
+ −

Pump Pump

Power source / load

Electrolyte

ElectrodeElectrode

Membrane

Electrolyte

CORROSION PROTECTION FOR BIPOLAR 
PLATES OF REDOX FLOW BATTERIES

The goal of this project is to develop a coating for metallic 

bipolar plates that can be used in redox flow battery (RFB) 

applications. Current systems utilize bipolar plates manu-

factured from graphite which in addition to the membrane 

account for a large portion of the cost for a cell. Although 

graphite is an ideal material to use because of its corrosion 

resistance and electrical conductivity, its poor mechanical 

strength requires a large bulky bipolar plate. To reduce the 

cost and volume of the RFB an alternative material must be in-

vestigated and researched for RFB applications. An ideal solu-

tion would be a metal-based bipolar plate, and in recent years 

this has been the focus of testing and research. Its inherent 

mechanical stability and electrical conductivity are ideal for 

RFB applications however its corrosion resistance is a problem. 

To counteract this, a coating could be applied to the metallic 

bipolar plate to protect it from the corrosive RFB environment. 

A boron-doped diamond coating has been shown to be just 

such a coating with its good electrical conductivity and corro-

sion resistance against acids. However boron-doped diamond 

coatings are expensive and not appli cable in the required 

dimensions. A solution to this boron-doped diamond problem 

Redox f low batter ies are a proven technology for energy storage. The pr inc ip le of the redox f low battery 

is  that the energy is  stored in two f lu id e lectrolytes containing metal  ions which can then be converted 

into e lectr ica l  energy when they f low through porous graphite e lectrodes which are separated by a mem -

brane. In order to make this  technology more affordable and compact,  new approaches are being invest i -

gated at the Fraunhofer  IST.

is a metal-containing diamond-like carbon coating (a-C:H:Me) 

which is deposited by physical vapor deposition.

Experimental Procedure

Different a-C:H:Me coatings were applied to metallic 

substrates (stainless steel, titanium and aluminium alloys). The 

a-C:H:Me coatings selected to replace the current method 

were doped with chrome, vanadium, titanium and tungsten. 

To find the optimum solution, the coating thickness was 

varied in addition to the metal-containing percentage. The 

coatings were then analyzed for corrosion resistance, coating 

adhesion and mechanical stability. To ensure that the coating 

on the substrates functions properly, various tests have been 

carried out by both Fraunhofer IST in Braunschweig and 

Fraunhofer ICT in Wolfsburg. Test samples were prepared and 

the coatings were measured for the required thickness and 

metal-containing percentage, in addition to adhesion and 

mechanical stability. Also, electrochemical tests were carried 

out to ascertain if the coating and substrate material are 

suitable in the potential window required under the cyclical 

loads inherent with a RFB.
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Test results 

Initial testing shows that supplementing an a-C:H:Me coating 

for the currently used graphite filled polymer blends is possi-

ble. Under potentiodynamic and cyclic testing the a-C:H:Me 

coating is comparable with the existing  graphite bipolar 

plates. A difference between coating thickness and metal 

percentage is apparent. Mechanical stability, good electrical 

conductivity in addition to the necessary corrosion resistance 

shows that a-C:H:Me coated bipolar plates can be an integral 

part in improving an RFB.

Potentiodynamic comparison of Me-DLC with 

CVD diamond. 
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1  Schematic of a redox 

flow battery.
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