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Catalyst support stability
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Catalyst comparison method

Fast simple method for catalyst comparison 
required

Single cell FC

+ real conditions

- time consuming

- larger amount of catal.

- other factor influence 
(pressing, membrane 
doping etc.)

- reproducibility

+ HOR + ORR

Thin film

- liquid environment

- low gas concentration

+ minimal amount of 
catalyst

+ fast

+ reproducibility

± “simple”

- ORR for HT PEMFC only*

*HOR strongly depend on presence of H3PO3 traces formed on electrode
M. Prokop, T. Bystron, K. Bouzek, Electrochimica Acta, 160 (2015) 214-218
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Thin film method

Catalyst ink deposition on GC RDE 

• immobilization by binder

• CV/LSV testing with prepared RDE

• 0.5M H2SO4 25°C

• 0.5M H2SO4 25°C saturated by O2

• concentrated H3PO4 160°C saturated by O2

analysis:

specific surface from H adsorption/desorption peaks

KouteckyLevich slope

KouteckyLevich intercept i.e. high jk - kinetic current density+

internal diffusion
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Catalysts tested

Catalyst prepared by UCLM 

• Pt 40% : Support: SiCTiC with 10% wt. Ti

• Pt 60% : Support: SiCTiC with 10% wt. Ti

• Pt-Co 40%: Support: SiCTiC with 10% wt. Ti

• CNF 40% (Pt 40%): Support: Carbon nanofibers Platelet

Commercial catalyst

• HiSPEC 4000: (Johnson Matthey): Pt 40% Support: 
carbon black
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RDE in 0.5M H2SO4

Thin film method RDE preparation

• 10 μg Pt per cm2

• Geometric area of the disk 0.196 cm2

• Catalyst suspended in acetone

• 20 μL by 10 drops applied on disk surface

• Catalyst immobilized by ≈ 4 μL of Nafion (0.05 mol L-1 in isopropanol)
Procedure

• CV 50 mV/s in potential range -0.25→0.6→-0.65→-0.25 V 
vs. Hg|Hg2SO4|K2SO4 sat. (MSE)

• LSV 5 mV/s rotation speeds: 400, 900, 1600 and 2500 RPM

Glassy carbon rod

Suspension of catalyst
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Electrochemical Active Surface Area

CV in 0.5M H2SO4 25°C
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RDE in 0.5M H2SO4

Procedure

• LSV 5 mV/s rotation speeds: 400, 900, 1600 and 2500 RPM
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RDE in 0.5M H2SO4

Catalyst evaluation

Intercept Slope
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Pt / wt % EASA % slope intercept

HiSPEC 40 100,0 -0,24 -0,007

Pt40 40 79,7 -0,22 -0,008

Pt60 60 43,0 -0,34 -0,054

Pt-Co 40 34 53,2 -0,23 -0,012

CNF 40 40 79,7 -0,21 -0,006
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RDE in concentrated H3PO4

RDE
Pt

Hg|Hg2SO4|K2SO4 sat. (MSE)Counter Working

Reference

Tempered PTFE cell

O2

95% H3PO4

160 °C

Thin film method RDE preparation

• 10 μg Pt per cm2

• Geometric area of the disk 0.196 cm2

• Catalyst suspended in acetone

• 20 μL by 10 drops applied on disk surface

• Catalyst immobilized by ≈ 4 μL of PBI (4% wt. in dimethylformamide)
Procedure

• LSV 5 mV/s rotation speeds: 400, 900, 1600 and 2500 RPM
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RDE in H3PO4 160°C

Procedure

• LSV 5 mV/s rotation speeds: 400, 900, 1600 and 2500 RPM
• less soluble O2, reproducibility (3 pcs of electrodes)

→

CNF 40
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RDE in H3PO4 160°C

Catalyst evaluation

Intercept Slope
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RDE in H3PO4 160°C

Durability ?

→

CNF 40
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RDE in H3PO4 160°C

Durability ?

→

Pt-Co 40
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RDE in H3PO4 160°C

Catalyst evaluation

Pt / wt % EASA % slope1 intercept1 slope2 intercept2 ∆ slope % ∆ intercept %

HiSPEC 40 100.0 -1.65 -0.018 -1.60 -0.020 2.9 -13.4

Pt-40 40 79.7 -1.63 -0.040 -1.51 -0.042 7.2 -5.5

Pt-60 60 43.0 -1.89 -0.137 -1.93 -0.149 -2.1 -8.7

Pt-Co 40 34 53.2 -2.27 -0.068 -2.30 -0.104 -1.3 -52.5

CNF40 40 79.7 -1.98 -0.058 -2.00 -0.068 -1.0 -16.9
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Conclusion

Catalyst characterization in H2SO4

• Determination of Electrochemical Active Surface Area – possible only 
in H2SO4

• Catalytic activity – well reproducible without observed degradation
• Catalyst Pt 40 and CNF 40 shows better or similar properties like 

reference catalyst HiSPEC4000

Catalyst characterization in H3PO4

• Significant influence of impurities in H3PO4

• Due to the formation of H3PO3 determination of HOR is not possible
• Low O2 solubility – low current response
• Constant humidity of O2 necessary to keep constant conductivity (IR 

drop)
• Chemical stability of GC rod at high potentials – limit for LSV
• Catalyst durability more important
• Catalyst CNF 40 is not suitable for H3PO4 environment 
• Catalyst Pt 40 shows high activity also in H3PO4 environment

H3PO4 environment necessary for HTPEM catalyst evaluation 
Next step - Evaluation in HT PEM FC 
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Thank you

for your attention!


