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Abstract: Blending polymers is a technique used to tailor the properties of polymers. 
Not a notable amount of work is found on ternary blend composite system in the 
literature. In the present paper, an attempt was made to find a relationship between 
structures of the polymer blend composites with thermal properties. Various 
compositions of a blend composite were synthesized with the help of PMMA (Poly 
methyl methacrylate)/ PEO (Poly ethylene oxide)/ PVAc (Poly vinyl acetate) and 
lithium perchlorate. Structural and thermal properties of the polymer-Lithium per 
chlorate blend composites showed an increase in crystallinity and a decrease of 
thermal stability with increasing salt concentration. 
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Introduction 

Polymer composites and blends are 
one of the strongest candidates in the 
competition for the best material that can be 
used in various applications. They are in use 
in the products market more than any other 
material. As compared to traditional 
materials they have enhanced properties 
which make them fit for use in the modern 
age of technology. The one-dimensional (1-
D) nanostructure has attracted much 
attention after the discovery of carbon 
nanotubes (CNTs) (Iijima, 1991). The 
applications of 1-D nanomaterials have been 
suggested in the electric devices, sensors 
etc. This is due to their physical and 
chemical properties (Ajayan, 1999).  
Polymer blends and composites have some 
unusually unique properties that make them 
quite useful and fit for the latest technology. 
Properties of a blend or a composite system 

up to a large extend depend upon the 
morphology and structure. Various polymer 
matrices are used for fabricating 
composites, including thermoplastics  
(Jamal, et al., 2007; Li, et al., 2007; 
Morales-Teyssier, et al., 2006) , thermosets 
and electric applications. The properties and 
applications of carbon nanotubes (CNTs) 
and related materials have been very active 
research fields over the last decade (Guldi,  
et al., 2005, Sgobba, et al., 2006; Bandaru,  
2000).  

Thermal analysis is in fact the 
measurement of all those changes that occur 
in physical properties of a substance. Thus it 
is a function of temperature, whereas the 
sample is subjected to a controlled 
temperature program (Brown, 1988).  In this 
way thermal analysis plays a pertinent role 
in investigating a useful material. Thermo 
gravimetry (TG), differential thermal 
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analysis (DTA) and differential scanning 
calorimetry (DSC) have been in use for the 
characterization of various fuels in the 
process of combustion. In the scientific 
literature, one finds a relation with the effect 
of physical and chemical properties and the 
operating conditions in the combustion 
processes in order to improve the thermal 
efficiency of the material that is produced in 
various fuels and other material (Morgan, et 
al., 1986;  Jayaweera, et al., 1989;  Markova 
and  Rustschev, 1991; Sharma, et al., 2011; 
Kumar,  et al., 2010).     

In the present work, an effort has 
been made to correlate the morphology, 
thermal degradation and other thermal 
properties. Lithium perchlorate was 
incorporated in the ternary blends of 
PMMA, PVAc and PEO. Poly (methyl 
methacrylate) (PMMA) or poly (methyl 2-
methylpropenoate) is the synthetic polymer 
of methyl methacrylate. This transparent 
plastic   is commonly called acrylic glass or 
simply acrylic. The material was developed 
in 1928 in various laboratories and was 
brought to market in 1933 .  

PMMA or acrylic is a versatile 
material and has been used in a wide range 
of fields and applications.It has high 
mechanical strength and good dimensional 
stability, which does not shatter or rupture. 
It is one of the hardest thermoplastics and is 
also highly scratch resistant. PMMA's 
advantage is that it allows for extremely 
high resolution (nanoscale) patterns to be 
made. It is an invaluable tool in 
nanotechnology. The material is often used 
as an alternative to glass. Unlike glass, 
PMMA does not filter ultraviolet (UV) light. 
PMMA molecules have great UV stability 
compared to polycarbonate. 

PEO is non-ionic homopolymer, 
which can be readily extruded, calendared 
and cast with high flexibility and stiffness. It 
has variety of uses and now-a-days is 
commonly used in lithium ion batteries. 

PVAc is a common rubbery 
synthetic copolymer with more expensive 
acrylics, used extensively in paper, paint 
and industrial coatings, referred to as vinyl 
acrylics. It can also be used to protect 
cheese from fungi and humidity. It is slowly 
attacked by alkali, forming acetic acid as a 
hydrolysis product. As an emulsion in 
water, PVAc is sold as an adhesive for 
porous materials, particularly wood, paper, 
and cloth. It is the most commonly used 
wood glue, both as "white glue" and the 
yellow "carpenter's glue." PVAc is widely 
used in bookbinding and book arts due to its 
flexibility, and non-acidic nature.  

This is a new work of its type as the 
ternary blend composites have not been 
reported so far. Even the work done on 
plane ternary blends is very limited. The 
blend composites formed as a result of the 
present work are good candidates to be in 
electrical devices such as storage batteries 
and capacitors. 

Experimental 

Chemicals Used 

 Three different polymers were used 
for this study. Polyvinyl acetate (PVAc) 
from ALDRICH with molecular weight 
51,000 gmol-1, Poly (ethylene oxide) (PEO) 
of molecular weight 100,000 gmol-1 from 
BDH chemical Ltd England, and a low 
molecular weight Poly (methyl 
methacrylate) PMMA from BDH chemical 
Ltd England. All these polymers were used 
as such without further purification. Lithium 
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Perchlorate was obtained from ALDRICH 
and was used after purification. For 
preparation of Lithium blend samples 
chloroform was used as solvent.  

Preparation of Blends 

1.5 g PMMA, 0.225 g of PEO and 
0.225 g of PVAc were weighed. The blends 
were made by mixing the three polymers 
with constant stirring using magnetic bars 
for 24 hours at room temperature. Lithium 
perchlorate was added to the blend in five 
different amounts; that is 0.05 g, 0.10g, 0.15 
g, 0.20 g and 0.25 g. The solution was 
stirred for 12 hours again. Films of the 
polymer blend composites were prepared by 
solution casting technique at room 
temperature and were dried in a vacuum 
oven at 60oC.After drying the films were 
subjected to the characterization techniques 
including XRD, TG/DTA and SEM. 

 

Results and Discussion 

XRD Analysis of Polymer-Lithium 
Perchlorate Blend Composites 

An X-ray diffraction measurement 
was done by using Rigaku (Japan) FX 
Gieger Series RAD-B system.  Samples 
were placed on holder. 20mA current and 
35kV acceleration voltage was set as 
experimental conditions for taking XRD 
spectrum. 10 to 50 degree scale of scanning 
was chosen for samples. X-ray diffraction 
patterns of polymer- lithium perchlorate 
blend composites prepared in different ratios 
were carried out. Lithium perchlorate is 
shown to have crystalline nature with peaks 
at angle 2θ=18.36o, 2θ=23.2o, 2θ=27.5o, 
2θ=32.99o, 2θ=36.58o (Baskaran, et al., 
2006). 

The results of the XRD are shown 
in Fig.1. 

 
 

Fig. 1: XRD patterns of A: 0.10 g, B: 0.15 g, C: 0.20 g, D: 0.25 g salt 
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The individual and combined graphs 
of various compositions reveal that the 
major peak at an angle 2θ=29.4o remains at 
its original position but its intensity 
increases as the amount of LiClO4 
increases. An increase in the salt 
concentration increases crystalinity among 
the materials. The individual peaks of all the 
components were not visible here; this 
means that true, homogenous composite has 
been formed. The individual contribution 
has merged and the composite is behaving 
as single entity. 

TGA/DTA Analysis of Polymer-LiClO4 
Blend Composites 

TGA Analysis of blends was carried 
out in temperature range of 30 °C to 600°C, 
10 °C/min was set as heating rate. Weight of 
each sample was between 5 to 8 mg and 
initial purge gas was nitrogen and each 
sample was held for 1 min at 30 oC. All the 
conditions during the analysis were kept 
same for all samples in order to compare 
samples for their degradation behaviour. The 
study was performed on Perkin Elmer 
Diamond TG/DTA, U.S.A. 

Fig. 2 shows the effect of variations 
of LiClO4 content on thermo gravimetric 
and differential thermal analysis of polymer 
blend composite system of PMMA / PVAc / 
PEO / LiClO4. All compositions showed 
weight loss occurred in three major steps. 
Results show that the composite with the 
lowest concentration of lithium salt (0.05 g) 
is thermally stable up to 229 oC.An increase 
in the lithium salt results in a slight decrease 
in the thermal stability up to 218oC, which is 
shown by the curve of the composite with 
lithium perchlorate 0.15 g. This trend 
continues in the third concentration (0.25 g), 
where thermal stability drops to 214oC.  

Weight loss in the composites 
occurred in three stages. In first transition a 
weight loss of 3 to 9% was observed due to 
loss of water as shown by figures 6-8. The 
second major transition contributed 81 to 
94% of weight loss from 215 to 
411oC.Highest weight loss is shown by the 
lowest concentration of lithium salt while 
the lowest weight loss is shown by the 
highest concentration of lithium salt. This 
weight loss is due to polymer degradation. 
The third step showed a weight loss from 3 
to 7% for the lowest to the highest lithium 
salt concentration from 343oC to 600oC.This 
last step is attributed to combustion of 
inorganic entities. 

DTA result shows endothermic 
peaks at 281 oC, 386 oC, 273 oC, 312 oC and 
exothermic peaks at 403 oC, 387 oC and 352 
oC for lowest to highest salt concentration.  

Fig. 3 shows that thermal stability 
decrease with an increase in salt 
concentration. Figure 4 shows that melting 
point of the salt polymer blend composite 
decreases. The melting points shown as a 
result are 280 oC, 268 oC and 263 oC, 
respectively from lower to higher salt 
concentration. 
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Fig. 4: DTA result of polymer–lithium perchlorate A: (0.05 g), B: (0.15 g), C: (0.25 g) 
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Fig. 5: Degradation temperature versus lithium content for polymer–lithium perchlorate blend composite 
 

Fig.5 shows variation of degradation 
temperature with concentration of lithium 
perchlorate in polymer blend composite. 
Figure clearly shows that as the amount of 
the lithium perchlorate increases from 0.05g 
to 0.25g the degradation temperature also 
decreases from 229 oC to 214 oC.This 
implies that thermal stability of system is 
decreases with the addition of salt. 

Conclusion 

Blend composites of PMMA/ PEO/ 
PVAc/ LiClO4 were prepared by taking the 
ternary polymer blend system and 
incorporating lithium perchlorate in varying 
amounts. X ray diffraction and thermal 
properties were studied. The X-ray 
diffraction analysis was done to determine 
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the structure, crystallization of the 
polymeric blends composites. The polymer-
lithium perchlorate blend composites 
showed an increase in crystallinity with 
increasing salt concentration. Thermal 
analysis showed that increase in salt content 
resulted in a decrease of thermal stability.  
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