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Abstract

Two compatibilizers consisting of styrene-acrylonitrile-glycidyl methacrylate
(SAG) terpolymer with different contents of glycidyl methacrylate (GMA),
SAG-001 (1 wt% of GMA) and SAG-005 (5 wt% of GMA), and styrene-acry-
lonitrile-maleic anhydride terpolymer (SAM), SAM-002 (2 wt% of maleic an-
hydride ), were used to evaluate the role of compatibilizers in the PC/ABS al-
loy in terms of the mechanical properties, thermal stability and phase mor-
phology. The tensile strength of SAG modified PC/ABS alloy slightly in-
creased than that of SAM modified system, but the two compatibilizers barely
affected the flexural strength of the system. On the other hand, the impact
strength of SAG modified PC/ABS was improved. In addition, the MFR (melt
flow index) of the SAG modified PC/ABS alloy reduced, implying that the
viscosity or molecular weight of the system increased. The HDT (heat distor-
tion temperature) also improved with SAG modified system. Moreover, the
phase morphology of the SAG modified PC/ABS alloys much enhanced than
that of SAM modified system. As a consequence, SAG compatibilized PC/ABS
alloy showed better properties than those of SAM modified system, suggesting
that the reaction between carboxylic or epoxy groups in SAG and terminal
carboxyl group in PC would be the main factor to bring the enhancement in
the mechanical, thermal and morphological properties of the PC/ABS alloy.
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1. Introduction

The enhanced properties of PC/ABS alloy were resulted from the combined
characteristics of both PC and ABS. Compared to PC itself, the mobility and
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processability of PC/ABS alloy improved and the sensitivity to stress reduced.
On the other hand, PC/ABS alloy possess excellent thermal stability compared to
that of ABS. Thus, it can be widely applied to the various fields of household ap-
pliances, office equipments, communication equipments, camera and medical
equipments, building and lightening appliances, aerospace, computers and opti-
cal fibers, etc. In particular, the property of high strength and heat resistance of
PC/ABS alloy is applicable to the automobile interiors, exteriors and light sys-
tems [1].

In recent years, the market of PC/ABS alloy has continuously grown 10% per
year. In the mean time, more attractive appearance and higher performance of
PC/ABS alloy were demanded in the automobile industry and household ap-
pliances. As a result, the new class of PC/ABS alloys was appeared [2] with ex-
cellent mechanical properties and enhancement in the stability of resistance to
hydrolysis, free-spraying, ultra-low gloss, and resistance to chemicals and envi-
ronmentally friendly property. Jae-Won Park [3] and Qian Ma [4] studied some
new process of PC/ABS with glossy and metallic colored optical property, and
their works substitute the conventional process in the automobile industry. Jia
Wang [5] et al studied the properties of recycled PC/ABS and obtained a
branching structure using epoxy-based chain extender, which furnished a better
utilization and processing properties for recycling. Y. T. Sung [6] et al studied
the stability of PC in PC/ABS and obtained that the molecular weight of PC sig-
nificantly decreased due to talc. On the other hand, the shortfall was the tech-
nique of improving compatibility for the high performance of PC/ABS. Hyuk Jin
Jung [7] et al studied the phase morphology and interfacial tension of PC/ABS
by investigating the content of acrylonitrile (AN) in SAN copolymer affecting
the phase morphology and rheology. Other studies have shown that the me-
chanical properties and phase morphology of PC/ABS were more or less im-
proved, but enhanced with compatibilizer, SMA [8] [9] [10]. In addition, the
reactivity between MAH groups and carboxyl end groups of polyester was
somewhat limited [11] [12] [13] [14].

In this paper, two different compatibilizers with various contents were used in
the PC/ABS (70/30) alloy and the role of compatibilizers on the properties of the
PC/ABS system was evaluated. One is SAG (styrene-acrylonitrile-glycidyl me-
thacrylate) terpolymer consisting of 1 and 5 wt% of glycidyl methacrylate
(GMA) and other is SAM (styrene-acrylonitrile-maleic anhydride) terpolymer
containing of 2 wt% of maleic anhydride (MAH). Thus, the effect of SAG and
SAM on the mechanical properties, thermal stability and phase morphology of
PC/ABS alloy was compared and the main cause of compatibilization between

the compatibilizer and alloy matrix was suggested.

2. Experiment

Materials. Polycarbonate (PC), as a lot number of 1100, was purchased from
Honam Petrochemical Company, Korea and ABS, as a lot number of 8391, was

purchased from Sinopec Shanghai Gaoqiao Company, China. Two styrene-
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acrylonitrile-glycidyl methacrylate (SAG) terpolymers, which are SAG-001 (1%
of GMA content, M,, = 80,000 - 100,000 g/mol) and SAG-005 (5% of GMA con-
tent, M, = 80,000 - 100,000 g/mol), are products of Fine-Blend Compatilizer
Jiangsu Co., Ltd., China. Styrene-acrylonitrile-maleic anhydride (SAM) terpo-
lymer, as a lot number of SAM-002 (2% of MAH content, M,, = 100,000 is also a
product of Fine-Blend Compatilizer Jiangsu Co., Ltd., China. Antioxidant, as a
lot number of 168,245, is a product from the Ciba Specialty Chemicals, Swiss. All
these ingredients are used as received.

Sample preparation. Both of PC and ABS resins were dried at 90°C for 8h
using an oven. PC and ABS were first mechanically mixed in the ratio of 70:30,
respectively, with antioxidant, 168 (0.2 wt%), 245 (0.2 wt%), before the extrusion
process. Then, this mixture was again mixed with different ratios of SAG and
SAM using a high speed mixer. They were put into twin-screw extruder for melt
mixing. The temperature for each stage was 180°C, 200°C, 220°C, 235°C, 240°C,
245°C, 250°C from the head to the end of the extruder. Then, the extrusion,
cooling and pelletizing processes were followed by. The pelletized granules were
dried at 90°C for 8h in an oven and injection molded to prepare the standard
sample specimens. The sample size was the following; for tensile strength 165 x
13 x 3.2 mm according to the ASTM D638-2010, for bending 127 x 12.7 x 3.2
mm according to the ASTM D 790-2010, for Izod impact strength 63.5 x 12.7 x
3.2 mm according to the ASTM D256-2010.

All ingredients for PC/ABS alloy upon sample numbers are listed in Table 1.
For example, 1# consists only of PC/ABS (70/30) with 3 phr of antioxidant,
168,245. 4# consists of PC/ABS (70/30), 3 phr of antioxidant, 168,245 and 5 phr
of SAG-005. The pelletized particles were dried at 100°C for 3 h, then various
testing specimens and templates were prepared at 25°C.

Equipments & experiments. High speed mixer, SH140085 of Zhanghiagang
Baixiongkemei Machinery Co. Ltd, China, twin-screw extruder (CTE50-TY3515,
diameter 36 cm, length/diameter ratio 40/1, respectively) of Nanjing Corpora-
tion Machinery Co. Ltd., China, electronic universal testing machine, CMT6104,
of Shenzhen Xingsansi Measurement Technique Co. Ltd, China, Izod impact
testing machine, XJU-22, of Chengde Testing Machine Co. Ltd, China, melt flow
indexer, RL-11B, of Shanghai Sierda Scientific Instrument Co. Ltd., China, injec-
tion molding machine, JN88-E, of Zhenxiong Machinery Co. Ltd., China and

Table 1. The chemical compositions of PC/ABS alloy upon sample numbers.

Sample Number 1# 24# 3# 4# 5#
PC 70 70 70 70 70
ABS 30 30 30 30 30
SAG-001 (phr) 0.3 0.5
SAG-005 (phr) 0.5
SAM-002 (phr) 0.5
168,245 (phr) 0.3 0.3 0.3 0.3 0.3

K2
035: Scientific Research Publishing

23



H. Duanetal.

scanning electron microscope, JSM-6360LV, of Japan Electronic Company were
used.

Tensile strength was evaluated based on the standard ASTM D638-2010 at
tensile speed of 5 mm/min. Flexural strength was tested according to ASTM
D790-2010 using the flexural speed of 2 mm/min. The Izod impact strength was
performed according to ASTM D256-2010 (1/4 inch specimen’s size: 63.5 mm*
12.7 mm*6.4 mm, 1/8 inch specimen’s size: 63.5 mm*12.7 mm*3.2 mm,). MFR
was evaluated based on ASTM D1238-2010 at 260°C and 5 kg of load. The stan-
dard ASTM D648-2007 was used to test the heat distortion temperature (HDT)
at the load of 1.82MPa. Scanning electron microscopy (SEM) was used to study
the morphological characteristics. Fractured surface was obtained after dealing
with liquid nitrogen. The cross section was etched by K,Cr,0,-H,SO, solvent
and treated with spray-gold. The acceleration voltage was 60kV when the surface
morphology of fault was observed by SEM.

The experimental values are the average of at least five measurements.

3. Results and Discussion

The effect of compatibilizers on PC/ABS alloy. As shown in Figure 1, the ef-
fects of compatibilizers on the tensile and flexural strength were studied.

The compatibilizers, SAG-001, SAG-005 and SAM-002 were added in samples
2#-5#. As seen in Figure 1(a), the tensile strength of 1#, which contains no
compatibilizer, was 55.5 MPa, while that of 2# - 5# varied from 57 to 58MPa,
implying that no big difference in the tensile strength of the specimens with dif-
ferent compatibilizers and contents was observed. Since the solubility parame-
ters of PC and ABS are similar (that of ABS is 19.6 - 20.8 and that of PC is 19.4
cal/cm®) [10], it was suggested that they would be partially miscible. In addition,
in Figure 1(b), the flexural strength of PC/ABS alloy also showed no difference
upon different compatibilizers and contents.

Figure 2 shows the Izod impact strength of PC/ABS with 1/8 and 1/4 inch
thickness. As seen in Figure 2(a), the impact strength of 1/8 inch of PC/ABS
without compatibilizer (specimen 1#) was 514 J/m, but this value increased to
584, 602, 628 and 594 J/m for specimens from 2# to 5#, respectively. Thus, the
Izod impact strength of thin PC/ABS alloy was directly influenced by sorts and
contents of compatibilizers. Here, 5 phr of SAG-005 modified PC/ABS showed
the highest impact strength. On the other hand, for 1/4 inch of PC/ABS alloy,
the impact strength of 1# was 180 J/m, and that of specimen 2#, 3#, 4# and 5#
varied to 286, 301, 309 and 227 J/m, respectively. Again, 5 phr of SAG-005 mod-
ified PC/ABS alloy showed the highest impact strength. From these results, it
was concluded that the specimen 4# with 1/8 and 1/4 inch of thickness showed
the highest impact strength and specimen 5# showed the poorest impact
strength. This result indicates that the impact strength of SAG modified PC/ABS
alloy was much more enhanced than that of SAM modified system.

Since SAG contains of glycidyl methacrylate (GMA) group, GMA can react
with the terminal hydroxyl group in PC as described in Scheme 1. On the other
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Figure 1. The tensile strength (a) and flexural strength (b) of PC/ABS alloy with different
contents of compatibilizers (®: tensile strength, =: flexural strength).
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Scheme 1. Schematic diagram of the reaction between PC terminal groups and GMA in
SAG.

hand, MAH in SAM reacts with hydroxyl-terminated group in PC described in
Scheme 2. Since five-member MAH group in SAM is more rigid than three-
member epoxy group GMA in SAG, it was suggested that the reactivity of SAG
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Figure 2. The impact strength of PC/ABS with different compatibilizer. (a) ®: impact
strength with 1/8 inch thickness; (b) =: impact strength with 1/4 inch thickness.
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Scheme 2. Schematic diagram of the reaction between hydroxyl-terminated of PC and
MAH in SAM.

would be higher than that of SAM, resulting in higher impact strength.
From the discussion of Figure 2 and Scheme 1 and Scheme 2, the impact
strength increased with the increasing contents of SAG. In addition, the com-

mon features are the following. First, the larger the compatibilizer content, the
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higher the impact strength was observed as seen in 2# and 3#, and 4#. Second,
using the same content of compatibilizer, the impact strength of SAG-005 was
higher than that of SAG-001 or SAM-002, meaning that the larger the GMA
content which is 5 wt%, the higher the impact strength was obtained as seen in
4#. Third, the impact strength of SAG modified PC/ABS alloy was higher than
SAM modified system due to the higher reactivity between GMA in SAG and
carboxylic group in PC than that between MAH in SAM and carboxylic acid in
PC. This relationship is well described in Scheme 1 and Scheme 2.

The MFR (melt flow index) and HDT were measured for each specimen and
the results are drawn in Figure 3. As seen in Figure 3(a), the MFR of the speci-
men 1#, 2#, 3#, 4# and 5# was 29, 24, 24, 23 and 25 g/10min, respectively. Thus,
the MFR of the compatibilizer modified PC/ABS system slightly decreased,
meaning that the molecular weight or the melt viscosity of PC/ABS alloy in-
creased with the addition of compatibilizers. Thus, it was suggested that the reac-
tion between the epoxy groups of SAG and the carboxylic terminal group of PC,
as shown in Scheme 1 and Scheme 2, respectively, would cause the increased

molecular weight or melt viscosity of PC/ABS, resulting in lowering MFR value.
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Figure 3. The MFR (a) and HDT (b) of PC/ABS with different compatibilizers.
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As seen in Figure 3(b), the HDT slightly increased; those values of 1#, 2#, 3#,
4# and 5# was 118°C, 121°C, 121°C, 122°C and 120 °C, respectively. Thus, the
enhancement of HDT would be caused from the thermotolerance of PC/ABS al-
loy due to the reaction between GMA or MAH and carboxylic group.

The phase morphology of PC/ABS alloy. The phase morphology of PC/ABS
alloy with different compatibilizers was shown from Figure 4(a) to Figure 4(e)
for specimens from 1# to 5#, respectively. Compared to the ABS domain in the
PC/ABS alloy without any compatibilizer [Figure 4(a)], the phase morphology
of ABS in PC matrix showed much enhancement in regularity and homogeneity.
A new structure like bicontinuous phase was formed in Figure 4(d) and this is
also rationalized as the higher reactivity between GMA groups in SAG and car-
boxylic group in PC.

The data representing the effect of compatibilizers on the mechanical property
of PC/ABS is listed in Table 2. The observed property of the specimen 4# was

Figure 4. The SEM morphology showing the influence of different compatibilizers and
contents of them in PC/ABS (70/30) alloy. Samples for (a) 1#; (b) 2#; (c) 3#; (d) 4#; and
(e) 5#.
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Table 2. Mechanical and thermal properties of the specimens.

__ Specimen No.

Pmr;erty 1# 24 3# 4% 54
Tensile strength 56 57 57 58 58
Flexural strength 82 83 82 83 82

Impact strength (1/8”) 514 584 602 628 594
Impact strength (1/4”) 180 286 301 309 227
Melt index 29 24 24 23 25

HDT 118 121 121 122 120

the best among 5 samples, implying that GMA-contained SAG terpolymer is an
excellent compatibilizer in PC/ABS (70/30) system. It can be explained that the
micro morphology phase was optimized due to the introduction of SAG induc-
ing the dispersed particle smaller and the distribution more homogeneous than
with SAM. As a consequence, more energy can be absorbed and stored when the
alloy was affected by external forces, which resulted in the increased impact
strength and less sensibility to gaps [1] [15].

4. Conclusion

The two compatibilizers consisting of styrene-acrylonitrile-glycidyl methacrylate
terpolymer (SAG) with 1 and 5 wt% of glycidyl methacrylate (GMA) and one
SAM (styrene-acrylonitrile-maleic anhydride terpolymer) with 2 wt% maleic
anhydride (MAH) were used to evaluate the role as a compatibiulizer in PC/ABS
(70/30) alloy based on the mechanical properties, thermal stability and phase
morphology. The tensile strength of compatibilized PC/ABS alloy slightly in-
creased, but the two compatibilizers barely affected the flexural strength of the
system. On the other hand, the impact strength of SAG modified PC/ABS was
improved, in particular, the specimen 4# with 0.5 phr of SAG-005 showed much
enhancement. In addition, the HDT of the specimen 4# showed 3°C increment.
Moreover, the MFR of 4# alloy reduced, implying that the viscosity or molecular
weight of the system increased due to the interaction between compatibilizer and
PC/ABS alloy. Moreover, the phase morphology of the specimen 4# also showed
the best indicating the small domain size and homogeneous dispersion of ABS in
PC matrix, resulting in better compatibility. As a conclusion, the reactivity be-
tween GMA in SAG and terminal carboxyl group of PC would be the main fac-
tor for not only improving the mechanical and thermal property, but also en-

hancing the phase morphology of PC/ABS alloy.
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