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The compatibilization effect of a hyperbranched poly(amide-ester) (HBP) on
poly(acrylonitrile-butadiene-styrene)/poly(vinylchloride) (ABS/PVC) blends was
examined. The effects of the amounts of HBP on mechanical properties of

ABS/PVC (80/20, mass ratio) blends were investigated. The results showed that a
small quantity of HBP had a significant effect on mechanical properties and can
improve the compatibility of the ABS/PVC blends; the tensile strength of the ABS/PVC
(80/20) blends reached to a maximum value when HBP content increased to 2 phr and
then dropped quickly by adding more HBP, the impact strength of the ABS/PVC
(80/20) blend decreased with incorporation of HBP, the higher HBP added, the greater
impact strength of ABS/PVC blend decreased. The scanning electron microscopy
indicated that the surfaces of ABS/PVC blends were mainly composed of separate tiny
droplets and some cavities. When HBP was introduced into ABS/PVC (80/20) blends,
the asperity of the surface decreased, and shear band began to form either partially
or completely. DSC Analysis also confirmed that HBP could improve the compatibility
of the ABS/PVC blends.

INTRODUCTION

Poly(acrylonitrile-co-butadiene-
co-styrene) (ABS) is used in an
extensive range of applications
because of its excellent balance of
mechanical properties, ease of pro-
cessing, recyclability, and costs. It
is a two-phase system, the polybu-
tadiene rubber phase and the
styrene-acrylonitrile (SAN) copo-
lymer  rigid phase. The polybutadi-

ene is dispersed as a minor phase in
the matrix of SAN [1]. Poly(vinyl-
chloride) (PVC) is a commodity
plastic with many good properties
such as non-flammability, relative-
ly low cost, and versatile formula-
tion. The ABS combines with PVC
and improves its weak characteris-
tics of morphology and mechanical
properties. When PVC and ABS
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are mixed, the interaction between SAN and PVC is
an important factor for optimum compatibility. The
interaction between SAN and PVC is influenced by
the acrylonitrile content in SAN. It has been reported
that SAN containing about 12-26 wt% of acrylonitrile
(AN) is miscible with PVC and immiscible outside
this range [2]. 

Hyperbranched polymers are a new class of three-
dimensional, man-made molecules by an unusual syn-
thetic route that incorporates repetitive branching
sequences to create an unusual architecture. The high-
ly branched structures and numerous end groups in
hyperbranched polymers generate the improved solu-
bility and compatibility with other polymers, and
reduce the melt viscosity as well as crystallinity [3].
There have been several studies on morphology
and/or mechanical properties of a hyperbranched
poly(amide-ester) (HBP) in limited material condi-
tions [4-14]. Schmaljohann et al. [4] have used modi-
fied hyperbranched polyesters as carriers for organic
molecules in polyolefin blends. The resulting materi-
als showed a homogeneous distribution of the dye
inside the polymer matrix. Moreover, melt rheology
studies showed drastic viscosity reduction as a func-
tion of HBP concentration in blends based on hyper-
branched polyester and linear polymer [5]. Jannerfeldt
et al. [6,7] have studied the influences of the addition
of hyperbranched polymer grafted polypropylene
(PP-HBP) on the interfacial adhesion between fusion-
bonded bilayers of PP/PA6 polymer blend. The inter-
facial adhesion between PP-HBP compatibilized
bilayers was ten times stronger compared to maleic
anhydride grafted polypropylene (PP-MAH) compat-
ibilized bilayers. Mulkern et al. [8] blended HBP with
polystyrene (PS) and styrene maleic anhydride
(SMA), and the results showed that a significant
decrease in the melt viscosity of high molecular
weight PS and SMA occurred on blending them with
as little as 2% of HBP. Ratna et al. [9] have investigat-
ed the thermomechanical properties of a hydroxyl-
functioned hyperbranched polymer and epoxy resin.
The hydroxyl-functioned hyperbranched polymer
strongly enhanced the curing rate and the improve-
ment in impact strength was enhanced at higher con-
centration (10%). Zhang et al. [10] blended poly(lac-
tic acid) with a small amount of hyperbranched poly-
mer, the results showed that hyperbranched polymer

significantly improved the tensile strength and elon-
gation-at-break of poly(lactic acid). Diao et al. [11,12]
showed that the blend properties of PVC/PP could be
improved if a PP-HBP or HBP compatibilizer capable
of interaction with both PP and PVC was added. 

In this work, the compatibility of ABS/PVC blends
added HBP is investigated by using scanning electron
microscopy (SEM) and differential scanning
calorimetry (DSC). In addition, the influence of the
same ratio of ABS/PVC blends on mechanical proper-
ties such as impact and tensile strengths have been
considered in the presence and absence of a hyper-
branched poly(amide-ester) in order to look into its
role on the degree of compatibility between the two
polymers.

EXPERIMENTAL

Materials
ABS (PA-747), with a melt flow rate of 3.0 g/10min,
was purchased from Chi Mei Plastics Corp. (Tainan,
Taiwan, China). Suspension PVC (SGS-6, K=68)
with an average polymerization degree of 1000 was
supplied by Baoding Petrochemical Corp. (Baoding,
China). The hyperbranched poly(amide-ester) mole-
cules were synthesized from diethanolamine and suc-
cinic anhydride [13], and the number-average molec-
ular weight (Mn) was 8600 g/mol. The glass transition
temperature (Tg) was 16.3ºC and the thermal instabil-
ity of the HBP began above 213ºC by its degradation.
Other additives were commercial products. Figure 1
shows schematic illustration of hyperbranched poly-
mer architecture. 

Blend Preparation
Prior to blending, PVC with its processing additives
was premixed together in a high-speed mixer for 
10 min according to the following composition:
PVC/tribasic lead sulphate/dibasic lead phosphite/
stearic acid/paraffin (100/2/1/0.4 of mass ratio). The
blend preparation was carried out at 180ºC in a two-
roll mill. HBP and PVC were blended for 2 min, and
then blended with ABS for 6 min. The prepared
blends were compressed into sheets with a hydraulic
press at 180ºC and 10 MPa for 4 min, and then they
were cooled to room temperature by cool pressing.
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The sheets were dried in a drying cabinet at 70-80ºC
for 24 h, to cancel excess internal stress.

Blends Morphology
Samples were prepared by freezing pieces of the
strand in liquid nitrogen followed by high-speed
impact to create fresh fracture surfaces, and then they
were covered with gold using a surface sputter coater,
model SBC-12, before observation. A SEM (Tracor
Northen Company, KYKY-2800B), operating at an
accelerating voltage of 25 kV, was used to observe the
morphology of the samples.

DSC Measurement
Thermal properties were measured by a differential
scanning calorimeter (Mettler TA 4000 Model).
Samples were heated to 200ºC and cooled down to
room temperature at a rate of 20ºC/min. The glass
transition temperature (Tg) was measured during the
subsequent second heating cycle at a heating rate of
10ºC/min. The DSC cell was purged with ultra pure
nitrogen gas at a constant flow rate of 60 mL/min for
preventing sample degradation.

Measurements of Mechanical Properties of Blends
The test specimens were shaped with a universal clip-
per. Tensile strength measurements were performed
according to GB1843 test method using dumb-bell

shaped test specimens on a tensile test machine (LJ-
5000N) and a cross-head speed of 10 mm/min.
Charpy impact strength was measured by means of
XCJ-40 impact tester according to GB1040. The test-
ing was conducted at room temperature. Values were
an average of five testings.

RESULTS AND DISCUSSION

Morphology
Figure 2 showed that the morphology observed by
SEM for samples of different HBP contents blended
with the same ratio of ABS/PVC. The cryo-surfaces
of ABS/PVC (80/20) blends were mainly composed
of separate tiny droplets and some cavities in appear-
ance as shown in Figure 2a. When HBP contents (0.5-
2 phr) were introduced into ABS/PVC (80/20) blends,
the asperity of the surface decreased, and shear band
began to form either partially or completely in Figures
2b-2d, and the morphology of shear bands was one of
the characteristics of cryo-fracture surfaces of
ABS/PVC added to HBP samples. When the maxi-
mum stress exceeded the inherent strength of the
material, yielding deformation took place to form
shear bands. As shown in Figures 2b-2d, a large num-
ber of shear bands were observed in the cryo-fracture
surface of the ABS/PVC/HBP blends. The partial mis-
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Figure 1. Schematic illustration of hyperbranched poly(amide-ester) architecture.



cibility between the ABS and PVC was observed to be
increased as the amount of HBP increased. 

The change of morphology could improve the
mechanical properties of the ABS/PVC due to the
addition of shear bands and the increase of compatibi-

lization at the polymer/polymer interface. A further
increase in compatibilizer concentration did not
increase the amount of shear bands, and indicated that
2 phr compatibilizer was sufficient to occupy the
interface between ABS and PVC (Figure 2d). As a
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Figure 2. SEM Micrographs of cryo-fractured surfaces of ABS/PVC/HBP blends: (a) 80/20/0; (b) 80/20/0.5; (c) 80/20/1; (d)
80/20/2; and (e) 80/20/3.

(a) (c)

(b) (d)

(e)



result, an excess of compatibilizer remained in the
bulk and did not contribute to the reduction of interfa-
cial tension. Increasing HBP content (3 phr) resulted
in a decreasing shear band and forming partial-plate-
ful surfaces as it is shown in Figure 2e, and therefore,
less energy is dissipated in the fracture process.  

Figure 3 shows that HBP (2 phr) affected phase
morphology of two compositions of ABS/PVC
blends. It was clearly illustrated that added HBP for
the same blend constituent of ABS/PVC had a signif-
icant effect on the blend phase morphology. The
ABS/PVC (50/50) blend exhibited the platelets that
overlapped each other (Figure 3a), and ABS/PVC
(25/75) blend was a coarse microstructure (Figure 3c).
The morphology of the ABS/PVC/HBP blends
showed a large number of shear bands (Figures 3b-
3d). This might be attributed to the reduction of the
interfacial tension and to the restriction of particle

coalescence during processing, which was clearly a
different morphology.

Differential Scanning Calorimetry Analysis
Thermograms obtained by DSC analysis of the stud-
ied PVC/ABS/HBP blends (Figure 4), showed that
there were two distinct glass transition temperatures
(Tg) in the whole composition range that was consid-
ered. They were placed between the Tg of PVC
(87.1ºC) and the Tg of the rigid SAN phase (114ºC). It
has been reported that the Tg of the rubber polybuta-
diene was at about -80ºC [14]. The Tg of the HBP was
16.3ºC. The experimental results showed that the Tg
of PVC and the rigid SAN phase were shifted larger
and smaller, respectively (Table 1). It was observed
that Tg of PVC increased from 87.1ºC to 89.1ºC (∆Tg
is 2ºC), and Tg of ABS decreased from 114.0ºC to
110.9ºC (∆Tg is 3.1ºC). Hence, the PVC/ABS/HBP
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Figure 3. SEM Micrographs of cryo-fractured surfaces of ABS/PVC/HBP blends: (a) 50/50; (b) 50/50/2; (c) 25/75; and (d)
25/75/2.



Figure 4. DSC Curves for ABS/PVC/HBP: (a) 0/100/0; (b)
80/20/0; (c) 80/20/1; (d) 80/20/2; and (e) 100/0/0.

blends could be considered to be a partial-compatible
system. Partial-miscibility of the three polymers as
observed by DSC was due to the presence of a weak-
er specific interaction. Jin et al. [15] reported that Tg
of PVC increased by 1.7ºC and Tg of ABS decreased
by 0.1ºC when PVC/ABS (50/50 by weight) blend
was added to SAN25 (poly(styrene-co-acrylonitrile)
(SAN) containing 25 wt% acrylonitrile), and SAN25
improved compatibility of ABS/PVC blend. The DSC
result was in agreement with the mechanical proper-
ties.  

Tensile and Impact Strengths 
Figure 5 showed the tensile and impact strengths
dependence of the ABS/PVC on the mass of the HBP.
Figure 5a indicated that the tensile strengths of the
ABS/PVC (80/20) blends were increased as a higher
amount of HBP was added, and reached a maximum 

Table 1. Glass transition temperature (Tg) of PVC, ABS and
PVC/ABS blends.

Figure 5. The tensile strength and impact strength of
ABS/PVC (80/20, wt%) blends as a function of HBP con-
tents.

value when HBP content increased to 2 phr, and then
dropped down quickly as HBP content increased
more. The result came from the increase of compati-
bility and the lack of entanglements of HBP.
Theoretically [16], when the other facts were con-
stant, the polymer components having equivalent vis-
cosity would mix better. The viscosity of PVC was
much higher than that of ABS. The viscosity of PVC
had a great drop compared to that of pure PVC when
HBP added into it. This was because HBP itself has
low melt viscosity and methenyl-hydrogen atom of
PVC links to the ester carbonyl group and amido
group of HBP and forms a weak hydrogen band [17]. 
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No. Blends composite Tg (oC) 

1 
2 
3 
4 
5 

ABS/PVC/HBP=0/100/0  
ABS/PVC/HBP=80/20/0  
ABS/PVC/HBP=80/20/1  
ABS/PVC/HBP=80/20/2  
ABS/PVC/HBP=100/0/0  

87.1   
112.3            87.9  
112.0            88.3  
110.9            89.1  

114.0 

(a)

(b)



On the other hand, the specific interaction between
-C≡N groups of SAN and -OH groups of HBP was
larger than the specific interaction between -C≡N
groups of SAN and -Cl groups of PVC. These two
effects have the ability to improve the compatibility of
ABS and PVC, and deduce the increasing of tensile
strength of ABS/PVC. However, the lack of entangle-
ments in HBP resulted in a brittle material and poor
mechanical properties, partly counter-balancing the
compatibilization combination of ABS/PVC/HBP.
The addition of HBP had not only improved tensile
strength of the blends while weakening it. Therefore,
the tensile strength of the blends descended with the
addition of excess of HBP, as the mass of the HBP was
over 2 phr. Figure 5b showed the impact strength of
ABS/PVC blends as a function of HBP contents. It
could be seen that the impact strength of the
ABS/PVC blends decreased gradually with more
incorporation of HBP. The addition of HBP was
unfavourable to increase the impact strength of the
ABS/PVC blends because HBP is a brittle material.

CONCLUSION

Hyperbranched poly(amide-ester) (HBP) could act as
a compatibilizer for the ABS/PVC blends. A small
amount of HBP had an influence on the tensile
strength and impact strength. The tensile strength of
the ABS/PVC (80/20) blends increased with an
increasing in the HBP contents (HBP ≤ 2 phr) and
then dropped down quickly, the impact strength of the
ABS/PVC (80/20) blends decreased with incorpora-
tion of HBP. The DSC analysis and the SEM images
confirmed that HBP could enhance the compatibility
of the ABS/PVC blends.  
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