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ABSTRACT

According to a previously established general synthesis technique,
polyurethane-polystyrene full interpenetrating polymer networks with various
weight compositions and crosslink levels in polystyrene network are

prepared . The effect of the crosslink level of the polystyrene network on the
physical and mechanical properties is examined . It is seen that the IPNs
exhibit an increasing trend in density and shore-A hardness tensile strength
with an increase in polystyrene content, as well as with an increase in
crosslink level, while the elongation at break decreased for a similar
variation . Crosslink density studies of this type of full IPNs also indicate a

phase inversion .
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INTRODUCTION

Many combinations of polymer networks have
been considered for IPN synthesis [1,2] . The
majority of the studies on IPNs includes
polyurethane as one component [3,4] . Three
component IPNs are also known [5] . Naturally
occurring materials like castor oil, lesquerella
palmeri oil, natural rubber, etc ., have also been

utilised to synthesise polyurethane network of the
IPN from them. Synthesis and characterisation of
hydroxyl terminated liquid natural rubber [6] paved
the way for further chain extension reactions
leading to the formation of polyurethanes . Castor
oil based IPN in which polystyrene and polyacrylic
acid form the other component was reported.
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Earlier papers in this series have dealt with the
synthesis of the IPNs based on HTNR based
polyurethane and polystyrene . The papers
highlighted the synthesis technique evolved and
also the effect of variation of NCO/OH ratio on
the physical and mechanical and morphological
properties of the various IPNs with varying weight
compositions of polystyrene. Here an investigation
is undertaken to determine the effect of varying
crosslink levels of the polystyrene network for all
weight compositions at constant NCO/OH ratio on
the physical and mechanical properties.

EXPERIMENTAL

Materials
The raw materials used and their description are
listed in Table 1. HTNR was dried at 100 °C for 24

hours under vaccum. Styrene and divinylbensene
were distilled under reduced pressure to remove
the stabiliser before use. 4,4 Diphenylmethanedii
socyanate (MDI), benzoyl peroxide (BPO) and
dibutyltindilaurate (DBTDL) were used without
further purification . Tetrahydrofuran was distilled
and dried before use.

Synthesis of Full IPNs
The experimental set up consisted of a reactor
assembly, a magnetic stirrer, and a nitrogen
purging system . The reactor was first flushed with
dry nitrogen for about 10 min . Required amount of
dry styrene monomer containing dry BPO (1% by
weight of styrene), dry DVB were charged into the
reactor containing boiling tetrahydrofuran . The
contents were heated under vigorous stirring for
35-40 min . MDI was added into the reactor and

Table 1 . Materials used in the synthesis of IFNs.
Materials Description Source Code

1 . Hydroxyl terminated Mn: 3000 Prepared HTNR
liquid natural rubber Functionality: 1 .96 in our Lab.

2. Diphenylmethane d410 = 1 .24 Merck MDI
diisocyanate Schuchardt

3 . Dibutyl tin d42° = 1 .041 Fluka AC . DBTDL
dilaurate Switzerland

4. Tetrahydrofuran Reagent
grade Merck THF
(Used after
purification)

5. Styrene monomer Commercial
grade (Used Local
after purification)

6. Divinyl benzene Tech: grade
(Used after Aldrich DVB
purification) (USA)

7. Benzoyl peroxide Initiator B2

recrystallised Merck
from chloroform Schuchardt
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mixed well . HTNR solution containing DBTDL
(0 .03% by weight of HTNR) was added into the
reactor drop by drop . Heating and stirring were
continued until the mixture started gelling . The
whole mass was cast into an aluminium tray and
cured under atmospheric condition for 24 hours in
a moisture free compartment. This was then cured
in a vacuum oven at 70-80 °C for 24 hours before
subjected to testing.

Based on the above synthesis technique,
series of full IPNs containing different weight
compositions at different crosslink level of
polystyrene network (% DVB) were prepared.

The weight composition and the crosslink
level of the polystyrene network selected for the
present investigation are as shown in Table 2 . The
NCO/OH ratio of the polyurethane (PU)
component in all the IPNs was kept constant at
2.2.

Table 2 . Experimental parameters selected for the
synthesis of full IPNs.

Parameters studied

	

Details of the
	 parameter selected
1.NCO/OH

	

2.2
2. Crosslinker level for

Polystyrene (%)

	

2, 4 & 6
3. Weight composition

% polyurethane

	

80 60 40 20
% polystyrene

	

20 40 60 80

Characterisation of IPNs
Density of the IPNs was measured as per the
hydrostatic technique (ASTM D792) . Shore-A
hardness of these IPNs was measured using the
Zwick-hardness tester . Crosslink density of the
IPNs was determined using the equilibrium
swelling technique [7] . Tensile strength and
elongation at break were measured using a Zwick
1445 universal testing machine as per ASTM D638.

RESULTS AND DISCUSSION

Effect of Weight Composition of PU/PS on the
Physical and Mechanical Properties
The variation of density with varying weight

Fig.i . Variation of density with PS content of the
full IPNs at different DVB contents.

compositions of PUIPS IFNs is shown in Figure 1.
It is observed from the figure that as the
polystyrene content increases, the density of the
IPNs also increases . It is also clear from the figure
that density increases with an increase in the
crosslink level of the polystyrene network.
Whereas the increase in density with weight
composition is attributed to the possible
interpenetration of the denser polystyrene network
into the rubbery polyurethane network 18], the
increase in density with an increase in DVB
content may be due to the densification of the
network taking place as a result of tightening of
the network.

Figure 2 shows the variation of shore-A
hardness (SAH) with variation in weight
composition of the PU/PS IPNs. It can be observed
from Figure 2, that SAH increases with an increase
in polystyrene content and also increases with an
increase in the crosslink level for all weight
compositions selected for this study . The increase
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Fig .2 . Variation of shore-A hardness with PS
content of the full IPNs at different DVB contents.

in SAH may be attributed to the presence of rigid
PS chain segments in the rubbery network [9] due
to greater interpenetration . It is also observed
from Figure 2 that the rate of increase of SAH
above the PS content of 40 weight percent is
higher than that observed for lower PS content.
This increasing trend is also experienced by the
IPNs prepared by increasing the crosslink level of
the polystyrene network. The high SAH obtained
is typical of plastic composition.

The effect of weight composition of PU/PS
IPNs at all the selected DYE content on crosslink
density (CLD) is as shown in Figure 3 . It is
observed from the figure that CLD increases
initially up to a PS content of 40 weight percent
for all the IPNs with varying crosslink levels and
then begins to decline . This may be due to the
inversion of phases that is possibly taking place as
a result of interpenetration of the glassy
polystyrene network into the rubbery polyurethane
network [9] . SAN measurements also indicate a
similar phase inversion behaviour above the weight
composition of forty percent .

Fig .3 . Variation of crosslink density with PS
content of the full IPNs at different DVB contents,
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Fig.4 . Variation of tensile strength with PS content
of the full IPNs at different DVB contents.
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Mechanical Properties
Figures 4 and 5 indicate the effect of weight
composition of PUIPS IPNs on tensile strength and
elongation at break. The figures also indicate the

effect of DVB content on the properties under
consideration.

It can be seen from Figure 4 that tensile
strength increases with increase in weight
composition of polystyrene which maybe due to
the interpenetration of the glassy polystyrene
network into the rubbery polyurethane network
[SI . Tensile strength is also increased with an
increase in DVB content according to Figure 4
which can be attributed to the increase in crosslink
density.

Figure depicts the decrease in elongation at
break with an increase in polystyrene content as
well as DVB content . Increase in polystyrene
content immobilises the soft polyurethane network
resulting in a decrease in elongation at break.
Similar observations were made earlier by several
authors [8] . As a result of an increase in DVB
content, the crosslink density is increased and,
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Fig .5 . Variation of elongation at break with PS
content or the full IPNs at different DVB contents.
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hence, due to the tightening of the network taking
place, elongation at break is decreased.

CONCLUSIONS

The physical and mechanical properties of the full
interpenetrating polymer networks (IPNs) based
on hydroxyl terminated liquid natural rubber and
polystyrene can be varied by

- varying the weight composition of the PUPS
content.

- varying the crosslink level of the polystyrene
network.
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