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a b s t r a c t

This study investigates the interfacial strengths between polypropylene (PP)/carbon fiber (CF) composites
through experimental observation as well as using molecular dynamics (MD) simulation to determine
optimal chemical functionalization groups for four PP/CF composites. First, the structures of PP/CF,
PP-graft-maleic anhydride (PP-MAH)/CF, PP-MAH/CF-NH2 (2%) and PP-MAH/CF-NH2 (5%) were con-
structed to obtain stable interface structures by the simulated-annealing procedure, and these structures
were further used to evaluate the interface bonding strength. The study found that the degrees of crys-
tallinity of PP and PP-MAH at the interfaces are significantly improved when compared to those of the
pristine structure. The results show, through the interaction energy per unit area and the tensile simula-
tion mechanical strength, that the strengths of the modified PP/functionalized-CF are higher. Finally, the
MD simulation results of the modified PP and functionalized-CF composites are demonstrated to provide
an economical and quick approach to examine the mechanical properties of a polymer composite system
before conducting an experiment. Such MD results can be utilized to guide both the design of
polymer/carbon fiber composites and to select proper functionalized groups.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

Recently, polymeric nanocomposites have played a significant
role in the development of nanomaterial fabrication because these
polymeric nanocomposites provide value-added properties as
compared to pristine polymer without sacrificing its material prop-
erties. These include inherent mechanical properties and lighter
weight as well as increased processibility. Polypropylene (PP) is
a polyolefin polymer used in a wide variety of applications. PP
has been used as the matrix material in a commercial form because
of its many attractive properties, such as low weight, relatively low

cost, excellent heat distortion temperature (above 100 �C) and its
recycling ability [1]. Accordingly, PP was used in this study as
the polymer matrix of a composite material in order to investigate
its mechanical properties.

There are two main ways to improve the mechanical properties
of polymer materials: the first is to alter the crystalline interfacial
regions the polymer material [2,3], resulting in better stress trans-
fer, and the second is to mix the polymer with certain fillers in
order to form a polymer composite material [4]. The former is
not suitable for most polymers because their conformations of
structure are inherently amorphous [5]. The latter method, there-
fore, is more promising for the current study because polymer
composites demonstrate excellent thermal, mechanical, and elec-
trical properties [6–8]. One of the most popular composite materi-
als is a combination of carbon fiber (CF) and polymer.

Among carbon related materials, CF is a popular reinforcement
material due to its high stiffness, high tensile strength, excellent
creep resistance and light weight. As such, it is a good candidate
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to act as a filler material that enhances the mechanical properties
of polymer materials. In addition, CF is relatively cheap when com-
pared to carbon nanotubes. Currently, it can be produced in high
volumes at low cost, another advantage of using it as a filler for
mechanical property enhancement [8].

The production process of CF and polymer composites is rela-
tively simple and inexpensive. One of the most important factors
in the design of the composite is the interface quality between
CF and polymer matrix [9,10]. In recent years, many researchers
have investigated the chemical reaction between the CF and
polymer. If hydrogen bonds form between the modified CFs
(hydrophilic), the CFs then distribute homogeneously throughout
the non-polar polymer matrix at the microscopic level [9]. This
improves the interfacial adhesion and provides a larger area during
load transference by increasing the chemical interaction between
the CF surface and the polymer matrix [10]. The excellent fracture
behavior of polymer composites is also dependent on the high
strength of its interface [11]. In order to improve the chemical
interaction of the CF surface with the polymer matrix, a variety
of surface treatments have been developed, such as the application
of coupling agents, oxidation, and grafting [12–14], all of which
introduce chemically active groups to increase the interfacial
bonding between the polymer matrix and the CF [15]. The studies
above have demonstrated that interfacial adhesion has a signifi-
cant effect on the mechanical properties of composite materials,
and this interfacial adhesion can be affected by grafting a func-
tional group component. Hence, the interfacial strength between
the CF/PP composite is here investigated by grafting a functional
group.

Since direct investigation of the interfacial characteristics of
polymer composites by experiment is somewhat difficult due to
the very small scales involved, numerical methods such as molec-
ular dynamics (MD) are generally preferred. Adopting this tech-
nique, Lv’s study [16] use MD simulation to look at how
chemical functionalization of graphene affects the interfacial bond-
ing between functionalized graphene and polymers. Their results
show that bonding energy and shear stress at the graphene/poly-
mer interface increases with increased concentrations of the func-
tionalized group. In Zhang’s study [17], MD simulations were used
to examine hydroxyapatite/biopolymer interface interactions in
composites used primarily in biomedical applications. The study
analyzed the binding energies between hydroxyapatite (HA) and
three polymers: polyethylene (PE), polyamide (PA) and polylactic
acid (PLA), with results showing that PA/HA and PLA/HA binding
energies are much higher than that of PE/HA. Zhang et al. sug-
gested that this might be due to the large number of polar groups
in the PA and PLA chains. In these papers, MD simulation was pro-
ven to be a proper simulation technique useful for studies of the
interfacial characteristics of polymer composites.

The properties of the CF/polymer interface significantly influ-
ences the mechanical behaviors, but is very difficult to investigate
empirically. In this study, the experimental approach was used to
determine the mechanical properties of PP/CF as well as PP-graft-
maleic anhydride (PP-MAH)/CF, which were constructed using the
hot press method. The surface topography of the composites as
well as the distribution of PP sheets in the interfacial region of
CFs was also examined by scanning electron microscopy (SEM).
In addition, MD simulation was performed to investigate the
structural variations between PP/CF and modified PP-MAH/CF
interfaces under a tensile load. We also used MD to examine
the microstructures with the aim of explaining the polymer
matrix/CF interfacial properties. Finally, a prediction of the inter-
facial properties of the PP/CF composite with different functional
groups was conducted using the PP/graphene model to determine
the preferred interfacial properties of the composite.

2. Materials and methods

2.1. Experimental detail

This study investigates the mechanical properties of a compos-
ite system composed of a polypropylene (PP) polar modification
polymer material and CF. Modified PP pellets (trade name Fus-
abond P613) were obtained from E.I. du Pont de Nemours Com-
pany, maleic anhydride was obtained from Echo Chemical Co.,
Ltd., and CFs (Toho Tenax HTS40) were purchased from Sakai Ovex
Co., Ltd. The small amounts of NH2 in the functionalized CF, as well
as the amount of MAH in the modified PP, were both kept at 1%.
Samples, dimensions of length = 20 cm and width = 20 cm, were
prepared by using hot press forming, a thermal bonding procedure.
The comparison sample (notated as PP/CF), which mixes the PP and
CF, both without polar modification, has a CF content of about
56.1 wt%. The experimental sample (notated as PP-MAH/CF-NH2),
which mixes the PP and CF with polar modifications (i.e., with
MAH and NH2 functionalized groups), has a CF content of about
57.8 wt%. The adhesiveness of the CF and the PP were observed
by using a scanning electron microscope (SEM). The difference in
adhesiveness between the experiment and comparison samples
is studied and their simulated mechanical strengths are compared
to better understand factors affecting mechanical properties and
improve modification of material.

2.1.1. Hot press forming
The hot press machine used for hot press forming is a DAKE 44-

350. The temperature of the warm-up process was 260 �C. The hot
press sheets were prepared using PP both with and without polar
modification, and were placed into a baking machine to be dried.
The dried hot press sheets were preheated to 260 �C for 10 min,
and pressurized at 200 psi for 2 min at 260 �C. Then the plate
was placed on the bottom portion of the hot-pressing device and
cooled at 200 psi with cool water for 5 min. Finally, the hot-
pressed specimens were removed, and their thicknesses were mea-
sured by a Vernier caliper. A total of 12 of each specimen were
produced.

2.1.2. Thermal bonding forming
In order to prepare a sample thick enough for mechanical test-

ing, the sheets of the PP both with and without polar modification
were sandwiched with the CF and laminated. The thickness of the
CF cloth and PP sheets are 0.2 and 0.1 mm, respectively. As shown
in Fig. 1, a laminated structure consisting of 6 alternating layers (3
each) of PP sheet and CF cloth is then formed by thermal bonding,
with a 5 min warm-up process at 260 �C, and pressurizing for
2 min at 800–900 psi. Next, the laminated material was moved to
another pressing device and was cooled at 1200 psi for 2 min.
The sample size is 0.6 mm thick after thermal bonding formation.

2.1.3. Mechanical properties testing
An Instron 1186 at a load of 1000 kg was used for the tensile

strength test. The tensile strength test was performed according

Fig. 1. Schematic illustration of experimental sample preparation.

2 S.-P. Ju et al. / Computational Materials Science 115 (2016) 1–10



Download English Version:

https://daneshyari.com/en/article/1560047

Download Persian Version:

https://daneshyari.com/article/1560047

Daneshyari.com

https://daneshyari.com/en/article/1560047
https://daneshyari.com/article/1560047
https://daneshyari.com

