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Abstract  

Conductive composite material includes any composite having significant electrical 

conductivity. When an electrically conductive filler such as carbon-based materials like 

graphene, is added to insufficient quantities of a polymeric resin, a conductive composite 

is formed. There are many problems facing aircraft in the air during flight, such as 

lightning strikes. This problem usually reduce aircraft efficiency and lead to serious 

accidents and fatalities. However, the current protection systems used to solve these 

problems of aircraft, represent excessive energy usage, a hazard to the environment, and 

they are generally bulky, heavy and costly. Therefore, there are new conductive composite 

materials that include a conductive filler such as carbon-based material like graphene and 

carbon nanotube designed to carry lightning currents. 

Therefore, carbon fiber reinforced epoxy composite (CFRE) is used in the manufacture of 

aircraft’s structures for their lightweight and it is economical as it reduces the fuel 

consumption. On the other hand, CFRE has low electrical conductivity, therefore it is 

prone to damage from lightning strikes. Therefore, in this research a reduced graphene 

oxide (rGO) is used to coat the CFRE to improve and enhance its electrical conductivity. 

Therefore, four specimens were prepared in this study, the first specimen is neat CFRE 

without coating used for comparison, three specimens are CFRE coated by different 

weight fraction (wt%) of rGO (rGO-1:80% of rGO,  rGO-3: 85% of rGO,  rGO-3: 90% of 

rGO. The electrical conductivity is measured for these specimens in the physics lab using 

four-point probe device. The results show that the electrical conductivity of CFRE is 

enhanced and increased significantly when it is coated with rGO. The results show that 
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CFRE coated with rGO-3 has the highest electrical conductivity of 1.25*10
5 

(S/m), while 

neat CFRE without graphene has the lowest electrical conductivity of 1.6 *10
3 

(S/m).  

Keywords:  Conductive composite material, Carbon 

fiberGraphene, Electrical conductivity. 

1. Introduction  

Composite materials have allowed engineers to overcome difficulties. and now they are 

frequently used in the aircraft industry. They are five times lighter and seven times 

stronger than aluminum. The implementation of major aircraft structures is fabricated from 

carbon-fiber-reinforced plastic (CFRP) materials.  Carbon fiber reinforced epoxy 

composite (CFRPs) are important to the aircraft industry, due to its lightweight and high 

structural strength and stiffness when compared to metal alloys. Usage of such materials in 

the manufacturing of aircraft structure, will reduce fuel consumption, improve efficiency 

and reduce direct operating costs of aircraft. Therefore, they are important to the aviation 

industry (Ku 2011). On the other hand, the carbon fiber epoxy composite has poor 

electrical conductivity, therefore, they are prone to damage from the lightning strike, and 

as a result, they need high-cost maintenance. Therefore, there is a need to improve the 

electrical conductivity of carbon fiber epoxy composite, in order to withstand high 

electrical currents coming from lightning strikes. Therefore, Lightning strike protection 

systems must provide a continuous conductive path of low resistance over the entire 

aircraft exterior, where the current will travel through the conductive exterior skin and the 

structures of the aircraft and exit off some other extremity without any problem (Gammon, 

2003 and Sweers, 2012). 

 

The aircraft companies are dealing with the issue of a lightning strike by finding efficient 

methods to enhance lightning strike protection on the composite parts so that damages are 

reduced or eliminated. For example, The Boeing and Airbus Companies developed the 

lightning strike protection systems that use a metal mesh of aluminum or copper attached 

to the outer surface of the composite parts, in order to increase the electrical conductivity 

of the aircraft’s structure. (Gagné,2014, and Morgan,2013). Boeing 787 used a thin metal 

mesh in the outer layers of the composite fuselage and wings to provide conductivity to 

quickly dissipate and route charge overboard and shield onboard electronics (Alarifi, 2017, 

and Schaaf,2014). Scientists also discovered the use of aluminum in lightning protection 

systems has several problems; when aluminum contacts CFRP laminate, galvanic 

corrosion is occurring. Copper mesh is therefore used instead of aluminum to avoid 

galvanic corrosion, but another problem is found, that copper has a weight higher than 

aluminum by three times. In addition to that, previous experiments showed that thin metal 

mesh can be vaporized by high current lightning strikes. Also, moisture and environmental 

species can cause corrosion of the metallic foils or metal meshes, thereby reducing its 

electrical conductivity and ability to perform its protective function (Hsieh,2016, and 

Wu,2011). Researchers have investigated new multifunctional approaches, such as 

conductive paint and low-resistance structural laminate, where these conductive composite 

materials have high electrical conductivity that can be attached to the aircraft’s structure to 

protect them from lightning strike. These conductive composites contain an embedded 

layer of conductive fillers such as carbon-based materials like graphene and carbon 

nanotube. 
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The aim of this paper is to develop highly electrically conductive carbon fiber reinforced 

epoxy composite material through the addition of reduced graphene oxide, that can be used 

in all applications such as aircraft applications. The development of such a material would 

result in safer aircraft, weight and cost savings from the elimination of the expensive 

metallic meshes as well as eliminating time associated with integrating the meshes into the 

structure. 

2. Materials 

Carbon fabric reinforced 8552-epoxy (HexPly 8552 prepreg), supplied by Hexcel 

Composites company ( Fig. 1). The epoxy matrix is amine and thermoplastic toughened 

and the carbon fabric is manufactured with T300 fiber. The physical properties of HexPly 

8552 prepreg is shown in Tab. 1.   

 

 
 

Fig.1:  HexPly 8552 prepreg 

Tab. 1: Physical properties of HexPly® 8552 woven carbon fiber prepregs (AS4 Fiber - 

Model No: AGP193-PW) 

 Unit AGP193-PW 

Fibre Type – AS4 3K 

Fibre density g/cm3 (lb/in3) 1.77 (0.065) 

Weave – Plain 

Mass g/m2 (oz/yd2) 193 (5.69) 

Weight Ratio, Warp: Fill – 50 :50 

Nominal cured ply thickness 

@ 37% resin content 

mm (inch) 0.195 (0.0076) 

Nominal Fibre Volume % 55.29 

Nominal Laminate Density g/cm3 (lb/in3) 1.57 (0.057) 

 

Reduced graphene oxide (rGO) are prepared in the laboratory, graphite oxide is obtained 

by treating pristine graphite with strong oxidizers. Then, Graphite oxide is mixed with 

water or organic solvents, then using sonication and stirring for a long time, it can be 

exfoliated into a few layers of graphene oxide (GO) sheets. After centrifugation for a 

certain period of time, the graphene oxide sheets can be reduced to reduced graphene oxide 

(rGO) by thermal or chemical method  While, rGO is prepared as a paste by mixing a 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiskZaL8N_bAhUBX30KHfTHBqAQjRx6BAgBEAU&url=https://comsealcomposites.com/product/carbon-fibre-prepreg/&psig=AOvVaw3j6fxcM0v658Aly4u0XMVb&ust=1529502760347439
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certain percentage of rGO in the water. Therefore, in this study we will use three types of 

rGO paste as shown in Tab. 2. 

 

Tab. 2: Types of rGO paste used in the study 

Type of rGO paste            Wt % of rGO           Solvent medium 

rGO-1 80 Water 

rGO-2 85 Water 

rGO-3 90 Water 

 

3. Experimental 

3.1  Preparation the specimens of carbon fiber reinforced epoxy composite 

(CFRE) coated by graphene. 

In this research, four specimens were prepared as described in Tab.3 . One specimen is 

carbon fiber reinforced epoxy (CFRE) composite without graphene, and this will be 

comparable sample. Also, three specimens of CFRE coated with rGO-1, rGO-2, and rGO-3 

are prepared for testing and comparisons. 

Tab. 3: The list of specimens used in the research. 

NO Specimen  Notes 

1 CFRE without graphene Comparable  sample 

3 CFRE coated with rGO-1 80% of rGO is used 

4 CFRE coated with rGO-2 85% of rGO is used 

5 CFRE coated with rGO-3 90% of rGO is used 

 

Carbon fiber-epoxy composites are fabricated by a combination of hand lay-up process and 

compression molding technique as shown in Fig. 2.  Twelve layers of HexPly 8552 

prepregs were stacked one after another to form CFRE laminate as shown in Fig. 2 (a). 

Then FGNP or rGO is painted at the top surface of CFRE laminate as described in Fig. 2 

(b). CFRE laminate coated with graphene is then cured using hot press machine as shown 

in Fig. 2 (c). the curing cycle is depicted in Fig. 3, CFRE laminate is cured at 110 
o
C for 

one hour, then cured at 180 
o
C for another two hours, then leave it cool down naturally. 

Finally, the specimens are removed after cooling from the hot press machine. 
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Fig. 2 :  Procedures for specimen preparation of CFRE coated FGNP or rGO. 

 

 

Fig. 3:  The curing cycle used to cure CFRE laminate. 

 

3.2 Electrical Conductivity Test 

Four-point probe device is used in this research to find the electrical conductivity value of 

five specimens. The specimens are cut into a proper dimension (1 cm x 1 cm x 0.2 cm) in 

order to be used in the device. Four-point probe device measures the voltage (V) and the 

current (I).. Then, the electrical resistance (   of the specimens is determined from 

equation (1). Finally, the electrical conductivity (   can be found from the equation (2): 

 

  
 

 
      …………………………………………………………………………… (1) 

 

  
  

 
      …………………………………………………………….……………. (2) 

Where L is the length of specimen, and A is the area of specimen. 

4.  Results and Discussion 

Fig. 4 shows the electrical conductivity (S/m) vs Temperature of carbon fiber reinforced 

epoxy (CFRE) composite with and without rGO in different percentages. It is observed that 

the electrical conductivity of CFRE is imroved and enhanced by coating it with rGO. The 

electrical conductivity  of all specimen increases slightly with increasing temperature from 

240 K to 300 K. However, this change is considered to be almost constant. The results 

show that CFRE coated with rGO-3 has the highest electrical conductivity of 1.25x10
5 

(S/m), while CFRE without graphene has the lowest electrical conductivity of 1.6 x10
3 

(S/m) as shown in Fig. 5. The values of electrical conductivity of CFRE coated with rGO-

1, and CFRE coated with rGO-2 are close to each other (3.2 x 10
4
, and 5.2 x 10

4 

respectively) as observed in Fig. 4. 
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Fig. 4: Electrical conductivity VS Temperature comparisons of all test specimens. 

 

Fig. 5: Electrical conductivity average values comparisons of all test specimens. 

 

The electrical conductivity of all specimens in this study are compared with other 

traditional metals such as copper, aluminum and with carbon-based material such as 

carbon nanotubes as shown in the Table. 4. It is noted from this table that the electrical 

conductivity of CFRE has improved significantly after coating it with rGO, but it is still 

lower than the electrical conductivity of copper and aluminum. However, the improvement 

in the electrical conductivity of CFRE after the addition of rGO is much higher than the 

rate of improvement after the addition of CNT in the study conducted by Pozegic 2016, 

and this is because the graphene has larger surface area more than CNT, and this help 

grapheme to make more bridges in the matrix material, which increases the mobility of 

electrons and conduct electricity well. 
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Table. 4: The comparison of electrical conductivity values of all specimens with other 

materials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is found that by increasing the percentage of rGO content to coat the CFRE, the 

electrical resistance is decreased significantly, which led to an increase in the value of 

electrical conductivity of CFRE several times as observed in Fig. 6.  

 

 

Fig.6 :Electrical conductivity VS Percentage of content of reduced graphene oxide (rGO)

          

5. Conclusions  

In this research a reduced graphene oxide (rGO) is used to coat the CFRE to improve and 

enhance its electrical conductivity to be used in the aviation applications. Four specimens 

were prepared, one specimen is neat CFRE without coating used for comparison, 3 

specimens are CFRE coated by different weight fraction (wt %) of rGO (rGO-1: 80% of 

rGO, rGO-3: 85% of rGO, rGO-3: 90% of rGO). 

The electrical conductivity is measured for the specimens using four-point probe device. 

The results show that the electrical conductivity of CFRE is enhanced and increased 

significantly when it is coated with rGO.  The results show that CFRE coated with rGO-3 

has the highest electrical conductivity of 1.25*10
5 

(S/m), while neat CFRE without 

Material Electrical 

Conductivity (S/m) 

Reference 

CFRE without rGO  1.6 x 10
3
 This Study 

CFRE coated with rGO-

1 
3.2 x 10

4
 

This Study 

CFRE coated with rGO-

2 
5.2 x 10

4
 

This Study 

CFRE coated with rGO-

3 
1.25 x 10

5
 

This Study 

Copper (cu) 59 x 10
6
 Helmenstine,(2018) 

Aluminum (AL) 35 x 10
6
 Helmenstine,(2018) 

Carbon Nanotube (CNT) 3 x 10
3
 Pozegic et al, (2016) 
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graphene has the lowest electrical conductivity of 1.6 *10
3 

(S/m).The values of electrical 

conductivity of CFRE coated with rGO-1, and CFRE coated with rGO-2 are close to each 

other (3.2 * 10
4
, 5.2 * 10

4 
respectively). The improvement in the electrical conductivity of 

CFRE after the addition of rGO is much higher than the rate of improvement after the 

addition of CNT in the study conducted by Pozegic, and this is because the graphene has 

larger surface area more than CNT. Also it is observed that when the content of rGO is 

increased, the electrical conductivity of CFRE is increased to higher levels. 
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