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In this study a range of UHMWPE composites was prepared using both Chemically Expanded Graphite (CEG) 

and Graphene Oxide (GO) and their reduced forms as solid lubricants. Fracture surface analysis was performed 

to identify the dispersion of the reinforcements and interface with the polymer. The friction coefficient was 

determined using a pin-on-disk experimental set-up. Preliminary results showed a clear decrease in friction with 

the increase of CEG contents (3 and 5wt%). 
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1. Introduction 

Over the last years, graphene and other 2D materials have 

attracted much scientific attention due to their unique 

properties. Along these properties, the inherent super-

lubricious characteristics of several 2D materials make 

this group of materials of interest for use as solid 

lubricant [1].  The high aspect ratio furthermore make 2D 

materials highly suitable for use as reinforcements in 

polymer nanocomposites to improve the mechanical 

properties. In polymer composites, low friction is mainly 

obtained at high concentrations of 2D materials and 

under very specific tribological conditions. The super-

lubricity of 2D materials can be exploited to the 

development of higher performance nanocomposites, 

when dispersion and interface strength between the 

matrix and reinforcement are significantly improved [2]. 

Advances in synthesis and exfoliation approaches for 

graphene have yielded chemically expanded graphite 

(CEG) [3]. Opposed to graphene oxide (GO) and reduced 

graphene oxide (rGO), the higher number of carbon 

layers with van der Waals interactions and the low degree 

of oxidation and few lattice defects make CEG a suitable 

candidate as solid lubricant and reinforcement in non-

polar polymers such as UHMWPE.  

2. Methods 

2.1. Sample preparation 

Several UHMWPE / 2D materials were prepared using 

GO/rGO and CEG/rCEG at different reinforcement 

concentrations. The reinforcements were ultrasonically 

dispersed in ethanol before planetary ball milling with the 

polymer. The consolidation of the mixture was performed 

by compression moulding at a temperature of 190⁰C.  

2.2. Characterisation 

The dispersion and interface between the reinforcement 

and polymer was studied by powder and fracture surface 

analysis using scanning electron microscopy (SEM). The 

effect of the reinforcement on the mechanical properties 

was determined using micro-hardness indentation. The 

friction and wear characteristics of the materials were 

analysed using a pin-on-disk experimental set-up at a 

contact pressure of 5 MPa and sliding speeds of 0.13 m/s. 

The counter surface is Inconel 625 with a surface 

roughness of 0.2-0.3µm Ra. Experiments were 

performed both under dry and distilled water lubricated 

conditions for a period of 40 hours. The pin and counter 

surfaces were characterized using SEM and EDX. The 

wettability of the composites was analysed with contact 

angle measurements. 

3. Discussion 

The fracture surfaces showed a better polymer interface 

adhesion for CEG when compared to GO. A lower degree 

of exfoliation CEG however resulted in failure along 

graphene layer interfaces as indicated by crack like 

features visible in figure 1a.                                                                          

 
Figure 1: a) SEM fracture surface of 3% CEG. b) Friction 

coefficient under water lubricated conditions.  

 

The preliminary friction coefficient data is presented in 

figure 1b and shows a clear decrease as a function of the 

CEG content. Especially in water lubricated conditions, 

the lack of oxygen containing functional groups in CEG 

seems to allow for an enhanced lubrication film 

formation. This behavior was confirmed by wettability 

analysis of materials which showed an increase in water 

contact angle. The addition of CEG as solid lubricant also 

provided an increased wear resistance at the lower CEG 

content of 1 and 3wt%. 
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