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In this study, tribological characterization of UHMWPE-based nanocomposites was carried out to understand 
the wear mechanism and behavior of them. Multiwall carbon-nanotube (MWCNT), nanodiamonds (ND) and 
graphen oxide (GO) were selected as carbon-based nanomaterial reinforcement. Multi-directional pin-on-disk 
wear test was conducted for tribological characterization for orthopaedic applications. From the wear test, all 
samples showed relatively low wear, especially UHMWPE-MWCNT. Surface images of metal disk showed 
less wear scars, mainly adsorption of lubricant constituents. In polymeric pin surface images, UHMWPE-GO 
had severe worn surface comparing to the others. It can be concluded that addition of carbon-based 
nanocomposites contributes to the improvement of wear resistance significantly. 
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1. Introduction 

Total joint replacement (TJR) is one of the most 
successful surgery methods. But further longevity of the 
implants is required. The ultra-high molecular weight 
polyethylene (UHMWPE) and Cobalt Chrome 
Molybdeinum (CoCrMo) pair has been the most popular 
material combination for the sliding surfaces of artificial 
joint. In this case, the wear rate of the UHMWPE 
component is a predominant factor for determining the 
longevity of artificial joints since the wear particle 
induced osteolysis is the main reason for TJR failure. The 
recent progress in nanotechnology and design of new 
polymer nanocomposites may offer an alternative 
method to reduce the UHMWPE wear in artificial joints. 
In this study, we evaluated the wear characteristics of 
UHMWPE-based nanocomposites with carbon 
nanofillers. 

2. Methods 

2.1. Materials 

The carbon based UHMWPE nanocomposites were 
developed and bulk properties as well as thermal 
properties of the nanocomposites were characterized in 
previous studies at Luleå University of Technology 
(reference 1, 2). 

2.2. Multi-directional sliding wear test  
Wear test was carried out with multi-directional sliding 
pin-on-disk tribo-meter. In this apparatus, the direction of 
sliding velocity vector changes continuously against 
UHMWPE surface, therefore it was possible to study the 
complex motion like hip prostheses. Multiwall carbon 
nanotube (MWCNT), Nanodiamonds (ND), Graphen 
oxide (GO) were used to reinforce GUR-1020 grade of 
UHMWPE and CoCrMo alloy (ASTM-F75) was selected 
as counter surface. Test lubricant was 30 vol% diluted 
fetal bovine serum. The sliding speed was 50 mm/s in all 
tests and static loads of 32 N (≒ 2 MPa ) was applied. 
Total sliding distance was 10 km, and pin specimens were 

cleaned each 5 km and mass loss was documented.  

2.3. Surface observation 

After the wear test and weight measuring, specimen 
surfaces were observed by laser microscope (VK-X250, 
Keyence). 

2.4. Results  
Figure 1 showed the results of calculated specific wear 
rate of each samples. UHMWPE-MWCNT indicated the 
smallest value 4~4.5 * 10-7 mm3/N*m. On the other hand, 
UHMWPE-GO showed the largest wear rate. The 
difference in the wear rate could be supported by the 
topography of UHMWPE worn surfaces obtained by the 
laser microscopy.  

3. Discussion 

In this study, 
CoCrMo disk 
surface was 
covered by 
biological 
molecules 
such as 
protein 
immediately. 
Therefore, it might be difficult for GO to adhere to the 
sliding counter face and to function as a solid lubricant. 
UHMWPE - MWCNT showed the lowest wear rate. 
MWCNT is expected as reinforce filler, which might 
enhance hardness of bulk material. Therefore, improving 
material properties by MWCNT would realize the low 
wear results. 
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Figure 1: Comparison of wear rate 
for 10 km sliding. 
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