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ABSTRACT – This paper presents study on graphene 

that grown from fruit cover plastic waste and oil palm 

fiber as solid source using chemical vapor deposition 

(CVD) method. The substrate was made from copper 

(Cu). The coated surface was observed using Scanning 

Electron Microscope and Electron Dispersed 

Spectroscopy (SEM-EDS) for its content of carbon. 

Then, the coated surface was analyzed using Raman 

Spectroscopy analysis for its allotropes determination. 

The coated surface was directly tested using ball-on-disc 

tribometer. Both coated surface shows higher COF 

meanwhile the wear rate are lower compared to pure 

copper. 

 

1. INTRODUCTION 

The exceptional properties of graphene have 

debuted it as one of the most recent carbon nanomaterials 

that have attracted a widespread attention. Within the 

carbon allotropes family, graphene possessed the most 

excellence mechanical, electrical, optical, structural and 

thermal properties [1–8]. Before the discovery of 

graphene’s multi-potentials, there were many attempted 

in producing frictionless materials or at least super-low 

friction materials to reduce friction and wear in tribology 

field.  

There are lots of study that shows graphene can be 

grown from variety carbon-containing sources including 

liquid, gaseous, and solid feedstock [2,3,6,9–14]. 

However, limited study proposed a solid waste as a 

carbon source. If the synthesized graphene can be readily 

used without any treatment or another superior process, 

the production cost can be lowered, and a good quality 

coating may be produced to face the demands and 

challenges in industries nowadays. 

There were several methods that had been studied 

to grow graphene which are; CVD, exfoliation and 

cleavage, chemically derived, and other synthesis 

approached [6–7,12,14–17]. The CVD method was 

widely used are able to synthesize high-quality graphene 

on catalytic surface such as copper and nickel [2].  

 

2. METHODOLOGY 

The sources of carbon selected for this study were 

the fruit cover plastic waste (FCPW) and oil palm fibre 

(OPF). Both sources are directly from its original state 

and did not undergo any treatment process. Figure 1 

shows the solid source image. The schematic diagram of 

the CVD process is shown in Figure 2. 

The substrate was heated up to 1020°C and 

annealed for 30 minutes and 90 minutes for growth. 

Argon and hydrogen gaseous were feed during the whole 

process at 100 sscm.  

 

 
Figure 1 The solid source of (a) fruit cover plastic waste 

(FCPW), and (b) oil palm fibr (OPF). 

 

 
Figure 2 Schematic diagram for CVD process. 

 

The coated surface was then observed with SEM-

EDS for surface morphology and chemical composition 

analysis. Later, analysis through Raman Spectroscopy 

was conducted to determine the carbon allotrope group. 

The tribological study was conducted using a ball-on-

disc test (ASTM G99-95a) as shown in Figure 3. The test 

parameters is shown in Table 1. The hardness comparison 

between the worn surface and the unworn surface was 

taken using nano-indenter. 

 

Table 1 Ball-on-disc test parameters. 

Parameters Data 

Sliding Distance (m) 100 

Sliding Speed (RPM) 100 

Applied load (N) 4.905 

Temperatures (ºC) 27 (room temp.) 
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Figure 3 Schematic diagram between chrome steel ball 

and rotating disc. 

 

3. RESULTS AND DISCUSSION 

The SEM image in Figure 4 shows that there is 

presence of ripples on both coated surfaces that yet 

confirmed by the EDS analysis as a carbon element. The 

machining effect on the pure Cu surface as shown in 

Figure 4 (a) also disappeared as it was covered by the 

carbon layer. The EDS analysis in Table 2 suggests that 

despite the carbon content is higher, the oxygen content 

remains the same. 

 

 
Figure 4 The SEM image of (a) a pure copper,  

(b) carbon grown from FCPW source, and (c) OPF 

source. 

 

Table 2 EDS analysis on element content. 

Sample 
weight % 

C O2 Cu 

Pure copper 2.49 0.79 96.72 

Carbon growth from FCPW 44.65 0.72 54.63 

Carbon growth from OPF 61.03 0.87 38.1 

 

The tribological potential was analysed through the 

coefficient of friction and wear rate of the surface. The 

results are shown in Figure 5. Through the test conducted, 

it can be seen that the COF for both coated surface are 

higher compared to the pure Cu surface. It is expected 

that the graphene grown were not evenly distributed and 

the presence of ripples on the surface are causing higher 

contact area ascompared to the pure Cu surface.  

However, the wear rate for both coated surface is 

lower compared to the pure Cu surface. By comparing 

the two coated surface, the COF for OPF and FCPW 

coated surface are almost the same. However, the wear 

rate for OPF are lower compared to FCPW coated 

surface. It is expected that the debris released from the 

coating perform a role of protective film that reduces 

wear of both surfaces. Hence, this situation leads to low 

wear rate for both coated surface. It is proven by results 

in Table 3 where the hardness of the coatings is much 

lower compared to Cu. This suggest that the weak 

asperities break and released as debris. The worn surface 

presence hardness value at almost the same with the 

original Cu where it can be said that the coating already 

damaged after the 100 m of sliding. 

 

 
Figure 5 COF and wear rate of pure Cu, FCPW, and 

OPF surface. 

 

Table 3 Hardness value using HM115 unit. 

Surface 
Original 

(N/mm2) 

Worn surface 

(N/mm2) 

Pure Cu 487.566 425.385 

FCPW 235.365 425.677 

OPF 320.691 421.430 

 

4. CONCLUSION 

The COF for both FCPW and OPF coated surface is 

almost the same. However, it is higher compared to pure 

Cu due to uneven graphene growth. Meanwhile, pure Cu 

shows higher wear rate compared to both FCPW and OPF 

coated surface. This may due to the surface hardness 

where both coatings are softer compared to pure Cu and 

the hardness on the worn surface shows that it is already 

failed after 100 m of sliding.  
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