
7th World Tribology Congress, WTC 2021 
   September 5-10, 2021, Lyon, France 

 

Issues and developments for introducing hydrogen energy systems 
 

Joichi Sugimura1)*, Yoshinori Sawae1), Hiroyoshi Tanaka1), Takehiro Morita1) and Kazuyuki Yagi1) 

 
1) Department of Mechanical Engineering, Kyushu University, Japan 

*Corresponding author: sugimura.joichi.666@m.kyushu-u.ac.jp 

 

This paper describes importance of research and development in tribology for hydrogen energy systems.  

Current progress in the development of hydrogen systems is first introduced, and studies for ensuring proper 

functions of tribo-elements are shown. Some fundamental research topics including role of carbon materials, 

trace impurities in hydrogen and tribo-catalytic actions. Future prospects and potential technology of new tribo-

systems for hydrogen applications are then discussed. 
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1. Introduction 

One of the important objectives of tribology is to reduce 

friction and wear to achieve higher energy efficiency and 

longer life of machinery, and tribology is becoming more 

and more important for developing sustainable carbon-

neutral energy society. This does not just mean that 

tribology contributes to reducing energy loss and to 

improving lives of existing and new machines, but it must 

also contribute to the introduction of new energy systems 

with lower environmental impact.  

 

The new systems should obviously include utilization of 

renewable energy sources and electricity, where 
hydrogen will be necessary as a complementary 

secondary energy carrier for storing and transporting 

energy [1]. Power-to-gas and power-to-X projects are 

already in progress.  

 

This paper first introduces some tribological 

developments so far for hydrogen systems, and then 

discusses tasks and potentials to build future energy 

systems. 

2. Current developments 

Forerunners of hydrogen are fuel cells and their 
application to road vehicles and stationary power 

generation systems, but they are already followed by 

other machinery including trains and a large-scale power 

storage and transportation systems.  

 

Machine components in these hydrogen systems include 

seals, valves, piston rings in compressors, bearings and 

couplings, which all operate in hydrogen environment, 

and under very high pressure in some parts. It is well 

known that friction and wear of materials are often 

influenced by environmental gas, and it is necessary to 
seek and develop tribological materials for use in 

hydrogen. One technological challenge of hydrogen 

systems for fuel cell vehicles are that they have to use 

hydrogen gas of certain purity. This inevitably leads to 

the exclusion of lubricating oils from the system. On the 

other hand, the amount of remaining trace impurities 

such as oxygen and water influence friction and wear of 

materials under unlubricated conditions. 

 

Some fundamental studies including those on polymers 

and elastomers for seals, on coatings such as DLC are for 
valves, and metals for couplings and as counter surface 

material in many parts are shown [2]. Important topics 

include the role of carbon materials, trace impurities in 

hydrogen, material transfer and transformation, and 

tribo-catalytic actions. 

3. Mid- to long-term developments 

The use of hydrogen has so far been limited to particular 

industrial areas and sectors, but hydrogen will be used 

more extensively in various areas and more frequently. 

This naturally increases the importance of tribology. In 

order to ensure smooth operation of new systems and 

prevent unexpected failures, it is necessary to improve 
performance and extend lives of static and dynamic seals 

and other tribological components. Fundamental 

knowledge obtained in fundamental studies of hydrogen 

related tribology will definitely contribute to the 

improvement of reliability and safety of new hydrogen 

systems. 

 

In addition, the studies so far suggest that, instead of 

taking hydrogen and trace impurities as negative 

conditions to overcome in un-lubricated tribo-systems, 

we may use them as positive elements for lubrication. 
How this new concept of hydrogen lubrication can be 

applied in practical systems is discussed. 
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