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Abstract: In recent years, glass-reinforced polypropylene composites have gradually 

become a hot area for material research. With the increase in the content of glass fiber, 

glass fiber reinforced polypropylene will appear molding processing difficulties, easy to 

"float fiber", rough surface and other shortcomings, seriously affecting the appearance 

of the product, limiting its application. In this paper, glass fiber reinforced 

polypropylene composite materials for the study, according to the ASTM standard 

injection molding samples. The phenomenon of floating fibers on the surface of 

composite materials is mainly studied, and the cause of floating fiber and internal fiber 

orientation on the surface of samples is analyzed, and reasonable improvement 

measures are given. 
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1. Introduction 

In the production of experimental samples, some samples appear to have a floating 

surface. The phenomenon of surface floatation seen is becoming more pronounced as 

the content of glass fibers increases. Nowadays, people pay more and more attention 

to the appearance quality of injection molded products. The production of floating 

fibers seriously affects the quality of the surface of the products. Therefore, this 

chapter will study the emerging mechanism and will optimize and improve the surface 

floatation phenomenon. 

 

2. Surface Fibrillation Mechanism 

Figure 1 shows the surface fibrillation seen under SEM. Tests have shown that the main 

reasons for the phenomenon of floating on the surface of specimens can be divided 

into two major aspects. The first is determined by the polarity of the PP and GF 
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materials, followed by the mold structure and injection molding process parameters. 

Since PP is a non-polar polymer, and GF is a polar inorganic material, the properties of 

the two materials are very different and they are difficult to be compatible. Therefore, 

the interface bonding strength is relatively poor. When the molten GF/PP material is 

injected into the mold cavity at a high speed and high pressure in the barrel of the 

injection molding machine, GF is easily detached from the PP matrix due to the poor 

interface strength of GF/PP. The phenomenon of separation of substances occurs; and 

the GF/PP melt will be ejected when passing through the gate under high pressure, 

which will cause a part of the glass fiber to rapidly solidify on the inner surface of the 

mold cavity, resulting in surface floating fibers. 

Improper design of the mold structure can also cause flocculation: If the size of the 

mold gate is too small, as the GF content increases, the force between the GF and GF 

at the gate under high pressure will be stronger, resulting in a large number of glass 

fiber Fracture, at the same time, the interfacial bond strength is destroyed due to the 

increase of the friction force, and the floating fiber is also easily generated. In addition, 

the setting of the injection molding process parameters is unreasonable. When the 

fiber pellets are added to the barrel, if the screw setting speed is too high, it will cause 

a lot of fracture of the glass fiber; if the mold temperature is set lower, the GF/PP melt 

In the case of rapid curing after the inner wall of the cavity, so that the fiber bonded to 

the inner wall surface of the mold to produce floating phenomenon. From the above 

analysis, it can be seen that the formation of surface float fibers is not only related to 

the nature of the material itself, but also related to the parameter setting in the 

injection molding process, and the formation mechanism is complicated. 

 

Fig 1. Surface floating fiber 

 

3. Surface Floating Optimization and Improvement 

According to the formation mechanism of surface floc, the optimization and 

improvement of surface floc are mainly from two aspects. The first is to improve the 

surface fuzz by adding lubricants, grafting agents, etc.; secondly by optimizing the 

parameters of the injection molding process. Surface floating fiber. Pan et al. [37] 
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improved surface floatation by adding a certain proportion of paraffin to GF/PP 

composites. Since paraffin is a low-molecular-weight material, the fluidity of the melt is 

significantly increased after adding paraffin, which facilitates the filling of the melt and 

reduces the interaction between the fibers. When the mass fraction of paraffin wax is 

more than 2%, surface float fibers can be obtained. Improvement, but because of the 

low strength of paraffin itself, after excessive addition, the experimental results 

showed that the tensile strength and impact strength of specimens had a significant 

decline. In this experiment, 6% of PP-g-MAH grafting agent was added to the PP matrix. 

PP-g-MAH is a low molecular weight material just like paraffin wax. After adding a 

certain amount of PP-g-MAH, the mechanical properties of GF/PP materials have been 

significantly improved. The main reason is that chemical reactions occur between the 

interfaces, making the interface sticky. The strength of the knot is greatly enhanced. At 

the same time, the enhancement of interfacial bond strength makes it difficult for PP 

matrix GF to separate during injection molding, so that the fiber is wrapped in the PP 

matrix and the surface floatation phenomenon is greatly improved, as shown in fig. 2 . 

 

Fig 2. The surface of the sample after adding PP-g-MAH 

 
The second is to improve surface floatation by optimizing injection molding process 

parameters. The temperature of the mold in the injection molding process parameters 

has a great influence on the formation of surface float fibers. Appropriately increasing 

the temperature of the mold can reduce the temperature difference between the inner 

wall of the mold cavity and the melt, which can effectively prevent the melt from 

entering the mold from contacting the inner wall of the mold and rapidly cool and 

solidify. , It can effectively reduce the deposition of fibers on the surface and improve 

the surface floating phenomenon. In general, the mold temperature can be controlled 

at 70-90°C, which not only helps to increase the mold filling ability of the melt, but also 

improves the surface quality of the product and reduces the formation of surface float 

fibers. The high mold temperature can improve the floating fiber phenomenon, but it 

increases the cooling time of the product, and the molding cycle time becomes longer, 

thereby reducing the production efficiency. It can be seen that the setting of the mold 
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temperature is not as high as possible, and an appropriate mold temperature should be 

set according to the fiber content and the mold structure. There is the screw speed, 

screw speed setting cannot be too high, high speed will not only severe fiber breakage, 

but also undermine the PP and GF interface strength, resulting in the separation of PP 

matrix and GF, the formation of surface floating fiber, so need to According to the actual 

situation of the material, set the screw to a reasonable speed. 

 

4. Fiber Orientation Analysis 

4.1 Sample fiber orientation observation 

In the production of prototypes for mechanical experiments, it can be observed that as 

the fiber content of the sample increases, when the fiber content is more than 30%, 

the surface and core layers of the sample are significantly different, as shown in Figure 

3. The surface of the sample is light in color and appears semi-bright. The internal color 

of the sample is darker and opaque. In the sample tensile test, the tensile section was 

microscopically observed using SEM, as shown in Fig. 4. 

 

Fig 3. Fiber distribution of the sample  

 

 

Fig 4. Micrograph of the tensile section 

 

From the micrograph of the tensile section in Figure 4-4, we can clearly see the 
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phenomenon of section delamination. The boundary between the surface layer and the 

core layer is obvious, so that the entire section presents a "skin-core-surface" structure. 

Through observation we can find that the surface fiber structure is completely different 

from the core fiber structure. The surface fibers are well oriented, and the fibers are 

arranged neatly in the direction of the melt flow; whereas the cores are just the 

opposite, the fibers are arranged disorderly and disorderly, and are obviously different 

from the surface fibers. 

 

4.2 Fiber Orientation Mechanism and Improvement Measures 

Because the injection molding process of glass fiber-reinforced polypropylene melt is 

very complicated, the flow properties of the melt influence the orientation of the fiber 

to a great extent, so that the fibers form different orientation structures and show 

anisotropy in the product. Affects the mechanical properties and appearance quality of 

the products [38-39]. The state of flow of the glass fiber-reinforced polypropylene melt 

in the mold cavity is very complicated, not only because of the influence of the melt 

temperature and the injection pressure, but also because of the complexity of the 

cavity itself and the wall thickness of the product. The flow of the body has a great 

influence, and the orientation of the fibers naturally varies greatly. For GF/PP 

composites, the orientation of the fibers has a great influence on the mechanical and 

physical properties of the product. If there is a high degree of fiber orientation 

uniformity in the product, the fiber orientation is uniform and the mechanical strength 

in this direction is high, but the mechanical strength in other directions is weak. 

However, from the actual situation, the fiber orientation of each part of the product will 

be very different, may be a high degree of consistency in the orientation of a certain 

part of the fiber; and in another part is a random orientation, fiber orientation showed 

inconsistency. This leads to different volumetric shrinkage of the product in all 

directions, resulting in war page of the product, which in turn affects the mechanical 

properties and service life of the product. 

In the GF/PP melt filling process, the first melt that contacts the mold wall will quickly 

solidify and form a solidified layer. The fibers in the solidified layer generally have the 

tendency to turn upside down and condense on the inner wall of the mold cavity to 

form the epidermis layer. Therefore, the fiber orientation of the epidermis layer is 

randomly distributed, but the epidermis layer is generally thin and has little effect on 

the mechanical properties of the product. As the filling continues, the new material will 

continue to flow forward along the inner wall of the solidified layer. At this time, the 

solidification layer has very large resistance, and the melt flow near the solidified layer 

is close to zero, but the flow resistance at the center of the melt is very high. Small, this 

creates a melt flow rate gradient, as shown in Figure 5. According to the gradient 
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distribution of the melt speed, in the subsurface region near the solidified layer, the 

fibers are subjected to the strongest shearing force, so the fiber orientation is highest 

here; near the core of the melt, the shearing of the fibers in this region is affected. The 

force is very small, so the fiber orientation is disorderly and randomly oriented, 

resulting in a typical "skin-core-skin" structure. It can be seen that the magnitude of 

the shear force has an important influence on the fiber orientation. In addition, 

increasing the flow rate of the melt can also increase the shearing force of the melt 

near the solidified layer, thereby increasing the consistency of the fiber orientation. 

 

Fig 5. Movement of polymer melt 

 

In GF/PP injection molding, the orientation of the fiber has a very important influence 

on the mechanical properties and product quality of the composite product. When the 

fiber orientation is high and the orientation is maximal, the volume shrinkage of the 

product in a single direction will also be the greatest; and when the fiber orientation is 

disorderly and randomly distributed, due to the inconsistency of the fiber orientation, 

the volume shrinkage of various parts of the product will be caused. Differently, it will 

cause war page of the product. In the actual production, the fiber orientation must be 

properly controlled according to the requirements of the product on mechanical 

properties and appearance quality [40]. In the current production, we can use Mold 

flow software to optimize the analysis of the injection molding process parameters of 

the products, simulate the fiber orientation of injection molding of GF/PP composite 

materials, and better control the orientation of the fibers in the products to make the 

products reach required mechanical properties and appearance quality requirements. 

 

5. Conclusion 

In this paper, the phenomenon of surface vibration and fiber orientation existing in the 

sample forming process are analyzed and improved. The reason for the formation of 

surface fibrils is due to the nature of the two materials. Because the polarities of PP and 

GF are very different, the compatibility of the two materials is poor, and the interface 

bonding strength is low, making GF during the injection molding process, the bundles 

of the PP base body are easily detached from the surface to form a surface flock. Then, 
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due to the unreasonable setting of the parameters of the injection molding process, 

such as the high screw speed and the excessive injection pressure, it is easy to form 

surface floating fibers. According to the analysis, the surface floatation phenomenon 

can be improved by optimizing the injection molding process parameters and adding 

grafting agents, lubricants, and the like. For fiber orientation analysis, it can be seen 

that in the injection molding process, the flow and molding process of the plastic melt 

is complicated, and the flow properties of the melt influence the orientation of the fiber 

to a great extent, so that the fibers form different orientation structures and are 

present in the product. Anisotropy, in turn, affects the appearance quality of the 

product's mechanical properties. However, if the orientation of the fibers in one 

direction is too high, the volume shrinkage of the product in this direction will also be 

large, which will seriously affect the molding size of the product. Therefore, in the 

actual production, according to the requirements on the mechanical properties and 

appearance quality of the products, the CAE analysis software Mold flow, etc. should be 

used to properly control the fiber orientation. 

 

References 

[1] Pan Yan, Li Herbing, Shi Wen, et al. Improvement of "Flying Fibre" Improvement and 

Structure and Properties of GFRPP Composites [J]. Engineering Plastics Application, 

2013(7):17-20. 

[2] Wang Hanging. Study on the improvement and structural characteristics of polypropylene 

/glass fiber composite float fibers [D]. Chongqing University of Technology, 2012. 

[3] Ma Xinhua, Qi Neighing, Han Jing. Study on Long Glass Fiber Reinforced Polypropylene 

Composites[J]. Plastic Science and Technology, 2013, 41(12):65-68. 

[4] Gupta V B, Mittal R K, Sharma P K, et al. Some studies on glass fiber-reinforced 

polypropylene. Part II: Mechanical properties and their dependence on fiber length, 

interfacial adhesion, and fiber dispersion[J]. Polymer Composites, 2010, 10(1):16-27. 

[5] Chen Shanghai, Yang Youngling, Chen Jintao, et al. Effect of fiber content on the 

performance of long glass fiber reinforced polypropylene injection molding products [J]. 

Engineering Plastics Application, 2013(12):44-48. 

[6] Hu Quechan, Li Teeing. Analysis of Glass Fiber Orientation in Automobile Central Control 

Panel Based on Mold flow [J]. Plastics Industry, 2014, 42(10):47-49. 


