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Break-in Process Dependent on Pt/C loadings
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Figure 1. MEA  Break-in test. T=160 °C, 0.2 A/cm2, lH2/ lAir=1.5/2.5 , p=ambient pressure.                                                                                   

Red line, mgPt cm-2 (A/C) : 1.0/1.5. Blue line, 1.0/1.2. Grey line 1.0/1. Purple line, 1.0/0.9, Black line 

1.0/0.75.
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Break-in Process. Standard Product
Standard MEA to MEA variation after 120 h
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Figure 2. 5x5 cm2 MEA  Break-in test. T=160 °C, 0.2 A/cm2, lH2/ lAir=1.5/2.5 , p=ambient pressure.                              

Standard MEA, mgPt cm-2 (A/C) : 1.5/1.5.
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Break-in Process PtCo/C (Tanaka) Catalyst
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Figure 3. 5x5 cm2 MEA during Break-in test. T=160 °C, lH2/ lAir=1.5/2.5 , p=ambient pressure.                        

mgPt cm-2 (A/C) : 1.0 / 0.85. 0.693 V at 0.2 A/cm2, binderless cathode.
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Break-in Process PtCo/C Catalyst, Standard GDL

Figure 4. MEA-RD-15-003. 0.85 mgPt cm-2 Cathode, T=160 °C, p=1 atm, serpentine flow field. Polarization curves 

obtained with λAir/λH2 = 1.5/2.5 at 18, 90 and 164 h respectively. 
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Break-in Process PtCo/C Catalyst, Hydrophobic 

GDL

Figure 5. MEA-RD-15-003. 0.85 mgPt cm-2 cathode, T=160 °C, p=1 atm, serpentine flow field. Polarization curves 

obtained with λAir/λH2 = 1.5/2.5 at 18, 90 and 164 h respectively.
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I-V Curve: Oxygen Gain
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Figure 6. MEA-RD-15-003. 0.85mgPt cm-2 Cathode, T=160 °C, p=1 atm, serpentine flow field. (Solid triangles), Polarization 

curves obtained with λAir/λH2 = 1.5/2.5 at 18, 90 and 164 h respectively. (Empty triangles), Polarization curves obtained with 

λH2/λO2 = 1.5/9
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Start/stop cycles

 Aim at mitigate degradation mechanism during switch on/switch off in 

the modular CHP system
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Figure 7. Start/Stop cycles under non-defined protocol. a) 5x5 cm2 MEAs operating 

with λAir/λH2 = 1.5 + [30 % H2O] / 2.5, T range = 25 - 160 °C, P= 1 atm
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Start/stop cycles. Mitigation of Degradation.

 Agreed start up/shut down procedure 
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Figure 8. Start/Stop cycles under a defined protocol. 5x5 cm2 MEAs operating 

with λAir/λH2 = 1.5 + [30 % H2O] / 2.5, T range = 25 - 160 °C, P= 1 atm
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Heat treatment of PBI membranes

 Thermally treated membranes.  Solubility DMAc

 Process inert atmosphere  350 – 500 °C changes. 

Thermoplastic to thermoset

 Improvement mechanical characteristics and ↑ Mw

Figure 9. Thermoset PBI membrane
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Thermally treated membrane, A/C: 1.5/1.5 mg Ptcm-2
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Hydrogen starvation

MEA held at low current density for nearly 160 h

Figure 10. Long-term test for the fuel cell operating with H2/Air2 (λH2/λair =1.5/2) at 0.3 A/cm2. 

Current density was interrupted for MEA characterization at ~ 120 h and ~ 1000 h.  T=160 °C, 

p=1 atm, grid flow field.

MEA-15-395 
Degradation rate = -16 µV/h 

MEA-15-396.
Degradation rate = -4.7 µV/h
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Polarization curves at 120 h, 1000 h and 2000 h 
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Figure 11. a) MEA-15-395. b) MEA-15-396. Polarization curves at ~ 120 h, 1000 h and 2000 h.                

λH2/λAir= 1.5/2, T=160 °C, p=1 atm, serpentine flow field. 

MEA-15-395. Polarization curves: 8 % Voltage loss at 0.3 A/cm2

MEA-15-396. Polarization curves: 5 % Voltage loss at 0.3 A/cm2
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Figure 12. Durability test comparison under dry vs wet fuel. (Black line) Standard DPS MEA operated with H2/Air2 λH2/λair =7/12. 

(Red line) MEA that consists of PTFE-based gas diffusion layers. Cell active area is 7.8 cm2, A/C loading 1.5/1.5 mgPtcm-2.

T=160 °C, p=1 atm, grid flow field

0 500 1000 1500 2000 2500 3000

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

l
H2

 = 7

l
Air

 = 12

T = 160 
o
C

C
e
ll 

vo
lta

g
e

 /
 V

Time / h

 Dry H
2

 H
2
 with 30 mol% H

2
O

C.D.: 0.2 A cm
-2



MEA Durability Results
19

Break-in PtCo/C catalyst, hydrophobic GDL

Figure 13. MEA-RD-15-102. 0.85 mgPt cm-2 cathode, T=160 °C, 0.2A/cm-2 λH2/λAir = 1.5/2, p=1 atm, serpentine flow field.

0 50 100 150400 600 800 1000 1200 1400 1600
0.0

0.2

0.4

0.6

0.8

1.0
MEA-RD-15-102

C
el

l 
vo

lt
ag

e 
[V

]

Time [hours]

 PtCo/C: 0.85mg cm
2 
cathode



MEA Characterization SEM
21

 Pt loading is generally 1.5 mg cm-2 for anode/cathode

 CL thickness variation

 Undoped membrane 40 ± 1 µm

 Doped membrane in MEA is ~50 µm after 100 h

[1] T. Holst, A. Vassiliev, R. Kerr, Q. Li, T. Steenberg, C. Terkelsen, H.A. Hjuler, J. Power Sources 270 (2014) 208. 

Figure 16. SEM picture on fresh MEA
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Figure 14. Long-term test of standard 7.8 cm2. DPS MEA operating with H2/Air2 (λH2/λair =7/12) at 0.24 A/cm2. T=160 °C, 

p=1 atm, grid flow field. Pt loading (A/C)= 0.39/1.5 mgPtcm-2 respectively
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Figure 15. Degradation rates of standard 7.8cm2 DPS MEA operating with H2/Air2 (λH2/λAir =7/12) at 0.24 A/cm2. T=160 °C, 

p=1 atm, grid flow field. Pt loading (A/C)= 0.39/1.5 mgPtcm-2 respectively
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MEA – after 17.000 hours

After 17000 h operation:

 Membrane thinning 

40 µm to <30 µm

”Low acid” content 

 Catalyst layer corrosion 

anode; 6 µm → negligible 

cathode; 30 µm → 8 µm

8 µm

 SEM on MEA-12-B
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TEM on DPS-2 after 17.000 h

 Anode

2.3 nm → 4.6 m

 Cathode

2.3 nm → 8.9 nm

MEA Characterization SEM
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Load cycles. On going 

Figure 16. MEA-15-041, MEA-15-042 (A/C) : 1/1.5mgPt/cm2. MEA 15-1034, MEA-15-1033 (A/C) : 1.5/1.5 mgPt/cm2. Load cycling 0.55 A/cm2

during 4 hours at 180 °C and 0.25 A/cm2 for 20 hours at 160 °C. λAir/λH2 = 1.5/2.5, p=1 atm, serpentine flow field. 
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MEA - Stack results: 9-10 cells

Large Size G1018 MEA  

MEA

&

Stack integration

Short Stack testing  
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Long term test – On going 

0 20 40 60 80 100 120 140 160 180 200
0

100

200

300

400

500

600

700
DPS_Stack_958

C
e
ll 

v
o
lt
a
g
e
 [

m
V
]

Time [hours]

 Avg cell voltage (mV)

 Cell 1

 Cell 2

 Cell 3

 Cell 4

 Cell 5

 Cell 6

 Cell 7

 Cell 8

 Cell 9

Figure 17. DPS - short stack results. 163.5 cm2 MEA  (A/C): 1.5/1.5 mgPtcm-2.

H2/Air2 (λH2/λAir =1.5/2) at 0.2 A/cm2. T=160 °C.
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Long term test – On going 
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Figure 18. DPS-Short stack results. 163.5 cm2 MEA  (A/C): 1.5/1.5 mgPtcm-2. H2/Air2

(λH2/λAir =1.5/2) at 0.2 A/cm2. T=160 °C.
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Long term test - Finalized

Figure 19. DPS-Short stack results. 163.5 cm2 MEA  (A/C): 1.5/1.5 mgPtcm-2. H2/Air 

(λH2/λAir =1.5/2.5) at 0.2 A/cm2. T=160 °C.
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 PtCo/C (Tanaka catalyst) candidate for ORR.

•  Amount of precious catalyst. Improved MEA performance

 Demonstrated - 4 µV / h over 3.000 h at 0.3A/cm2 with improved 

thermoset membrane (CISTEM consortium)

 Similar degradation rates obtained with wet H2 over ~ 2.600 hours

 Low degradation start/stop cycles

 Negligible degradation on load cycling (0.25 – 0.55 A/cm2)

 Demonstrated -16.3 µV/ h over 10.000 h short-stack test



Thank you!

www.daposy.com
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