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CONTEXT

* High performing and durable PEM WE are need.

European KPI objectives’

Table 2: Expected evolution of key electrolyser system performance indicators

2015 2020 2025 2020
System cost (€/kwW) 950-1,600 &00-1,000 600500 &OO—300
Indicative stack size (MW) 1-3 MW 2-4 MW
Indicative large system size (MW) =3 =5 =6 =7
Electrical input (kWh/kg,.) =56 =52 =51 =50
Stack life (khr} 65—80 7595 7595 8095

A linear voltage degradation of 1pV/hr translates into an additional electrical energy input of ~2 kWh/kgH,
after 60,000 hours of continuous operation.

4 * FCH JU Report « Development of Water Electrolysis in the European Unio n » L. Bertuccioli, Feb 2014
Pl
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CONTEXT

Most of PEM WE show a degradation voltage between 0,5
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Figure 2. Solar cycle signal for a MEA ageing protocol

‘ Highly time consumming to investigate system durabilit

Need Accelereted stress test (AST)
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CONTEXT

* PEM WE suffer from less intensive researches on durability and
degradation than PEM FC

PEM WE vs. PEM FC
on

Research activities on Degradation
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Keywords: degradation (PEM WE or PEM FC)

Web of science:
& Citation report on 01/27/2016
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OUTLINE

Short introduction on main degrading components in PEM WE

Analytical Methods and main outcomes
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Short introduction on main degrading components in PEM WE
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Analytical Methods and main outcomes

In situ analyses

After
In situ analyses

AST Protocol ||—
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Analytical Methods and main outcomes

AST-1: 48h AST signal @ 90°C repetaed at least 4 times

3 Afem?

15 min
0,3 Afem? | : L

. 15 min

AST-2: 48 h AST@ 90°C repeated at leat 4 times

3 Afem?

15 min

0,3 A/em?

AST-3: : 48 hAST@ 90°C repeated at leat 4 times

wit (P =4 barvs PH@

3 Afcm?

0,3 Alem? 15 min

30 min

AST- 4: 48 h AST@ 90°C repeated at leat 4 times @vith 5ppm Fe ions

3 Afcm?

15 min |

3 Alcm? (E > 2V) : speed up BP corrosion
0,3 A/cm? : speed up membrane attack

Longer step time at low current density to
amplify the membrane chemical attack

Suppose to amplify the oxygen permeation
and accelerate the membrane attack

Adding metal ion impurities may catalyse
the Fenton reaction.



Analytical Methods and main outcomes

In situ analyses
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Analytical Methods and main outcomes

3 Afem?
‘15 min
AST-1 oaem S —
2,3 Efficiency loss
@ BoL-AST-1 2,3 .
- ) )1 12,1 %
- @ After 48 h of AST-1 o
1,9 -
@ After 96 h of AST-1 | = w 7,1%
o 17
y = 1,25E-04x + 1,472E+00
@ After 144 h of AST-1 15 g o - o 9 1.6%
@ After 192 h of AST-1 13
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Time/h
0 500 1000 1500 2000 2500 @j=200 mA/cm2 @ j=1000 mA/cm2 @j=2000 mA/cm?2

j / mA.cm™

# Higher efficiency losses at high current density.

No clear impact in the « activation zone »
of the Pol.Curv.

At
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Analytical Methods and main outcomes

3 Afcm?

15 min

0,3 Afecm?

30 min

o8®
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T = -
...................... R* = 8,99E-01 3,4 %
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@i=05A/cm2 @i=1A/cm2 @i=2A/cm:2

Efficiency losses every 100h

Again higher efficiency losses at high
current density
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Analytical Methods and main outcomes

3 Afecm? e
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] [
1 ‘ @ After 142.5h AST-3
5 2.3 %
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- Efficiency losses every 100h (close to AST-2)
Again higher efficiency losses at high
current density
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Analytical Methods and main outcomes

3 A/em?

15 min

AST-4 Qpfemy L o

. 15 min
H,O + 5 ppm Fe
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@ After stopping the AST  @before stopping
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5 ppm Fe3* is a too high concentration

111

Few tens of ppb might be enough
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Analytical Methods and main outcomes

Conclusion from Pol.Curve
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Ageing more important at high current

' (caused by the resistance ).

Cannot conclude without further analyses
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Analytical Methods and main outcomes
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Analytical Methods and main outcomes

Cyclic voltammetry
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Analytical Methods and main outcomes e

Cyclic voltammetry

60 10 mV/h scan rate
3
ol AST-~ 2,5 (&
o —After 157 AST-1 r,\IE 2 e O
. : v o
E Ao 2nd AST-1 © L5 X, .
- ~ X
= 1
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0,5
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@ Qtot (C/cm2) X Qouter (C/cm2)

‘ The different shapes of CV do not affect the Pol.Curv e (activation part)
‘ After 196 h(EoL) CV unusal shape, probably too resitive contact resistance

‘ After 144 h appearence of Hupd peak (0 <E <0,3V gue)

T
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Analytical Methods and main outcomes
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Analytical Methods and main outcomes
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Analytical Methods and main outcomes

CPEr

1L
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‘ Ro independant of the current density (ohmic behaviour)

- RurLoop decrease with polarization (charge transfert behaviour

‘ R rLoop decreases with polarization (charge transfert behaviou

)
r
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Analytical Methods and main outcomes
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Analytical Methods and main outcomes

Analyses from Bode representation e
f.=1/(2nRC)

-15 -15
o BoL@0.1A/cm?2

© BoL@0.5A/cm?2

© BoL AST-1 @ 0.1A/cm?2
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o o 5) o
5 5 ~ WB%
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Effect of the polarization reduces the charge Effect of the ageing reduces the CdI
transfer resistance (LF o) that increases Cutt- that increases Cutt-off frequency
off Frequency (consistent with the outer capacitance diminution wit h the
ageing)
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Analytical Methods and main outcomes

Analyses from Bode representation
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Cut-off frequency shitf might be linked to the electrode

degradation
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Analytical Methods and main outcomes

d = Wwater cathode side
= | water anode side Fluoride is found mainly on the

LN
1

Fluoride ppm
N

cathode side

0 T 1
1000 400 200
Current density / mA/cm 2
ATotal -T=60°C @ Total - T=80°C
3,00 .
Tt __|
...'_‘i 2,50 ' .
< .
- —— Temperature and Setting current
£ | 5 effect on FRR*
Y 1,50 | o
3 |
o :
é 1,00 .
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- A A 2 i o
o | (0,3 A/cm 2and high temeprature 90°C )

0,00 0,20 0,40 0,60 0,80 1,00 1,20 1,40 1,60
Current density (A/cm?)
*M.Chandesris et al. Int.J.Hyd. Energy, 40 (2015) 1353 - 1366
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Current density / mA.cm™
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Analytical Methods and main outcomes

12,00 |
10,00 O Erratic points

£ 8,00
S @ ® AST1
W e QAST2
S 6,00
5 ® AST3
3
T 400 ®
O
2,00 @)
°
* @ o
o,0n | éOx o O o

Oh 48h 96h 144h 192h 240h 288h 336h

» AST-2 and AST-3 more degrading than AST-1

» AST-3 do not age more the membrane than AST-2 (contr  ary to expectations)
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Analytical Methods and main outcomes

After
In situ analyses

—

L
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Analytical Methods and main outcomes

Contact Resistance

source (+) N BPP
_ SS et |
Ti-BPP CC
T sense (-)
u
5SS sense (+) e source (-)
Contact resistance BPP/Curr.Coll Résistance de contact « soft material » // Curr.Coll
Bulk measurement |Interfacial Contact Resistance
2
Aged CC 20 “Q'sz No bulk resistance difference
Fresh CC 20 uQ.cm
Aged (CC/IrO,) // BP 13,9 mQ.cm’
Aged (Ir0,/CC) // BP 22,6 mQ.cm? IrO, remaining particles improve
Fresh CC // BP 1mQ.cm2 interface resistance BP/Curr Coll.
GDL // aged (Ir0,/CC) // BP 68 mQ.cm’ . . .
GOL // aged (CC/ZI 0,) /8P 126 0.’ Higher contact resitance with
age I . .
& X 2 a «soft material ».
GDL // fresh CC) // BP 79mQ.cm

// Interface
CC/1rO, // BP: IrO, facing CC in contact with the BP
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Analytical Methods and main outcomes

Results from contact resistance
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Summary

Conclusion Slope @ 200 mA/cm?
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