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INTRODUCTION: Why Green Hydrogen is Important for South Africa

❑ Abundant solar and wind resources enable cost-

effective green hydrogen production.

❑ Supports decarbonization of hard-to-abate sectors: 

mining, steel, and heavy transport.

❑ Aligns with national policies like the Hydrogen Society 

Roadmap and JET-IP.

❑ Drives industrial innovation, job creation, and export-led 

growth.

❑ Enhances energy security and positions SA as a global 

hydrogen hub.

Sourced: Anekwe, et.al., (2024): https://doi.org/10.1177/00368504241237347;  
https://pmc.ncbi.nlm.nih.gov/articles/PMC11024586/

https://doi.org/10.1016/j.erss.2022.102659


JUSTIFICATION OF THE STUDY:  Cost Challenges in PEM Electrolyzer Technology

❑ PEMWE systems are efficient but more expensive.

❑ It require scarce and costly materials like Ir and Pt

❑ Iridium is extremely rare, with limited global supply 

and volatile pricing

❑ MEAs and system components are complex and mostly 

imported, raising costs.

❑ Local catalyst R&D is limited but growing.



OUR FOCUS: Aim and Objectives of the Study 

❑ Our research explores cost-reduction 

strategies by partially replacing iridium 

with ruthenium, which is less expensive 

yet still catalytically active. If scaled, 

such innovations can help lower the 

overall cost of PEMWEs and enable 

wider adoption of green hydrogen in 

South Africa and beyond.

Sourced at Umicore (2025/04/06);  https://pmm.umicore.com/en/prices/

Ru is 85% Cheaper when compared to Ir



PEM Cell Electrode Evaluation: Electrode Production_Ink, CCMs, MEAs, Cell 
Assembling 

❑ Ink Preparation

❑ CCM Production

❑ MEA Fabrication  

❑ Cell Assembling 

❑ Cell Evaluation Performance 

OUR FOCUS: Aim and Objectives of the Study 



Modified Adams Fusion Method
❑ Simplicity

❑ Easily removable NaCl salt by-product

❑ Scalability

METHODOLOGY: Synthesis Process



XRD: X-ray diffractometer D8-advance with Cu-

Kα radiation from Bruker with the EVA software

 

A - Commercial IrO2                B – Synthesized  IrO2 

C - Commercial  RuO2            D – Synthesized Ir 0.7 Ru 0.3 O 2

SEM: High-resolution scanning electron microscopy 

(HR-SEM) (300 nm)

RESULTS: Physical Characterizations

Figure 2: SEM images of electrocatalysts - (A) Commercial IrO₂, (B) Synthesized IrO₂, (C) 
Commercial RuO₂, (D) Synthesized Ir₀.₇Ru₀.₃O₂.

Figure1: XRD pattern comparison of commercial and synthesized electrocatalysts.



RESULTS: Electrochemical Characterizations Parameters



Cyclic Voltammetry Linear Sweep Voltammetry 

RESULTS: Electrochemical Characterizations

Figure 4: LSV plots of electrocatalysts (commercial IrO2, commercial RuO2, 
synthesised IrO2 and synthesised Ir0.7Ru0.3O2) at 0.002 V/s.

Figure 3: Cyclic voltammogram of four electrocatalysts. (A) Commercial iridium oxide. (B) Synthesised 
iridium oxide (C) Commercial ruthenium oxide. (D) Synthesised ruthenium modified iridium oxide.



Chronopotentiometry (ChronoP) Evaluation of CCM performance 

RESULTS: Electrochemical Characterizations

Figure 6: The evaluation performance of CCM coated with different catalysts.

Figure 5: Chronopotentiometric stability of electrocatalysts - chrono of commercial IrO2, 
commercial RuO2, synthesised IrO2 and synthesised Ir0.7Ru0.3O2.



RESULTS: Testing of membrane electrode assembly in real world

Fig. 7: Conducted in a controlled 
environment (Lab) using a single cell-
based electrolyzer

Fig. 9: Performed 
inside using  an in-
house PEM 
electrolyzer cell, 

H2 and O2 
storage towers, a 
single-cell PEM fuel 
cell, and a fan 
acting as a load 

Fig. 8: Conducted 
in a noncontrolled 
environment 
(outside) using 
single cell-based 
electrolyzer



❑In conclusion, a synthesized Ru-modified IrO2 was successfully prepared 

using the Adams Fusion Method and showed improved activity compared to 

unsupported IrO2.

❑Ruthenium was chosen as a secondary metal due to its low cost and high 

activity in OER.

❑Considering the lower cost of secondary metals compared to iridium, this 

approach could significantly reduce the cost of the PEM electrolyzer.

CONCLUSION
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