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The composites of HIPS/MWNT were prepared by melt blending. The effects of the content of MWNT on the flow, mechanical,
and flame retardancy properties of the composites were investigated. The morphologies of fracture surfaces were characterized
through scanning electron microscopy (SEM). And the thermal stability of the composites was studied by thermogravimetric
analysis. The results show that the flow properties, the impact strength, the elongation at break, and the flame retardancy are
improved with the proper addition of MWNT. The morphological behavior indicates the fracture surface of HIPS/MWNT is
more roughness than that of HIPS. The addition of MWNT has little influence on the thermal stability of HIPS.

1. Introduction

HIPS is a kind of polymer material with two-phase structure.
It has good impact resistance, rigidity, and processability.
HIPS is widely used in packaging materials, electronic prod-
ucts, and outer shell electronics [1, 2]. In recent years, special
products have become the focus of HIPS product develop-
ment. However, the mechanical properties of HIPS cannot
meet the requirements of the special products completely,
and it can be easily combustible when exposed to fire. In
order to widen its application scope, it must be flame retar-
dant and toughened. At present, the flame retardant modifi-
cation of HIPS is mainly based on the addition of solid
powder flame retardant [3–5]. However, after adding solid
powder flame retardant, the impact strength of the HIPS will
greatly decrease [3].

Since its discovery, carbon nanotubes (CNT) has
attracted wide attention due to its unique structure and excel-
lent electrical, mechanical, and thermal properties. In the
field of polymer materials, polymer/CNT composites have
been one of the focuses of research [6–14]. Choi et al. pre-
pared composites of PS/CNT by melt blending. The results
show that CNT increase the thermal decomposition temper-
ature of the composites [15]. Li found that MWNT could
improve the tensile strength and impact strength of PP

[16]. Prashantha et al. used two steps of blending method
to prepare PP/CNT nanocomposites. The experimental
results show that the Young’s modulus and yield stress
increase with the content of CNT [17].

In this work, HIPS/MWNT composites were prepared
by melt blending. Although the effect of melt blending is
not as good as that of solution blending, melt blending is
the most widely used method in industrial production. The
influence of the content of MWNT on the properties of
HIPS was studied.

2. Experimental

2.1. Material.HIPS (PH-88) was provided by Zhenjiang Qi
Mei Chemical Co. Ltd. The relative density of HIPS is
1.05, and the relative molecular mass is 2 1 ∗ 105. MWNT
(XFQ037) was supplied by Nanjing Xian Feng Nanometer
Material Co. Ltd. The purity of the MWNT is greater than
95%. The diameter of the MWNT is 5–15nm and the
length is 10–30um. There is no functional groups on the
surface of MWNT.

2.2. Preparation of Composites. These raw materials were first
placed in an oven (DGG-9003 Shanghai Sen Xin Experimen-
tal Instrument Co. Ltd.) and dried for 12 hours at 80°C to
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remove excess moisture. Then, the raw materials were pre-
mixed in the high-speed mixer (SHR-10 Zhangjiagang Sec-
ond Light Industry Machinery Co. Ltd.) according to
Table 1. The speed of the high-speed mixer is 2000 rpm and
the time is 5 minutes. Then, raw materials were blended by
a twin screw extruder (CTE35 Coperion (Nanjing) Machin-
ery Co. Ltd.). The temperature range was set from 155°C to

195°C, and the rotational speed was 40 rpm. According to
the requirements of the national standard, the extruded
pellets were injected into the specimens by injection molding
machine (FT-110 Zhejiang Sound Machine Manufacturing
Co. Ltd.).

2.3. Characterization of Composites. The melt flow perfor-
mance of the composites was carried out by melt flow indexer
(XRL-400-A Chengde Precision Testing Machine Co. Ltd.)
according to the test method in national standard GB/T
3682-2000 with the temperature of 230°C and load of
2.16Kg. The tensile strength and elongation at break were
measured by universal testing machine (WDT-W Chengde
Precision TestingMachine Co. Ltd.) according to the national
standard GB/T 1040-1992 with a speed of 50mm/min, and
the size of the specimens is 10mm× 4mm at the narrowest
point. According to the national standard GB/T1043-1993,
the cantilever impact tester (JC-5 Chengde Precision Testing
Machine Co. Ltd.) was used to test the impact strength of the

Table 1: Formula of HIPS/MWNT.

HIPS/wt.% MWNT/wt.%

1 100 0

2 100 1

3 100 2

4 100 3

5 100 4

6 100 5
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Figure 1: Effect of the content of MWNT on the flow performance
of HIPS.
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Figure 2: Effect of the content of MWNT on the impact strength
of HIPS.
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Figure 3: Effect of the content of MWNT on the tensile strength
of HIPS.
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Figure 4: Effect of the content of MWNT on the elongation at
break of HIPS.
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specimens. The limiting oxygen index (LOI) was measured
using an oxygen index meter (HC-2 Nanjing Jiangning Ana-
lytical Instrument Factory) according to the standard oxygen
index test GB/T 2406-93.

The morphologies of fracture surfaces after the impact
test were observed by SEM (Evo18 Germany Zeiss Com-
pany). The thermal stability of the composites was studied
by thermogravimetric analysis (Q500 TA Instruments)
under nitrogen atmosphere. The temperature scope was from
0°C to 800°C, and the heating speed was 10°C/min.

3. Results and Discussions

3.1. Melt Flow Performance. Most of the molding processes
require plastic to be in a flowing state, because the plastic
in the flow state is easily deformed, transported, and molded.
The flow behavior of plastic affects not only the material
processing but also the final performance of the product.
The effect of content of MWNT on the melt flow index of
HIPS is presented in Figure 1. The results show that with
the increase content of MWNT, the flow performance of
HIPS increases and then decreases. MWNT is a kind of
nanomaterial with larger aspect ratio. A small amount of
addition of MWNT will help improve the flow performance
of HIPS.

3.2. Mechanical Performance. Impact resistance is an impor-
tant index to evaluate the performance of engineering
plastics. Compared with PS, the impact resistance of HIPS
has been greatly improved. However, compared with other
engineering plastics, the impact resistance of HIPS still needs
further improvement. The results of Figure 2 show that
with the increase content of MWNT, the impact strength
of HIPS increases and then decreases. When the content
of MWNT is 4wt.%, the impact strength of HIPS appears
to be the maximum.

The effect of the content of MWNT on the tensile
strength of HIPS is shown in Figure 3. With the increase
content of MWNT, the tensile strength of HIPS decreases
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Figure 5: SEM of composite fracture surface ((a) 100% HIPS, (b) 96% HIPS/4% MWNT).
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Figure 6: Effect of content of MWNT on the flame retardancy of
HIPS.
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Figure 7: Thermal weight loss curve of composite materials ((a)
100% HIPS, (b) 96% HIPS/4% MWNT).
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and then increases. MWNT has a relatively large surface
area and is easy to reunite. Therefore, a small amount of
MWNT is easy to self-assemble, resulting in uneven disper-
sion in HIPS.

Figure 4 shows the changes of the elongation at break of
HIPS with the addition of MWNT. The elongation at break
of the material is related to the toughness of the material.
MWNT can improve the toughness of HIPS, so adding
MWNT can increase the elongation at break of HIPS.

3.3. Morphology of Fractured Surfaces. Figure 5 shows
morphology of fractured surfaces of the composites with
and without MWNT. The morphology of the fractured sur-
face of the pure HIPS is shown in Figure 5(a). The fractured
surface is smooth and have a brittle nature, thus the material
exhibited low impact strength. Figure 5(b) shows the SEM
micrograph of the fractured surface of the HIPS containing
4wt% MWNT. In contrast to the fractured surface of pure
HIPS, the fractured surface of the HIPS containing 4wt%
MWNT is rough. And it is clear that the carbon nanotubes
pulled out of the surface are attached to a large number
of HIPS. This indicates that after adding MWNT, the tough-
ness of the HIPS increases, and the impact strength of the
HIPS increases.

3.4. Flame Retardancy. The results of Figure 6 show that the
flame retardancy of HIPS increases with the content of
MWNT. The oxygen index of pure HIPS is 18, which belongs
to combustible material. With the addition of 4% MWNT,
the oxygen index of HIPS can reach 22, which attain the stan-
dard of self-extinguishing material.

Figure 7 presents the TG curves of the HIPS and HIPS
containing 4wt% MWNT. The results of Figure 7 show that
after the addition of MWNT, the initial decomposition
temperature of HIPS cannot be increased, but a stable residue
is formed. This residue can shield the contact between HIPS
and air and improve the flame retardancy of HIPS.

4. Conclusions

In this paper, HIPS/MWNT composites were prepared by
melt blending, and the effects of content of MWNT on the
properties of HIPS were studied. After adding MWNT, the
changes in properties of the composites are shown in
Table 2. The experimental results show that MWNT can
improve the flow performance, the impact strength, the
elongation at break, and the flame retardancy of HIPS. The
SEM micrographs of fractured surfaces of the HIPS with
and without MWNT show that MWNT could increase the
toughness of the HIPS. The addition of MWNT has few
influence on the thermal property, but the residue improves
the flame retardancy of HIPS.
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