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Abstract

In this study, ABS-g-MAH was used as compatibilizer in poly carbonate/acrylonitrile styrene
acrylate/poly(methyl methacrylate) blends. The polymer blends were prepared via a two- step
method, raw PC, ASA, PMMA resins and ABS-g-MAH additives were mixed and granulated by
extrusion molding and then the standard samples were obtained by injection molding. A
comprehensive characterizations were performed on the PC/ASA/PMMA blends of their
morphologies, mechanical properties and thermal properties. The results showed that the
addition of ABS-g-MAH could promote the compatibilities among PC, ASA and PMMA, and ABS-
g-MAH would significantly alter the mechanical and thermal properties of blends. In addition,
the modified blend was compatible when mixing with natural rubber. The biocompatibility XTT
test showed the ABS-g-MAH compatibilized PC derivatives were not cytotoxic. It could be
concluded that the appropriate usage of ABS-g-MAH could bring expected benefits on
PC/ASA/PMMA blends.
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1. Introduction
Poly(carbonate/acrylonitrile styrene acrylate) is a relative new types of polymer blends and

it has proved to be a good supplement and alternative to PC/ABS[1-3], this blend combines the
advantages of polycarbonate and ASA, however, like many other polymer blends, the
compatibility and related mechanical properties are not negligible[4,5]. One widely spreaded
method is to use compatbilizer during the processing[6], especially for the polar/non-polar
blending polymer systems, if a polar compatibilizer introduced onto the non-polar polymer, the
compatibility could be imporved[7]. But on the other hand, compatibilizers also alter the
morphologies and other properties of polymer blends and they may cause different unexpected
effects[8-10]. Therefore the effects of compatibilizers should be comprehensively analyzed.

In this study, the PC/ASA/PMMA blends were prepared by extrusion and injection molding
and the ABS-g-MAH was used as compatibilizer during the processing. The products were
characterized of their surface morphologies, mechanical strengths and thermal stabilities, and
the effects of ABS-g-MAH were investigated.

2. Experiment
2.1 Granulation of PC/ASA/PMMA blends
The polycarbonate (PC-110, purchased from Qimei Corp, Taiwan),

acrylonitrile/styrene/acrylate (purchased from LG Corp, South Korea), poly(methyl methacrylate)
(IF850, purchased from LG Corp) and ABS-g-MAH (purchased from Shenyang four-dimensional
polymer plastic Ltd, China) were granulated by the twin screw extruder (SHJ-20, provided by
Nanjing Giant Machinery Co.,Ltd., China) based on the ormula in Table 1. The temperatures were
set as : zone 1: 230oC, zone 2: 235oC, zone 3: 238oC, zone4: 240oC, extruder head: 240oC, polymer
melt: 220oC.

Table 1. Formulation of PC/ASA/PMMA blend (unit: g)
No. PC ASA PMMA ABS-g-MAH
1 70 20 10 0
2 70 20 10 3
3 70 20 10 6
4 70 20 10 9
5 70 20 10 12
6 (Pure PC) 100 0 0 0

2.2 Preparation of PC/ASA/PMMA standard test samples
The PC/ASA/PMMA standard test samples were obtained via injection molding (TTI-130F2,

Welltec Machinery Ltd, China). The temperatures were set as : injection head: 260-265oC, zone 1:
240-250oC, zone 2: 245-252oC, zone 3: 248-255oC, zone4: 250-258oC, mold: 85oC. The injection
pressure was set as 10MPa, the holding pressure was set as 10.5MPa and the pressure was kept
for 10 seconds.

2.3 Polymer blends characterization
Morphology investigation: Scanning electron microscope (SEM, JEOL JSM-6700F, Japan) was

used to study the impact fracture surfaces of polymer blends samples, tetrahydrofuran would be
used for etching to remove the ASA and PMMA components.

Mechanical properties tests: the PC/ASA/PMMA blends were characterized of the tensile



strength (GB/T1040.1-2006), Shore D hardness (GB/T2411-2008), flexural strength (GB/T9341-
2008), notched impact strength (GB/T1043.1-2008, 7.5J of impact energy).

Dynamics properties test: dynamic mechanical analysis (DMA, DMTS EPLexor 500N, Germany)
was used for measuring thedynamic loss modulus, test frequency was set as 5Hz.

Thermal properties characterization: differential scanning calorimetry (DSC, NETZSCH
DSC204, Germany) was used to investigate the thermal properties, the heating/cooling rate was
set as 20oC/min.

Thermal stability tests: the thermal stabilities of polymer blends were studied by Vicat
softening temperature (ZWK1302-B, MTS Systems Corporation) measurement (GB/T1633-2000,
heating rate: 120oC/h) and thermogravimetric analysis (TGA, NETZSCH TG209F1, Germany).

2.4 Compatibility and biocompatible synergistic test
The ABS-g-MAH modified PC/ASA/PMMA blends (PAP) was granulated with commercial

natural rubber (SCRWF) at 75:25 mass ratio. The samples were investigated using SEM. The XTT
biocompatibility assay was performed using a previously reported method[4], the skin fibroblast
cells (ATCC CRL-1213) was selected for the test.

3. Results and discussion
3.1 Morphology

As an effective compatibilizer, ABS-g-MAH promoted the compatbilities between each
components in the PC/ASA/PMMA blends. As shown in the SEM images in Figure 1, ABS-g-MAH
added PC/ASA/PMMA blends had less separation phases (areas) and exhibited a more obvious
IPN structures. In addition, SEM images of etched samples (Figure 2) showed that without
addition of ABS-g-MAH, the PC didn't distribute evenly in the blends and it had a large
aggregated area, the black hole in the SEM image indicated that there were many aggregations of
ASA and PMMA components, which were removed by THF. By contrast, after adding ABS-g-MAH,
the distribution of component each components improved as the black hole disappeared. The
compatibilizing effect of ABS-g-MAH could be attributed to the its capacity reducing on interfacial
tensions, and the ABS-g-MAH could prevent the separated components from re-aggregating,
leading to a better distribution and higher homogeneity[11].

Fig.1(a). SEM images of fractures of PC/ASA/PMMA (70:20:10)



Fig.1(b). SEM images of fractures of PC/ASA/PMMA/ABS-g-MAH (70:20:10:9)

Fig.2(a). SEM images of etched fractures of PC/ASA/PMMA (70:20:10)



Fig.2(b). SEM images of etched fractures of PC/ASA/PMMA/ABS-g-MAH (70:20:10:9)

3.2 Mechanical properties
The ABS-g-MAH significantly affected on mechanical properties of PC blends, it was found

that, on Table 2, the lower amount of ABS-g-MAH addition reduced the mechanical strengths of
the blends, while enough ABS-g-MAH content (at 9g addition in 100) did promote the mechanical
performances. This is because for muti-components based polymer blends, compatibilizer would
affect in different approaches, at lower content, its compatibilizing effects could not make up its
damage on blends homogeneities, which was overcome by putting enough ABS-g-MAH into the
blends[12,13].

Table 2. Effects of ABS-g-MAH on mechanical properties of PC/ASA/PMMA
Amount of

ABS-g-MAH (g)
Flexural

strength/MPa
Tensile

strength/MPa
Shore D hardness Notched impact

strength/kJ*m-2

0 41.7 50.8 71 40.5
3 40.6 48.7 71 38
6 39.3 46.7 70 41.25
9 40.9 50 70 47.4
12 42.3 52 69 43.3

The ABS-g-MAH is less rigid than PC, and it penetrated into each regions of different
components in the blends and lowered its intermolecular forces, therefore the addition of
ABS-g-MAH lead the blends lose some tensile strength[13]. However, the addition of ABS-g-MAH
significantly improved both flexural and impact strength of PC/ASA/PMMA blends, this improving
activities could be attributed to the structure and characteristics of ABS-g-MAH[14].

The ABS-g-MAH has flexible anhydride groups (C=O double bonds) that could contribute to
improve the blend toughness[15,16]. In addition, as the compatibilizer, ABS-g-MAH could reduce
and component separation and connect each phases and improve the blend homogeneity. When



the external stress was performed on blends, the stress could transfer to each component and
the stress concentration was reduced.

The hardness of polymer blends were not largely modified by ABS-g-MAH, because the
hardness of a polymer is related to the itsr relaxation behaviors, the ABS-g-MAH generally
affected on the interface of two polymer phases rather than each polymer chains so that it didn’t
change the relaxation times of each polymer segments[17], the hardness were not significantly
affected.

In this study, it was found that the over addition of ABS-g-MAH could worsen the mechanical
properties of the blends. This effects might be caused by two possibilities: 1. Too much
ABS-g-MAH could form a new separated phase (micelle) and the regularity and homogeneity of
polymer blend decreased; 2. Extra ABS-g-MAH could reduce the blend crystallinity and
orientation extent[18]; 3. The anhydride groups on ABS-g-MAH might react with ester groups of
polycarbonate, under high temperature ans shearing (during injection molding) the anhyride
groups might decompose thermally and affect on mechanical performances[19].

The Figure 3 are storage modulus and loss modulus of PC/ASA/PMMA blends. The storage
modulus of each blend has a critical point, which was in the range of 50 to 90oc and this point
was the glass transition temperature of ABS or polycarbonate resin. The addition of ABS-g-MAH
could improve the storage modulus, as the ABS-g-MAH had a smaller size and larger specific
surface area, it could increase the viscosity between the interfaces, which makes segment
movement more difficult. In addition, the loss modulus started changing at 50oC and it changed
significantly in the range of 50-70oC and 90-100oC, this was caused by the relaxations of different
segments belong to different polymer components.

Fig.3(a). Storage modulus of PC/ASA/PMMA



Fig.3(b). Loss modulus of PC/ASA/PMMA

3.3 Thermal properties
Figure 4 showed the DSC curves of PC/ASA/PMMA. Without ABS-g-MAH, the PC/ASA/PMMA

showed two endothermic peaks compared to pure PC, which means the blend had two glass
transition point and the higher point belonged to the PC phase. With ABS-g-MAH, only one glass
transition point appeared, this indicated that the ABS-g-MAH promoted the binding between
each phases[20]. Besides, the addition of ABS-g-MAH lead the glass transition point of
PC/ASA/PMMA a little bit higher than the unmodified one, this is because with ABS-g-MAH, the
PC phase restricted the segment movement so more energies and free volume had to be
consumed to initiate the glass transition[21].

Fig.4. DSC curves of PC/ASA/PMMA



Table 3 indicated that the blends modified by ABS-g-MAH had a lower Vicat softening point,
this might be explain by the structure of ABS-g-MAH, the flexible 1,3-butadiene components
softened the polymer blends

Table 3. Vicat softening temperatures of PC/ASA/PMMA blends
Sample Vicat softening point/oC
PC 151
PC/ASA/PMMA 145
PC/ASA/PMMA/ABS-g-MAH (3g addition) 143
PC/ASA/PMMA/ABS-g-MAH (6g addition) 142
PC/ASA/PMMA/ABS-g-MAH (9g addition) 141
PC/ASA/PMMA/ABS-g-MAH (12g addition) 139

Figure 4 and table 4 are the thermal stabilities of polymer blends tested by TGA. Compared
to pure PC, the blend had a lower thermal stability, its initial decomposition temperature and
50% decomposition temperature decreased largely. The ABS-g-MAH lead the situation worse,
because its butadiene segments/chains are extremely sensitive to thermal oxidation[22], and
under higher temperature, the anhydride groups could react with ester groups on PC and
generate bubbles and small molecule products, these also accelerated the thermal
decomposition.

Table 4. Thermal decomposition temperatures of blends
Samples Residue

content/%

Initial decomposition

temperature/oC

50% decomposition

temperature/oC

PC 18.32 490.66 532
PC/ASA/PMMA 9.68 407.48 423.67

PC/ASA/PMMA/ABS-g-MAH (6g addition) 9.13 407.47 419.2
PC/ASA/PMMA/ABS-g-MAH (9g addition) 7.87 407.2 416.34

Fig.4. TGA curves of PC/ASA/PMMA



3.4 Synergistic effects with natural rubber
Fig 5(a) and (b) showed the SEM image of modified ABS-g-MAH/PAP/natural rubber (NR)

granulate exhibited a homogeneous topography (though not smooth) on its surfaces and
fractures, indicating that the modified PAP and natural rubber were compatible.

Fig.5 SEM images of (a). Surface of ABS-g-MAH/PAP/NR; (b). Fractures of ABS-g-MAH/PAP/NR

The biocompatibility of the blends and derivatives were investigated by XTT assay. The
results showed that with addition of ABS-g-MAH, the polymers became less cytotoxic to cells.
The improved biocompatibility could be attributed the increased compatibilities among different
components that reduced the particles aggregation and leakage.

Fig. 6 Biocompatibilities of samples.



4. Conclusion
In this study, different PC/ASA/PMMA blends were prepared and effect ABS-g-MAH on

morphologies and properties of PC/ASA/PMMA blends were examined. The results showed that
ABS-g-MAH could affect on the blends by different approaches, especially it could promote
compatbilities and impact strengths but also reduce the tensile strength and thermal stabilities.
In general, its structure flexibility, functional groups, chemical characteristics and usage amounts
were innegligible. In order to obtain expected products, the usage of ABS-g-MAH is supposed to
be carefully controlled.
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