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Rationale
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• WORLD WIDE CRISIS:

• Alternative energy resources

- Fuel cell (FC)



What is a FC?
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What is a FC? (cont’d)

Alkaline 60 - 120 35 - 50 Medium Medium High

PAFC 100 - 400 35 - 45 Medium Medium Medium

MCFC 100 - 200 45 - 55 Low    Low Low

SOFC 100 - 300 45 - 50 Low    Medium Low

PEMFC 400 - 900 32 - 40 High   High High

Fuel Cell Current Density System Fuel Proc. Stack Power     Transient
Type           (mA/cm2) Efficiency Complexity      Density          Capability

• Categorized based on the type of electrolyte used.

• Membrane electrolyte assembly (MEA) 
•Electrolyte is sandwiched between anode and cathode

• Anode catalyst: fuel oxidation reaction

• Cathode catalyst: oxygen reduction reaction



Some PEMFC challenges

• Polymer membrane electrolyte: Drs Nonjola 

and Zheng’s presentations

• Precious metal catalyst- high costs

• Lower amount of Pt (< 0.03 mg/cm2)

• High Pt utilization

• Carbon support corrosion and Pt dissolution-

degradation 

• Alternative support material-good corrosion 

resistance

Key to successful MEA fabrication

• efficient deposition of the catalysts- resulting 
in high Pt utilization

• Good contact between membrane, GDL and  
catalyst layers



Why ECALD? 

• Advantages:
• ambient temperature, 

• use small concentrations of precursor solutions, 

• optimized solutions and potential separately

Offers atomic layer control- fundamental for controlled growth processes

alternated electrodeposition of atomic layers of elements on a substrate, 

employing under-potential deposition (UPD) in which one element deposits 

onto another element at a voltage prior to that necessary to deposit the 

element onto itself.

• Definition:
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Noble-Metal: Pt

Substrates: Carbon paper, Ti-Mesh
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Potentiostat

Peristaltic Pumps

Flow-cell

Instrumental set-up – Pumping system,

Potentiostat and Flow-Cell Connectivity

T.S.Mkwizu, M.K. Mathe, and I. Cukrowski, ECS Transactions, Vol.19, 97-113 (2009) 

T.S.Mkwizu, M.K. Mathe, and I. Cukrowski, Langmuir, Vol. 26, 570 - 580 (2010)

T.S Mkwizu, M.R. Modibedi, and M. K. Mathe, 219th ECS Meeting (2011)
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Pt supported on FC gas diffusion layer: Electrochemical Evaluation

Cyclic voltammograms at 50 mV/s in

(i) 0.1 M HClO4
(ii) 0.1 M HClO4 + 0.1 M Methanol
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Pt supported on FC gas diffusion layer:  SEM micrographs 

and EDX profile
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Pt supported on Ti mesh: Electrochemical Evaluation

(ii) 0.1 M HClO4 + 0.1 M Methanol 
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Treated Ti mesh:

Acid + acetone
Pt/Ti mesh

Pt/PTFE-Ti mesh

Pt/PTFE-Ti mesh

Pt supported on Ti-mesh: SEM micrographs and EDX profile
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Conclusions and Future work

• ECALD:

• controlled growth of thin film deposits

• atomic layer control is key to reducing the amount of PEMFC catalysts

• Substrates: 

• Ti mesh treatment: TiN, TiP, ITO

• Other: Ni-based

• Fabricate MEA and test FC performance
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