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CISTEM

CISTEM: Construction of Improved HT-PEM MEAs and Stacks for
Long Term Stable Modular CHP Units

Vision: Development of a new FC based CHP technology with high
efficiency and long lifetime

System requg’r.ements
Fuel flexible operation w = o ey
- . . R B Joad managemen
Degradation investigations SR I ___________________
concept

on all levels (MEAs, single Stack requirements
™ durability
Balanc HT-PEM B costs
of Plant stack = volume
™ gas quality BoP

components, stacks, CHP

UnltS) Stack Stack ™ modulation capabilities
materials design
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Fuel Switching

= Fuel Switching = Long Term
1.1 1.1
1H,gain: i 2 -
o 1_0_. First cycle: +9 mV ° 1.04 De radation rate at 0.3 A/cm™: -21.9 pV/h
2 0.9 Llastcycle: +10 mv g 0.9
2= 081 SESIK:
9 0.7- t I I I
: - Similar-Degradation Rates 111
0.5
30410000 ooo%o §0.4 ® o o o o o
g ~ C NI ] .
% 50.3 % 50.3.
E ?E: 0'2-_De radation rate at 0.3 A/cm®: % <EEO'2-.
£ —0.14Pure H: -22.7 pV/h S =0.14
3 0.0 Synthetlc reformate 230uV/h 3 0.0 ' ' ' ' ' ' ' '
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 0 5 10 15 20 25 30 35 40 45
Time [day] Time [day]
B Fuel switching at const. load: 0.3 A/cm2 B 1100h at const. load: 0.3 A/cm?2
= Fuel: 12h 78% H, + 22% CO, B Fuel: H, (A>1.5)
operation/12h H, operation (A>1.5) B Oxidant: O, enriched Air (30% O,)
= Oxidant: O, enriched Air (30% O,) (A>2.85)
(A>2.85) Still in operation = Serpentine flow fields
B Serpentine flow fields
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Fuel and Air/O, Optimisation - 1

Fuel cell voltage [V]

(a)

Effect of O,-Enrichment on Fuel Cell Performance:

1.1 1.1
] —eo— Air —eo— Aijr
1.04 —e—30% O, 1.0 —e—30 % O,
: —e— 75% O, —e— 75 % O,
0.9 1 3 —o— Pure O, EO.Q —O0— Pure O,
{Po. )
0.8{8%g20, $0.8
1 ":‘: ®o0g S
.“ 0e _C000o =
0.7 1 "-i.g"o 0o 2 0.7
] LH .0....20000 Z
[ 3 [ ] O
0.6 .8.3333::::“.. 022‘:000000 8 0.6
| oo..::o:......o.... o
0.5 Seeeecstoe T 0.5
] ®e ]
0.4 - 0.4
0'3 T T T T T T T T T T 0'3 T T T T T T T T T
0.0 0.1 0.2 03 04 05 0.6 0.7 0.8 09 1.0 1.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.27 0.8 0.9 1.0
Current density [A/cm?] (b) Current density [A/cm?]

Polarisation curves for the fuel cell operating with H,/Air* as function of oxygen enriched air. MEA: (a) BASF, (b) DPS.
5-fold serpentine flow field, P.=0.75 MPa, T=160 °C, P=1 atm. * A ;,=1.2; A,;;=2, Apir-309 02=2:85, Apir-7500 02=7-1, Ag2=9.5

cell is.

Mass transport improvement from the
gas flow channels to the cathode CL

2
the better the performance of the fuel Ne [%0]* Ne [%]*

21 (Air) 43.4 38.5
30 44.4 41.1
75 46.0 43

*At 0.3 A/cm?
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Fuel and Air/0O, Optimisation - 2

Polarization curves for the fuel cell operating with H,/ O, after oxygen enriched operation. MEA: (a) BASF, (b) DPS.

1.1
] —o— 0O, (no enrichment)
1.0 4 —0— 0, (after 30 % O,)
] —o— 0, (after 75 % 0,)
=70.9 1
0]
0.8 4 £2)
20.74 8 .
zo7] 8985808035,
8 0.6 8883@88@@88@%
T | 88
T 0.5
0.4-
0'3 T T T T T T T T T T
0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0 1.1
(a) Current density [A/cm?]

Effect of O,-Enrichment on Fuel Cell Performance:

1.1
] —0— 0, (no enrichment)
1.0 1 —o— 0, (after 30 % O,)
_ 0.9_' —o— 0, (after 75 % O,)
= |
@ 0.8 4 ray
=) 8’8:8.
g 88@
T 0.6 8390,
3 0.6 A o530
— | ©0.59e
0] OOOOg:@@'@:@
2 0.5+ %00 988:80 }
] SlePs '8-888.
%055 88
0.4 4 %o
0'3 T T T T T T T T T T
0.0 0.1 0.2 03 04 05 06 0.7 08 09 1.0

(b)

Current density [A/cm?]

5-fold serpentine flow field, P.=0.75 MPa, T=160 °C, p=1 atm. Ay ,=1.2; A,,=9.5

= Operation with pure O,:
= Celtec®: FC performance cannot reach the initial performance anymore
after operating with the oxygen-enriched air - slight degradation.
= Dapozol®: FC performance has been reduced after operation with the
oxygen-enriched air but not after operation with 30% oxygen.
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Fuel and Air/0O, Optimisation - 3

Effect of O,-Enrichment on CV:

40 60
— 201 401
§ “e 20+
~ 04 @) ]
< <
e ] < 0
S -20 E ]
= > -20 1
] 1 =
cC * 4
g -40 4 5 -40 4
- { o |
T -60- < -60
t v ]
=1 1 Air 5 _and Air
© .80+ Air - 30 % O, 3 897 Air - 30 % O,
1 —— Air-75% O, -100 - —— Air-75% O,
'100 T T T T T T T T T T T T T T T T T T T T
0.0 0.1 0.2 03 04 05 06 07 08 09 1.0 00 01 02 03 04 05 06 07 08 09 10
(a) Working electrode potential [V] vs NHE (b) Working electrode potential [V] vs NHE

Cyclic voltammograms with electrical short correction after fuel cell operation with oxygen enriched air. MEA: (a) BASF,
(b) DPS. 5-fold serpentine flow field, P.=0.75 MPa, T=160 °C, p=1 atm. H,/N,=100/100 ml/min, sweep rate=100 mV/s

Reduction of H, desorption area after O,-enrichment

= Higher O, availability during FC operation - C corrosion
(reduction CL support):

= Pt detachment, Pt agglomeration, Pt ripening ...
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Fuel and Air/0O, Optimisation - 4

Effect of O,-Enrichment (Fuel: synthetic
= MEA Characterisation: O, enrichment 2> Air

reformate):

1. 1.0
f —e— Air —e— OCV . o R
1 . 20—
ob ] —e— Air (After 30 % O,) 094 01 A/Cl'l’l2
\ —e— Air (After 45 % 0,) = 0.2 A/em’

=0.8\ —e— Air (After 75 % O.) —og] * 03 ACm
2 0-8 2 = 0.4 A/cm’
v o |-e—0.5A/cm’
0.7 20.74 4 06 Arem? o N . .
= = 2 ° ° °
g ') g —e— 0.7 A/cm” @ b
2 0.6+ l... 2069 o 0.8A/m e o o R
© .5'§.~ © ° [ ] Y °
< 0-51 =.5... o 051 ° ° °
3 '. >S5 [ { ]
[T .... [N ° Y ° °

0.4 4 88 0.4 - ° ° °

0'3 T T T T T T T T 0'3 T T T T T T T T T T T T T T T

00 01 02 03 04 05 06 07 08 0.9 0 10 20 30 40 50 60 70 80

(a) Current density [A/cm?] (b) After O, concentration [%]

(a) Polarisation curves and (b) selected points of polarisation curves for the fuel cell operating with 78% H,+
22% CO,/Air (Ay,/Aair=1.5/2) after oxygen enrichment. T=160 °C, p=1 atm, serpentine flow fields, P.=0.75 MPa

Polarisation curves: T performance after [0,] = 30 %

After O,-enrichment “activation region” is improved.

Selected points: [0,] = 45 - 75 % > | performance at j>0.5 A/cm2 = Air
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Fuel and Air/0O, Optimisation - 5
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Start-Stop-Cycling - 1

= Test Procedure L2 i W W T O
B Duration of start/stop 1'1_.Start/Stop cycles:  -2.4 mVicycle at 0.3 Alcm® [
cycle: 1 day L e © o o oo o8
W Standard break-in 56.7 wV/h at0-3A/0m2'__40
B 0.3 A/cm?2 for 6h a
between cycles | 03
B Shut-down with N, =
and OCV to T4 and | 80
equilibration overnight
B T,. 100°C --100
B Weekly: IV and EIS
with air/O, — e ——1-120
0 MOﬂtle: full 15 20 t(?jiy) 30 35 40 45 50
Cha ra Cterisation Current density, voltage and thickness changes as function of
. Weekend: 03 A/sz/ :iigll:;’s;a:;t:;c;p;dcg:ling,T=160 °C, p=1 atm, serpentine flow
160°C/H,/air
B 4 cycles per week
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Start-Stop-Cycling - 2

1.0 —e—o0day 0.3 0.3
1\ —e—48day a .o"'.. b
Y E
0.94 P L D oe?
] ..o’. ® o -
»
0.8- " RSP
1 2% Pt - -0.2 . e 0.2 5
\ 2
o R, et ;- z
b N.“o . ) . ~
[ J ~e 0 o o
0.6 - Yo 2%, . 3
.\. ~0.q ° o Y
I LN ~.~. \.*. ® (2P
. e ..o 0.1 O e 0.1
0.5 o e, “o.q. o Ve,
] e ...**o e, ® )
[ e e, ®-e. R I
O 4- -— Y -— Y
4
-,‘ -12.8%V loss at 0.3 Alcm® -6.8 % V loss at 0.3 Alcm?
0-3 T T T T T T T T T T T T T T T 0.0 T T T T T T T T T T T 0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 . . . 0.3 0.4 0.5 0.6 0.7 0.8
j (Alcm®) j (Alcm®)

Polarisation and power density curves for the fuel cell operating with H,+Air ()\HZ/)\Air= 1.5/2), start-stop-cycling-procedure,
a) T;q.=100°C and b) T;;.=25°C, T=160 °C, p=1 atm, serpentine flow fields, P.=0.75 MPa

27 cycles until EoL (at day 48) 50 cycles until now; >2300h
>1100h Test is still running.

— Lower degradation rates for lower T4inq

Y/
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Summary

Similar degradation rates for long term tests at
constant current densities and for fuel switching

Improvement of fuel cell performance after operating
with oxygen-enriched air (0,=30%)

Lower degradation rates for start-stop-cycling with
lower idling temperature (T,4.,=25°C)
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Thank you
for your attention!
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