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Traditionally, only specific grades of UHMWPE, with narrow particle size and molecular weight distribution 

(MWD), have been deemed suitable for tribological applications. Now, various grades of UHMWPE are 

available with a range of particle size and MWD. Whether the particle size of UHMWPE affects its performance 

and properties presents a research gap. Additionally, the effect of processing of the UHMWPE is of importance. 

It is observed that although small differences were observed in the properties of the various grades of 

UHMWPE, they are inadequate to conclusively determine that the particle size and processing influence the 

properties and performance. 
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1. Introduction 

Until a few years back, UHMWPE grades of only a very 

narrow particle size molecular weight distribution 

(MWD). With the development of manufacturing 

techniques, numerous UHMWPE grades exist. If 

UHMWPE must be used targeting a tribological 

application, it is necessary that the influence of particle 

size and molecular weight on the thermomechanical 

properties and performance is known. The 

thermomechanical properties can have a direct influence 

on the performance of the material in tribological 

applications [1]. This study aims to characterize the 

thermomechanical properties of various UHMWPE and 

gain understanding of the influence of particle size and 

MWD on properties and tribological performance. 

2. Methods 

Various UHMWPE were selected and characterized for 

their thermomechanical properties and tribological 

performance. 

 

Table 1: UHMWE grades  

 

Particle size Molecular 

weight 

(×104)[g/mol] 

Density 

[kg/m3] 

10µm 180 0.94 

30µm 200 0.94 

120µm 200 0.94 

140µm 

160µm 

350 

240 

0.93 

0.935 

2.1. Thermomechanical analysis 

DMA tests were carried out in amplitude and frequency 

sweep modes after determining the linear viscoelastic 

region of the various UHMWE. Temperature ramp tests 

in 3-point bending mode were also carried out. The 

thermomechanical analysis was supported by purely 

thermal analysis in the form of DSC and TGA tests. Cole-

Cole analysis was also carried out. 

2.2. Tribological tests  

Tests in Pin on Disk configuration were carried out for a 

duration of 50h at a contact pressure of 5MPa and speed 

of 0.13m/s.  

 
Figure 1: Summary of some results and Pin on disk setup. 

3. Discussion 

It was observed through dynamic mechanical analysis in 

amplitude sweep, frequency sweep, and 3-point bending 

modes that the particle size and molecular weight did not 

affect the storage, loss, and complex moduli. Similarly, 

processing did not affect the thermomechanical 

properties of the various UHMWPE grades. DSC and 

TGA measurements support this conclusion. Tribological 

tests indicated that there was no or insignificant 

difference in the performance of the various UHMWPE 

grades and their behaviour could not be described by any 

trend. However, a more in-depth analysis involving Cole-

Cole plots indicates small changes in relaxation 

processes of processed UHMWPE. For instance, at a 

frequency of 1Hz, the difference in G' and G'' values 

between 10µm and 160µm UHMWPE is on average 

approximately 31\% and 11\% respectively. 
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