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« Call year: 2011

« Call topic:
SP1-JTI-FCH.2011.1.6 Investigation of degradation phenomena;
SP1-JTI-FCH.2011.1.5 Next generation European MEAs for
transport applications

* Project dates: 11/2012 - 10/2016

« % stage of implementation 01/11/2017: 100 %
« Total project budget: 9,144,435 €

 FCH JU max. contribution: 3,902,403 €

» Other financial contribution: 0 €

« Partners: DLR, CEA, JRC, CNR-ITAE, ITM, JMFC, ZSW, UAES, TUB,
INPT, GIST, SLX
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The objectives are to:

* increase life-time of low Pt-loaded MEAs (0.2 mgcm2) for
automotive applications to 5,000 h in dynamic operation with
degradation rates <10 pVh-'

 to obtain a power density of 1 Wem 2 (performance target
achieved).

through identification of degradation mechanisms and subsequent
material development to mitigate them.

—=. Characterization of MEAs
COST | Final
durability test
L ° ,7

Automotive
Applicaﬂ

Durability




Work by all project partners feeds into low loaded MEASs for testing
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Reference MEAII MEAIII MEA IV MEA IVb MEA IVc MEAV
Reference
MEAI
MEA
Anode JM 40%
Catalyst Catalyst PUXCT2R HSA Pt/C HSA Pt/C HSA Pt/C HSA Pt/C HSA Pt/C HSA Pt/C
Anode
Loading, 0.05 0.2 0.05 0.05 0.05 0.05 0.05 0.05
mg/cm?p,
Cathode JM 40% Stable Pt/C - Stable Pt/C - Stable Pt/C
Catalyst Catalyst Pt/XC72R HSAPUC HSAPUC Stable PUC Optimised Optimised - Optimised
Cathode
Loading, 0.4 0.2 0.4 0.4 0.2 0.2 0.15 0.2
mg/cm?p,
lonomer Non- Solvay D79- Non-Solva Non-Solva Solvay D79- Solvay D79- Solvay D83- Solvay
Solvay 20BS y y 20BS 20BS 240BS D83-240BS
Solvay, 10
Solvay, 10 Solvay, 10 microns
Non- Solvay, 20 Solvay, 20 Solvay, 10 Solvay, 10 . Y . .0 i . .
Membrane . . . ) microns with microns with with
Solvay microns microns microns microns i e e
stabilising agent | stabilising agent | stabilising
agent
SGL 25BC | SGL 25BC SGL 25BC SGL 25BC SGL 25BC SGL 25BC
Modified — | Modified — Modified — Modified — Modified — SGL_ ?SBC SGL. ?SBC Modified —
GDL . . . . . Modified — Modified — .
provided provided by | provided by | provided by | provided by rovided bv DLR | orovided by DLR provided by
by DLR DLR DLR DLR pir | P y P y DLR




aduced pading
Achievement 0.6mgcm-2 TWem2 @ O.ngptcm'2¢ 0.2mige. 2
to-date

% stage of T T - .
implement. ) "-© Wcm-2 25% 50% 75% 1.0 Wcm'®

SoA FCH JU Targets
Aspect addressed Parameter (KPI) :
2017 | call topic | 2017 | 2020 |
Performance at Pt-loading mgcm‘z 0.35" 0.2 0.2 <0.2
reduced Pt-loading  power density @ Wem? 1 1 1 >1
1.0 =
12 000000 e AgAh A -------- 1.0
e W (088 Conditions:
07 Foue  dh, o6 @ * 80° Ccell temperature
ool M), e, -z - 50%RH
=05 A %, 04 =< « 1.5 bar absolute pressure
Qo4 & 0 "tz 2 .« airstoich. 2.0
0a] / MEA 4c-50RH% L gw
0.2 =~

010 OTS 1f0 115 210 2:5
Current density (A/CITIz) "Autostack-Core, Evo2 (2 bar pressure, 2.8 air stoich.)



aduced pading
hi t 10-20 uV/h
todate | 1000h 17;0 " “i}sooo h
U % stage of 100 uV/h r T r 10 uV/h
implement. M 25% 50% 75%

Durability at 0.2 mg Lifetime <5000 5000 5000 6000
cm?Pt-loading  pegradation rate pV/h <20* 10 10 <10

1700 h reached in stack durability test
(instability/failure of individual cells)

* 10-20 uV/h achieved in 500 h single cell test

*Autostack-Core, Evo2
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lonomer Type

Relative Humidity [%]

Development of highly conductive
membranes with reduced H2 crossover

Tafel Slope

407Pt/C 64 307

Optimizing ionomer in electrodes

Development of PtCo/KB cats
with superior mass activity

PICOBT/KB 72

Pt,Ni;/KB 69 357
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Formulas based on linear trendline of values from individual Polcurves in a
recovered status of the stack before starting the individual FC-DLC test block —
0.40

Investigation
of recovery of
reversible losses

—
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Gazdzicki et al., J. Power Sources 327, 86 (2016)

Cell Voltage

Cell Voltage

0 voltage before refresh

non-constant reversible

© voltage after refresh

~

voltage decay

Sequence i=1

constant reversible degradation

Understanding of impact of
Pt-loading on reversible and
irreversible degradation

Time

>=0.4 mg cm?

Gazdzicki et al., Eu.eJ.C.eLLs.(ZOl?)/
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olel- ® A liten
95 kWgross Stack cost Model cost ev-o!u-tion as a function c.)f Pt loading
at production rate Sensitivity of Pt catalyst price
70 50,000 stacks/yr. o — E(E]F;z.?:/gr Pt —_10 €;gr Pt 5000
60 140 —— 100 ;;r:’t _;2\iegrrdztnsity W,
g 50 0. 25 mgpcm? o 500 T
) 0 0.2 mgptcm glm 7000 3
4] =2 £
E 30 g s0 600,0 %
E 20 ‘é 60 'G'E
< 10 § o 500,0 %
0 0 400,0 =
MEA ref MEA IVc MEAV . oo
m Stack assembly m Others = BPP m MEAs 0,10 0,20 0,30 0,40 050 060 0,70 0,80 0,90 1,00 ’
Pt loading (mg/cm?)
Stack cost breakdown Sensitivity of cost on Pt price;
R Power vs loading based on rainbow
stack study
19000 € 17958¢€ ey 17360 €
.E o 15501€
14000€ < S_, B
o)) 6‘- g . . . .
£ 2 - LCCfor life cycle cost: combination of
9000€ . .
S & £ manufacturlng costand operating expenses
S including durability effects (low and high
degradation rates resulting from different test
Mghdeg, Lowdes, | Highdeg, Lowdeg | Hghdes. Lovdes were used)

M Investment ™ Fuel consum m Replacement m End of operation (Pt recycl.)|
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Interactions with projects funded under EU
programmes

IMPALA: provides knowledge about improved GDLs, organization of
common workshop

» Stack-Test: Test procedures (FC-DLC) developed in Stack-Test are
used for the durability testing within IMPACT

« DECODE: provides knowledge about degradation processes and
mechanisms. Moreover GDLs developed within DECODE are used as
standard GDLs in IMPACT

» Autostack-Core: New insight on operating ultra-low Pt loading fuel
cells under automotive conditions gained within IMPACT will be

used
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@blic deliverables

= D6.4 - Publicationto the
comparability of single cell and
stack experiments for the
investigation of degradation of PEFC

= D9.2 - Project fact sheet

\

/Conferences/Workshops

= 2 organised by the project + 1
summer school

= D9.4 & D9.6 - Summary reports of

\second public workshops /

= 33 in which the project has
\ participated (but not organised)

/

Social media

http://www.eu-project-impact.eu/

/Publications: 15

= T. Morawietz et al., Quantitative in Situ Analysis of lonomer Structure in Fuel

~

Cell Catalytic Layers, ACS Appl. Mater. Interfaces, 2016, 8, 27044-27054

= R. Hiesgen et al., Insight into the Structure and Nanoscale Conductivit
\ Fluorinated lonomer Membranes, J. Electrochem. Soc. 2014, 161, F1214-F1223/
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Thank You!

Coordinator: andreas.friedrich@dlIr.de



