
7th World Tribology Congress, WTC 2022 
   July 10-15, 2022, Lyon, France 

 

Graphene based multiscale reinforced composite materials for oil-free 
hydropower bearings 

Julian Somberg1) *, Prabakaran Saravanan1), Hari Shankar Vadivel1), Kim Berglund1),  
Yijun Shi1), Jan Ukonsaari2), Nazanin Emami1)  

 
1) Polymer-tribology Group, Division of Machine Elements, Luleå University of Technology, Sweden 

2) Vattenfall AB, R&D, Sweden 

*Corresponding author: Julian.Somberg@ltu.se 

 

In an effort to enhance the service life of hydropower guide bearings, two multiscale composite materials based on 
UHMWPE and a PPS-PTFE polymer blend were manufactured. The experimentally developed composites were 
evaluated with respect to commercially available materials using pin-on-plate experiments under dry, water and EAL 
lubricated conditions. The results indicated that under the demanding dry sliding conditions and high contact pressure of 
20 MPa, the developed composites were unable to match the best performing commercial materials with respect to 
friction. However when introducing water, both materials outperformed the commercial materials providing significantly 
lower friction coefficients and wear rates. 
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1. Introduction 

Self-lubricating polymer composite materials have 
proven to have great potential to replace bronze, mineral 
oil lubricated, bearings for hydropower plants. The use of 
polymer-based materials enables a shift to water 
lubricated systems in order to avoid pollution by 
downstream lubricant spillage. To sustain the high 
contact pressures and partially starved conditions as 
found in guide vane bearings, reinforcements and solid 
lubricants are useful to enhance the polymer’s 
tribological properties. While commercial bearing 
materials are available, the friction and wear performance 
do not meet the industry set performance targets. Recent 
experimental work has shown the potential of a PPS-
PTFE blend as matrix to enable low dry sliding friction 
coefficients and wear rate. The introduction of graphene 
oxide along with other micro and nano-scale 
reinforcements furthermore showed to be beneficial for 
the tribological behaviour [1]. Additionally, work on 
UHMWPE composites for water lubricated sliding has 
yielded promising results for similarly reinforced 
materials. Based on the respective results, two composite 
materials were prepared. In this work, the mechanical and 
tribological properties of the composites were evaluated 
and compared to commercially available materials. In an 
effort to enhance the COF of the developed composites, 
a further investigation was initiated to find a suitable 
graphene based solid lubricant. 

2. Methods 

The mechanical properties of the multiscale composites 
and commercial materials were analysed using nano-
indentation experiments. The friction and wear 
performance of the materials were analysed using 
reciprocating pin‐on‐plate experiments under 3 
lubricating conditions; dry sliding, distilled water and 
using an environmentally adaptive lubricant (EAL). The 
sliding speed and contact pressure of 20 MPa replicate 
the conditions found in variable inlet guide vane 
bearings. Stainless steel counter surfaces were 
furthermore used. 

3. Results and discussion 

For dry sliding, both developed composites provided a 
friction coefficient of around 0.20, higher than the best 
commercial material, reporting a COF of 0.10. Under 
water lubrication however, both materials indicated a 
significantly lower COF of up to 63% lower than the best 
performing commercial material. Similarly, a lower wear 
rate was obtained. For the commercial materials, the 
presence of water prevents an adequate polymer and solid 
lubricant film formation, increasing both friction and 
wear with respect to dry conditions. The use of the EAL 
provided a significant reduction in both friction and wear 
for all materials. The effectivity of the glycerol-based 
lubricant was especially visible for the bronze reference 
material. A reduction in friction and a reduction in wear 
rate of  98% with respect to dry conditions were obtained.  
 

 
Figure 1: Guide vane bearing and experimental set-up.  

4. Conclusions 

The developed PPS-PTFE based composite proved to be 
suitable to enhance the service life of guide vane bearings 
considering the use of water and EAL lubrication. In dry 
sliding conditions however, the composites do not show 
the same performance with respect to the commercial 
materials. Compared to water, the EAL proved to be more 
effective in mitigating wear and friction.  
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