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Abstract | ABS/phenoxy blends were prepared over the whole range of composition using a Braben-
der Plasticorder. Scanning electron micrographs(SEM) showed a typical two phase morphology. Glass
transition temperature(T,) of SAN was almost unchanged in the blends, while Tg of phenoxy increa-
sed by 5~8C in the blends. Synergistic effect of tensile modulus and strength were noted in ABS-
rich blends, where a drastic drop of ductility was seen, and the results were interpreted in terms
of rubber particle migration into phenoxy phase. Melt viscosity showed yield in ABS-rich blends, and

monotonically decreased with increasing phenoxy content.

INTRODUCTION

Acrylonitrile-butadiene-styrene (ABS) is one of
the most succesful thermoplastic, which is genera-
lly manufactured by the graft polymerization of ac-
rylonitrile(AN) and styrene onto polybutadiene
(PB) (SAN-g-PB, or g-ABS), followed by blending
with free styrene-co-acrylonitrile(SAN).'% ABS
has certain limitation such as lack of flame retar-
dance, poor resistance to UV and ketones, and re-
latively low use temperature. However, these limi-
tations have been resolved to some extent by
blending with other resins. These are blends with
PVC(improved flame resistance)?® polycarbonate
(improved heat distortion temperature, UV stabi-
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lity, and toughness),*~" and with polyamide(imp-
roved chemical resistance and dimentional stabi-
lity) B

Phenoxy( poly (hydroxy ether of bisphenol A)) is
a tough and ductile thermoplastic with excellent
oxygen barrier property, and it forms miscible
blends with highly polar materials such as poly

(butylene terephthalate) >’ R

and poly(ethylene oxide).!*
To the best knowledge of the present author,
the phase behavior of ABS/phenoxy has not been

appeared in open literature. These blends are im-

polycaprolactone,

portant with regard to performance/cost improve-
ment. This paper considers the morphological,
thermal, mechanical, and rheological properties of
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ABS/phenoxy blends.
EXPERIMENTAL

Materials and Compounding. Commercial grades
of ABS(rubber content=29%, Hyosung BASF)
and phenoxy(PKHH, Union Carbide), after drying
for 3 days at 80 in vacuo were used for blending.
Blending was performed using a Brabender plasti-
corder, L/D=30, rpm=>50, and temperature profile
of 230, 235, 240, 235C(die). Specimens for mecha-
nical tests were prepared by injection molding
(BOY 22SVV Dipronic), with the same tempera-
ture profile as extrusion.

Morphology. Morphblogy of the blends was ob-
served using a scanning electron microscopy
(SEM, JSM820) and transmission electron micro-
scopy(TEM, JSM-1200 EX II). SEM micrographs
were taken from the cryogenically (in liquid nitro-
gen) fractured surfaces of injection-molded tensile
specimens. The fractured surfaces were sputtered
with gold before viewing. For TEM measurments,
injection molded tensile specimens were cut into
slices with the thickness of 100 nm, and the sam-
ples were stained with OsQ, for 72 hrs.

Thermal Properties. Thermal properties were
measured using a DSC(differential scanning calo-
rimeter, Du Pont 9900) following the enthalpy re-
laxation method.>~!® Extrudates were sealed in
DSC pan using a crimping and welding press(Du
Pont). Before aging, samples were kept for 5 min
at 180, followed by quenching in liquid nitrogen,
and aging for 15 days at 75C. The DSC thermog-
rams were taken from room temperature to 150C
at a heating rate of 10C/min.

Mechanical Properties. Tensile properties were
determined following the standard procedure des-
cribed in ASTM D-638 with type IV specimens. A
tensile tester(Tinius Olsen Series 1000) was ope-
rated at a crosshead speed of 5Smm/min. Tests
were made at room temperature, and at least five
runs were made to report the average. Impact st-
rength was determined from an Izod impact tester
using notched specimen(ASTM D-256).
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Rheological Properties. Rheological properties of
the blends were measured using a parallel-plate
rheometer(Rheometrics Dynamics Spectrometer,
RDS I1).'*~18 Discs measuring 12.5 mm(radius) X
1.2 mm(height) were compression molded, and
measurements were carried out isothermally at
220C with 15% strain level. The strain level was
determined from a strain sweep which gives maxi-
mum torque value within the linear viscoelastic li-
mit.

RESULTS ANS DISCUSSION

Morphology. Fig. 1 shows SEM micrographs of
ABS/phenoxy blends, where a typical morphology
of immiscible blends are shown. The dispersed
domain is spherical particle in 90/10, 70/30, and 10
/90 blends, and island/sea or dual continuity is ob-
tained in 50/50 and 30/70 blend. It can be seen
that most of rubber particles(black spots in the
micrograph) are contained in SAN phase. however
some of them have also migrated into the phenoxy
phase.

Thermal Properties. Fig. 2 shows the glass tran-
sition temperature of ABS(SAN) and phenoxy in
blend. It is seen that T, of SAN is virtually un-
changed in the blend, while T, of phenoxy inc-
reased by approximately 5~8C in the blends. This
indicates that ABS(SAN) is preferentially dissolv-
ed in phenoxy phase, resulting in the improvement
of thermal resistance of phenoxy.

Mechanical Properties. Mechanical properties of
the ABS/phenoxy blends are shown in Figs. 3 to
6. Tensile modulus(Fig. 3), determined from the
initial slope of stress-strain curve, and tensile st-
rength(Fig. 4) shows positive deviation from addi-
tivity, in most of the blend composition, especially
in ABS-rich blends. Essentially identical trend was
observed with ABS/PMMA blends."” Since the
present ABS/phenoxy blends are immiscible. the
synergistic effect should be related to the migra-
tion of rubber particles into phenoxy phase. The
migration of rubber particles, in ABS-rich phase,
might drive two conflicting effects. It will let the
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Fig. 1. SEM micrographs of ABS/phenoxy blends : a 3 100/0, b 3 90/10. ¢ 5 70/30, d 5 50/50, e 3 30/70, { : 10/90,
g+ 0/100, h : 70/30(TEM).
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Fig. 2. Glass transition temperature of ABS/phenoxy
blends.
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Fig. 3. Tensile modulus of ABS/phenoxy blends.

SAN exhibit its good mechanical strength due to
the lowered rubber level in continuous phase. On
the other hand, the ductility of ABS-rich blend will
decrease significantly due to the insufficient parti-
cle concentration, probably below the brittle-duc-
tile transition level, as seen in Figs. 5 and 6. As
expected, the elongation at break(Fig. 5) shows a
sharp minimum at 90/10, and a maximum is also
obtained in phenoxy-rich blend. Improvements in
blend ductility are obtained when dispersed do-
mains are oriented along the direction of the test
with high surface area?’ In a separate experiment,
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Fig. 4. Yield strengh of ABS/phenoxy blends.
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Fig. 5. Elongation at break of ABS/phenoxy blends.

21 we noted that the fibrils are much finer and well

developed in phenoxy-rich composition of SAN/
phenoxy blends, when the specimens were frac-
tured along the direction of mold flow, and this
should contribute to the augmented ductility in
phenoxy-rich blends. In addition, the plastic defor-
mation of SAN in phenoxy matrix should also be
accounted for the enhanced ductility for 10/90
blend. It has been observed that a small amount
of brittle materials added to ductile matrix could
augment the ductility above the level of matrix. 320
For example, for polycarbonate drastic increase of
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ultimate elongation from 21(polycarbonate) to 63
% was reported by adding 10% polymethylmetha-
crylate to polycarbonate.® Tt is believed that the
plastic deformation of brittle particles contributed
to this improvement.

Impact strength(Fig. 6) of ABS is dramatically
reduced upon adding a small amount(10 wt% ) of
phenoxy. When the matrix SAN of the present
ABS was blended with the phenoxy, impact stre-
ngth of SAN was slightly increased in the blend.
Therefore, drastic drop of ABS impact strength in
the blend is due to the migration of rubber partic-
les from continuous SAN phase to dispersed phe-
noxy phase, resulting in the reduction in the parti-
cle concentration in continuous phase below that
of brittle-ductile transition.

Rheological Properties. Fig. 7 shows the comp-
lex viscosities of the blends as a function of fre-
quency. Viscosity of ABS is several times higher
than phenoxy, especially at low frequency. This
would yield fine breakup and well developed fib-
rils when phenoxy formed dispersed phase,22 as
mentioned earlier. Apparently viscosity yield is
also seen for ABS-rich blends due mainly to the
particle interactions.® In ABS, vield is solely due
to the agglomeration of rubber particles, and in the
ABS-rich blends, phenoxy domains should also
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Fig. 6. Notched Izod impact strength of ABS/phenoxy
blends at room temperature.
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contribute to the yield.

Viscosity-composition curve(Fig. 8) is very close
to additivity rule(dotted line). This implies that a
significant interfacial interactions exist between
the ABS and phenoxy phase, otherwise interfacial
slip should give viscosity decrease below the addi-
tivity.
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Fig. 7. Complex viscosity of ABS/phenoxy blends at
220¢C.
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Fig. 8. Complex viscosity vs. composition of ABS/phe-
noxy blends at 220TC.
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