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The PEMFC Cathode Problem 

2 𝐻2  → 4 𝐻+ + 4 𝑒− 𝑂2 +  4 𝐻+ + 4 𝑒−  → 2 𝐻2𝑂 

FAST SLOW 

2 𝐻2 +  𝑂2  → 2 𝐻2𝑂          𝐸𝐶𝑒𝑙𝑙
𝑜 = 1.23 𝑉 𝑣𝑠. 𝑅𝐻𝐸 
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Catalyst Development 

• Pt is the best single metal catalyst for 

the oxygen reduction reaction (ORR). 

 

• The intrinsic catalytic activity of Pt 

can be increased by alloying Pt with 

non noble metals such as Co or Ni. 

 

• The catalytic activity can also be 

improved by changing the size and 

structure of Pt and Pt-M alloys. 

Sigma-Aldrich, http://www.sigmaaldrich.com/materials-science/renewable-alternative-energy/pem-fuel-cells.html 



Why is Pt/C still used? 

 A good catalyst does not necessarily make a 

good electrode. 

Need to consider not just the activity but the effect of the catalyst on: 

 

• Water transport 

• Gas transport 

• Ionomer distribution in the catalyst layer. 

• Durability from coarsening at temperature. 

• Effect of catalyst materials on component durability.  

• Scalability of synthesis. 

4 



Pt Nanowire Arrays – The 
Inspiration 

NaBH4 

HCOOH 

Cl 
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Intrinsic catalyst improvement: 

- Preferential exposure of crystal facets. 

- Increase in electrical conductivity in one 

dimension. 
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Pt Nanowire Arrays 

Not just high catalytic ability, 

but good electrode 

performances shown. 

Figures copied from Lu. Y., Du. S., and 

Steinberger-Wilckens. R., 2015, Applied 

Catalysis B: Environmental 154, 389-395, with 

permission from Elsevier. Copyright (2015). 
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Towards NiPt NW Arrays 

 Synthesis method 

1. Growth of Pt NWs on carbon. 
 

3 H2PtCl6(aq) + 6 HCOOH(aq)  Pt(s) + 18 HCl(aq) + 3 CO2(g) 

 

2. Impregnation of Ni on the Pt NWs. 
 

2 NiCl2(aq)   +   NaBH4(aq)  +   3 H2O(l)     2 Ni(s)   +   

H3BO3(aq)   +  3 HCl(aq)   +  NaCl(aq)   +   2 H2(g) 
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Towards NiPt NW Arrays 

3. Thermal annealing 
 

Anneal NiPt(NW)/C for 24 hours under a flow of 4 % 

H2/Ar to promote surface segregation and alloying. 
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TEM before and after Ni 
impregnation 
Pt(NW)/C NiPt(NW)/C 

Pt:Ni atomic ratio 8:1 
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PtNW agglomeration – A 
Hypothesis 

Reactant concentration: 

 
HIGH 

 

LOW 
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After annealing 

150 oC 250 oC 350 oC 

150 oC 250 oC 350 oC 

Pt(NW)/C 

NiPt(NW)/C 
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Electrochemically Active Surface 
Area (ECSA) – Ex-Situ 

Nanowire 

agglomeration. 

Nanowire 

coarsening. 

• 25 µg catalyst on 0.196 cm2 

GCE  

• RHE reference electrode 

• Pt gauze counter electrode  

• 0.1 M HClO4(aq) electrolyte  

• Temperature maintained at 25 
oC via water jacket 

• The Hdes region from a CV 

(0.05-1.2 V vs. RHE, 100 mV 

s-1) in N2 saturated 

environment was used to 

obtain the ECSA. 

ECSA = Surface area 

electrochemically 

active per unit mass 

of Pt metal. i.e. Pt 

utilisation. 
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350 oC 

250 oC 

150 oC 

Not Annealed 

21 30 40 50 60 70 80 2θ 

Degree of annealing – XRD and 
Specific activity 

Peak Shift = Increase in alloying 

Peak lengthening = Increase in 

crystallinity / loss of nanowire 

morphology 
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Surface Specific Activity– Ex-Situ 

Alloyed (or 

doped) 

Nanowire 

Highly 

crystalline 

alloy 

Specific activity = The 

intrinsic catalytic activity of 

a material’s surface. 

• 25 µg catalyst on 0.196 cm2 

GCE  

• RHE reference electrode 

• Pt gauze counter electrode  

• 0.1 M HClO4(aq) electrolyte  

• Temperature maintained at 25 
oC via water jacket 

• Koutecky-Levich analysis at 0.9 

V vs. RHE (based on LSVs from 

0.05 – 1.2 V vs. RHE, 20 mV s-1) 

was run at rotation rates 400, 

800, 1200, 1600 and 2000 rpm 

to obtain the kinetic currents.  
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Mass activity (RDE testing) 

RDE screening indicates 

NiPt(NW) annealed at 150 oC 

could make more active 

electrodes than Pt(NW)/C. 

Slight alloying but NW 

morphology retained. 

Mass activity = Catalytic activity per unit mass of Pt i.e. how 

much bang for your buck. 

Above is the representative LSV from 

0.05-1.2 V vs. RHE at a rotation rate of 

1600 rpm. 
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MEA Testing – Catalytic Activity 

ECSA of NiPt(NW)/C with 

respect to Pt(NW)/C 

increased in comparison 

to ex-situ measurements. 

Ni now offers no benefit 

to the intrinsic catalytic 

activity in these MEAs. 
• Electrode area 16 cm2 (Pt loading in mgPt cm-2 given in brackets) 

• Nafion content 0.6 mg cm-2  

• Nafion 212 membrane 

• JM Pt/C electrode (0.4 mgPt cm-2) used as the anode  

• H2/O2 stoichiometry 2/9.5 respectively at 1.5 bar absolute pressure 

• The cell temperature was 80 oC 

16 



MEA Testing – Full Polarisation 
Curves 

• One hypothesis is that the 

NiPt(NW)/C is more 

hydrophilic than Pt(NW)/C. 

 

• As a result the catalyst layer is 

more hydrated -> can explain 

the larger ECSAs. 

 

• Gas transport could be 

inhibited by an overly hydrated 

catalyst layer. 

 

 

 

• Ionomer content needs to be 

investigated. 

• H2/Air stoichiometry 1.3/1.5 at 2.5/2.3 absolute pressure respectively, with humidity 

50%/30%  

• The cell temperature was 80 oC 
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Conclusions and perspectives 

 I am trying to synthesise high performance electrodes using NiPt NWs. 

  

 Issues of NW agglomeration in this work need to be addressed – Move onto 

modifying NWs grown on the gas diffusion layer. 

 

 Compared to conventional methods, much lower annealing temperatures 

must be adopted for 1D catalysts. 

 

 As an example in this work, an annealing temperature of 150 oC should be 

used to alloy Ni and retain NW morphology. Higher catalytic activities can be 

obtained ex-situ. 

 

 Ionomer content in the alloy catalyst layers will be investigated. 
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Thanks for Listening! 
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