPE. FTIR 
tests were run (4000-400 cm-1) for all blended 
samples to track the presence of functional group in 
each sample. 
 
CONCLUSIONS 
 
The selection of a geomemberane material plays a vital 
role in the performance of a geomemberane as an 
effective liner in landfill. In this paper the suitability of 
using EVA as a geomemberane material was evaluated. 
Various blends of EVA and HDPE were prepared and 
then their performance was evaluated in terms of 
physical, chemical and mechanical properties. The 
results clearly indicated that the optimum value of 
tensile strength and tear strength were obtained for the 
blend containing only EVA and nano clay. The values 
of modulus of elasticity of sample containing only EVA 
showed a significant improvement in the tensile 
strength. The IR results showed the presence of C-H 
group. 
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