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 Carbon-copper (C-Cu) composites are known for their high electrical 

conductivity and good wear resistance. C-Cu composites are widely used 

as electrical contact devices, such as carbon brushes for engine and 

generators, and pantograph contact strips (current collector) for railway 

power collection system. There are market needs in Malaysia for the 

current collectors, as it is being assembled for PUTRA Light Rail Transit 

(LRT) since 1998. The conventional method for fabrication of C-Cu 

composite is by pressing and sintering method. However, there are 

limitations when applying this method, including lack of wetting effect 

due to high contact angle between C and Cu. Hence, several methods have 

been introduced to improve densification of C-Cu composite materials. 

Properties of C-Cu composites, such as sintered density, hardness, 

bending strength, and resistivity are crucial to be optimized. This work 

focused on the improved method of producing C-Cu composites for 

electrical and electronic applications to produce environmental friendly 

C-Cu product using local carbon material from oil palm kernel-shell. This 

work creates spin-offs for Malaysia especially in manufacturing of current 

collector and carbon brushes locally and the development of Malaysia’s 

manpower and skills in R&D in the area of friction materials. 

 
1. Introduction 

Carbon-copper (C-Cu) composites are 

known for their high electrical conductivity and 

good wear resistance. C-Cu composites 

combined the positive characteristics of thermal 

and thermal conductivity from Cu and low 

thermal expansion coefficient and lubricating 

properties from carbon/graphite. C-Cu 

composites are widely used as electrical contact 

devices, such as carbon brushes for engine and 

generators and as current-collector for railway 

power collection system. 

 

2. Background  
In Malaysia, railway market, mainly in 

Kuala Lumpur, is in the middle of major 

expansion of its existing system, and on-going 

upgrading on mainline routes. The proposed 

projects include light rail transit extensions and 

mass rapid transit system development. 

Current collector are used by the train 

system to carry electrical power from overhead 

wire or electrical third rails to the electrical 

equipment of the train. The current collector are 

mounted on the wire or the bogies. Typically, 

one or more spring-loaded arms press a 

collector against the wire or rail, and as the train 

moves, the collector slides along the rail to draw 

the electricity needed to run the motor. 

Carbon brush, on the other hand, is a device 

that conducts current between stationary and 

moving parts, most commonly in a rotating 

shaft. It may also be used in electrical 

appliances, for example, air conditioners, 

refrigerators, washing machines, vacuum 

cleaners, and starter motors. Carbon brush 

market is expected to register a steady year-on-

year growth. The market is expected to be 

driven primarily by the growth demand for 

those from automotive industries. 

There is no specific data on C-Cu 

composites usage in electrical and electronic 

application in Malaysia, especially current-

collector for rail transit application. However, 

according to the discussion with the 

management of PUTRA Rapid KL, they are 
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using more than 3,900 pieces of current-

collector per year for their 150 trains in Klang 

Valley. 

To date, there are no local manufacturer as 

all the products is being imported from France 

and Canada, since 1998. The current collector 

need to be replaced every 6 months, costing 

almost RM3 million a year. The LRT 

management and operator experiences long 

delay in delivery of the spare parts from the 

supplier. 

By producing the parts locally, the down 

time can be minimized, and the procurement 

lead-time could lower down the operational 

cost. 

 

3. Problem Statement 

The conventional method for the 

fabrication of C-Cu composite is by pressing 

and sintering. However, this technique has 

certain limitations, whereby carbon composites 

requires thermal treat up to 2500°C, which is 

not economical. The poor affinity, or lack of 

wetting effect, and high contact angle between 

C (3826°C) and Cu (1083°C) makes it difficult 

to fabricate the composite with good interface 

bonding. Liquid Cu does not wet the carbon 

even by applying liquid phase sintering (LPS) 

above the melting point of the Cu phase. These 

result in poor mechanical properties and non-

uniformity in the quality of components 

produced. 

 

4. Conclusion 
Improved method of producing C-Cu 

composites using local carbon material is 

introduced. Natural raw material, Malaysian 

palm oil kernel-shell, is used as the alternative 

materials to replace conventional graphite 

powder. The selection of kernel-shell is not only 

due to its carbon properties, but also because of 

high amount of agricultural waste produced by 

oil palm industry. Hence, by this will reduce 

and minimize the waste. This is an economical 

process since it requires low conversion 

engineering. It also allows formation of C-Cu 

material at lower temperature by warm 

compaction process that will enhance the 

physical and mechanical properties of the 

products. This work will create spin-offs for 

Malaysia especially in the manufacturing of 

current collector and carbon brushes locally. 

The process route are as shown in Figure 1. 

The products are benched marked against 

the current collector used by PUTRA LRT. The 

testings involved includes comparing their 

densities, hardness, resistivity, strength, and 

wear coefficient. The findings and expected 

results are as shown in Figure 2. 

The Malaysia Rail supporting Industry 

Roadmap 2030 has been prepared as guideline 

for the development of railway to complement 

the growing rail transportation industry. This 

will lead to transform the local rail industry into 

a strong and sustainable business, capable of 

satisfying the demands of national rail 

transportation, and turning Malaysia into a 

competitive global player that optimizes the use 

of indigenous resources and technologies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: C-Cu composite processing route. 

 

 
 

Figure 2: Comparison of properties between 

commercial and new product. 
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