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Abstract: The graphene oxide-carbon fiber hybrid reinforced resin matrix (GO-CF/EP) composites 

were prepared by vacuum infiltration hot-pressing molding process. The effects of extrusion 

temperature on the microstructure, fracture mechanism and mechanical properties of GO-CF/EP 

composites were investigated by setting different extrusion temperatures. In the experiments, the 

extrusion temperature was controlled as 30℃, 40℃, 50℃, 60℃ and 70℃ respectively. It was 

found that the best mechanical property of composites and infiltration effect of matrix in the fiber 

gap were obtained at the temperature of 50℃. The bending strength of the material reached 977 

MPa through the performance test. The results showed the matrix viscosity was high and the fluidity 

was poor when the extrusion temperature was low. Poor penetration of the matrix resulted in a large 

number of fibers failing to bond together. The stress was difficult to transfer to other fibers through 

the matrix and the strengthening effect of graphene oxide (GO) was weak when the composite was 

subjected to external force. This phenomenon led to poor mechanical properties of composites. 

Under the condition of higher temperature, the flow speed of the matrix and the curing speed of 

composites could be improved. As a result, some of the matrix was solidified in advance while 

being pressed out, which led to cracks and other defects in the process of loading and affects the 
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mechanical properties of the composites. However, the mechanical properties of the composites 

with higher extrusion temperature were better than those with lower extrusion temperature due to 

the existence of graphene oxide in the fiber gap. 

 

Keywords：Vacuum Infiltration Hot-Pressing Molding Process; Graphene Oxide-Carbon Fiber; 

Hybrid Enhancement; Extrusion Temperature; Microstructure; Properties 

 

 

1. Introduction 

Graphene oxide-carbon fiber hybrid reinforced resin matrix composite is a new type of 

composite material with nano-graphene oxide added into CFRP. GO is widely used to enhance the 

performance of composites due to its excellent mechanical, electrochemical and thermal properties. 

The composites with GO not only have significant improvement in mechanical properties, but also 

have obvious advantages in optical, thermal and shielding properties.[1] GO is a two-dimensional 

intermediate formed by exfoliation of original graphene during oxidation.[6] GO is used as a 

reinforcing phase of the composites, because GO has better dispersion stability in solution than 

original graphene.[7] At present, researchers mainly use mechanical dispersion, ultrasonic 

dispersion and microwave radiation to obtain GO dispersion. GO is dispersed in organic solvent, 

and it can be peeled into single sheet structure after ultrasonic treatment. This is conducive to the 

uniform dispersion of GO in the solvent, and the ability of uniform dispersion in the matrix is 

significantly improved.[8] In addition, some chemical functional groups on the surface of GO are 

combined with the matrix, which makes the two fully contact. This contact enhances the ability of 

the composites to transfer load. In this study, GO dispersion was prepared by ultrasonic dispersion 

method and GO-CF/EP composites were prepared by vacuum infiltration hot-pressing molding 
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process. Extrusion molding can timely exhaust the gas among the fibers and make the solidified 

mixed solution fully infiltrate the fiber gap, so as to reduce the shrinkage cavity, porosity and other 

defects of the composites. It can also improve the density and bearing capacity of the composites.[9] 

In order to obtain the composites with compact structure and good mechanical properties, the 

parameters should be strictly controlled in the forming process. The extrusion temperature is an 

important parameter in the hot-pressing process. Its selection is directly related to the properties of 

the composites. If the extrusion temperature is too low, the flow velocity of the matrix will be 

affected and the effect of the matrix infiltration reinforcement will be poor. If the extrusion 

temperature is too high, the solidification speed of the matrix will be too fast to form a good 

matching relationship between the solidification speed and the flow speed. The matrix is not fully 

infiltrated into the fiber gap and the curing behavior occurs first, which affects the mechanical 

properties of the composites.[10] Therefore, it is the key to select the appropriate temperature to 

extrude the composites to prepare GO-CF/EP composites with excellent mechanical properties by 

vacuum infiltration hot-pressing molding process. 

At present, researchers at home and abroad have carried out a large number of experiments and 

studies on the influence of extrusion temperature on composite materials. Fard et al.[11] studied the 

effects of extrusion temperature on the microstructure and porosity of A356-SiCp composites. It was 

found that the grain refinement of SiCp decreased first and then increased with the increase of 

extrusion temperature, while the porosity of the composites decreased. Wang et al.[12] obtained the 

variation of tensile strength of SiCp/Mg-Zn-Ca composites with extrusion temperature. It was 

found that the grain refinement of SiCp varies with extrusion temperature. Shao et al.[13] prepared 

graphene nano sheet reinforced Al6061 composites by pressure infiltration method, and studied the 
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influence of extrusion temperature on the composites. The results showed that the deformation 

behavior and dispersion of graphene were different due to different extrusion temperature. Ma et 

al.[14] prepared 2D-Cf/Al composites by liquid extrusion and infiltration method, and studied the 

effects of extrusion temperature on the microstructure and mechanical properties of composites. 

However, there are few studies on the influence of extrusion temperature on GO-CF/EP composites. 

Therefore, the influence of process parameters on GO-CF/EP composites need to be solved 

urgently. 

In order to explore the effects of extrusion temperature on the microstructure mechanism and 

mechanical properties of GO-CF/EP composites, the vacuum infiltration hot-pressing method was 

adopted in this study. Based on the analysis of the properties and forming characteristics of matrix 

and reinforcement, the experiment was carried out. During the experiment, DNS100 electronic 

universal testing machine was used to test the three-point bending properties of the composites, and 

the internal microstructure and bending fracture section morphology of the composites after 

impregnation were observed by JEOL JSM-6390A scanning electron microscope. The influence of 

extrusion temperature on the composites during the preparation of GO-CF/EP composites was 

analyzed and summarized. The experimental results will lay a theoretical and experimental 

foundation for the later preparation and further study of GO-CF/EP composites. 
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2. Vacuum infiltration hot-pressing experimental system and preparation method of 

composites 

2.1  Vacuum infiltration hot-pressing experimental system 

In this study, GO-CF/EP composites are prepared by vacuum infiltration hot-pressing molding 

process. The experimental system is consisted of four parts. They are fiber pre-forming module, 

vacuum heating infiltration module, hot-press curing molding module and data acquisition control 

module.[15] The fiber pre-forming module mainly includes fiber cloth cutting device, solid solution 

stirring device and ultrasonic dispersion device, etc. The system can make the solution preliminarily 

impregnation into the fiber cloth lamination and fiber gap to obtain the carbon fiber preform. The 

vacuum heating infiltration module mainly includes vacuum heating drying oven and vacuum pump, 

etc. The purpose of heating and drying is to promote the fluidity of the solution under high 

temperature conditions. The vacuum environment can make the composites discharge excess gas, 

which is conducive to the full impregnation of the solution in the fiber. The surface of the 

composites solidifies after the vacuum impregnation, but the interior of the composites are still in a 

state of incomplete solidification. It needs to be completely solidified by hot extrusion at a certain 

temperature. The final processing of the composites is carried out by hot-press curing molding 

module, which mainly includes heating die, hydraulic press and other devices. The composites can 

not only have a certain thickness but also obtain the required mechanical properties after 

hot-pressing. Temperature sensor, pressure sensor, digital vacuum gauge and other controllers are 

used to convert non electrical signals into electrical signals and input them to the computer in the 

whole preparation system. The computer controls all the parameters in real time. When the 
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parameters are abnormal, it can be adjusted in time to meet the production requirements. The 

composition of the whole system is shown in Figure 1. 

2.2 Experimental materials and preparation of GO-CF/EP composites 

2.2.1Materials 

The GO used in this study is prepared by Shenzhen Suiheng Technology Co., Ltd using an 

improved Hummer process. Its sheet diameter is 0.2-10μm, the thickness is 1nm, the number of 

layers is 1-2 and the purity is 99%. The resin matrix and curing agent are E-51 epoxy resin and 

phenolic amine T31 curing agent produced by Nantong Star Synthetic Composite Material Co., Ltd. 

T700 unidirectional carbon fiber cloth is produced by Toray Co., Ltd. Its tensile strength is 

3920MPa, the elongation is 1.71% and the bending strength is 754MPa. The ethanol solution with 

99.7% concentration is produced by Jiangsu Qiangsheng Functional Chemistry Co., Ltd.  

 

Figure 1. Vacuum infiltration hot-pressing experimental system 

2.2.2 Preparation of GO dispersion  

In general, the dispersion of GO in the matrix solution is poor due to the insolubility of GO in 
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the matrix and the presence of some molecular forces between the matrix and GO. In order to 

improve the aggregation and precipitation of GO in the matrix of composite materials, ultrasonic 

dispersion of GO in ethanol solution is used in this paper. The specific dispersion process is 

carried out according to the following steps. Firstly, a certain amount of GO powder and 

anhydrous ethanol solution are weighed. The two are mixed and initially stirred manually. 

Secondly, the mixed solution is transferred to the electromagnetic stirring device, and the mixed 

solution is stirred for 20 minutes at a speed of 300rpm. Then the agitated solution is ultrasonically 

dispersed at 40kHz and 200W for 30 minutes. Finally, the suspension completed ultrasonic 

dispersion is placed in a vacuum pump to extract a vacuum for 6 to 8 hours to obtain GO 

dispersion. The preparation process of GO dispersion is shown in Figure 2. 

 

Figure 2. Preparation process of GO dispersion  

2.2.3  Preparation process of GO-CF/EP composites 

The preparation process of GO-CF/EP composite materials strictly follows the vacuum 

infiltration hot-pressing molding process, which is generally divided into four steps. 1) T700 

carbon fiber cloth is cut for use. T31 curing agent and E-51 epoxy resin with mass ratio of 4:1 are 

added into the prepared GO dispersion to stir evenly to form a curing mixed solution. The 

prepared solution is placed in a vacuum pump for 6 to 8 hours to extract the internal alcohol to 

prevent the alcohol from oxidizing the resin. Finally, the solution is coated on both sides of each 

piece of fiber cloth, and placed in layers in turn. The initial compaction is carried out, and some 
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bubbles in the inner part are discharged. The specimens are cured at room temperature for 4-6 

hours. 2) The composites are placed in a vacuum drying oven with a vacuum degree of -0.09MPa 

and the temperature of 60℃ to 100℃ for 20 minutes. The high temperature condition is 

conducive to improving the fluidity of the solution and making the matrix fully permeate, and the 

vacuum environment can effectively prevent the occurrence of pores, bubbles and other defects. 3) 

The composite laminated materials are taken out and placed in the hot-pressing die preheated in 

advance, and the pressure is guaranteed to be 0.7MPa. The extrusion temperature is controlled to 

be 30℃, 40℃, 50℃, 60℃ and 70℃ successively, and the pressure is held for 1 hour. 4) The 

composites are taken out after the mold cools to room temperature when the hot-pressing process 

is stoppe. The process is shown in Figure 3. 

 

Figure 3. Preparation process of GO-CF/EP composites 

3. Testing and characterization 

The bending properties of GO-CF/EP composites at different extrusion temperatures were 

tested by three-point bending test according to GB/T3356-2014. The bending strength (σf) and 
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bending modulus (Ek) of the specimen are calculated from equations (1), (2) and (3). The DNS100 

electronic universal testing machine of Changchun machinery institute is adopted. The loading 

head and bearing radius are 5mm, the span thickness ratio is 32:1, the loading speed is 5mm/min, 

and the specimen size is 80mm×12.5mm×xmm. Thickness x is measured by the actual size of the 

specimen. The loading diagram is shown in Figures 4(a) and (b). 
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Where σf(MPa) is the bending strength of the specimen, Pmax(N) is the maximum load of the 

sample, L(mm) is the span, H(mm) is the thickness of the sample, ω(mm) is the specimen width, 

εf(mm/mm) is the failure strain, δ(mm) is the deflection of the specimen in the middle of the span, 

Ek(GPa) is the bending modulus of the specimen, Δσ(MPa) is the difference of bending stress 

between two selected strain points, and Δε(mm/mm) is the difference of strain between two 

selected strain points.  

 

Figure 4. Loading diagram of three-point bending 

a b 
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4. Results and discussion 

4.1 The bending property 

The three-point bending tests are carried out on composites prepared at extrusion temperatures 

of 30oC, 40oC, 50oC, 60oC and 70oC respectively. The load and displacement data in the test process 

are collected by the sensor on the test machine and sent to the computer. The collected experimental 

data are collated to get the test results as shown in Table 1. 

According to the collected data, the load and displacement data of each group of specimens are 

plotted as shown in Figure 5. The load-displacement curve can directly reflect the relationship 

between the deformation and the load of the specimen in the process of loading. 

Table 1 The bending test results. 

Specimen Number 

The Thickness of The 

Specimen/mm 

Bending Strength/MPa Bending Modulus/GPa 

FC-1 1.64±0.14 513±18 96±4 

FC-2 1.49±0.01 685±12 132±5 

FC-3 1.52±0.06 977±14 142±6 

FC-4 1.52±0.06 718±8 105±4 

FC-5 2.18±0.08 760±9 81±3 
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Figure 5. Load - displacement curves of composites at different extrusion temperatures 

As shown in Figure 5, the loads of 5 groups of samples along with the increase of displacement 

are on the rise in the early stages of the loading phase. With the continuous increase of displacement 

and load, specimens under transverse cracks began to appear and the composite materials occur 

failure behavior when the load exceeds the limit load of the composite materials. Among the five 

groups of specimens, the thickness difference of specimens at extrusion temperature of 30℃, 40℃, 

50℃ and 60℃ is within 0.3mm. The bending load of composites at extrusion temperature of 50℃ is 

the largest, which can reach 455N. The specimens with extrusion temperature of 70℃ can bear a 

large load due to the influence of the thickness of the composite materials. However, its bending 

strength and modulus are lower than those of the composites with extrusion temperature of 50℃. 

Figure 6 shows the bending strength and the bending modulus of GO-CF/EP composites at 

different extrusion temperatures. With the increase of extrusion temperature, the bending strength of 

GO-CF/EP composites increases first and then decreases, and then increases slightly. The bending 

modulus increases first and then decreases. The maximum bending strength and bending modulus 

of the composites are 977MPa and 142GPa respectively when the extrusion temperature is 50℃. 

Compared with the extrusion temperature of 30℃, the bending strength and bending modulus are 

increased by 90.4% and 47.9% respectively. The cause of this change is that the viscosity and the 

liquidity of the matrix are greatly influenced by temperature. When the extrusion temperature is 

lower, the matrix has high viscosity and poor fluidity, which is mostly distributed among layers and 

the upper and lower surfaces of the composite materials. The stress on the fiber filaments is more 

concentrated, and GO is difficult to disperse the stress. The mechanical properties of the composite 

materials are poor. The matrix fully populated organization internal clearance due to its excellent 
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liquidity and the fibers are tightly bound by the matrix in the gap with the rise of temperature. When 

an external force is applied, the bonded filaments share the stress and the GO dispersed within the 

fibers also contributes to some of the stress. This phenomenon effectively enhances the bearing 

capacity of composite materials, but the high extrusion temperature will increase the solidification 

rate and make the matrix partially squeezed out. Therefore, the mechanical properties of composites 

are reduced. 

4.2  Influencing factors of resin viscosity 

Epoxy resin is widely used in composite materials to bond reinforcers for its excellent 

properties such as high bond strength and plays a role in transferring stress, so as to the mechanical 

properties of the reinforcement are fully utilized. However, the temperature will directly affect the 

viscosity of matrix solution in the heating molding process of composite materials. The relationship 

between temperature and resin viscosity can be intuitively obtained from the double Arrhenius 

viscosity model in equation (4).[16] 
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Figure 6. The bending strength and bending modulus of the composites at different extrusion temperatures 
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Where η is the viscosity of resin, Z∞ and K0 are the Arrhenius pre-exponential factors, Ez is the 

activation energy of the solution flow, Et is the activation energy of curing reaction, R is the gas 

molar constant, and T and t are reaction temperature and reaction time respectively. 

According to equation 4, it can be intuitively obtained that the resin viscosity decreases with 

the increase of temperature. The gradual decrease of viscosity promotes the increase of resin fluidity, 

so that the matrix can be sufficiently immersed into the interior of the fiber bundle to bond the 

filaments. Therefore, the composite materials have a good bearing capacity. Although the rise of 

temperature helps to improve the liquidity of matrix, the viscosity of the resin will be affected after 

joining the GO nanoparticles. The higher the content of nanoparticles can increase the viscosity of 

the resin, and it will affect the impregnation effect of resin. This phenomenon may cause holes and 

other defects in the composite materials, and the formation of defects will reduce the interface 

bonding strength of the composite materials. Tian et al.[17] also had similar conclusions by studying 

the nanoparticles effect on the properties of the fibers and epoxy resin interface. 

4.3  The density of composite and the volume fraction of carbon fiber 

As the reinforcement phase, the volume fraction of carbon fiber has a great effect on the 

mechanical properties of the composites. Kim et al.[18] showed that the tensile strength at the 

fracture of the composite materials increased from 60MPa to 100MPa when the fiber volume 

fraction increased from 15% to 45%. This conclusion indicated that the mechanical properties of the 

composite materials were greatly improved. The density of composites and the volume fraction of 

carbon fiber at different temperatures are calculated by equations (5) and (6) respectively.[18] 
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Where ρc (g/cm3) and mC (g) are the density and mass of GO-CF/EP composites, vc (cm3, 

obtained by drainage method) is the volume of the composites, vf is the volume fraction of carbon 

fiber, mf (mf=1.56g) is the mass of carbon fiber, and ρf (ρf=1.7g/cm3) is the density of carbon fiber. 

The calculated data are shown in Table 2. 

Table 2. The average mass, volume, density and carbon fiber volume fraction of a single specimen  

Extrusion Temperature/℃ Mass /g Volume/cm3 Density/g/cm3 

Volume Fraction of Carbon 

Fiber/% 

30 2.34±0.08 1.65±0.05 1.42±0.01 55.50 

40 2.15±0.06 1.45±0.05 1.51±0.04 63.00 

50 2.24±0.05 1.35±0.05 1.64±0.04 66.30 

60 2.28±0.05 1.55±0.05 1.51±0.02 60.00 

70 2.98±0.13 2.10±0.05 1.42±0.06 43.00 

4.4  Morphology and enhancement of GO 

The addition of GO to CFRP can make it disperse evenly in the resin matrix, and some 

chemical connections among GO, resin and carbon fiber can effectively enhance the interaction.[19] 

It is found that the dispersion uniformity of GO in the matrix is improved after extrusion, and the 

distribution trend is closely related to the extrusion direction and the fluidity of the matrix.[13] As 

shown in Figure 7(a), the micro morphology of GO can be observed by scanning electron 

microscope. The surface of GO is uneven and has a large number of folds. The fold structure 

endows GO with a larger surface area, so that it can adhere to the surface of fiber or resin matrix. 
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The smooth fiber becomes rough and irregular due to the adhesive effect of GO. The adhesion of 

GO on resin or fiber is shown in Figure 7(b). Fig. 8 shows the schematic diagram of GO playing a 

role of mechanical locking in GO-CF/EP composites. The contact area between carbon fiber and 

matrix can be increased and a good interface bonding can be formed by adding GO into the 

composites. In addition, the special structure of GO makes the mechanical locking between the 

cured resin and the carbon fiber, thus enhancing the interface bonding strength of the composites. It 

is helpful to the stress transfer of the materials in the loading process. [19] The maximum stress is 

often near the interface between the reinforcement and the matrix when the composite is subjected 

to external force. Ye et al.[20] also obtained a similar conclusion. Therefore, the mechanical lock and 

structure formed by the addition of GO can increase the maximum stress of the composite to a 

certain extent. The existence of GO can also reduce the internal stress concentration of the material 

and play a toughening role, so that the coarse cracks concentrated in the layer can be dispersed into 

fine slits which can be transferred between layers.[17]  

   

Figure 7. (a)SEM image of GO;  (b) GO attached to the surface of resins or carbon fibers 

a b 

GO 



 16 

 

Figure 8. Mechanical locking effect of GO on carbon fibers and resins 

4.5  Microstructure and fracture morphology of GO-CF/EP composites 

JEOL JSM-6390A scanning electron microscope is used to observe and analyze the fracture 

mechanism and infiltration of GO-CF/EP composites formed at different extrusion temperatures. 

(1) Extrusion temperature 30 ℃ 

Figures 9 (a) and (b) show the microstructure and bending fracture morphology of the 

composite when the extrusion temperature is 30℃. According to Figure 9 (a), the carbon fiber in the 

composite structure is black. The surface of the matrix is uneven and slightly bright black. There is 

matrix distribution in the preform, but the matrix content among the fibers is low. The reason is that 

the matrix is mostly distributed on the upper and lower surfaces of the composite and among the 

layers at this temperature, and less matrix infiltrates into the fibers. A large number of fibers are not 

bonded together, and they are not completely saturated by the matrix. It can be seen from Figure 9 (b) 

that the fracture surface of the fibers is disordered, and most of the fibers are not bonded by the 

matrix. The results show that most of the fibers can not bear the load, and can not play a role in 

strengthening. 



 17 

 

Figure 9. Micrographs of GO-CF/EP composite at 30℃ 

 (a) Infiltration microstructure;  (b) Shape diagram of bending fracture 

Figure 10 shows the infiltration effect and fracture mode of the composites when the extrusion 

temperature is 30℃. The viscosity of the matrix is high and the fluidity is poor due to the low 

extrusion temperature. It is difficult to fully infiltrate the fiber gap in the limited hot-pressing time. 

Most of the GO is distributed on the surface of the composites or among the fiber layers at this 

extrusion temperature. There is no GO distributed among the fiber wires and there is less resin. 

Under this condition, the resin is not bonded to the fiber wires to make them continuous and GO can 

not make the resin and fibers form a locking structure. Therefore, only a small number of fibers bear 

the load and a large number of fibers are difficult to transfer the stress under the action of external 

force. It makes the fibers break at the same time. It can be seen from Table 2 that the density of the 

composite materials are low at this extrusion temperature, which indicates that there are many pores 

in the composite materials. When subjected to bending load, the existence of pores also weakens the 

bearing and transmission of stress in the composite materials. The mechanical properties of the 

composites are poor at this extrusion temperature according to the above analysis. The bending 

strength of the composite is only 513MPa according to the three-point bending test results. In 

order to obtain the composites with compact structure and good mechanical properties, it is 

Matrix 

Fibers without matrix 

adhesion 

a b 
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necessary to increase the extrusion temperature appropriately, and analyze the relationship 

between the matrix infiltration distribution in the preform and the bending properties of the 

materials. 

 

Figure 10. Impregnation effect and fracture mode of GO-CF/EP composites at 30℃ 

(2) Extrusion temperature 40 ℃ 

Figures 11 (a) and (b) show the infiltration effect and fracture section microstructure of the 

composite at 40℃. It is found from Figure 11 (a) that the bright black areas in the microstructure 

increases obviously compared with the microstructure at 30℃. It indicates that the matrix content 

increases but there is a kind of agglomeration. It can be seen from Figure 11 (b) that the fibers at 

the fracture section are disorderly fractured and only some fibers are bonded with matrix, which 

indicates that the matrix infiltration effect is still not ideal although it has been improved. 

 

Figure 11. Micrographs of GO-CF/EP composite at 40℃  
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(a) Infiltration microstructure;  (b) Shape diagram of bending fracture 

In the process of carbon fiber infiltration, the viscosity of the matrix directly affects the 

infiltration depth. From equation (7),[21] it can be seen that the infiltration height of the matrix is 

negatively correlated with the matrix viscosity when the infiltration time is fixed and the fiber 

volume fraction increases. 
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Where h is infiltration height, K is permeability coefficient, t is infiltration time, Δp is 

viscous pressure drop, μ is matrix viscosity, and Vf is volume fraction of carbon fiber. 

The matrix in the composite increases, but the infiltration effect is still not ideal when the 

extrusion temperature is 40℃. The viscosity of resin decreases with the increase of extrusion 

temperature. It can be seen from equation (7) that the infiltration height at this time has an 

increasing trend compared with the extrusion temperature of 30℃, and the matrix fluidity 

increases. It allows a small amount of GO to flow with the resin and soak into the fiber gaps. 

Although the independent distribution of most fibers is difficult to effectively bear the load, the 

overall mechanical properties of the composites are improved to some extent due to the 

phenomenon of stress transfer on some fibers by the bonding of the matrix and the locking 

cooperation of GO. The three-point bending test shows that the bending strength is 685MPa, 

which is significantly higher than 513MPa when the extrusion temperature is 30℃. However, the 

mechanical properties of the composites are still not ideal. It is necessary to further improve the 

extrusion temperature to enhance the bearing capacity of the composites. 

(3) Extrusion temperature 50℃ 
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Figures 12 (a) and (b) show the microstructure and fracture morphology of the composite 

when the extrusion temperature increases to 50℃. It can be seen from Figure 12 (a) that the 

matrix is distributed on a large number of fibers and the matrix agglomeration phenomenon is 

obviously improved. The infiltration effect is fully uniform at this time. By observing the fracture 

morphology of the composite shown in Figure 12 (b), it is found that a large number of fibers 

bonded by the matrix have flat fracture surfaces and it presents obvious characteristics of ductile 

fracture. There is obvious stress transfer in the process of loading. It will fracture when the load of 

a part of carbon fibers reach their fatigue load. At this time, the load is transferred to other fibers 

to enhance the mechanical capacity of the materials and prolong the life of the materials. 

 

Figure 12. Micrographs of GO-CF/EP composite at 50℃ 

(a) Infiltration microstructure;  (b) Shape diagram of bending fracture 

Figure 13 shows the schematic diagram of the infiltration effect, fracture mode and stress 

transfer of the composites when the extrusion temperature is 50℃. It can be seen from Figure 13 

that a large number of uniformly distributed matrix in the fiber layers and fiber gaps of the 

composites formed at this temperature. The existence of GO makes the resin and carbon fiber fully 

contact and closely bond, and enhances the interface bonding energy between the matrix and the 

reinforcement. When an external force is applied to the composite materials, the stress is 
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transferred from one part of the fibers to other fibers through the resin. GO also bears part of the 

load in the process of stress transfer. At this time, the internal structure of the composites are in an 

ideal state. It can be seen from the data in Table 2 that the density and carbon fiber volume 

fraction of the composites reach the maximum at this extrusion temperature. Analyzing the 

reasons, the increase of temperature makes the matrix flow ability stronger. The matrix filled 

inside the composite materials under a certain pressure and the density of the composite is 

increased. The bending strength is 977MPa, which shows that the mechanical properties of the 

composites are greatly improved. In order to determine the optimal extrusion parameters, it is 

necessary to continue to increase the temperature and further analyze the internal structure and 

mechanical properties of the materials.  

 

Figure 13. Impregnation effect, fracture mode and the model of stress transfer of GO-CF/EP composites at 

50℃ 

(4) Extrusion temperature 60℃ 

When the extrusion temperature is 60℃, the microstructure and fracture morphology of the 

composite are observed as shown in Figures 14 (a) and (b). It can be seen from Figure 14 (a) that 

most of the matrix is agglomerated in the internal structure of the composite. The reason for this 

phenomenon is that the fluidity of the matrix is greatly improved with the increase of temperature 

and the curing speed is also accelerated. This phenomenon makes the matrix not fully filled with 
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the internal gaps of the fibers, but the phenomenon of curing occurs. By observing Figure 14 (b), it 

is found that the matrix is unevenly distributed on the fibers. The fracture surface of the fiber is 

even. There are some zigzag cracks in the fracture section, which are mainly distributed near the 

matrix aggregation area.  

 

Figure 14. Micrographs of GO-CF/EP composite at 60℃ 

 (a) Infiltration microstructure;  (b) Shape diagram of bending fracture  

When the temperature rises to 60℃, the uneven distribution and agglomeration of the matrix 

lead to micro pores in the composites. The fibers near the matrix aggregation areas can not 

effectively play the role of bearing the load due to the absence of resin adhesion under the load, 

and GO can not disperse the stress, which leads to the stress concentration failure of these pores 

and gradually expand into cracks. It can be seen from the data in Table 2 that the density and fiber 

volume fraction of the composites decrease when the extrusion temperature is 60℃. The bending 

strength of the composite under this condition is 718 MPa, which is significantly lower than that 

of the composite when the extrusion temperature is 50℃. The results show that the curing speed 

of the matrix is accelerated and it results in the aggregation of some resins with the increase of 

extrusion temperature. This phenomenon reduces the load transfer capacity of the composites and 

causes cracks and other defects. In order to further determine the effect of extrusion temperature 
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on the composites, the temperature value should be continuously increased to observe the change 

of infiltration effect and bending properties of the composites.   

(5) Extrusion temperature 70℃ 

As shown in Figures 15 (a) and (b), the infiltration situation and bending fracture mechanism at 

extrusion temperature of 70℃ are analyzed. According to the microstructure shown in Figure 15 (a), 

it is found that the matrix agglomeration is in the internal structure. In addition, the content of matrix 

is significantly reduced and no resin adheres to the fibers. According to the observation in Figure 15 

(b), the matrix distribution at the fracture is extremely uneven and the number of cracks is 

significantly increased. The fracture is even and shows the characteristics of brittle fracture when 

the fibers break. It indicates that fibers can not play a good bearing capacity under this condition. 

The thickness of the composites increases when the extrusion temperature is 70℃. The reason 

for this phenomenon is that GO is dispersed in alcohol to form GO suspension in the process of 

preparing solution. However, the alcohol in the suspension is not completely removed by ultrasonic 

dispersion and vacuum treatment, so that there are still bubbles generated by alcohol in the 

composites. These bubbles will burst when the temperature rises to a certain value, which will lead 

to the increase of the size of the material in the thickness direction. Figure 16 shows the infiltration 

effect, fracture mode and stress transfer mode of the composites when the extrusion temperature is 

70℃. When the composite is at this extrusion temperature, the matrix is partially squeezed out due 

to the significant improvement of fluidity, which directly leads to the appearance of less matrix 

areas in the composite. According to the research of Ye et al.,[22] it is found that these areas with less 

resin are mainly elliptical pores that parallel to the fiber direction. The appearance of these areas is a 

direct factor for the existence of cracks. However, it is not difficult to find that cracks are narrow and 
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tortuous at this extrusion temperature, because the crack direction is deflected by the existence of 

GO and effectively reduces the stress concentration. According to Table 2, the density of the 

composites and volume fraction of carbon fiber decrease obviously at this extrusion temperature. 

The bending strength of the composite material is 760MPa. The mechanical properties are improved 

because of the influence of thickness. With the increase of extrusion temperature, the fluidity of the 

matrix is good, but the phenomenon of agglomeration appears. It will cause defects in the internal 

structure of the composite materials. 

 

Figure 15. Micrographs of GO-CF/EP composite at 70℃  

(a) Infiltration microstructure;  (b) Shape diagram of bending fracture 

 

Figure 16. Impregnation effect, fracture mode and the model of stress transfer of GO-CF/EP composites at 

70℃ 

By analysing of the microstructure mechanism and fracture morphology of the composites 

formed at different extrusion temperatures, it is found that the infiltration effect of the matrix 
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presents a uniform trend with the increase of extrusion temperature. When the extrusion 

temperature reaches 50℃, the infiltration effect of the matrix in the fiber is the best and the 

mechanical properties of the composites at this time are significantly higher than those at other 

temperatures. However, the fluidity of the matrix can not form a good matching relationship with 

the curing time and only a few fibers are glued by the matrix when the extrusion temperature is high. 

This phenomenon reduces the mechanical properties. In addition, a high extrusion temperature will 

cause cracks and other defects in the composites. These defects will seriously affect the loading 

capacity of composites.  

5. Conclusion 

(1) Graphene oxide-carbon fiber hybrid reinforced composites with resin as matrix, GO and carbon 

fiber as reinforcement materials can be prepared by vacuum infiltration hot-pressing molding 

process. The surface morphology of the composites is good, and no obvious defects are found such 

as holes and warpage. 

(2) The addition of GO increases the contact areas between the resin and carbon fiber, which makes 

them form physical mechanical locks. The appearance of this structure significantly enhances the 

interfacial bonding ability of the composites. When the composite is subjected to external force, GO 

bears part of the stress. This phenomenon reduces the stress concentration in the crack areas and 

makes the cracks deflected, which significantly improves the mechanical properties of the 

composites. 

(3)The matrix was evenly distributed among the carbon fibers when the extrusion temperature was 

50℃. GO not only bonded the resin and carbon fibers together by mechanical locking, but also 

effectively shared the load. Due to the bonding effect of resin, the fibers could give full play to their 
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load-bearing capacity, and most of the fibers were pulled out or broken when they broke. The 

bending strength at this extrusion temperature was 977MPa by the three-point bending test. 

(4) It is found that too high or too low extrusion temperature will affect the internal microstructure 

and mechanical properties of composites. The viscosity of the matrix is high and the flow rate is 

slow when the extrusion temperature is low, which leads to the agglomeration, solidification and 

dispersion of the matrix. Most of the matrix and fibers can not give full play to their respective roles. 

In this case, the bending strength of the composite is low. When the extrusion temperature is high, 

the matrix is partially extruded due to its excellent fluidity and the ability of resin to transfer load is 

weakened. The ability of GO to share stress is also weakened, and it results in poor mechanical 

properties of the materials. Therefore, it is the key to control the extrusion temperature in the 

process of materials forming to prepare excellent composites. 
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Figures

Figure 1

Vacuum in�ltration hot-pressing experimental system

Figure 2

Preparation process of GO dispersion



Figure 3

Preparation process of GO-CF/EP composites

Figure 4

Loading diagram of three-point bending



Figure 5

Load - displacement curves of composites at different extrusion temperatures



Figure 6

The bending strength and bending modulus of the composites at different extrusion temperatures

Figure 7



(a)SEM image of GO; (b) GO attached to the surface of resins or carbon �bers

Figure 8

Mechanical locking effect of GO on carbon �bers and resins

Figure 9

Micrographs of GO-CF/EP composite at 30 (a) In�ltration microstructure; (b) Shape diagram of bending
fracture



Figure 10

Impregnation effect and fracture mode of GO-CF/EP composites at 30

Figure 11

Micrographs of GO-CF/EP composite at 40 (a) In�ltration microstructure; (b) Shape diagram of bending
fracture



Figure 12

Micrographs of GO-CF/EP composite at 50 (a) In�ltration microstructure; (b) Shape diagram of bending
fracture

Figure 13

Impregnation effect, fracture mode and the model of stress transfer of GO-CF/EP composites at 50



Figure 14

Micrographs of GO-CF/EP composite at 60 (a) In�ltration microstructure; (b) Shape diagram of bending
fracture

Figure 15

Micrographs of GO-CF/EP composite at 70 (a) In�ltration microstructure; (b) Shape diagram of bending
fracture



Figure 16

Impregnation effect, fracture mode and the model of stress transfer of GO-CF/EP composites at 70


