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Abstract : Melt blends of SAN(styrene-co-acrylonitrile) with SAN-graft-polybutadiene(PB) rubber
were prepared using a Brabender Plasticorder. Melt state as well as solid state linear viscoelastic

properties were measured using an RDS rheometer. With rubber addition, melt viscosity increased

drastically, with yield at > 20 wt% rubber content, together with the increased pseudoplasticity at

high frequencies. The lower glass transion temperature(T,) and the higher T, of g-ABS were respec-

tively decreased and increased with narrowed transition zone in the blends. This phenomenon was

interpreted in terms of graft SAN-PB phase separation.

INTRODUCTION

Modification of thermoplastics by organic and
inorganic filler has gained importance in recent
years because of the possibility to improve the
end-use properites of existing polymers.! With re-
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gard to rubber modified polymers, the prime obje-
ctive is toughening, and typical of such system inc-
lude ethylene-propylene copolymer or ethylene-
propylene-diene terpolymer modified polypropy-
lene® 5 and nylon,®~? and polybutadiene(PB) type
rubber modified styrene-acrylonitrile copolymer
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(SAN), which commonly is called ABS (acrylonit-
rile-butadiene-styrene). In these systems, rubber
phase is dispersed in matrix polymer to form mul-
tiphase blends.

The rheological behavior of such rubber modi-
fied system is important since these polymers
have to be processed similarily to the matrix poly-
mer, and the added filler often exerts drastic effect
on the melt flow.! Melt properties of ABS type po-
lymers have sometimes been reported in the past,
with an emphasis on the capillary measurement.
11~13 Bollowing Miinstedt,! temperature depende-
nce of rubber modified SAN is independent of the
kind of rubber and its concentration, and viscosity
yield is observed at > 10 wt% rubber.

In spite of the practical significance of ABS
rheology in relation to its processing, few has been
evolved in the literature. We consider the effect of
rubber concentration on the viscoelastic properties
of SAN grafted polybutadiene(PB) rubber modi-
fied SAN, both in melt and solid state using an
RDS.

EXPERIMENTAL

SAN of weight average molecular weight, M, =
80,000(g/mole) containing 35wt% AN{(acrylonit-
rile), and g-ABS containing 38 wt% graft SAN ba-
sed on total g-ABS wt were used for blending.
Both of the resins were donated by Hyosung
BASF.

Base resins were dried in vacuum at 80 for 24
hrs, followed by dry blending in desired composi-
tions up to 60 wt% g-ABS in the blends. Melt ble-
nds were prepared using a Brabender Plasticoder,
with L/D=230, at 212~218C, the extrudates were
quenched, pelletized, and compression molded at
230°C, 200 kg/cm? to prepare disks measuring 1
mm(thickness) X 25 mm(dia) for RDS(Rheomete-
ric Dynamic Spectrometer) measurement in melt
state. RDS measurements were done with a cone-
and-plate fixture, isothermally at 220C, and 10%
strain level. The strain level, within the linear vis-
coelastic limit, was decided so that the data at low
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as well as at high frequency range are stable th-
roughout the rubber content. Temperature sweep
from -150(with liquid N, purging) to 150C was
made using a stick bar sample, prepared by comp-
ression molding, at 2C/min, 0.2% strain, and 6.28
rad/s.

RESULTS AND DISCUSSIONS

Fig. 1 shows the complex viscosity as a function
of frequency (w). It is seen that the viscosity func-
tion of SAN is typical of thermoplastics with nar-
row molecular weight distribution showing exten-
ded Newtonian plateau at low frequencies.!*® On
the other hand, the viscosity function of g-ABS is
a typical of elastomer, i.e. nearly a straight line in
log-log plot. It is demonstrated that the viscosity
increases with g-ABS addition, with yield behavior
at > 20wt% g-ABS. Viscosity rise is more pro-
nounced at low frequencies than at high frequen-
cies.! The yield behavior is again demonstrated in
Fig. 2, where the complex viscosity is plotted agai-
nst the complex shear stress, calculated from t*=
n*X .

At high frequency, say ® > 10(rad/s), the vis-
cosity functions (Fig. 1) have straight line seg-
ment regardless of composition, and the slope({(n
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Fig. 1. Complex viscosity vs. frequency of SAN-g-PB
/SAN blends at 220TC.
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Fig. 2. Complex viscosity vs. complex shear stress of
SAN-g-PB/SAN blends at 220C.

~1) in power-law model) increases with g-ABS
loading, indicating increased pseudoplasticity.'
Drastic increase of viscosity at low frequency, and
increased pseudoplasticity at high frequency res-
pectively pose problem in process'mg.16 The former
gives difficulty in startup operation and the latter
may induce, for example in tubular flow, blunter
velocity profile and eventually plug flow at high
shear rate or stress.

Fig. 3 summarizes viscosity-composition relatio-
nship at three different level of frequency. In im-
miscible polymer blends, viscosity-composition cu-
rve is often closely related to their morphology,
especially at low rate of shear.®!7 At low shear
rate, the deformation is mainly viscous one and
represents interparticle interactions. With strong
particle-particle interactions positive deviation of
viscosity over the additivity rule is often observed.
The present results show positive deviation throu-
ghout the frequencies. At low frequency(w=10'2
rad/s), the data points lie on the additive line up
to 10 wt% g-ABS, beyond which they lie above the
line. This should indicate increased particle inte-
ractions with more addition of g-ABS.

With regard to viscosity buildup, couple of mo-
del, other than the Einstein type equation or hyd-
rodynamic volume model, have been suggested by
Miinstedt.! His model is based on structure buil-
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Fig. 3. Complex viscosity vs. composition of SAN-g-
PB/SAN blends at 220C.

dup, where either larger particles form the wall of
cell in which matrix polymer are contained, or bri-
dging of rubber molecules. The latter model assu-
med the core-shell morphology of rubber in SAN,
with the rubber obtained from grafting of SAN
onto PB. However, question remains whether the
binding force between rubber particles in one case,
and the grafted molecular layers in the other are
strong enough to account for the yield stress occu-
ring.

Figs. 4 and 5 show 1’ (dynamic viscosity) and
n” (loss part of n*) as a function of . Note that
the magnitude of n* is defined as | n* | =(n?+
n"HY2 where 1’ and n” respectively correspond to
viscosity and fluid elasticity within the linear vis-
coelastic limit. Therefore n' and 1" are related to
G' (storage modulus) and loss modulus{G") by
G'=wn” and G"=on’. G’ and G” as a function of
o are plotted in Figs. 6 and 7.

An interesting feature is seen in n'-o(or G"-w)
plot, where n’ (or G”) of g-ABS crosses over the
others including SAN. At low frequencies, ' (G")
of g-ABS is larger than SAN, and at higher freque-
ncies, the magnitude is reversed. On the other
hand, the elasticity(n” or G') of g-ABS 1s greater
than the SAN throughout the frequencies tested.
This implys, though not verified in this experi-
ment, that the rubber would migrate toward the
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Fig. 4. Dynamic viscosity vs. frequency of SAN-g-PB
/SAN blends at 220T.
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Fig. 5. Loss part of complex viscosity vs. frequency of
SAN-g-PB/SAN blends at 220T.
wall or center depending on the geometry.’>!” In
general, lower viscosity, and higher elasticity com-
ponent migrates toward the wall in tubular flows.
1718 I addition, when the elasticity of dispersed
phase exceeds that of matrix, fluid elasticity acts
to increase the interfacial tension, and inclusion of
matrix phase in the dispersed domain is not feasi-
ble 1920

With the g-ABS viscosity lower than the SAN at
high frequency(resembling compounding condi-
tion), viscosity rise over the additivity should mai-
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Fig. 6. Storage modulus vs. frequency of SAN-g-PB/
SAN blends at 220T.
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Fig. 7. Loss modulus vs. frequency of SAN-g-PB/SAN
blends at 220C.

nly come from the particle interactions.!”

The increase of elasticity(G") with g-ABS addi-
tion is seen in Fig. 8, where G’ is plotted against
G”. In such plot, temperature effect is virtually ne-
glected and a temperature independent master cu-
rve is obtained. It is seen that the deformation of
SAN is viscous than elastic except at high freque-
ncies, whereas that of g-ABS is significantly elastic
one. Elasticity increase with g-ABS in blends
should again come from the particle effect, but not
from morphology change.
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Fig. 8. Storage modulus vs. loss modulus of SAN-g-
PB/SAN blends at 220C.

Fig. 9 shows the relaxation spectrum of the ble-
nds, prepared following the Ninomiya-Ferry’s first
order approximation.?'??> With the addition of g-
ABS, the relaxation of the blends extends longer
time, as expected, and longer cycle time in injec-
tion molding is dictated.

The transitions behavior of the blends was stu-
died from temperature sweep in RDS. It is expec-
ted that g-ABS shows two major dispersions, one
for PB chain relaxation at low, and the other for
graft SAN relaxation at high temperature. These
are found at -79.4 and 117C, respectively (Figs. 10
and 11). On the contrary, SAN(matrix) shows one
major relaxation at 119C. It is seen that, with the
addition of free SAN to g-ABS, the lower 'I‘g of g-
ABS moves toward the lower temperature -79.4
(g-ABS)—-85.1C(g-ABS 10/SAN 90). Though not
in monotonic order, the higher T, of g-ABS also
increases in the blends. This should indicate graft
SAN-PB phase separation of g-ABS, with the ad-
dition of free SAN. It is natural to expect that the
grafted SAN of g-ABS is miscible with the free
SAN, and hence in blend the graft SAN will form
the outer layer of rubber particle to form one si-
ngle phase with free SAN, with the exclusion of
PB phase into a separate one. The sign of phase
separation is also seen from the narrowed tempe-

164

NLIT
E Esi
-“<'Qﬁoalgiig
10°L O;Engﬁﬁfz‘f;:‘
E gaBs  Coevge, it
O owmm oe o = "a
TIE @ 10w% SRR
£ E L] 20wt% ce ©
C M 30w% e %%
I & aw% o e
10°E A s0wt% o ®
_E D B0wt% o
[« 100wt% o
107}
1 sl L0 oasaeanl s sl Lo aay
10°2 10 1 10
< (sec)

Fig. 9. Relaxation spectrum of the blends of SAN-g-
PB/SAN blends at 220TC.
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Fig. 10. Storage modulus vs. temperature of SAN-g-
PB/SAN blends.
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Fig. 11. Loss tangent vs. temperature of SAN-g-PB/
SAN blends at 2207C.
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rature range for transition,® especially for lower
T, region. With the microphase separation of graft,
block, or segmented polymers, more distinct T, of
each phase will appear.z'z3 More generally in ble-
nds, when there are interactions between the co-
mponent polymers, T,’s of the two compornent ap-
proach to the other, and when they are phase se-
parated, each T, will show up independently. With
the microphase separation, T, of PB(lower T,) will
decrease, and that of grafted SAN will increase as
far as the third component forming miscible blend
with graft SAN has T, higher than that of PB.

Essentially identical phenomenon was observed
from segmented polyurethane(PU) blends with
sulfonated polystyrene(PS)2* PU as it alone was
not phase separated, however, with the addition of
sulfonated PS, blends of sulfonated PS with the
hard segment of PU in one phase, with the exclu-
sion of soft segment into a separate phase was ob-
served. The results were to lower the soft segment
T, and to increase the hard segment T,

In g-ABS/SAN blends, the reason that the T, of
grafted SAN(higher T,) does not increases mono-
tonically with the addition of free SAN(though in-
creased in blends) may be because the third com-
ponent added was SAN(not significantly different
in T, with grafted SAN), or the fraction of graft
SAN in g-ABS(38 wt%) is insufficient, or more li-
kely due to the both.
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