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SYNOPSIS

Four polystyrene—polyurethane mechanical blends were prepared with 5, 10, 20, and 40%
thermoplastic polyurethane, respectively. Their impact properties were compared with pure
polystyrene and commercial types of impact polystyrene. The rheological properties of the
blends were studied with DSC and dynamic mechanical spectroscopy. It was found that
addition of softer polyurethane conglomerates embedded inside the polystyrene matrix,
although increasing the toughness of the blend as expected from addition of the softer
particulate, also increased the glassy region of the blends by shifting their 7,s to higher
temperatures. A theory based on the interaction of phases was propounded explaining this

phenomenon.

INTRODUCTION

Polymeric blends consisting of a glassy matrix and
a rubberlike polymeric dispersed phase are known
to exhibit improved impact properties.! The impact
strength of the otherwise brittle glassy polymers in-
creases considerably because the rubbery phase acts
as a stress concentrator and craze initiator.?® It is
well known that impact strength of glassy polysty-
rene improves with the incorporation of polybuta-
diene rubber.!™ This led to the commercial polymer
blends called high-impact polystyrenes (HIPS).
Although the actual interpolymerization blending
process of the two phases plays an important role
in the final properties of the material, even me-
chanical blending is known to improve the impact
properties of the blend.*

In this article, typical mechanical blends were
prepared from a polyurethane thermoplastic co-
polymer, copolymerized in the laboratory. Polyure-
thane rubber was used as the rubberlike dispersed
phase in these blends. The mechanical and dynamic
mechanical properties of polystyrene—polyurethane
blends from 5-40% polyurethane content were
studied.
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These blends were found to have improved impact
properties as a function of the polyurethane content.
Moreover, the incorporation of the rubberlike poly-
urethane was found to contribute to an increase of
the T, of the polystyrene blends relative to pure
polystyrene by several degrees centigrade.

EXPERIMENTAL

Five types of polystyrene blends, labeled A, B, C, D,
and E, with different amounts of polyurethane (0,
5, 10, 20, and 40%, respectively), were prepared in
an Brabender Blending machine at 180°C and 120
rpm for 4 min.

The polystyrene material used as matrix was a
DOW-678 commercial grade of M,, around 180,000.
The material blended was a segmented polyure-
thane, prepared in the laboratory, by reacting sym-
metric methylenediphenyl-isocyanate (MDI) with
a hydroxy-terminated polyester (PE) to form a soft
block segment. The polyester used was polyethylene
adipate with an average molecular weight of 2,000.
The resultant polymer was then extended with bu-
tanediol (BDO) to form a hard block segment.
Polyurethane material was prepared with the stoi-
chiometric amount of MDI, forming a linear type of
molecule. The initial concentrations of reactants
were (MDI : BDO : PE, in mol/L) 4:3: 1.
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Pellets from the above materials were molded in
flat rectangular blocks (15 X 15 X 3 cm) by a thermal
press. The temperature of molding was set at 205°C
and the mold was left to cool slowly down in the
press. Further, the blocks from each grade were an-
nealed well above the glass transition temperature
at a temperature of 120°C for 4 h. Samples were cut
to size from the blocks and annealed once more. All
samples were cooled slowly through T, at the same
rate of 1°C/min to produce the same glassy matrix
conditions since different physical aging gives dif-
ferent thermomechanical behaviour.

Dynamic mechanical and differential scanning
calorimetry tests were performed with a compound
pendulum system (DuPont’s Dynamic Mechanical
Analyzer DMA and D.S.C. 9000). These instru-
ments are described in detail in ref. 5.

Impact tests were performed according to Izod
specifications at room temperature. The hammer
release and energy measurement were done elec-
tronically on a CEAST 6545 Impact Tester.

RESULTS

The four blends prepared, as well as pure polysty-
rene, were tested in an impact machine. The results
are shown in Table I, and include the impact
strengths of three types of commercial HIPS for
comparison. From Table I it is evident that the im-
pact strength of polystyrene was found to increase
with the incorporation of polyurethane copolymer.
Satisfactory results were obtained for blends with
polyurethane contents of 5-20% although the overall
impact performance compared to that of HIPS was
found to be an order of magnitude lower. However,
mechanical blending is known to be inferior to in-
terpolymerization blending.? It is also interesting to

note that increasing the content of polyurethane
over 10% resulted in a substantial reduction of the
impact strength of the blends.

To understand the nature of interaction of the
two blended polymers, DSC experiments were per-
formed to obtain the equilibrium 7s of the blends.
These results are shown in Figure 1. The T,s of the
blends due to polystyrene were all found to be higher
than that of the pure polystyrene (see Table I). This
is an indication of some kind of interaction between
polystyrene and polyurethane polymer chains.

Polyurethane as a block copolymer consists of a
soft segment with T, around —33°C and a hard seg-
ment that has a melting point T, at around 150°C.®
These hard segments, which tend to act as crosslinks
in thermoplastic polyurethanes, contain aromatic
rings that probably interact with the polystyrene
aromatic side groups, forming some kind of P-bonds,
or an overall physicochemical separate phase. This
kind of interaction of polystyrene with the hard seg-
ment might be responsible for the increased poly-
styrene peak of the blends. To investigate further
the above assumption, a separate blend was pro-
duced by introducing “dicumil,” a crosslinking agent
for the soft segment, during mixing in the Brabender
machine. No 7, shift was observed due to the cross-
linking of the soft segment.

Similar observations to the above results were
reported in DSC experiments conducted on ABS-
blends with polyurethane.” An increase of the ABS
T, peak of around 5°C was reported for the blend.
In addition, an increase of the polyurethane hard
segment melting point T, was reported.

To study further the micromechanical behaviour
of the blends, dynamic mechanical spectroscopy was
performed.

Values of storage modulus E’ and tan § vs. tem-
perature are shown in Figure 2 for pure matrix (0% )

TableI Average Izod Strength, the Modulus, and the T, with DSC and DMA
of Blends (A—E) is Shown with the Izod Strength for Three Commercial

Types of HIPS
% Content Izod Strength Modulus T, T,
Sample Type of Polyurethane (1072 J/mm?) (X MPa) DSC DMA
A 0% 0.9 3,100 92.35 96.9
B 5% 13.3 2,950 94.27 100
C 10% 27 2,820 95.57 101.1
D 20% 2 2,400 96.34 98.5
E 40% 2.7 1,970 96.34 98

Polyurethane (soft segment T, = —33°C, hard segment T, = 150°C), Mod. 9.5 MPa

Type 1 HIPS, 90; Type 2 HIPS, 52; Type 3 HIPS, 212.
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Figure 1 Heat absorbed at constant pressure vs. temperature of four types of polystyrene—
polyurethane blends and polystyrene matrix material.
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Figure 2 Storage modulus and loss tan 6 vs. temperature for two types (5, 10%) of
polystyrene—polyurethane blends, as well as pure polystyrene matrix.
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and blends containing 5 and 10% polyurethane co-
polymer. The modulus of elasticity in the glassy state
for the two blends is shown to decrease with in-
creasing polyurethane content. This result is ex-
pected because the material incorporated has a lower
modulus by three orders of magnitude.® However,
in the transition region the moduli of the two blends
tend to approach the modulus of pure polystyrene.
It is of interest to note that the modulus of the 10%
polyurethane blend crosses over that of the 5% per-
cent blend. Further, the T,s of the two blends are
shown to be slightly higher than the T} of the pure
matrix (see also Table I).

This type of behaviour has been even more evi-
dent with commercial HIPS.>!! The effect was at-
tributed to the fact that as the rubbery plateu region
is approached the effective crosslink density of the
blend remains larger than the corresponding entan-
glement crosslink density of the pure polystyrene
matrix. For HIPS, this phenomenon was attributed
to the additional chemical grafting of the polystyrene
matrix to the rubber phase.*!® However, in this case
of mechanical blending, the particular physico-
chemical morphology is not known and the reasons
for this shift are not yet very clear. However, it is
possible that P-bonds act as effective crosslinks
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forming a separate physicochemical interphase
around the rubber particles.

In Figure 3, values of storage modulus, E’, and
tan 6 vs. temperature are shown for the matrix (0%)
and the other two blends containing 20 and 40%
polyurethane copolymer. The modulus of elasticity
again is shown to decrease with polyurethane con-
tent as expected. However, for blends with high per-
centages of polyurethane (20% and 40% ), the glass
transition region is shown to be lower than that of
the 5 and 10% blends. The 40% blend has approx-
imately the same T, as the pure matrix.

This result is indicated indirectly in the DSC
measurements, where the characteristic transitions
at the respective T,s of the materials tested are
smoother than the respective transitions for lower
concentrations (5 and 10%) of polyurethane. One
possible explanation for this phenomenon is that at
higher polyurethane contents mechanical mixing
cannot produce enough dispersion of the rubber
phase, and thus large portions of the polyurethane
do not interact with polystyrene chains. These large
regions of occluded polyurethane do not affect the
DSC measurement, which is sensitive only to the
polystyrene chain mobility and nature of the phys-
icochemical region around the rubber occlusions at
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Figure 3 Storage modulus and loss tan § vs. temperature for two types (20, 40%) of
polystyrene-polyurethane blends, as well as pure polystyrene matrix.



the particular temperature. On the contrary, the dy-
namic mechanical resonance is more sensitive to the
overall mechanical behaviour of the two phases and
the way they interact elastically.

If large regions of occluded polyurethane exist, it
is expected that impact strength will be lowered due
to large stress concentrations that result in cata-
strophic failure. It is of interest to note that the 20
and 40% blends showed a marked reduction in their

impact strengths along with the T, reduction (see
Table I).

CONCLUSIONS

Blends of polystyrene with thermoplastic polyure-
thane as a dispersed phase showed improved impact
strength compared to that of pure polystyrene.

The materials produced confirm the general rule
that the incorporation of a rubber phase into a glassy
matrix improves impact strength. However, opti-
mization of these types of composites is needed by
controlling homogeneity, particle size, and particle
rigidity. Better results could possibly be obtained by
trying to control the above factors if mixing in so-
lution.
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