


The case for plastic pipework
“An alternative approach to minimise 
the potential for damage to the 
membrane is to minimise the use of 
metallic pipework in contact with the 
feed water and ultra-pure water in 
the electrolyser recirculation circuit,” 
Kacso said. With fewer impurities 
reaching the membrane and 
catalysts, the stack degradation rate 
is reduced, and its usable lifetime 
is extended.

Similar to the many grades of 
steel and stainless steel that might 
be selected, there are many types 
of plastic that are used to construct 
pipes. Not all of these are suitable 
for use in PEM electrolysers. 
Only appropriate, sophisticated 
engineering plastics should be used.

Engineering plastics
There are many different plastics 
that we encounter in our daily lives. 
Polyethylene (PE) is commonly used 
to make bags and food packaging. 
Polypropylene (PP) is denser and is 
preferred for car parts. Applications 
of Polyvinylchloride (PVC) range 
from construction materials for 
window frames to medical devices.

Cyrus Ardjomandi, Business 
Development Manager at plastic 
pipe manufacturer and component 
Georg Fischer AG explained, 
“Engineering plastics differ from 

household plastics due to their 
enhanced properties of temperature, 
pressure or chemical resistance.” 
When designing a PEM electrolyser, 
superior performance in all three of 
these attributes is essential.

“Georg Fischer supplies PP and 
PE for use in ambient temperature 
applications such as water 
purification systems and cooling 
water circuits in electrolysers,” 
Ardjomandi said.

“For PEM water circulation, where 
the temperature is around 60°C, 
we select premium grades, such as 
PP-H.” PP-H is constructed from 
a homopolymer material, and the 
manufacturing process ensures very 
smooth internal wall surfaces, and 
virtually no extractable ionic or 
particulate contamination is present.

“Moving beyond the water 
treatment system, PVDF and ECTFE 
are highly stable fluoropolymer 
materials which are suitable for use 
in the condensate water return line 
from the oxygen phase separator,” 
Ardjomandi added. They are non-
corrosive and therefore minimise 
iron ion release and avoid rouging of 
the recirculation water and damage 
to the stack.

“Georg Fischer has supplied PVDF 
to highly sensitive applications in 
the pharmaceutical, biotechnology 
and semiconductor sectors for many 
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years. It is specially cleaned to be 
oil- and grease-free. At present, we 
are experiencing a high degree of 
interest from electrolyser OEMs to 
use these materials in PEM systems 
at pressures of up to around 10 bar.”

PVDF-HP fittings are generally 
manufactured in an ISO Class 5 
cleanroom: the same category that 
is used to manufacture less-critical 
semiconductor components.

Pressure limitations
Many PEM electrolysers produce 
hydrogen at an elevated pressure 
between 20 and 40 bar. A notable 
exception to this is Siemens Energy’s 
Elyzer-P, which operates close to 
atmospheric pressure. The oxygen 
side of PEM systems can either be at 
a low pressure in the order of 3 bar 
or at an elevated pressure similar to 
the hydrogen side of the system.

There is a trade-off between 
temperature and pressure when 
using thermoplastic components: at 
higher temperatures, the maximum 
safe working pressure is reduced. 
PEM electrolysers generally operate 
at around 60°C, and the maximum 
pressure rating of PP is reduced by 
half at this temperature compared 
to the allowable pressure for 
operation at 20°C.

Ardjomandi stated, 
“Similar to PVDF, Ethylene 
Chlorotrifluoroethylene (ECTFE) 
is a thermoplastic with excellent 
chemical resistance. ECTFE has 
some advantages over PVDF, 
namely, it is less susceptible to 
chemical stress and can be used 
at higher temperatures. These 
characteristics make it ideal for 
electrolyser piping circuits in PEM 
electrolyser systems.”

Gases, liquids and 
oxygen compatibility
In PEM electrolysers, plastics are 
generally used to transport liquids, 
not gases. A primary application is 
in the feed water purification and 

conditioning area, where the water 
is purified to remove particles, 
dissolved organic compounds, 
gases and ions.

In addition to selecting 
appropriate engineering plastics, 
components must be cleaned to 
remove any traces of oils or grease 
that may have been used during 
manufacturing. For valves, this is 
especially important since it would 
not be appropriate for lubricants 
that might be used on the moving 
parts of the valve stem to enter the 
electrolyser feed water.

The phase separators, which 
allow the oxygen and hydrogen 
gases to be removed from the 
recirculating water, are generally 
manufactured from stainless steel. 
They may need to be certified 
pressure vessels, and the use of 
plastics in this instance may not 
be appropriate.

“Downstream of the phase 

separator, some PEM and AEM 
electrolysers are being built with 
Georg Fischer plastic pipes and 
fittings in the condensate water 
return lines from the phase separator 
to the stack,” Ardjomandi said.

Downstream of the phase 
separators, stainless steel is generally 

specified for pipework and valves 
in contact with the oxygen and 
hydrogen gases. Stainless steel can 
easily be cleaned to be compatible 
with oxygen gas. Furthermore, 
it is non-flammable and can 
be constructed to tolerate very 
high pressures.
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