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Abstract
Melt blends of poly(phenylene oxide)(PPO) with glass fiber reinforced syndiotactic polystyrene(GFRsPS) were prepared using a single
screw extruder. DSC and dynamic mechanical measurements indicate that the PPO/GFRsPS blends are miscible in amorphous state as shown
by the existence of a single Tg whose values are blend composition-dependent. From the mechanical test results, it is shown that the tensile
and flexural modulus increase, but the tensile and flexural strength do not improve as the GFRsPS content increases. An increase in the melt
flow index (MFI) as GFRsPS contents increase implies that the processing problem of neat PPO is improved. q 1999 Elsevier Science Ltd.
All rights reserved.
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1. Introduction
Poly(phenylene oxide)(PPO) resins, composed of phenolic monomers, have a very high glass transition temperature(Tg). With the Tg above 2008C, neat PPO is very difficult
to process; melting does not begin below 2558C. At extrusion or injection molding temperature of 300–3508C, melt
flow is very stiff and special precautions must be taken to
minimize oxidation. PPO is soluble in all proportions with
general purpose polystyrene (GPPS) and other styrenic
polymers, which allows blends or alloys to be produced
commercially by GE Plastics under the trade name Noryl
[1,2]. PPO–GPPS blend resin is cream colored and characterized by excellent melt flow. Added to this, electrical
properties are outstanding and moisture absorbance is low.
With excellent dimensional stability, the alloys can be made
into very large parts. Although hydrolytic stability is very
good, organic solvent resistance is poor. This has limited
applications such as large automotive parts [3–6]. Therefore, many researches have made attempts to blend this with
other component polymers [7–10].
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We consider the melt blends of PPO with a glass fiber
reinforced syndiotactic polystyrene (GFRsPS). The unmodified syndiotactic polystyrene (sPS) is a crystalline polymer
whose benzene rings have a high degree of stereospecificity,
and whose properties are completely different from those of
GPPS. In addition to having inherent characteristics to the
conventional polystyrene—low specific gravity, hydrolytic
resistance, good moldability and excellent electrical properties—the fact that sPS has the heat resistance (Tm: 2708C)
and chemical resistance of crystalline polymers make it a
new engineering plastic.
In this report, miscible PPO/GFRsPS blends were
prepared and their thermal and physical properties were
investigated.
2. Experimental
2.1. Materials
The unmodified PPO sample used in this study, obtained
from General Electric Plastics, had an intrinsic viscosity of
0.42 dl/g measured in chloroform at 258C. The GFRsPS was
supplied from Idemitsu Petrochemical Co., Ltd. The specific
gravity is 1.11 and includes 15 wt.% glass fiber.
2.2. Blend preparation
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Samples were dry-mixed at the desired composition,
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Table 1
Thermal characteristics of PPO/GFRsPS blends
PPO/GFRsPS blend ratio

Tg a (8C)

Tg b (8C)

Tm c (8C)

Tc (8C)

HDT d (8C)

50:50
67:33
75:25

155.1
178.7
185.7

176.3
191.6
201.1

ND
ND
ND

ND
ND
ND

138.3
153.2
160.5

a

Measured by DSC.
Measured by DMTA.
c
Not detected by DSC.
d
Deflection temperature under 1.82 MPa load(ASTM D-648).
b

followed by melt-mixing at 2808C in a single screw extruder(Brabender Plasticoder, L/D  30, D  2.5 cm). The test
specimens were injection molded using a BOY injectionmolding machine. The molding conditions were as follows:
barrel temperature 2908C; mold temperature 808C; injection
pressure 700 kg/cm 2; and total cycle time 30 s.

Dynamic mechanical thermal measurements were
performed with a RSA-II (Rheometrics Co., Ltd.), operated
in the dual cantilever bending mode, at a frequency of 2 Hz
and a heating rate of 58C/min.

3. Results and discussion
2.3. Characterization
The thermal characterization studies were carried out
using a Perkin–Elmer, DSC-7. The heating rate was 208C/
min and calibration of the instrument was carried out using
high purity indium and zinc. The crystalline structures of the
samples were determined by a wide angle X-ray diffractometer (MAC Science Co., Ltd.) using CuKa at 100 kV, and
50 mA. The tensile and flexural tests were carried out using
Instron UTM (Model 4202). The tensile and flexural properties were determined following the standard procedure
described in ASTM D-638 and ASTM D-790, respectively.
Notched impact strength was measured using an Izod
impact tester (Testing Machines Inc.) (ASTM D-256).

Fig. 1. Wide angle X-ray diffractograms of: (A) PPO:GFRsPS(50:50); (B)
67:33; (C) 75:25.

Table 1 reports the thermal properties relative to three
PPO/GFRsPS blends. We always detected one Tg whose
values are blend composition-dependent. The presence of
one Tg indicated that the two polymers had a miscibility in
the amorphous state. However the temperatures that correspond to the crystallization and the melting peak are not
detected. The X-ray diffraction patterns of the three blends
are shown in Fig. 1. When sPS was melt-crystallized, it
presents a complex polymorphic pattern, both crystalline
forms containing zigzag planar (a and b) in the pure or
mixed state, depending on several factors [11]. By adding
the PPO in the GFRsPS, the polymorphic behavior of sPS in
the blend disappeared. From the thermal and X-ray
measurements, it is clear that PPO in the blend strongly
interferes with the crystallization of sPS from the amorphous phase. The heat deflection temperature (HDT) of
blends show a decreasing trend as GFRsPS contents
increase because the Tg of PPO is higher than that of sPS.
Also, this phenomenon elucidates that the effect of glass
fiber in the PPO/GFRsPS blends does not contribute in
HDT property, remarkably.
Summarized physical properties of PPO/GFRsPS blends,
including tensile and flexural properties and Izod impact
strength and melt flow index, are shown in Table 2. As
shown in the Table 2, the tensile modulus increased with
the increasing GFRsPS. One can easily see that the flexural
modulus also increases as the GFRsPS contents increase.
The rising of tensile and flexural moduli should be expected
as results of the glass fiber reinforcement effects and inherent nature of sPS. The tensile strength slightly increased and
the flexural strength hardly changed with increasing
GFRsPS contents. Whereas, elongation at break of PPO/
GFRsPS blends decreased as GFRsPS content increased.
Usually, an increase of elastic modulus leads to a decrease
of elongation at break. The slight increasing in tensile
strength can be explained by good miscibility between the

3102.1 ^ 25.8
2796.6 ^ 16.4
2636.0 ^ 11.2

21.4
7.4
4.9

9.7 ^ 1.1
8.8 ^ 0.5
7.9 ^ 0.4
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1317.1 ^ 6.9
1197.4 ^ 9.7
1144.5 ^ 6.9

110.3 ^ 0.5
111.9 ^ 0.6
110.2 ^ 1.7

Fig. 2. Dynamic mechanical thermal spectrum of PPO/GFRsPS blends. (X)
PPO/GFRsPS (50:50) (B) 67:33 (O) 75:25.

a

Measured at 2758C under 21.6 kg.

73.9 ^ 0.5
73.0 ^ 0.7
72.1 ^ 0.6
10.0 ^ 0.3
12.9 ^ 0.8
13.6 ^ 0.8
50:50
67:33
75:25

PPO:GFRsPS blend ratio Elongation at break (%) Tensile strength (MPa) Tensile modulus (MPa) Flexural strength (MPa) Flexural Modulus (MPa) MFI a (g/10 min) Izod impact strength (kJ/m 2)

Table 2
Physical properties of PPO/GFRsPS blends
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sPS and PPO. Also, Table 2 shows that the impact strength
increases with increasing amount of GFRsPS because the
notch sensitivity of a neat sPS is higher than that of PPO and
the effect of glass fiber in the blends. As shown Table 2, MFI
value rapidly increases with adding GFRsPS content in the
blend. This result indicated that adding of GFRsPS in PPO
matrix improved processing problem of PPO.
The dynamic mechanical thermal analysis for PPO/
GFRsPS blend was performed to investigate the dynamic
storage modulus (E 0 ) and loss modulus (E 00 ) and tand . Fig. 2
shows that the deflection temperature of the storage modulus for PPO/GFRsPS blend was decreased as the GFRsPS
was added. This trend shows that the storage modulus of the
blend is not related to the glass fiber in the blend, but to the
matrix polymer in the blends. The glass transition relaxation
of the PPO/GFRsPS blend decreases with increasing
GFRsPS content in the blend. This phenomenon agrees
quite well with those of DSC measurements and strongly
suggests that mixing of PPO and sPS at the segmental level
is achieved.
To summarize, DSC and Dynamic mechanical thermal
measurements indicated that the PPO/GFRsPS blends
appear to be miscible in amorphous state as shown by the
existence of a single Tg whose values are blend compositiondependent. In the amount of incorporated PPO in the PPO/
GFRsPS blend is more than 50 wt.%, the PPO strongly
interferes with a crystallization of sPS as shown in thermal
and X-ray measurements. From the mechanical test results,
it was shown that the tensile and flexural modulus increases,
but tensile and flexural strength is not improved as the
GFRsPS content increases. On the other one, adding
GFRsPS to PPO leads to decrease in elongation at break,
and heat deflection temperature of blends. The melt flow
index increasing as GFRsPS contents increase implied that
the processing problem of neat PPO is improved.
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