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Abstract. In recent years, carbon composite materials are used more and more widely, and the 
technology is more and more mature. Among the carbon fiber composites, one material has 
become an important structural material in the aerospace field, which is carbon fiber epoxy 
resin composite material (CFERCM). Since the advent of CFERCM, it has been developed into 
an ideal structural material because of its high strength, light weight, corrosion resistance, high 
modulus and so on. In order to have a better understanding of the properties and applications of 
CFERCM, this paper mainly uses research method of review, systematically summarizes the 
development and applications in the field of aerospace and aviation to display the relationship 
between its properties and applications, showing the characteristic of CFERCM. As for the 
development, it mainly includes the history, preparation and properties of CFERCM. After that, 
this paper introduces two main fields of application, which are aerospace and aviation. Finally, 
some prospects of CFERCM in the future are presented and suggested for further studies. This 
paper concludes that CFERCM is a new, relatively simple to prepare, excellent structural 
material, it is widely used, especially in the field of aerospace. 
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1.  Introduction 
Carbon fiber is a novel form of fiber material, which contains more than 90% carbon. It has high 
modulus, high strength and excellent comprehensive performance. A type of polymer known as epoxy 
resin is any polymer with more than two epoxy groups in its molecular structure. The composite of 
carbon fiber reinforced material and epoxy resin matrix is called carbon fiber epoxy resin composite 
material. Carbon fiber can be utilized as both a load-bearing structural material and a functional 
material, so the development of carbon fiber and its composite materials is very rapid in recent ten 
years at home and abroad. In order to summarize the performance and application of CFERCM, 
improve its properties in the future and broaden its aviation path field research, this paper introduces 
the development history of CFERCM by review and experimental results. Then the basic preparation 
method is introduced, three methods are introduced on the surface treatment of carbon fiber, which are 
gas phase oxidation method, liquid phase oxidation method and plasma treatment method. After that, 
the thermal and mechanical properties of CFERCM are introduced, and their main applications in 
aviation are summarized. The high mechanical properties and low density of CFERCM are mainly 
used for its applications. The appearance of carbon fiber epoxy resin composites provides excellent 
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materials for modern industry and modern science and technology. As a kind of high-performance 
material with wide application prospects, it will play an advantage in future development and serve the 
production and life of human beings. This paper makes people understand the basic information of 
CFERCM, puts forward the direction for the development of CFERCM in the future, and provides 
help for research in the field of aerospace. 

2.  The development of carbon fiber epoxy resin composite material 

2.1.  History of development 
Epoxy compounds have been synthesized since the late 1890s. In 1936, a low melting epoxy resin was 
produced by Pierre Castan of DeTrey Freres Co., but it didn't get attention in the market. After World 
War Ⅱ, epoxy resin was used in coating applications. From 1940 to 1970, many different epoxy resins 
were studied for certain fields. In the 1980s, electronics and computer industries made epoxy resin 
have better performance, and the electrical property of epoxy resin increased a lot. In the 1990s, with 
low dielectric constants, higher glass transition temperatures and higher thermal decomposition 
temperatures epoxy resin was required because of the growth of portable electronics [1]. And for 
carbon fiber, Joseph Swan initially created it in 1860 to be used in light bulbs. In 1879, Edison created 
the first carbon fiber filament for incandescent light bulbs by baking strips of cotton or bamboo at high 
temperatures [2]. The enormous potential of carbon fiber was realized in 1963 by a method created by 
W. Johnson and W. W. LN. Phillips at the Royal Aircraft Company in Farnborough, Hampshire, and 
carbon fiber has been used in aircraft ever since. After 1990, CFERCM is developed for its specific 
stiffness and strength. 

2.2.  Preparation of carbon fiber epoxy resin composite material 

 
Figure 1. Flowchart of preparation of CFERCM [3]. 

In the preparation of CFERCM, there are three main steps, which are carbon fiber surface treatment, 
preparation of matrix resin and preparation of composite material [4]. The preparation of CFERCM is 
shown in figure 1. With regard to carbon fiber surface treatment, because of the relatively poor 
compatibility between epoxy resin and carbon fiber, the surface of carbon fiber should be treated first. 
The surface treatment of carbon fiber is to increase the adherence of the fiber to the resin matrix and to 
increase the interlaminar shear force of the composite.  The binding course is shown in figure 2. There 
are many methods of surface treatment, which are introduced below. The second step is the 
preparation of matrix resin. Firstly, a certain amount of epoxy resin is weighed with a balance and a 
beaker, diluted with a certain amount of dispersant for reserve, and then weigh the curing agent of the 
required mass with a beaker for the next step. The final step is the preparation of composite material, 
first weight the carbon fiber of the required mass, and the carbon fiber was ultrasonic dispersed in an 
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acetone solution. Then the ultrasonic dispersed carbon fiber was added into the epoxy resin diluted 
with dispersing agent, and the glass rod was fully stirred with a small motion range to avoid bubbles, 
and the curing agent was added after being evenly stirred. Pour the reagent into the mold and cure at 
room temperature. And CFERCM is prepared. The following are several common surface treatments 
for carbon fiber. 

 
Figure 2. The binding course between carbon fiber and epoxy resin [5]. 

2.2.1.  Gas phase oxidation process. The oxidizing agents used in gaseous phase oxidation are oxygen, 
ozone and other oxygen-containing gases. This oxidation, usually carried out by adding ozone to a 
tube furnace at 600 degrees Celsius, works by converting some of the C-H bonds on the surface of the 
carbon fiber into oxygen-containing groups [6]. The advantages of this surface treatment are simple 
process, short processing time, easy to control, so it's suitable for mass production. 

2.2.2.  Liquid phase oxidation process. The liquid phase oxidation method means immersing carbon 
fiber into some oxidizing solution and oxidize the surface of carbon fiber through oxidant. The liquid 
phase oxidation method is very effective in improving the interlaminar shear strength of composite 
materials, which can be increased by about twice, but correspondingly, the fiber strength will decrease. 
Nitric acid, sodium hypochlorite, hydrogen peroxide and so on can be used for liquid phase oxidation. 
After oxidation, hydroxyl, carboxyl and acid groups will be produced on the surface of carbon fiber, 
these groups will get more with the extension of oxidation time and the increase of temperature, 
effectively improving the binding force of fiber and collective material. Through nitric acid solution, 
Jang and Yang found that 60 min treated carbon fiber has a specific surface area that is 10 times more 
than untreated carbon fiber [7]. For the reaction process, the liquid phase oxidation process is milder 
than the gas phase oxidation process. 

2.2.3.  Plasma surface treatment. Plasma surface treatment means bombarding carbon fiber with high-
energy plasma generated by a plasma generator, so that chemical reactions occur on the surface of 
carbon fiber, after that active groups are introduced to enhance the surface properties of carbon fiber. 
On the one hand, high-energy particles bombarding the fiber surface leads to the excitation, ionization, 
and chemical bond breaking of fiber molecules, generating a variety of polar groups and free radicals 
on the fiber surface, improving the wettability of the fiber surface, thus increasing the adhesion of 
resin on the fiber surface. On the other hand, high-energy electrons cause sputtering effect by 
accelerating active ions at lower temperatures, which can remove impurities on the fiber surface, 
coarsing the fiber surface and forming mechanical interlocks between the resin matrix and the fiber. 
Oxygen plasma treatment can also enhance the surface roughness of the fiber by increasing the 
concentration of oxygen groups on the surface of carbon fiber. Plasma treatment only changes the 
chemical and physical structure of the fiber surface to enhance the bonding ability between the matrix 
and the fiber surface, but does not change most of the mechanical properties of the fiber [8]. 

2.3.  Main properties 
For any material, its properties determine its application. For CFERCM, which is widely used in the 
aerospace field, its mechanical properties must be good. As mentioned above, since the appearance of 
CFERCM, it has become an excellent structural material because of its high strength, good fatigue 
resistance and high stiffness. 
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2.3.1.  Mechanical property. CFERCM became a good structure material for its high specific modulus 
and high specific strength, there are two main reasons why CFERCM has these two properties. One is 
that the carbon atom has a lower relative molecular mass compared with that of metal atom. The other 
one is carbon fiber has high tensile strength. The high strength of carbon fiber is due to the high 
performance of carbon fiber bundles, the entire carbon fiber is extracted to present a graphitized 
structure. The carbons in graphite are hexagonal, each carbon atom keeps each other in check, making 
it difficult for each carbon atom to shift, so stretching it in the plane where the carbon atoms are 
located will hardly deform the internal structure. Carbon fiber is anisotropic, the mechanical properties 
of carbon fiber perpendicular to the direction of the fiber are better than those parallel to the direction 
of the fiber, so in practical applications, people often use layup design, which means adding carbon 
fiber in different directions to maximize the performance advantage. Carbon fiber material has the 
characteristics of high tensile strength, high toughness, good heat resistance, low density, good 
corrosion resistance, but it also has some disadvantages. It is easy to break, processing is not easy, and 
it has poor mechanical properties, so adding epoxy resin is a good way to solve this problem. Epoxy 
resin has the characteristics of high mechanical properties, small curing shrinkage, good technology, 
good bonding performance, great stability and so on. Carbon fiber and epoxy resin complement each 
other, making CFERCM have many good properties. According to the experiment, the longitudinal 
strength of the epoxy matrix combined with carbon fiber of 390 GPa was 591 MPa, however, the 
longitudinal strength of the same matrix combined with glass fiber of 74 GPa was 356 MPa [3]. We 
can see that the strength of CFERCM is much higher than that of glass fiber epoxy resin composite 
material. 

2.3.2.  Thermal property. The thermal property of composite material is intimately connected to the 
matching of the thermal expansion coefficient of the component materials, in addition to being directly 
related to the thermal characteristics of the component materials. The internal tension will be produced 
when the temperature changes because of the variations in thermal expansion performance between 
the components of composite materials. The interface between the components will get destroyed 
when the internal stress is high to a certain amount, and the performance of composite materials will 
suffer. In CFERCM, carbon fiber is formed by preoxidation high temperature treatment, the general 
temperature is about 2000 ℃. Carbon fiber itself has undergone high temperature treatment, high 
temperature resistance is relatively excellent. However, the resin matrix is different. Resin is solid or 
semi-solid organic polymer at room temperature, and will melt into liquid shape after high temperature 
heating. Moreover, the thermal expansion coefficient of epoxy resin is approximately 40 times of that 
of carbon fiber, so CFERCM doesn't have very high temperature resistance, about 180 degrees below. 
Although its high temperature resistance is not very good, but compared with pure epoxy resin, its 
thermal performance has improved a lot [9], and for structural materials, the temperature tolerance of 
180 degrees has been fully up to standard. 

3.  Applications in aerospace and aviation 

3.1.  Application in aerospace 

3.1.1.  Atomic oxygen tolerance. Atomic oxygen refers to the residual gas environment of atomic 
oxygen in low Earth orbit. It is formed by the interaction between oxygen molecules and ultraviolet 
rays of sunlight and decomposition. A great quantity of experiments on space flight has shown that 
most organic materials will be eroded due to high-speed impact of atomic oxygen and high 
temperature oxidation on spacecraft surface, thus reducing spacecraft performance and shortening life. 
Therefore, the atomic oxygen effect is also considered to be the most severe environmental effect in 
low Earth orbit. CFERCM is a good material to cope with the atomic oxygen effect. Zhang and Yi et 
al. simulated the atomic oxygen effect of graphene-doped epoxy composite material, after that they 
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compared them with pure epoxy resins, the mass loss of CFERCM was reduced by 46% and the 
atomic oxygen corrosion rate was reduced by 47% [10]. 

3.1.2.  Debris prevention. In the universe, spacecraft may be hit by space debris at high speed at any 
time, so spacecraft need a kind of high-strength protective structure to improve the protection ability, 
and CFERCM plays a very crucial part in the protection system of spacecraft. Chinese scientists have 
carried out high-speed impact experiments with aramid fiber epoxy resin composite material similar to 
CFERCM, and the results show that this kind of material can prevent the ultra-high-speed impact of 
aluminum alloy projectiles [10]. 

3.2.  Application in aviation 
Structural weight loss: On the basis of ensuring high mechanical properties, the weight of materials 
should be reduced as far as possible in aviation structures. For every kilogram of weight lost by 
commercial aircraft, fuel savings are $3,000 a year. For every kilogram the spacecraft loses, it saves 
$10,000 in fuel. If the weight can be reduced, the payload can increase and the cost of flight can be 
reduced. So the high speed area is very sensitive to material weight. Because carbon fiber composites 
are valued for their extremely high specific strength, it is natural for them to be a good structural 
material to meet the weight reduction requirements. Using resin-based composites instead of metal to 
make aircraft parts, can reduce the quality of parts by 25% to 50% [11]. 

4.  Conclusion 
This paper mainly discusses the development history, preparation methods, properties and applications 
of carbon fiber epoxy resin composite material. It can be seen that carbon fiber epoxy resin composite 
material is an excellent structural material, it has very high specific strength, excellent fatigue 
resistance, high toughness and corrosion resistance, and it plays a significant role in the field of 
aerospace. This paper does not introduce the electrical properties of carbon fiber. Meanwhile, this 
paper can also compare the properties of carbon fiber under different epoxy resin matrixes. However, 
for the sake of continuing to enhance the performance of carbon fiber resin matrix composite material 
in the future and explore its application, further research can be conducted from the following aspects. 
The first is to explore new nanomaterials and matrix resins to improve the mechanical properties and 
flame retardant properties of composite materials; the second is to explore new processing techniques 
and to improve the processing efficiency; the third is to explore new preparation methods to make the 
combination of carbon fiber and resin more closely, reduce the internal stress between materials, 
consequently enhance the mechanical thermal properties of composite materials. 
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