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The Big Picture – 
SA’s Potential for Hydrogen



https://www.dst.gov.za
/images/South_African
_Hydrogen_Society_Ro
admapV1.pdf

The Hydrogen Society Road Map

HySA Catalysis Mandate (R&TD): 

Components: catalysts and MEAs 
for PEM fuel cells and electrolysers

Electrolysers: H2 generation

Fuel cells: H2 utilisation for 
electricity production



Pem Fuel Cell And Electrolyser Materials: From 
Catalysts to MEAs (TRL 1 to 6)

❑Optimization of formulations & process 
technologies

❑Advanced characterisation techniques 
– ex-situ & in-situ testing

❑Accelerated stress testing (AST) & 
durability testing

❑Design lever & transfer function 
development  through structure-
property-performance (SPP) 
correlations



The Research Focus: Electrocatalysis 
for Energy Applications

❑Water electrolysis to make green 
hydrogen

❑Carbon dioxide reduction to make 
valuable chemicals

❑Hydrogen fuel cells to generate 
electricity

Figure above: Z.W. She et al., Science, 2017.



Pem Fuel Cell and Electrolyser Materials: From 
Catalyst Materials to MEAs (TRLs 1 to 6)

To impact the global PEM fuel cell and electrolyser market with locally developed catalyst and 
membrane electrode assembly technologies, advancing the beneficiation of South Africa’s PGMs



Current Capabilities

❑ Fully equipped for material 
synthesis, characterisation, and 
screening up to the 25-gram 
batch size

❑ Electrode fabrication, 
characterisation, and testing 
capabilities



PEM Water Electrolysis

❑ Iridium is required to catalyse the sluggish 
anodic oxygen evolution reaction (OER)

❑ Platinum is required to catalyse the cathodic 
hydrogen evolution reaction (HER)

Loss Breakdown Figure: M.R. Gerhardt et al., Journal of the Electrochemical Society, 2021.



The Membrane Electrode Assembly 

Key Challenges:
❑ Electrical conductivity of the components (CL/PTL)
❑ H+ transport resistance
❑ Hydrogen gas crossover

❑ Electrochemical material degradation
❑ Anodic catalyst layer PGM content
❑ Anodic catalyst layer porosity
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Closing the Iridium Gap

28 tons 
required with 

traditional OER 
catalysts

12 tons available 

on the market, with 
75% located in South 

Africa

7 tons with 

reduced Ir 
loading through 
next-generation 
catalyst designs

Next-Generation Catalyst Designs:
❑Alloying 
❑High-surface-area rutile-type iridium oxides
❑Core-shell concepts
❑Supported Ir-based materials

Minke, C. et al., International Journal of Hydrogen Energy, 2021.



Key Research & Development 
Themes 



The OER & the Ir-Oxide Phase 
Conundrum

V. Pfeifer et al., Surface Science, 2015.



Our Catalyst Solutions

Rutile-type IrO2 Catalyst Designs

Oxide-Supported Catalysts Nanocrystalline IrO2



IrO2 Supported on ATO

❑The development of rutile 
iridium dioxide 
nanoparticles that are 
small and highly dispersed 
has been a significant 
challenge in the field



IrO2 Supported on ATO



IrO2 Supported on ATO



PFHT IrO2



PFHT IrO2 – Ex-Situ Performance 



PFHT IrO2 – In-Situ Performance 



Conclusions and Future Work

❑ We have successfully prepared and characterised a range of catalyst designs consisting 
of rutile-type IrO2

❑ MOCD has provided the ideal basis for us to develop a fundamental understanding 
towards the behaviour of oxide-supported iridium oxide catalysts for the OER

❑ The IrO2-PFHT catalyst has demonstrated favourable electrochemical performance in 
both ex-situ and in-situ conditions

❑ Our future work consists of developing a robust in-situ stability protocol, composed of 
the hundreds of hours online, as well as the incorporation of our supported catalyst 
range in a working electrolyser



Thank you for your attention

https://ebe.uct.ac.za/catalysis-institute
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