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A Study on Structural, Mechanical and Thermal

Properties of Polymer Composites of Poly(vinyl

alcohol) with Inorganic Material
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Summary: In this paper we have tried to find the relationship of thermal and

mechanical properties i. e. thermal conductivity, tensile strength and Young’s

Modulus of the composite material. Two systems were selected; poly(vinyl alco-

hol)/sodium sulphate composite, and poly(vinyl alcohol)/lithium sulphate compo-

site. Various concentrations of these salts were used to make composites of

poly(vinyl alcohol). Films were grown, dried at room temperature and were subjected

to mechanical, structural and thermal characterization. Thermal conductivity was

determined at room temperature using polyethylene, silicon and quartz as reference.

It was found out that the thermal conductivity of both the systems is highly

dependent on the nature and the concentration of added salt in the polymeric

composite. Thermal conductivity of the poly vinyl alcohol/ sodium sulphate com-

posite, and poly vinyl alcohol/lithium sulphate composite, decreased with concen-

tration of the salts in the polymer composite. These composites were also analyzed

by XRD. Observed roperties were explained on the bases of their structure. Mache-

nical properties such as tensile strength and Young’s Modulus were also found out to

be a function of the compostion of the composite
Keywords: lithium sulphate; poly(vinyl alcohol); PVA; sodium sulphate; thermal

conductivity
Introduction

Composite materials may be defined as

materials made up of two or more compo-

nents forming two or more phases. Such

materials must be heterogeneous at least on

a microscopic scale. During the past few

decades there has been a rapidly increasing

search for strong, stiff, abrasion/impact

resistant and corrosion free structural

materials with low densities.[1] Properties

of composite materials greatly depend on

the nature of the matrix and the filler, their

compatibility, nature size of the combining

units and their relative properties. In this

study, we have taken into account a

comparison of thermal and mechanical
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properties of polymeric composite materi-

als.[2–4]

Most techniques to measure the thermal

conductivity rely on bulk samples and are

not applicable to films. The extrapolation

from a bulk measurement to the film can be

misleading.[5,6] Material properties should

be best measured in a film as it is processed

in a final application. So is is important to

measure the properties of a material in

form of thin film. For thin films steady-state

and pulse techniques have been devel-

oped.[7]

In the present study a Quick thermal

conductivity meter (QTM-500 manufac-

tured by Kyoto Electronics Manufacturing

Company Ltd. Japan) was used. QTM

works on ‘hot wire method’ and detects

thermal conductivity of a sample on the

principle of change of thermal conductivity

with change in temperature as a function of
, Weinheim wileyonlinelibrary.com
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electric current. The use of such thermal

conductivity meter for measurement of

thermal conductivity of polymers and

polymer composites is very limited. It has

never been used before for the study of

thermal conductivities of polymeric films.

So, through this paper we report for the first

time the use of QTM for the system under

investigation during our research.

The presence of any second phase

(dispersed phase in the form of a polymer

or a filler) in a polymer matrix (dispersion

medium) affects the mechanical properties

of the mixture (blends or composites)

depending on the relative concentration

of the two phases, nature of the disperse

phase, surface characteristics, distribution

of one phase in another, domain size and

shape, adhesion between two phases, size of

the particles, surface area and degree of

compatibility, in particular.[8] The mechan-

ical properties change by varying the

composition of components of a composite

material as well as with the applied force. In

our study, the mechanical properties were

determined from tensile properties of the

prepared samples.
Table 1.
Standard thermal Conductivities of Reference Slabs.

S No. Reference
Material

Thermal Conductivity
W/m K

Measured
value

Reported
value

1 Polyethylene 0.0935 0.10–0.21
2 Silicon 0.2385 0.22–0.26
3 Quartz 1.4156 1.39–1.49
Experimental Part

Chemicals Used

A customary polymer poly(vinyl alcohol),

PVA was used in this investigation. PVA

with molecular weight of approximately

125,000 g/mol (Tm¼ 270 8C and Tg¼ 85 8C,
acetoxy groups 2.5%) was obtained from

BDH chemical Ltd England. Research

grade sodium sulphate was obtained from

BDHChemical Limited England. Research

grade lithium sulphate was obtained from

Merk, Germany.

Preparation of Stock Solutions

Stock solutions of 1M sodium sulphate and

1M lithium sulphate were prepared which

were used to prepare composites of differ-

ent compositions.Weighing of all chemicals

and polymer was done on AND HR200

type top loading balance.
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Preparation of Polymer Composite Films

Individual stock solutions of the salts were

prepared from one primary stock solution

by dilution. 3.0 g of solid PVA was added in

each diluted solution. Thus 0.2, 0.4, 0.6, 0.8

and 1.0wt % salt concentrations were

prepared. The components were dissolved

using a magnetic stirrer with hot plate by

simultaneous heating and stirring for

12 hours at 70 8C. Solutions of the compo-

sites were transferred to Petri dishes and

films were prepared by solvent evaporation

method. Prepared films were annealed at

30 8C for 6 hours, then vacuum dried,

removed and cut into specimens of appro-

priate sizes and shape for the characteriza-

tion tests.

Characterization

Thermal conductivity of polymer compo-

sites varies depending upon the nature and

composition of the added materials to the

pure polymer. A study on thermal con-

ductivity was carried out to investigate the

effect of concentration of the inorganic

material on thermal conductivity in a

composite. Thermal conductivity was mea-

sured using Quick Thermal conductivity

Meter, QTM-500 (Model SOFT-QTM

5EW) manufactured by Kyoto Electronics

Manufacturing Co. Ltd Japan. Rectangular

pieces of 100mm x 50mm sizes of samples

were used. Thermal conductivity of each

sample was measured using three slabs of

different materials (polyethylene, silicon

and quartz) of known value. Thermal

conductivity values of the reference slabs

are given in Table 1.

The samples of different compositions of

each polymer composite were placed hor-
, Weinheim www.ms-journal.de



Figure 1.

Plot of the thermal conductivity versus the sodium

sulphate content [% w/w].
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izontally between thermocouple and the

reference slab one by one, allowing full

contact with thermocouple on one side and

with reference slab on the other side. Three

readings were taken with respect to each

reference slab. Each reading took about

45minutes to reach the steady state.

Precision and reproducibility of the instru-

ment is 5% and 8% respectively per each

reference slab. Average values of the

thermal conductivity for each sample were

calculated. The analysis was performed at

30 8C.
The samples were exposed to stress-

strain experiments. This gives the chance to

check orientation and anisotropic behavior

of the samples. Testometric Universal

Testing Machine M350/500 manufactured

by Testometric UK was used for analysis.

Films of pure polymer and of selected

compositions of the polymer composites

were cut into standard dumbbell shapes

having sample length 50mm and gauge

length 15mm. The analysis was performed

at room temperature with crosshead speed

of 5mm/min. For high accuracy and preci-

sion, a sensitive load cell of 100 kg capacity

was used.
Results and Discussion

The thermal conductivity, l, is the quantity

of heat transmitted, due to unit tempera-

ture gradient, in unit time under steady

state conditions in a direction normal to a

surface of unit area, when the heat transfer

is only dependent on the temperature

gradient.[9] Thermal conductivity is mea-

sured in W m�1 K�1.[10] The thermal

conductivity of the pure PVA changes

strongly with addition of sodium sulphate

and lithium sulphate. Hence thermal con-

ductivity of composite materials depends

on the matrix material and the dispersed

substance.

PVA/Sodium Sulphate Composite System

Figure 1 shows the measured values of

thermal conductivities of various samples

of PVA/sodium sulphate composites. It is
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clear from Figure 1 that thermal conduc-

tivity of the PVA/sodium sulphate system

decreases with concentration (wt %) of

sodium sulphate. This is in accordance with

the previously conducted study on a similar

system.[11]

This phenomenon is due to the fact that

a decrease in the thermal conductivity is

mainly due to the a deviation from the

semi-crystalline structure of the pure

PVA.[12] Phonons passing sufficiently in

number and rapidly through the crystalline

structure, break down the crystal lattice to

an amorphous structure and cause scatter-

ing of the phonons to irregular paths in

different directions. The result is an overall

decrease in thermal conductivity at the

surface and in the semi-crystalline bulk. An

XRD study of the same system confirms

this explanation as shown by Figure 2.

Morphology of the added salt also has a

role in lowering the thermal conductivity of

the composite. It is notable that thermal

conductivity reaches the minimum thresh-

old value and then increases, but does not

exceed that of pure polymeric film. An

increase in thermal conductivity at higher

concentration of salt is due to the thermal

conduction of the crystalline salt and an

overcompensation in the composite.

PVA/Lithium Sulphate Composite System

Like PVA/sodium sulphate composite, this

composite also loses thermal conductivity

with an increase in the salt concentration.
, Weinheim www.ms-journal.de



Figure 2.

X-Ray Diffraction Pattern of PVA and sodium sulphate

(a) 0 wt% (pure PVA) (b) 0.2 wt% (c) 0.4wt%

(d) 0.6 wt% (e) 0.8 wt% (f) 1.0 wt%.

Macromol. Symp. 2010, 298, 124–129 127
This is due to the fact that both the salts

have similar chemical nature and beha-

viour. The results of thermal conductivities

in PVA/lithium sulphate composites are

shown in Figure 3.

The trend of the thermal conductivity

shows that both the salts have a comparable
Figure 3.

Plot of the thermal conductivity versus the lithium

sulphate content [% w/w].
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impact on thermal conductivity of the com-

posites. The replacement of crystalline

phase in the polymer by amorphous

structure decreases the thermal conductiv-

ity of the composite. The increase in the

thermal conductiviy at salt concentration

higher than 0.8% can be explained by an

overcompensation by the composite mate-

rial as an effect of inorganic salt beyond the

threshold value. The results are confirmed

by XRD as shown in Figure 4. Similar

behaviour was reported in earlier studies

using similar kind of filler in a different

polymer matrix.[13]

Tensile Properties of PVA/Na2SO4

Composites

Tensile Strength

Tensile strength is the ability of a material

to withstand tensile loads without rupture

when the material is under tension. The

tensile strength of PVA/sodium sulphate

composite as a function of wt % sodium

sulphate contents has been plotted in

Figure 5. The tensile strength decreases
Figure 4.

X-Ray Diffraction patterns of PVA and lithium sul-

phate (a) 0 wt% (b) 0.2 wt% (c) 0.4 wt% (d) 0.6 wt%

(e) 0.8 wt% (f) 1.0 wt%.
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Figure 5.

Variation in Tensile strength for PVA/Na2SO4 compo-

site with wt % of sodium sulphate.
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with increasing sodium sulphate content.

This again is caused by a decrease of the

polymer crystallinity. The physical interac-

tions between PVA and Na2SO4 weaken

the lattice strength of PVA.

Young’s Modulus

The tensile or Young’s modulus, is a

measure of the stiffness of a material. In

the present experiments the tensile mod-

ulus was measured at very low strain where

the stress-strain curve shows maximum

linearity. This behavior is associated with

the intermolecular (interchenar) interac-

tions. The Young’s Modulus drops with

addition of salt at lower concentration, but

increases at higher concentration due to an

interaction between the components of the

composite. The salt particles fit in the

spaces between the polymermatrix, making

it less elastic and more rigid at high salt

concentrations as shown in Figure 6. The
Figure 6.

Variation in Young’s modulus for PVA/Na2SO4 com-

posite with the amount of sodium sulphate in the

composite.
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tensile modulus of the PVA/ sodium

sulphate composite as a function of the

sodium sulphate content has been plotted

in Figure 6.

Tensile Properties of PVA/Li2SO4

Composites

Tensile Strength

Figure 7 shows the variation in tensile

strength with increasing amount of lithium

sulphate. The tensile strength of the system

decreases significantly at low concentration

of sodium sulphate, but increases at con-

centrations higher than 0.2% (w/w). This is

due to the accumulation of the salt in the

spaces between matrix polymer coils com-

pensating the loss of strength at lower

concentration. Thus the composite shows

lesser drop in the tensile strength as

compared to that of the PVA/sodium

sulphate composite.

Young’s Modulus

The Young’s modulus of PVA/lithium

sulphate composites as a function of wt %

sodium sulphate contents has been plotted

in Figure 8. The value of Young’s modulus

of multi-component systems usually follows

a rising trend with addition of a stiffer

component almost regardless of the quality

of adhesion between the components of the

composite. Unlike that of the sodium

sulphate composite, here the value of

Young’s modulus increases slightly at a

lower concentration, but then increases

abruptly at a higher salt concentration. This

is because, at a lower concentration, the
Figure 7.

Variation in tensile strength for PVA/Li2SO4 composite

with the amount of lithium sulphate in the PVA/

lithium sulphate composite.
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Figure 8.

Variation in Young’s modulus curve for PVA/lithium

sulphate composite film with wt % change of lithium

sulphate.
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distance between ions is greater while at a

higher concentration interaction between

ions increases due to decreasing inter-ionic

distance. This increases the strength of the

composite. The same phenomenon is found

in a different way, however, in case of the

sodium sulphate composite at even lower

concentration, see Figure 6. This is due to

larger inter-ionic interaction at lower con-

centration and a higher reactivity of the

sodium ion towards anions as compared to

lithium ion in the PVA/lithium sulphate

composite.
Conclusion

PVA/ sodium sulphate and PVA/lithium

sulphate composites up to 1% (w/w) of salt

content were prepared and thin films were

produced by solvent casting. These thin

films were characterized concerning thier

thermal conductivity, mechanical proper-

ties and structural morphology. Thermal

conductivity of PVA/sodium sulphate com-

posite and PVA/lithium sulphate compo-

site is less at higher salt concentration in the

composite. This makes these composites
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possible candidates as thermal insulator at a

higher concentration of the salt.

PVA/sodium sulphate composite and

PVA/lithium sulphate composite show a

higher Young’s Modulus with higher con-

centration of the inorganic salt in the

composite. This shows a higher compat-

ibility of the components of the composites.

Furthermore, both the composites lose

their tensile strength with increasing salts

concentration in the composite, thus result-

ing in a decrease in the elastic behaviour of

the polymer.
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