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The nanocomposites of polypropylene (PP)/graphene were prepared by melt blending. The eﬀects of the dosage of graphene on the
ﬂow and mechanical properties of the nanocomposites were investigated. The morphologies of fracture surfaces were characterized
through scanning electron microscopy (SEM). The graphene simultaneous enhanced tensile and impact properties of
nanocomposites. A 3.22% increase in tensile strength, 39.8% increase in elongation at break, and 26.7% increase in impact
strength are achieved by addition of only 1 wt.% of graphene loading. The morphological behavior indicates the fracture surface
of PP/graphene is more rough than that of pure PP.

1. Introduction
PP is one of the most important resins with low cost, low
density, high hardness, good heat resistance, good processability, etc. PP is widely used in the ﬁelds of automotive
industry, packaging materials, textiles, biochemical industry,
and so on [1]. However, owing to certain disadvantages, such
as poor impact toughness, low stiﬀness, and high molding
shrinkage, the applications of PP are limited. Because of their
unique mechanical, electrical, optical, and thermal properties, the various nanomaterials have attracted enormous
interest from both scientiﬁc and engineering standpoints.
PP is usually modiﬁed through the introduction of nanoﬁllers, such as nanoclay mineral [2], nanosilica [3], nanocellulose [4], nanocalcium carbonate [5], carbon nanotubes [6],
and graphene [7].
Since discovered in 2004, graphene has attracted great
interest because of its speciﬁc structure and properties. Graphene is a monolayer composed of sp2 carbon atoms
arranged in a two-dimensional lattice, which oﬀers superior
properties, such as excellent mechanical properties, excellent
electronic properties, and high thermal conductivity. It was
found that properties of polymers could be improved significantly only ﬁlled with a small amount of graphene. Various
polymers have been used as matrices to fabricate polymer-

graphene nanocomposites. Kashyap et al. prepared nanocomposites of PVA and graphene and observed an increment
of 150% in elastic modulus and tensile strength of nanocomposites with 0.3 wt.% graphene [8]. Sainsbury et al. reported
the enhancement of 26 and 63% in Young’s modulus and
tensile strength of nanomaterials with 0.25 wt.% graphene
[9]. Wu et al. found that up to 900% improvement in fracture toughness of epoxy nanocomposites with 0.8 vol% of
graphene [10].
However, it is diﬃcult to get homogeneous polymeric
nanocomposites because of the graphene have strong tendencies to agglomerate. Solution method [11], in situ polymerization [12], and melt processing [13] can be employed.
Among all these procedures, melt processing is considered
most eﬀective for the mass production, although its blending
eﬀect is not as good as solution method and in situ polymerization. In this work, PP/graphene nanocomposites were
successfully fabricated by melt compounding.
There are a number of studies on the impact fracture
behavior or tensile strength of PP. So far, there have been relatively few studies on both tensile strength and impact
strength. The aim of this work is to improve both tensile
strength and impact strength simultaneously. The graphene
dosage on the melt ﬂow index, tensile strength, elongation
at break, and impact strength of the composites was studied.
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Figure 1: Schematic illustration of preparation process of
PP/graphene nanocomposites.
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Table 1: Formulations of the nanocomposites.
Sample number
1
2
3
4
5
6

PP (wt.%)

Graphene (wt.%)

100
99.8
99.6
99.4
99.2
99

0
0.2
0.4
0.6
0.8
1

2. Experimental
2.1. Materials. The PP with trademarked PP-H serving as the
matrix resin was supplied by the Maoming Petro-Chemical
Co., Ltd. in Maoming (Guangdong Province, PRC). The
graphene with trademarked 7440-44-0 was supplied by the
Nanjing Xianfeng Nano Co. Ltd. (Jiangsu Province, PRC).
2.2. Preparation of PP/Graphene Nanocomposites. The preparation process of PP/graphene nanocomposites is illustrated
in Figure 1. First, graphene was dried in a vacuum oven
(DGG-9003) supplied by Shanghai Sen Xin experimental
instrument Co., Ltd. (Shanghai, PRC) for 12 h at 80°C to
reduce volatiles. According to the formulation as shown in
Table 1, the composites were premixed for 5 minutes at stirring speed of 2000 rpm using a high spread mixer (SHR-10)
supplied by Zhangjiagang Second Light Industry Machinery
Co., Ltd. (Jiangsu province, PRC). Then, the mixture of
nanocomposite was blended by twin screw extruder
(CTE35) supplied by Coperion (Nanjing) Machinery Co.,
Ltd. (Jiangsu province, PRC). The temperature range of the
extruder was from 155°C to195 °C, and the shear rate was
40 rpm. Finally, put the mixture of the nanocomposite into
the injection molding machine (FT-110) supplied by Zhejiang Sound machine manufacturing Co., Ltd. (Zhenjiang
province, PRC) and mold it into standard spline.
2.3. Testing. The melt ﬂow performance of the nanocomposites was carried out by melt ﬂow indexer (XRL-400-A)
supplied by Chengde precision testing machine Co., Ltd.
(Hebei Province, PRC) according to the test method in
national standard GB/T 3682-2000 with the temperature of
230°C and load of 2.16 kg. Tensile tests were carried out using
a universal testing machine (WDT-W) supplied by Chengde
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Figure 2: Relationship between melt ﬂow performance and
graphene weight fraction.

precision testing machine Co., Ltd. (Hebei Province, PRC)
at the speed of 50 mm/min according to the national standard of China GB/T 1040-1992. The gauge length of the
dumbbell-shaped samples is 20 mm, and cross-sections are
10 mm × 4 mm. And the impact strength tests were carried
out using simple beam impact tester (JC-5, PRC) supplied
by Chengde precision testing machine Co., Ltd. (Hebei Province, PRC) according to the national standard of China GB/T
1843-2008. The dimension of the sample is 10 mm × 4 mm.
The test temperature is 23°C. For all the mechanical tests, ﬁve
samples were tested and the standard deviations statistics.
Impact-fractured surfaces of the PP/graphene nanocomposites containing 0 wt.%, 0.2 wt.%, 0.4 wt.%, 0.6 wt.%,
0.8 wt.%, 1 wt.%, were investigated by SEM (Zeiss evo18)
Germany Zeiss company (Germany).

3. Results and Discussion
3.1. Melt Flow Property of PP/Graphene Nanocomposites.
Polymers need to be melted and ﬂowed before they can be
processed into products. Melt ﬂow index refers to the grams
of resin melt ﬂowing out in a certain period of time (generally
10 min) through standard capillary under a certain temperature and pressure. Figure 2 presents the dependence of the
melt ﬂow index on the graphene weight fraction of the
PP/graphene nanocomposites. It is shown that the ﬂow performance of the nanocomposites decreases with the addition
of the graphene weight fraction. Graphene is a ﬂake ﬁller
which increases the friction between the molecular chains
which blocks the melt ﬂow.
3.2. Mechanical Property of PP/Graphene Nanocomposites.
Figure 3 is the results of the tensile test which presents
the relationship between tensile strength and strain of
PP/graphene at room temperature. The maximum values
of the tensile strength and elongation at break of the nanocomposites are obviously higher than that of the unﬁlled PP
when the graphene weight fraction is more than 0.2 wt.%.
Figure 4 shows the relationship between the tensile
strength and graphene dosage. It can be seen the values of
the tensile strength of the nanocomposites decrease ﬁrstly
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Figure 5: Relationship between elongation at break and graphene
weight fraction.
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Figure 3: Relationship between tensile stress and strain of
nanocomposites.
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Figure 6: Relationship between impact strength and graphene
weight fraction.
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Figure 4: Relationship between tensile strength and graphene
weight fraction.

and then increase with the increasing of graphene weight
fraction. As a kind of ﬁller, the graphene with high performance, the addition of graphene can result in increase in
the values of tensile strength. And Zhao found that the crystallization morphology was signiﬁcantly inﬂuenced by the
presence of graphene. The size of the spherulites was very
small because of the high nucleation density [14]. In general,
small spherulites can give polymers higher mechanical properties. Ahmad [15] also found that graphene aided crystal
nucleation and the addition of graphene lead to increase in
tensile strength. Menbari and Ren found that graphene could
increase the tensile strength of the PP [16, 17]. The tensile
strength increases 3.22% by addition of only 1 wt.% of graphene loading. However, it is diﬃcult to disperse a small
amount of graphene uniformly in PP. Therefore, the addition
of a small amount of graphene results in the decrease of
values of the tensile strength of the nanocomposites.
The values of the elongation at break of the nanocomposites are plotted against the dosage of graphene in Figure 5. It
is found that the values of elongation at break of the nano-

Impact load
Crack

Graphene

Figure 7: Simpliﬁed model of impact of specimen of graphene/PP
nanocomposites.

composite decrease ﬁrstly and then increase with the increasing of the graphene dosage. As the loading of graphene
increases to 1 wt.%, the elongation at break of the nanocomposite shows a substantial increase of about 39.8%.
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Figure 8: Scanning electron microscope pictures of nanocomposite material section: (a) graphene 0 wt.%; (b) graphene 0.2 wt.%; (c) graphene
0.4 wt.%; (d) graphene 0 .6 wt.%; (e) graphene 0.8 wt.%; (f) graphene 1 wt.%.

Figure 6 displays the dependence of the impact strength
on the graphene weight fraction. It is shown that the impact
strength of the nanocomposite increases with the increasing
of graphene weight fraction. As the loading of graphene
increases to 1 wt.%, the impact strength of the nanocomposite increases about 26.7%. Liang found that the graphene
could improve the impact strength of the PP, and the reason
could be that graphene with high mechanical performance is
more beneﬁcial to block the development of crack in the
matrix as shown in Figure 7, resulting in improvement of
impact fracture toughness of the nanocomposites [18].
Figure 8 shows the SEM photograph of the nanocomposite material section of the impact test. The fracture surface
morphology of specimens is related closely to the impact

strength of materials. Obviously, even if the graphene concentration was increased to 1 wt.%, any obvious agglomeration of graphene was not observed. Figure 8(a) is a SEM
photograph of the fracture surface morphology of the specimen of the pure PP. It is shown that the impact fracture surface of the specimen is relatively smooth. It means that the
microcracks in the specimen of pure PP expand directly
under impact load, which leads to smooth fracture surface
and low impact fracture strength. Figures 8(b)–8(f) is the
SEM photograph of the fracture surface morphology of the
specimens of the PP/graphene nanocomposites with various
graphene weight fractions correspond to 0.2, 0.4, 0.6, 0.8,
and 1.0 wt.% graphene. It can be observed that the impact
fracture surface of the specimens of the nanocomposites is
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rougher than that of the pure PP. Liang found the similar
phenomena in the research of PP composites reinforced with
multiwalled carbon nanotubes. And he thought that the
nanomaterials induce the PP matrix generate deformation
which absorbs the impact energy. Besides this, the nanomaterials will block the development of the microcracks [19].

4. Conclusion
The eﬀects of graphene on the melt ﬂow and mechanical
properties of polypropylene were investigated. The summary
of the results are as follows:
(1) The melt ﬂow performance of the nanocomposites
decreases with the addition of the graphene weight
fraction
(2) PP/graphene nanocomposites were found to exhibit
simultaneous superior tensile and impact properties
compared to pure PP
(3) The impact strength of the specimen was conﬁrmed
with the SEM micrographs on the fracture surface
of the nanocomposites
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