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EU-Project CISTEM

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

System requirements
= system efficiency
B control strategy

™ |oad management

Modular
concept Stack requirements

- . . durability
= Vision: Development of a Balance HT-PEM costs
of Plant volume

new HT-PEMFC based CHP ke
technology with high sl o 5
efficiency and long lifetime N .

gas quality BoP
modulation capabilities

0
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Bipolar matical
plates modelling

Proof viability of HT-PEMFC
technology for large
CHP systems

Degradation investigations: _.
single components, MEAs, Development Overview
stacks, CHP units

* X %

GA No: 325262
Duration: 1stJune 2013 - 31st May 2016
WWW.project-cistem.eu
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Gefordert durch:

* Bundesministerium
fiir Wirtschaft

National Project QUALIFIX

* QUALIFIX — national project
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Experimental Setup

HT-PEM test benches

Anode: A,,=1.5, Cathode: Ap,=2.0, T=160 °C, p=1 atm, P.=0.75 MPa
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Experimental Setup

Product water collection
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cell compression
unit

cathode
water
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Experimental Setup

Test procedure over 500 hours

1.2 35

Lol , 30- - Iﬁ
' 25 "
(\.l—| 0.8 i ) 19.5  20.0 Umezu[.;qln] 21.0 21.5
g .220-
< — 15-
" 0.4 '
_ 10-
0.2 5
.04 m—mr+m—— 7 ———nF— o . * S —
0 10 20 30 40 50 60 70 30000 0 20 40 60 80 100
time [min] time [min]
* 4 minutes @ 0.6 A/cm? = Daily IV curve

= 16 minutes @ 1.0 A/cm? OCV -1 A/cm?
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Fuel Cell Performance MEA type 1 - BASF

Voltage loss rate: BASF

2.84 1.0 Celtec®-P1100W MEA

4] [ = BASF Fuel Cell, Germany

= Active area: 20.25 cm?

) i = 95 wt% phosphoric acid
16 L0.4 m = 70 PA molecules per repeat
<2 - unit
54 [~ = GDL: woven carbon cloth

0.8 0.0 = Cathode: 0.75 mgp/cm?

- - = Anode: 1.0 mgp/cm?

o.o-. L 0.4 =

0 . 160 ' 260 ' 360 ' 460 ' 5(')0
time [h]
= @ 0.3 A/cm?: - 46 pV/h
= @ 0.6 A/cm?: - 38 pV/h
= @ 1.0 A/cm?: - 46 pV/h
08-April-16 inl ::gl‘:"feér'?ngcmm "V'EXT"E:"ERTIY -@-Danish Power Systems® ..!!E!mermc» xxxxxxxx @ EEE‘&E?’IR:;DTECHNOLOGV . s



Fuel Cell Performance MEA type 2 - DPS

2. -1.0

@
U

-0.8

- 0.6

0.4

Voltage loss rate: Danish Power Systems

Dapozol®-G55 MEA

Danish Power Systems,
Denmark

Nominal active area: 25 cm?
8-9 PA molecules per repeat

§ - unit
= = = GDL: non-woven
s carbon cloth
= Cathode/Anode:
0.2 1.3-1.5 mgp/cm?
T o T
0 ' 1(|)0 ' 2CIJO ' 3(')0 ' 4(l)0 ' S(I)O .ﬁ
time [h]
= @ 0.3 A/cm?2: - 54 pV/h k
= @ 0.6 A/cm?: - 144 pV/h I‘
= @ 1.0 A/cm?: - 342 pV/h —
08-April-16 fnlet:;;rfeer?ngcmbﬁ NEXTENERGY @Danisn e “!!E!m'""’“”"“"”' (EISENHUTH) EEE&?S:;DTECHNOLOGV . y



Fuel Cell Performance MEA type 3 - FMT

Voltage loss rate: FUMA-tech

2.8+ 1.0

0O 100 200 300 400 500
time [h]

= @ 0.3 A/cm?: - 15 pV/h

= @ 0.6 A/cm?: - 73 pV/h

= @ 1.0 A/cm?2: - 145 pV/h

fumea® HTPEM

= FuMA-tech, Germany
= Nominal active area: 25 cm?
» Cathode:1.55-1.7 mgp/cm?

: 7 NEXT ENERGY = - \/ ) ) UNIVERSITY OF
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Fuel Cell Performance MEA type 4 - APM

Voltage loss rate: Advent

&0 1.0 Advent PBI MEA
' ' (Formerly BASF P1100W)

= Advent, Greece
= Active area: 20.25 cm?

2.4 L 0.8

< - = 95 wt% phosphoric acid
- = = 70 PA molecules per repeat
< 1.2 0.2 — unit

= GDL: woven carbon cloth
= Cathode: 0.75 mg;/cm?
= Anode: 1.0 mgp/cm?

O 100 200 300 400 500 _
time [h] o
= @ 0.3 A/cm?: - 32 pV/h >

= @ 0.6 A/cm?: - 44 pV/h
= @ 1.0 A/cm?: - 80 pV/h
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Comparison of Fuel Cell Performance

= \/oltage loss rates of BASF-, DPS-, FMT- and APM-MEA

500 20

B 0.3 A/cm? ] —eo— BASF
= I 0.6 A/cm? —e— DPS
-~ 400- - 2 18-

S 1.0 A/cm | —eo— FMT
2 —e— APM
s 16
Q &
£ 300 -
© 2
g Ei 144 o
g 200 (z 1
g o124
Ex
S Ir®
100 ~ 16 \
®
8 T 1 1 1
BASF DPS FMT APM 0 5 10 15 20 25

time [days]

= DPS-MEA more sensitive to performance loss at higher load
= At higher current densities - higher voltage loss rates

= High EASA loss of DPS-MEA compared to BASF, FMT and APM
- correlates with voltage loss rates of DPS
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Phosphoric Acid Loss & Water Production

10
| —®— BASF Cathode
—&— BASF Anode
— 8 —&— DPS Cathode
g’ 1 ——DPS Anode
o= —8— FMT Cathode
S 1 —A—FMT Anode
8 8 —8— APM Cathode
b 2 69 —a—ArPMAnode
L QO
° B
O 3
' 0
) & _§
e o
=
o
|
(-

0 100

200 300 400 500
time [h]

H,O collected
from exhaust pipes [I]

4

Comparison of PA loss rate and water production

—&— BASF Cathode

{ =—#&— BASF Anode

—&— DPS Cathode
—&— DPS Anode
—@— FMT Cathode
—A— FMT Anode

{ —@— APM Cathode

—A— APM Anode

200

——r
300
time [h]

—
400

—
500

600

= High PA loss at begin and end of test - Full characterization
= PA |loss & water production primarily on cathode side
= In general, PA loss and water production constant over time
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Acid Distribution & PA Loss Rates

Acid distribution in MEA and product water

MEA type PA MEA pristine PA MEA EoT PA cathode water PA anode water
[mg/cm?] [mg/cm?] [mg/I] [mg/I]

BASF 23.6 14.2 (-40%) 1.66 0.05
DPS 11.4 7.1 (-38%) 1.65 0.08
FMT 22.5 13.6 (-40%) 2.58 0.06
APM 22.9 13.3 (-42%) 3.21 0.21
o = Lower acid doping level of

= - PA loss rate calculated by product water DPS-MEA

5 . = Similar PA loss of MEAs

S 0.6 .

2 ] = Acid loss:

e - BASF<DPS<FMT<APM

£ o0 = Voltage loss rate cannot be

* 0.0- coupled to acid loss =

BASF

DPS

APM

other reasons (loss of EASA)

08-April-16 ¢ inl, ouse,

engineer mg GmbH g roncune
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MEA Changes — Weight, Acid and Thickness

= Comparison of MEA changes 60

> BoL and EoT —w=eight
—&— acid

| —A—thickness

Similar loss of weight, initial - '\’/./.

acid and thickness, but

= Low weight loss of DPS
—->Lower acid doping level?

loss [%]

= High thickness loss of 204
FMT-MEA

—~>Procedure of assembly?
MEA-components?

| | 1
BASF DPS FMT APM

IIIIIIIIIII

V
08-April-16 ¢ inl; ouse)  NEXT[ENERCY -@-Da ish Power Systems®  ||CI ..!!E! °°°°°°°° nsurt (EISENHUTH) .
CALDAIE

engin eermg GmbH v roren

21



MEA Changes - Physiochemical Changes

Physiochemical changes that can occur during
acid leaching process

» Effect on membrane volume, thickness and area

BPP
GDL
Membrane -
GDL
BPP

Compressed GDL Uncompressed GDL
Acid swelled membrane Reduced swelled membrane

BPP
GDL
Membrane
GDL
BPP

. eDL

GDL jlms s ;
o Membrane

Membrane

GDL m’
2207 um GDL Cathode 230+£10 ym
354 um CL Cathode 269 um
DPS 677 um Membrane 48+10 pm
_36+6 um CL Anode 25+7 ym
252+16 um GDL Anode 253+23 uym
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Summary

Comparison of 4 types of MEAs: BASF, DPS, FMT, APM

Fuel cell performance:

= DPS-MEA more sensitive to performance at higher load,
probably not related to acid loss

= \oltage loss rates correlated with EASA loss

Acid distribution:
= High PA loss at begin and end of test > Full characterization
= PA loss & water production primarily on cathode side

= Similar percentage of PA loss of all MEAs
= High acid loss in product water > APM-MEA

MEA changes:
= Low weight loss of DPS and high thickness loss of FMT-MEA
= Reduced swelled membrane, uncompressed GDL
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Gefordert durch:

*

Construction of Improved HT-PEM MEAs and

FCH Stacks for Long Term Stable Modular CHP Units
]
2 § *
2 & New Energy World
“ ® U

Bundesministerium
fiir Wirtschaft
und Energie

J’4 D) :
Iy “\\\\ aufgrund eines Beschlusses
”yDBUGE“‘ fuel cells & hydrogen for sustainability des Deutschen Bundestages
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EIS @ 0.3 A/cm?2 - DPS

15
® Tag1
Tag 22
101
o
E
N
] 009 0 o
5 - ° ’
® L
o. %
0 L ) /I L 1 1 N 1 s 1

0 5 10 15 20 25 30 35 40
Z'(mQ)

Effective diameter increase, decrease of ionic conduction
- plot shifts away from the origin, (increase resistance to
charge transfer)
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Crossover & Resistance - DPS

2.0 20
£ 1.8 . -16
g ///__
E . 0
© 1.6 i)
> L
O o
2 ] £
o -
G 1.4- -8
IN
1.2 =4
1.0 T T T T 0
0 5 10 18 20 25
t (days)
= Reduction in volume, thickness and conductivity of membrane
- increase in the ohmic resistance, increase of contact resistance
between MEA and BPPs
_ I‘i _ ;’ 7] NEXT ENERGY Danish Power stems® .."’lo eeeeeeeee -Institut g:?ﬁ&?ﬂ.ﬁn TECHNOLOGY
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EIS @ 0.3 A/cm? - all MEAs

= FMT
10
e 1day
22 day
g g
%5- e®%0 * ;E’ 51 e®0g® 0,
h L ..9. 2%, ’\ul o ..
,)' ° .. °
9 ° . .
5 % ° ‘.
/ * / i
0 T T 0 T
0 5 10 15 20 30 0 30
Z'(mQ) Z'(mQ)
= DPS = APM
15 10
e Tag1 e 1day
Tag 22 22 day
101
[} 3]
-‘E’ ;E/ 51 0®%e
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° % e °
/ \ I :
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