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Abstract 

Observed in recent years - trends in the search for novel materials with unconventional properties arise from 

the constantly growing needs of the economy. An example of such a material is graphene, which in recent 

years has revolutionized the market and created opportunities to develop new composites based on graphene. 

Work on the creation of composite copper - graphene have been taken to improve the - first of all - the electrical 
conductivity of materials, but also strength and other performance properties. Are now being made various 

attempts to synthesize graphene and copper, among others, using electro-deposition processes, casting 

processes and the processes of consolidation of powders. It is suspected that the increase in electrical 

conductivity can be obtained in the case of the structure that is targeted. One in which graphene layers are 

arranged in the direction of conduction of electric current. Certainly, to obtain such a structure facilitates the 

process of continuous casting, and further processing the rods in the process of drawing further directs 

structure. 
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1. INTRODUCTION  

Following common trends, researchers around the world are working on the invention of a unique material, 

characterized by technological superiority over existing materials. Due to the fact that the design of overhead 

lines commonly uses copper cables, efforts have been made to create composites based on that, armoring 
the base material with carbonaceous materials such as graphene [1-4], which thanks to its unique properties 

[5-6], give a great chance to create a material that combines their major features into a Cu-C composite in 

metallurgical synthesis. An advantage of graphene, which makes it stand out among other allotropic forms of 

carbon, is that it is not prone to form agglomerates (as nanotubes are) and has much greater active blending 

area with the matrix than nanotubes. Moreover, global trends related to application of carbon bring newer and 

cheaper technologies of acquiring this type of raw material. To that end, leading research and implementation 

centres works on development of methods of manufacturing and processing of aluminium-graphene or copper-
graphene composites shown in Table 1. Such works are conducted in the following centres: US Army Benét 

Laboratories, Armaments Research Development and Engineering Center, Watervliet, Rice University and 
Rensselaer Polytechnic Institute in USA. Nowadays the only application of graphene prepared for common 

use in the near future is in touch screens developed by the Korean Samsung [1-6].  
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Table 1 Review of metal-graphene synthesis methods [1-6] 

No. Synthesis method Research centres 

Estimated/achieved 
conductivity, % IACS  

(International Annealed 
Copper Standard) 

1 
Electro-deposition on the Cu 

surface 

NanoRidge USA, AGH WMN 130 

University of Central Florida 200 

2 
Extrusion and die-casting of 

powders Cleveland State University 1000 

3 
Ultrasonic coating with 

carbon materials Los Alamos Nat’l Lab 100 

4 Composites made of CNT 
and Cu fibres 

Cambridge University, AGH WMN Not known 

5 
Metallurgy of Cu-C 

composites Third Millennium Materials, AGH WMN 102 

6 CVD laser deposition Los Alamos Nat’l Lab 10 000 

7 Metallurgy of powders Sumitomo, Siemens, Plansee, Fraunhofer, 
Hokkaido U., KAIST 

100 

Synthesis of graphene with aluminium or copper creates an opportunity to obtain new materials with previously 
unknown electrical and functional characteristics. There are different approaches and works on using different 
methods to develop such materials are in progress and include the following:   

• Chemical synthesis - Covetic type of atomic blend (blending by synthesis of liquid metal with graphene, 
under appropriate casting conditions),  

• Electrochemical deposition of graphene on elements of copper or another material,  

• Casting a mixture of liquid metal with graphene to a form facilitating further plastic processing to make 
wires with required characteristics (continuous-cast conductors as input material for further wire making 
can be the product of the process),   

• Deposition of monoatomic carbon coats (graphene) using the CVD method on the surface of Al or Cu 
wires and their further plastic processing to form wires with required characteristics,  

• Mechanical synthesis of Al powders coated with graphene or Cu powders coated with graphene to a 
form facilitating their further plastic processing to make wires with required characteristics.  

2. RESEARCH METHODOLOGY 

The base material used for the synthesis process of the analyzed composites was pure copper of the Cu-OF 
grade with chemical composition shown in Table 2 and graphene manufactured by ITME in Warsaw.  

Table 2 Chemical composition of copper for synthesis (wt. ppm). As a result of the casting process,  

               9 castings were produced under different casting conditions. 

Material Ag As Bi Pb Se Sb Te Sn Zn Fe Ni S O2 Cu 

CuOFE 8 <0.3 <0.3 2 <0.3 <1 <0.4 <0.5 1.8 1.2 1.3 1.4 2.1 rem. 

Figure 1 shows the images of the input materials. Figure 2, in turn, presents microscope scanning images of 

a multi-layer flake graphene that were used for the study.  
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Figure 1 Material used for testing; a) copper Cu-OF, b) graphene manufactured by ITME 

 

Figure 2 Summary of scanner images of graphene used for synthesis; a) the surface of the powder visible to 
the naked eye; b, c, d) various magnification 

The metallurgical synthesis of the copper-
graphene composites was carried out on a 
specially designed continuous casting station 
shown in Figure 1. The layout of the test 
bench allowed the solving fundamental 
problems during the metallurgical synthesis of 
copper with graphene, i.e. the lack of 
wettability of graphene to copper and a three 
times lower density of graphene with respect 
to copper. These problems were solved by, 
e.g. the use of a special feeder system, which 
aimed to continuously dispense graphene 
into liquid copper directly into the 
crystallization zone. Figure 3 shows the 
layout of the station. 

The research consisted of a continuous 
casting process of a liquid copper-graphene 
mixture under various process parameters, 
i.e. different temperatures of liquid metal, 
different amounts of cooling water, different 

Figure 3 The concept and technical drawing casting furnace 

used for the synthesis of metallurgical copper graphene 
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pitch values and downtime during casting. In all cases, the same casting speed was used - 20 mm/s. Detailed 
parameters of the casting process are presented in Table 3.  

Table 3 Parameters of the Cu-C composite casting process 

Parameters of the casting process 

Casting No. 

Coil 

strength in 

the furnace 

Liquid 

metal temp. 

Temp. of 

water 

cooling the 

crystallizer 

at the outlet 

Cooling 

water flow 

Casting 

temp. at the 

outlet 

Pitch Downtime 

 (A) (˚C) (˚C) (l/min) (˚C) (mm) (s) 

1 300 1250 34 3.5 195 5 1 

2 100 1330 40 1.9 205 5 1 

3 300 1315 33 4.5 230 8 1 

4 300 1230 32 7 215 4 0.5 

5 300 1266 28 7 181 2 0.5 

6 300 1270 30 6.8 245 5 0.5 

7 300 1283 30 7 255 10 1 

8 300 1296 27 10 185 5 1 

9 100 1250 29 10 285 8 0.5 

At a later stage of the study, castings with a diameter of 8 mm were tested for the effect of continuous casting 

parameters on physical properties, mechanical properties and casting structure. The mechanical properties 

test was performed on a Zwick v100 testing machine, the measuring base was 100 mm. Electrical conductivity 

test was made using the Thompson bridge. Surface roughness tests were performed using the contact method 

of a modern microprocessor-based profilograph on a Turbo Datwin-NT V1.4. Another study was to determine 

the density of a solid using a hydrostatic balance in a study based on Archimedes' law.In the next stage, 

attempts were also made to draw wire castings with a diameter of 3 mm. The process of drawing bars into 

wires was done using a laboratory draw bench. The wires were drawn at a speed of 0.2 - 0.3 m/s with the use 
of carbide-tipped workpieces. The operating angle of the working cone was 2 α = 18°, the lubricant being 

vegetable oil. Strain hardening was 85%. 

3. STUDY RESULTS AND THEIR ANALYSIS 

As a result of the casting process, 9 types of Cu-C composite castings were made, whose cross-sectional and 
longitudinal macrostructures are shown in Figure 4. 

Based on the macrostructure images it was found that depending on the parameters of the casting process, 
the macrostructure of the cast bar varies. Increasing the rate of heat recovery during the casting process by 
increasing the amount of cooling water results in a finer structure (see microstructures 3 and 7 in Figure 4). 
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Figure 4 Macrostructure of obtained casts after the casting process, cross-section and longitudinal 

In turn, reducing the intensity of cooling water results in a rough structure. Thus, the differentiation of process 
parameters in casting Cu-C composite leads to differentiation of the crystallization front which results in various 
cast structure. One of the primary issues is the efficiency of liquid copper and graphene synthesis. So the 
question is: Is graphene evenly distributed in copper and in what form is it present? To this end, microstructure 
studies were carried out using SEM techniques. The results are shown in Figure 5.  

 

 

 

Figure 5 Scanning image of fractures after uniaxial stretching of selected Cu+C castings, showing forms 
where graphene was present 
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At a later stage of the study, the physical and mechanical properties of the bars were evaluated. 

Figure 6 shows the results of electrical conductivity tests and the density of cast bars.  

 

Figure 6 a) Comparison of the electrical conductivity for bars and wires obtained according to various 

casting parameters, b) Comparison of measuring the density of bars and wires received obtained by various 
casting parameters 

Based on the tests, it was found that depending on the parameters of the casting process, the density of cast 

bars was 8.86 - 8.94 g/cm3. On the other hand, electrical conductivity tests did not show as much variation as 
in the case of density. In the next step, the bars were tested for mechanical properties, which were determined 
in a single-axis stretch test (see diagrams on the Figure 7).  

 

Figure 7 a) Summary of the tensile strength UTS for bars and wires of various obtained by various  

casting parameters, b) Summary of elongation parameters At for bars and wires obtained by various  

casting parameters 

The tensile strength in all cases was similar and was about 150-170 MPa for bars and 400 MPa for wires. In 

turn, the total elongation of castings is varied by 27-37%. The drawing process of bars resulted in a significant 
decrease in plasticity, which was about 3% (see Figure 7 b).  

The final stage of the research was the measurement of the surface quality. The results of the roughness are 
shown in the Figure 8. Difference in the roughness results of the bars results from the differentiation of the 

parameters of the casting process. 
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Figure 8 Summary of roughness parameters Rmax, Rz, Ra for bars and wires obtained by various casting 

parameters 

5. CONCLUSION 

Based on the study and the analysis of the obtained results, the following conclusions were made: 

• The selection of parameters for the casting process within the range, which was carried out in the 
research, significantly influenced the macrostructure of the obtained castings. Due to the lack of 
wettability of graphene and copper and the lack of a significant difference in density of both materials, 
the coagulation process must take place as soon as possible. Hence, such conditions of the casting 
process (the amount of water and the type of feed) are preferred that guarantee rapid crystallization.  

• The mechanical and electrical properties of the castings made are similar to the traditional Cu castings 
made by continuous casting. The only difference lies in the yield point, which is higher for Cu-C 
composites.  
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