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Abstract.Fiber-reinforced plastics exhibit many merits and injection
molding is one of the most common method for the production of
plastics. Therefore, injection-molded fiber-reinforced plastic
products have been widely used and their properties and structure
were studied in the present work. The influences of fiber type, fiber
content, and processing on the internal morphological structure of
the injection-molded composite materials were investigated.
Moreover, the change of performance of plastic products was
analyzed.

1 Introduction
Fiber-reinforced plastic is the material consisting of an ordinary polymer as the matrix
and reinforcing fiber such as carbon fiber (CF), glass fiber (GF), silicon nitride fiber (SiN),
and natural fiber. The plastic has the following advantages: high specific strength, high
specific modulus, good designability, great physical properties, and simple manufacturing
process. Injection molding is the most common method for the production of plastic
products. Hence, injection-molded fiber-reinforced plastics have been widely used,
especially in automotive lightweighting, aviation, aerospace and other fields. Because of
the characteristics of injection molding process, the distribution of fiber orientation, fiber
crystallinity, and other morphological structures of the product will be heterogeneous in the
material, and the change of these morphological structures will cause the variation of
quality of products. In this paper, the macroscopic properties of current fiber-reinforced
injection-molded parts such as tensile strength, modulus, impact toughness and appearance,
as well as the internal morphological structures such as fiber orientation, interfacial
interactions and crystallinity, were reviewed.

2 Current work on properties of fiber-reinforced injection-molded
parts
Differences of processes, fiber types, fiber length, contents and other factors will result
in variations of performance of the products. In terms of mechanical strength, Fu et al [1]
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studied the effect of content and length of short carbon fiber on the properties of composite
materials, and it was indicated that the length of the fiber had a dominant influence on the
tensile strength of composite rather than the volume fraction of the fiber. However, the
tensile modulus was mostly dependent on the volume fraction. Gulrez et al [2] reported that
the length of carbon fiber had a positive effect on the overall tensile strength, impact
strength and elongation at break of composites. Hongmeng Ran et al [3] studied the
reinforcement effects of carbon fibers and powder of carbon fibers on the mechanical
properties of composites independently. With the increase of each reinforcing agent, the
overall impact toughness and tensile strength increased in the first place and decreased
afterwards, and the reinforcing function of carbon fibers was more significant. Wang et al
[4] found that the mechanical properties of composite was dependent on the fiber content in
the composite: with the increase of fiber content, the tensile strength and flexural strength
increased while the impact strength firstly decreased and then maintained constant. Nayak
et al [5] reported that when fiber content exceeded a critical value, the fiber in composite
material products would agglomerate, resulting in voids inside the materials. Therefore, the
transfer of effective stress was inhibited to reduce the impact strength of the stress. Zhang
et al [6] tested the mechanical properties of CNTs-reinforced PP composites and found that
both the tensile strength and modulus were greatly improved. It was elucidated that the
presence of interfacial transverse crystals enabled the effective transfer of load from the PP
matrix to fiber, enhancing the performance. Saujanya et al [7] suggested that the reinforcing
effect of PET fibers, the higher crystallinity, and the presence of transverse crystals
enhanced the bonding strength between matrix and fiber at the interface in PET/PP
composites. In addition, the presence of PET fibers thinned spherulite, which thereby
enhanced the impact strength of the composites.
With respect to appearance quality, the presence of fiber can reduce the warping
deformation of products. Bo Yang et al. [8] studied the influence of processing parameters
on the warping deformation of glass-fiber-reinforced polypropylene product. The results
showed that fiber content and mold temperature dominated the warping deformation. The
impact of melt temperature, injection time, and rate-pressure switch was minor. Aihua
Xiong et al [9] also drew the same conclusion based on the Taguchi method for experiment
design. Chen et al [10] studied the warping deformation of products with different fiber
contents. As the content of fiber increased, the warping deformation increased and then
decreased. Thus, warping deformation could be hindered by adding fiber. Daping Zuo [11]
reported that the heterogeneous orientation of fibers caused warping deformation of
glass-fiber-reinforced PA66. One can reduce warping deformation by optimizing
processing parameters.

3 Studies on morphological structures of fiber-reinforced
injection-molded parts
Studies on morphological structures of fiber-reinforced composites are focused on fiber
orientation, interfacial bonding, and crystallinity.
With regard to fiber orientation, Fangfang He et al [12] investigated the structures of
fiber-reinforced composites using different processing parameters. It was observed that the
composite had a typical cortex-core structure: the orientation of fibers was homogeneous in
the cortex while the orientation was heterogeneous in the core. Kim et al. [13] observed the
orientation of glass fiber at weld lines using image processing technologies and found that
the orientation was perpendicular to the direction of melt flow. Bin Qiu et al. [14] suggested
that the coordination of melt viscosity and shear controlled fiber orientation. Ultra-high or
ultra-low viscosity was not favorable to the orientation of fibers. Mortazavian et al. [15]
tested the mechanical properties of fiber-reinforced composites. The results showed that the
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tensile strength and elastic modulus of the product in the flow direction were significantly
higher than those of the product perpendicular to the flow direction. Moreover, the higher
orientation degree of fibers was, the higher tensile strength and modulus were. Jie Yang et
al [16] studied the orientation of fibers with different lengths inside products, and it was
demonstrated that the orientation degree of fibers was favored by a smaller distance from
the sprue, and the overall orientation degree of short fibers was higher than that of long
fibers. This resulted from the weaker forces between short glass fibers during the injection
molding process. Hence, the short fibers were susceptible to the shear within melt and
exhibited a high orientation degree.
In addition, many researchers modified fibers to improve the interfacial bonding
between the fiber and matrix and to enhance the reinforcing effect of fibers [17-19]. The
modification methods include physical modification, chemical modification, acid etching,
and base etching. Varga et al. [20, 21] studied carbon-fiber-reinforced iPP composites. The
carbon fiber had a strong inductive crystallization effect on iPP, and -transverse crystal
layer was formed over the surface of the fiber. However, the transverse crystal layer could
not be induced under static conditions in glass-fiber-reinforced iPP composites. Sun et al
[22] investigated the effect of shear rate and shear time on the crystalline form at interface.
The  crystals at interface grew slowly at low shear rates while  crystals could be instantly
formed at high shear rates. Wang et al [23] subjected glass-fiber-reinforced PP composites
to oscillatory shear during the curing step in manufacture process and interfacial transverse
crystals were observed. The formation of the transverse crystals was ascribed to the strong
shear in the shear field. Xu Zhao et al [24] reviewed the methods to obtain interfacial 
crystal layers, and discovered that interfacial  transverse crystals could bond fibers with
matrix to improve the impact strength and toughness of the parts.
Moreover, Ji et al [25] studied the changes of orientation and content of  crystals
within PET-fiber-reinforced isotactic polypropylene with WAXD. It was demonstrated that
heterogeneous nucleation caused by the PET fibers could reduce the content of -crystal,
and the content of  crystals was significantly increased from the surface to the core. Stan
et al [26] investigated the effect of content of MWCNTs fiber on polypropylene. As the
content of MWCNTs increased, the overall crystallinity was slightly decreased. Panaitescu
et al [27] treated hemp fibers with MAPP and Silan separately, and the treated fibers
functioned as a reinforcing agent in polypropylene matrix. However, the internal
crystallinity of products with/without the fibers was detected by XRD and DSC, which was
almost unchanged. Zhenghong Li et al. [28] used an interfacial modifier to treat a
bamboo-fiber-reinforced nylon composite. The glass-transition temperature of the treated
composite was higher than that of pure nylon. Khattab et al [29] reported that VGCNF fiber
elevated the overall beginning temperature of crystallization of LDPE, and the melt was
cooled and solidified at a higher rate during the cooling process. The increase of
crystallinity in the matrix of the fiber-reinforced composite would cause a tight
arrangement of crystalline molecular chains and strong intermolecular interactions, and
hence the performance of products can be improved to a certain extent [30].

4 Conclusion
The properties and structure of fiber-reinforced injection-molded parts were reviewed.
In the current studies, the changes of morphological structures within injection-molded
composites caused by fiber type, fiber content, and process were investigated. Moreover,
the performance variation of the products was generally clarified. However, the mechanism
of influence of morphological structures on the macroscopic properties of the products has
not been systematically investigated. In addition, the surface quality of conventional
injection-molded fiber-reinforced composites is poor and floating fibers were often
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observed, which is unfavorable to high-performance fiber-reinforced composites.
Nevertheless, this phenomenon has not been fully investigated in the existing literatures.
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