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Abstract

Polycarbonate based blends have been widely used in plastic engineering and

industry, the chemical compositions of the blends directly determined the

mechanical properties and performance in real applications. In this study, the

polycarbonate (PC) was blended with styrene-based thermoplastics, including

acrylonitrile-butadiene-styrene (ABS), acrylonitrile-styrene-acrylate (ASA), or styrene-

butadiene-styrene (SBS) with different mass ratios. Mechanical tests indicated that

the appropriate blending could result in good compatibility, and specific improved

mechanical strengths, though the thermal stability might be worse due to the lose of

integrity and homogeneity, this side effect could be largely diminished if the mass

ratio between different compositions was well controlled.
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1. Introduction
In the past decades, polycarbonate has become a widely used engineering plastic[1].

Associated with advantages of mechanical strength, toughness, optical transparency, acid
resistance, the polycarbonate has been widely used in many fields[2]. For the purpose of
improving its overall performances and overcoming the inherent shortages, polycarbonate was
often blended with other resins[3-7]. Many researches proved that styrene-based thermoplastic is
one of the best mate for the blending among various candidates[8-10]. It is also well established
that the chemical compositions of the polymer blend would directly affect on its compatibility
and overall performance in real applications, therefore choosing the appropriate components is
the critical step in the blending.

In this work, three type of styrene thermoplastics, acrylonitrile-butadiene-styrene (ABS),
acrylonitrile-styrene-acrylate (ASA), and styrene-butadiene-styrene (SBS) were selected to blend
with polycarbonate with different mass ratios. The blends were prepared through extrusion and
injection molding. The products were characterized of their mechanical and thermal properties
for the performance evaluations.

2. Experiment
2.1 Granulation of polycarbonate blends

The polycarbonate (PC, Qimei Corp, Taiwan) was granulated acrylonitrile-butadiene-styrene
(ABS, LG Corp, South Korea), acrylonitrile-styrene-acrylate (ASA, LG Corp), or
styrene-butadiene-styrene (SBS, LG Corp) via extrusion molding by using the the twin screw
extruder (SHJ-20, provided by Nanjing Giant Machinery Co.,Ltd., China). The mixture formula
were shown in Table 1. The temperatures were well controlled and screened as : zone 1: 225oC,
zone 2: 230oC, zone 3: 235oC, zone4: 240oC, extruder head: 240oC, polymer melt: 210oC.

Table 1. Formulation of polycarbonate blend
Samples Formula

Pure polycarbonate PC 100g
PC/ABS 9010 PC: 90g, ABS: 10g
PC/ABS 8020 PC: 80g, ABS: 20g
PC/ABS 7030 PC: 70g, ABS: 30g
PC/ABS 6040 PC: 60g, ABS: 40g
PC/ASA 9010 PC: 90g, ASA: 10g
PC/ASA 8020 PC: 80g, ASA: 20g
PC/ASA 7030 PC: 70g, ASA: 30g
PC/ASA 6040 PC: 60g, ASA: 40g
PC/SBS 9010 PC: 90g, SBS: 10g
PC/SBS 8020 PC: 80g, SBS: 20g
PC/SBS 7030 PC: 70g, SBS: 30g
PC/SBS 6040 PC: 60g, SBS: 40g

2.2 Preparation of polycarbonate blends standard test samples
The PC blends standard test samples were obtained via injection molding (TTI-130F2,

Welltec Machinery Ltd, China)[11]. The temperatures of different zones were set as a range of:



injection head: 250-255oC, zone 1: 230-235oC, zone 2: 235-240oC, zone 3: 240-245oC, zone 4:
245-250oC, mold: 85oC. The injection pressure was set as 10MPa, the holding pressure was set as
11.5MPa and the pressure was kept for 10 seconds.

2.3 Characterization of polycarbonate blends
Morphology investigation: a JEOL JSM-6700F scanning electron microscope was used to

observe the surfaces of polycarbonate blends.
Mechanical properties tests: all polycarbonate blends were characterized of mechanical

properties including 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).

Thermal properties characterization: the differential scanning calorimetry (DSC, NETZSCH
DSC204, Germany) was used to study the thermal properties of polycarbonate blends, the
heating and cooling rate was precisely controlled as 20oC/min.

Thermal stability characterization: the thermogravimetric analysis were performed on
polycarbonate blends to evaluate their thermal stabilities. In addition, the blends were measured
of the Vicat (ZWK1302-B, MTS Systems Corporation) softening temperature (GB/T1633-2000,
heating rate: 150oC/h).

3. Result and discussion
3.1 Morphology

The Fig.1 showed the SEM images of polycarbonate based samples. The polycarbonate
blends, though were not as smooth as pure polycarbonate, displayed an homogeneous and
integrated surface morphology without presenting component aggregation and phase
separation.

Fig.1. SEM images of (a). Pure polycarbonate; (b). PC/ABS; (c). PC/ASA; (d). PC/SBS.



3.2 Mechanical properties
The mechanical properties of all polycarbonate blends were displayed in Table 2. For these

blends, the mechanical properties were critically determined by the types and application
amounts of styrene thermoplastics. As shown in the table, PC/ABS blends possessed a good
overall mechanical properties, PC/ASA blends possessed the better impact strengths, and PC/SBS
blends possessed the better tensile strengths and hardness. The differences of mechanical
properties could be attributed the chemical structures of styrene thermoplastics. The ABS has the
butadiene components that contains the C=C double bonds, when blending with PC, these
double bonds could increase the flexibilities of the blends and thus improving the impact
strength[12]. The ASA has the acrylonitrile components instead of butadiane, the polar nitrile
groups on acrylonitrile provide the blends with rigidities so the tensile strengths increased. For
the SBS, besides flexible butadiene it also has high content of bulk styrene which result in high
tensile strength and hardness. The mass ratios between each components were also significant,
overdose of styrene thermoplastics would cause the decrease of mechanical properties of the
blends. The reason was that the homogeneity of PC blend would be damaged if the amount of
styrene thermoplastics was too high.

Table 2. Mechanical properties of polycarbonate blends
Flexural

strength/MPa
Tensile

strength/MPa
Shore D
hardness

Notched impact
strength/kJ*m-2

Pure PC 62.20 61.30 75 26
PC/ABS 9010 60.60 53.90 74 38
PC/ABS 8020 54.50 56.70 73 41
PC/ABS 7030 55.60 54.80 73 45
PC/ABS 6040 53.70 56.20 72 40
PC/ASA 9010 60.40 53.10 74 29
PC/ASA 8020 53.70 52.90 73 32
PC/ASA 7030 53.00 53.10 71 33
PC/ASA 6040 50.70 49.90 70 32
PC/SBS 9010 64.00 61.90 75 29
PC/SBS 8020 66.30 62.70 77 34
PC/SBS 7030 67.40 63.50 78 38
PC/SBS 6040 66.90 63.50 78 36

3.3 Thermal properties
The DSC figure was displayed in Fig.2, the blends displayed two endothermic peaks,

indicating two glass transition points of the blends, the higher one belonged to the PC
components. The two glass transitions indicated that in blends, the two separated phases have
been formed. In addition, the glass transition point of polycarbonate was found to be affected by
the existence of styrene thermoplastics, that might be caused by the intermolecular forces
between two components that affect on the polycarbonate segments movements.



Fig.2 DSC curves of samples

Fig.3 was the TGA analysis of samples. Compared to the pure polycarbonate, the thermal
stabilities of PC blends decreased, the Vicat test (Table 3) also indicate that the PC blends became
less thermal resistant. This was due to the damage of homogeneities. In addition, the PC/ABS and
PC/SBS were less thermal stable than PC/ASA, that was because the PC/ABS and PC/SBS
contained the butadiene, whose diene segments sensitive to thermal oxidation, under high
temperature, the butadiene components were vulnerable and decomposed.

Fig.3 TGA curves of samples

Table 3. Vicat softening temperatures
Vicat softening point/oC

Polycarbonate 152
PC/ABS 7030 140
PC/ASA 7030 146
PC/SBS 7030 142



4. Conclusion
In this study, three types of polycarbonate/styrene thermoplastics blends (PC/ABS, PC/SBS

and PC/ASA) were prepared and characterized. The results showed the mechanical properties of
blends were significantly determined by the compositions. To obtain the optimal products, the
mass ratios need to be strictly designed.
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