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ABSTRACT: Noncompatibilized and compatibilized ABS–nylon1010 blends were pre-
pared by melt mixing. Polystyrene and glycidyl methacrylate (SG) copolymer was used
as a compatibilizer to enhance the interfacial adhesion and to control the morphology.
This SG copolymer contains reactive glycidyl groups that are able to react with PA1010
end groups (ONH2 or OCOOH) under melt conditions to form SG-g-Nylon copolymer.
Effects of the compatibilizer SG on the rheological, thermal, and morphological prop-
erties were investigated by capillary rheometer, DSC, and SEM techniques. The com-
patibilized ABS–PA1010 blend has higher viscosity, lower crystallinity, and smaller
phase domain compared to the corresponding noncompatibilized blend. © 1999 John
Wiley & Sons, Inc. J Appl Polym Sci 72: 683–688, 1999
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INTRODUCTION

Few polymers form truly miscible blends charac-
terized by a single Tg and homogeneity at a
5–10-nm scale.1 The majority of blends are im-
miscible; that is, they possess a phase-separated
morphology. Immiscible polymer blends often
have poor mechanical properties relative to their
components because of the unfavorable interac-
tion between molecular segments at the interface
between the phases, namely, a large interfacial
tension, which leads to poor control of morphology
during melt mixing and poor interfacial adhesion
or stress transfer in the solid state. An effective
way to gain control of the morphology and to
strengthen the interfacial zone is to form block or

graft copolymers in situ during blend preparation
via interfacial reaction of added functionalized
polymeric components.2–5

Recently, in-situ compatibilized polymer blends
based on copolymers containing glycidyl meth-
acrylate (GMA) monomer have attracted much
attention because of potentially broad applica-
tions. Chung and Carter6 patented a polymer,
claimed to have excellent low-temperature impact
properties, based on PC, PET, ABS, and sty-
rene–acrylonitrile–glycidyl methacrylate copoly-
mer. Akkapeddi et al.7 reported that polyethyl-
ene-g-GMA acted as a good compatibilizer of
blends of PC with PET and various polyolefins.
J. H. Yin and his coworkers8–12 have reported a
series of reactive compatibilizations of many
blending systems based on GMA-containing co-
polymers.

In the present work, PS-co-GMA was used as a
compatibilizer for ABS and nylon1010 blends.
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The aim of this study was to investigate the rheo-
logical, thermal, and morphological properties of
ABS–nylon1010 blends with or without compati-
bilizer.

EXPERIMENTAL

Materials

PA1010 was supplied by Jilin Shijinggou Union
Chemical Corp., and its relative viscosity was 2.1.

ABS was P757 from Taiwan Chimei Corp. Ltd.
GMA was obtained from Suzhou Anli Chemical
Plant and was purified using vacuum distillation.
PS-co-GMA was synthesized via free-radical poly-
merization using 0.5% by weight of benzoyl per-
oxide based on monomer. The GMA content of the
copolymer was determined by chemical titration
method, which involves epoxide ring opening.13

Preparation of ABS–PA1010 Blends

A Brabender-like apparatus was used to prepare
ABS–PA1010 blends at 220°C with a roller speed
of 32 rpm for 5 min. ABS and PA1010 were dried

Figure 1 Shear stress versus shear rate of the AB-
S–PA system: (–}–) ABS; (–■–) ABS–PA 5 8/2; (–Œ–)
ABS–PA 5 6/4; (–3–) ABS–PA 5 4/6; (–p–) ABS–PA
5 2/8; (–F–) PA.

Figure 2 Shear stress versus shear rate of ABS–
PA–SG system: (–}–) ABS–PA–SG 5 8/2/1; (–■–) AB-
S–PA–SG 5 6/4/1; (–Œ–) ABS–PA–SG 5 4/6/1; (–3–)
ABS–PA–SG 5 2/8/1.

Figure 3 Viscosity versus PA content: (–}–) ABS–
PA; (–■–) ABS–PA–SG.

Figure 4 Tc versus ABS content: (–}–) ABS–PA;
(–■–) ABS–PA–SG.
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in a vacuum oven at 80°C for 12 h before melt
mixing.

Characterization

Rheological parameters were measured using a
capillary rheometer (model XYL-II). The diame-
ter of capillary is 0.5 mm, and the ratio of length
to diameter is 40. The thermal behavior of blend-
ing samples was determined on a Perkin–Elmer
DSC II. The fusion thermograms were obtained in
a rang from 50 to 250°C at a heating rate of
10°C/min. All measurements were performed un-
der a nitrogen atmosphere. Morphological obser-
vation was carried out by a scanning electron

microscopy (JXA-840). The specimen were
sharply cracked after immersion in liquid nitro-
gen.

RESULTS AND DISCUSSION

Rheological measurements have been used suc-
cessfully to obtain qualitative information about
chemical reactivity and the extent of reaction in
blends. Shear stress of ABS–PA1010, ABS–
PA1010–PS-co-GMA blends as a function of shear
rates at 240°C is shown in Figures 1 and 2. It is
clear that both blend systems show pseudoplastic
behavior; that is to say, the shear stress increases
with increasing shear rate less than proportion-
ately. These two flow phenotypes can be described
by an equation (Power law)

t 5 k.gn

where n is the power law index, and k is a func-
tion of temperature. With the addition of compati-
bilizer, it doesn’t change the rheological proper-
ties of the ABS–PA1010 blend. The relationship
of viscosity with PA content in blends is given in
Figure 3. The viscosities are decreased with the
increase of PA content in blend, and the viscosi-
ties of ABS–PA1010–PS-co-GMA system are
larger than these of ABS–PA1010 system in all
the composition range. The increase of viscosity of
compatibilized system can be thought of as caus-
ing some reactions to occur between PS-co-GMA
copolymer and PA1010:

Figure 5 Tm versus ABS content: (–}–) ABS–PA;
(–■–) ABS–PA–SG.

Figure 6 Heat of crystallization versus ABS content:
(–}–) ABS–PA; (–■–) ABA–PA–SG.

Figure 7 Crystallinity versus ABS content: (–}–)
ABS–PA; (–■–) ABS–PA–SG.
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The melting peak temperature (Tm) and crys-
tallizing peak temperature (Tc) measured from
the DSC thermogram for the ABS–PA and ABS–
PA–PS-co-GMA blends are shown in Figures 4
and 5. Melting points depression of about 3–5°C
occurs as the ABS content decreases. The Tc of
ABS–PA–PS-co-GMA blend is a little higher than
that of ABS–PA blend. In the case of Tm, the
situation is the same. Probably the adding of com-
patibilizer PS-co-GMA to the ABS–PA blends has
a detrimental effect on the crystallization of PA;
furthermore, polymers crystallizing in the low
temperature have always a lower melting points
because the structures of crystallites are not in
the same order as those crystallizing in the high
temperature. The heat of crystallization (Fig. 6) is
almost a linear function of blend composition, al-
though some values deviate slightly low from lin-
earity. The crystallinity (Xc) of the PA phase was
calculated by means of the following equation:

Xc 5 100DHblend/~DHPA
° 3 weight fraction of PA)

where DHblend is the heat of crystallization per
gram of the blend, and DHPA

° is the equilibrium
heat of fusion per gram of 100% crystalline PA
1010 (from Feng et al.14; DHPA

° 5 244.0 J g). The
crystallinities of these two blending systems are
independent of the composition of blends (see Fig.
7), but the crystallinities of compatibilized system
are slightly lower than these of noncompatibilized
system. The reduction in the crystallinity may be
due to the formation of graft copolymers by the
reactions of amide end groups of nylon with gly-
cidyl groups of GMA.

Figure 8 shows the micrographs of the blends

of ABS–PA with or without compatibilizer. It is
clear that below 40% ABS, the ABS phase is dis-
persed, and the PA is continuous. At about 60%
ABS, the ABS phase is continuous, and the PA is
dispersed. In the intermediate range, it is not
clear which is continuous or dispersed because
the phase contrast is not very clear; but it seems
that PA and ABS are co-continuous. The phase
inversion may occur between ABS–PA 5 40/60
; 60/40. For noncompatibilized blends [Fig. 8(b)
and (d)], we noted that large phases domains of
ABS in PA matrix and no adhesion between the
two phases. For compatibilized blends [Fig. 8(a)
and (c)], the morphologies are largely modified.
We can see smaller phase domains and total blur-
ring of the phase boundaries. The compatibilizing
effect leads to a decrease in the size of phases and
an increase of the interface adhesion. The mor-
phologies clearly demonstrate the improvement
of miscibility of ABS–PA blends due to the pres-
ence of PS-co-GMA compatibilizer.

CONCLUSIONS

ABS and PA1010 are immiscible and incompati-
ble with poor interfacial adhesion and large do-
mains. This incompatible blend can be converted
into a compatible one by incorporating PS-co-
GMA copolymer, which itself does not function as
a compatibilizer but will become one after react-
ing with PA1010 end groups during melt blend-
ing. With addition of PS-co-GMA, the rheological
behavior of the blending system does not change
too much, but the viscosity is increasing com-
pared to the noncompatibilized system. The crys-
tallinity of compatibilized system is a little lower
than the one of noncompatibilized system due to
the reactions between glycidyl groups with
PA1010 end groups. The morphological studies
show that PS-co-GMA copolymer behaves as an
effective interfacial agent by improving the adhe-
sion between ABS and PA and decreasing the
dimensions of dispersed phase.

Figure 8 Scanning electron microscopy micrographs of ABS–PA1010 and ABS–
PA1010–SG blends with compositions of (a) ABS–PA1010 (20/80), (b) ABS–
PA1010–SG (20/80/10), (c) ABS–PA1010 (40/60), (d) ABS–PA1010–SG (40/60/10), (e)
ABS–PA1010 (60/40), (f) ABS–PA1010–SG (60/40/10), (g) ABS–PA1010 (80/20), (h)
ABS–PA1010–SG (80/20/10).
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