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MT PEMFC Cluster Targets

- Develop and qualify a new generation of MT (mid temperature) PEM fuel cell
components for 2 applications for the temperature range of 100 - 150°C

Subprojects

- TP1: "Membrane"
- TP2: "Catalyst"

- TP3: "Coating"

- TP4: "Cell"

Applications

-DMFC  (MeOH/Air)
- PEMFC (H,/Air)
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SR TP 1 "Membrane":
!/ @8 1ICVE | membrane film and
*<_ | electrode polymer
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TP 2 "Catalyst™:

7\ | carbon bas. bimetallic

Pt and Pt-M catalysts
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TP 3 "Coating":
coating methods and
electrode layers

single cell and
short stack
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;:g Development Strategy

Development Strategy

- Develop and qualify materials, hardware and processes
first for LT (80°C), than for MT (100 - 150°C) applications

- raw materials (polymers, catalysts)

- coatings, composites (GDS, GDE, CCM, MEA)
- test cells (test hardware)

- test and qualification protocols (MEA testing procedures)

- Raw material and composite development focused on
- suitability, compatibility
- high performance
- good reproducability
- high lifetime
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g Subprojects and Components Developed

TP2: Catalyst
TP3: Coating (Composites) TP4: Cell

TP3 TP4

TP3 TP3 @

TP2 TP2

TP3 TP3 TP3
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g:g Polymer Development (TP1)

4-Column Concept and Most Promising Composite Types
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Column 1 Column 2 Column 3 Column 4
H,PO,-doped
phosphonic acid acid-excess base-excess polymer
polymeric acid-base base-acid lonic liquid
composites composites composites composites
MT PEMFC MT DMFC MT, HT PEMFC MT PEMFC
Column 1 Column 2 Column 3 Column 4
H,PO,-doped
blended membrane, | blended membrane, phosphonated tbd.
phosphonated sPSU and PBIOO poly(pentafluor-
poly(pentafluor- styrol) and PBIOO
styroandFe-PBI | | H,PO,-doped
sPSU and PBIOO
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Baseniiberschuss-Blend

Dotierung mit
Phosphorsaure
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FPRA 10 {sPASPO)

theoretisch 51,42 3,02 4,42 18,30 1,42 1,00
erhalten 47,90 327 4,06 17,76 1,32 0,92
& Reaktionstemperatur: 80-160° C ' f—- S 3 |
% Reaktionszeit:t =7 h = const. : " |

Temperature / °C

78,24 4,60 6,73
erhalten 76,98 4,60 6,26
¢ Reaktionstemperatur: 120 - 200° C
% Reaktionszeit: t =24 h = const.
¢ Kaliumcarbonat-Gehalt: 4,00 Aq.
¢ Lésungsmittel: NMP (Sdp.: 203° C)
Dephosphonation
Onset: 340 °C PWN2010
100 | —ememee REe s ——— -
T— - A~k
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80 : |
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= PFS \ HO-P—OH
60 o . “
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-_5 40 = --:;T/ \F
g F
TGA conditions: _F
20
atmosphere; 70% O,, 30% N,;
heating rate: 20 K min! (solid lines)
i g Y
0 1 K min;' (dashed lines) 1
100 200 300 400 500
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- Polymer Development (TP1) B

H* Conductivity of Polymers

Relative humidity / %
69.5 49.9 36.5 27.2 20.5 15.7
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H,PO, doped PWN2010/PBIOO | iié: .K:Vt
PWN 2010 s

Verfahrenstechnik
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o = 94
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Temperature / °C

1)
1,EQ01 ﬁm PWN2010 latm water pressure
o]

oD o g

1,E-02

AX: g8 PWN2010 dried at 120 °C, vacuum, 18 h

s s * * pwN2010

LE04 o @ /r\r}/
s n
. PO,H,
LECS ps -3 PVPA : 50°C, vacuum
Nafion 117 in dry N, 3 +1h 100 °C + 1h 140°C 2
1,E-06 T T T T 1
100 110 12Q 130 140 150

Temperature / °C
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;g DMFC MEA Development (TP1, TP3)

DMFC Performance: SFS001-PBIF6 (col. 2)

= Anode: 2 mg cm? (35wt%) Pt-Ru/V on TGP-H -60
= Cathode: 3,3 mgp, cm-? (30wt%) Pt/Vulcan on F.CX190
= Membrane: Nafion 117 or Polymer Nr. 3 (SFS001-PBIF6--Nr.3) with 13,5% PBI
= Conditions: 2M MeOH, 80-110°C, 2 bar, air

' 0,18
0,8 u vV Vy L
T X X -0,15
] ©09°0, ¢
4 e} v
0,6+ “n vo,0000, © 0,12
;l ‘:\ \ g 8 O [m] o (@] g |
> 4"‘@ i 0 L 0,09
= 04/—"—80°C e ¥y v
"7 —e—90°C R ARS S
|—a—100°C e Ly -0.06
—v—110°C AN S -
0,2 4 MEA-10 bei 2bar '\-\:\.3; 0,03
600 ml/min Luft \-\.\ g L
1 mit 2M MeOH Sm h | 0,00
010 T T T T T T I
0,0 0,2 0,4 0,6 0,8
i [Acm™]
Nafion 117

[.woml d

U V]

T T T T T T T T T
0,6 L 0,10
vV Vy
A 4 NaN v I
A g 2 5 -
0,5 ’; - o L 0,08
Ko © v
-\:\" v% o v | 9
0,4 LNk o0 4 -0,06 s
ENR v, Sl o
I\HD \ | g
0,3 —=—80°C \w . 0,04 R
—e—90°C i ﬁﬁ —
—4-—100°C A |
0,24 —v—110°C N Ny - 0,02
| MEA-12 bei 2bar und Ny %Y i
mit 600 mi/min Luft N o, Dy
0,14 2MMe0H - v F0,00
T T T T T T T T T T T T T
01 00 01 02 03 04 05 06 07
i [Acm'2]

Polymer Nr. 3 (SFS001-PBIF6-Nr.3)




;g DMFC MEA Development (TP1, TP3)

DMFC Performance: sPSU-PBI membrane (col. 2)

Tcen= 130°C; c(MeOH)=1M
1000 pa,= 2.8 bar, p.= 4 bar - 400

A(MeOH) =2, A(air) =4
Anode: 3 mg PtRu/cm?; GDL: SGL 10BB “-‘E
800 Cathode: 1 mg Pt/cm? GDL: Freudenberg | 300 O
% A= 25 cm? *E —=— |-V curve, sPSU-PBI
@ 600 - E _
O S —e—|-V curve, Nafion 115
g - 200 O
o]
z 400 g —~—MeOH- Cros., sPSU- PBI
g o
i L
100 0] —O— MeOH-Cros., Nafion 115
200 g
0 ] ] ] ] 0
0 200 400 600 800 1000

current density/ mA*cm™
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PEMFC MEA Development (TP1, TP3) ?E

siciys e
V { i echnik

PEMFC Performance: PWN2010-PBIOO, H,PO, doped (col. 3)

e HIAT Ul-plot, qCf 25cm?: 1 N/mm?

Membrane:
ICVT MAMS56, PWN2010 (60wt.%)+PBIOO(40wt.%), thickness: 35-40pum
270wt.% H;PO, doped = 0,30
GDEs (anode and cathode): Freudenberg I3CX190 with 0.87mg Pt/cnt
Lambda H;: 1.2 (r.h. 0%), lambda air: 2.5 (r.h. 0%)
L 0,25

b 0,20

L 0,15

Voltage /V

L 0,10

Power density /Wem?

b 0,05

e 0,00

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 1,1 1,2 13

Current density / Acm™
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PEMFC MEA Development (TP1, TP3)

af

PEMFC Performance: H,PO,-Doped sPSU-PBIOO Acid-Base Blend
(HT-PEM 140 - 180°C Hydrogen/Air)

=00%010
sPSU:m/n=1/1

OO

1

0,9

0.8

0,7 140°C
E — —150°C
> 06 —160°C
e .
—_— "-.h\\ —170%C
0,5 —
: = —a—180°C
-:E__
0.4
0,3
0 1 0,2 0,3 0,4 0,5 6 0,7 0.8 05 1 1.1 1,2

1[Afcm?]

H;PO,-doping degree: 280%
active area 25 cm?, gases: H,, air 1bar (absolute), lambda: 1.5
rel. humidity: 0% (operation with dry gases)
Standard GDE (JM); anode: 2,5 mg PtRu/cm?, cathode: 3 mg Pt/cm?
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onset potential

Current (mA)
P

15 mV
-3
e leagajomuVJ vs Nuésu
4. 0.5 M H,50,
400 600 800 1000

Potential (mV) vs. NHE

Current (mA)

-2 4

—Pt,,/C
——PtNi,/C

——Pt_Cr,/C

60 40
— Pt _Au, /C
Pt,,Cu,/C

0.5 M H,S0, + 0.5 M CH,OH

I L I
400 600

T L I
800 1000
Potential (mV) vs. NHE

e Particle size in the range of 3-7 nm for Pt, PtNi & PtAu and 30-50 nm for PtCr
 ~15 mV less overpotential for ORR observed at Pt,,Cr,,/C compared to Pt/C

* Highest methanol tolerance during ORR for Pt,,Au,,/C
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TEM image of SEM image of
HGS 20 wt% Pt HGS 20 wt% Pt

Particle Properties

- diameter: 300 nm
- wall thickness: 40 nm
- avg. pore diameter: 4 nm

Cross-sectional cutting of
HGS (shell) with 20 wt% Pt
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Comparison of Performance Curves Performance Curves during the Activation/Ageing Process

(ZBT Standard - 40 % Pt/HGS - 20 % Pt/HGS) (Catalyst: 40 % Pt/HGS, M263)
110 T T T T T T T T i
; s | | | | | | | | —=-KL7
! ] . Y |
0,9 ] | | i | | | —-—KL6
08 ]y ~time | |—~kis
! ! ! ! ! || -numberof | | |—e—KL4
0,7 - ——4-——-——--t---+---1{ "activation" -——KL3
el = R oycles || |+ke2

Voltage [V]
Voltage [V]

0,4 fHardware
- ZBT cell type 1, water cooled, 50 cm2, NR212
- cat. cathode: 0,36 mgPt/cm2 (40 % Pt/HGS)
- cat. anode: 0,18 mg/cm2 (40 % Pt/C)

0.

w

MEA types

- M190: ZBT Standard
0,2 ff-M262: ZBT Standard L

- M263: 40 % PYHGS

| [ 1 - - 0,2 [{Operating Conditons |- —— — — — — |
| | |
- M265: 40 % PYHGS | | |
| | |
| | |

|

|

|

: - cell temperature: 80°C

| - rel. humidities: 70 % anode, 90 % cathode
|

|

0.1 . 01 i stoichiometries (> 5A): anode 1,5 (H2); cathode 2,5 (air)
- M211: 20 % PYHGS - no overpressure (open cell outlet)
’ | ’ ’ ’ Curr;ant Der;sity [A’Icmz] | ’ ’ ’ ’ ’ ’ ’ ’ ’ Curn’ent Der;sity [A}cmz] ’ ’ ’ ’ ’
Performance Results Activation/Ageing/Stability Results
- very good - M265 + M263: - catalyst activation is necessary
performance 40 % Pt/HGS, cathod.
achieved (Nafion NR212) - very good electrochemical stability (slow ageing)
- M262 + M190: - M211: - activation and ageing procedure
ZBT standard 20 % PYHGS, cathod. - in situ CV, H,/N,, 80°C, 50 - 1.400 mV
(Nafion NR212) (Nafion NR212) - in total: 1.000 cycles (5 x 100 + 1 x 500)
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MEA Preparation Process Development (TP3)
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ZBT MEA Performance: State of the Art (LT MEA)

=IO M

MEA Development at ZBT: State of the art
(SFE, AWN, VPE; 14.03.2012)

1,0

—e— 282 (ZBT)

L R e e _ --
——commercial MEA

—&—commercial comp. (lam. by ZBT)

Main Results

- very good perfor-
-- mance with ZBT
—&—M262 (ZBT) MEA’s achieved

e
©
\

L
~
T

- M262:
Nafion NR212, 50 um

g
o
‘

- M282:
Nafion NR211, 25 um

i |
Hardware (cell, MEA)
cell: ZBT (cell 1), water cooled, 50 cm2

Voltage [V]

relative humidity: 70% (A), 90% (K)
01 | stoichiometry (from 5A): 1,5 (A); 2,5 (K)
gas pressure: open outlets (no overpressure, both sides)

|
04 T | cathode: 40 wt9% PUC, 0,36 mg/cm2 Pt L (data not yet reprod.)
anode: 40 wt% Pt/C, 0,18 mg/cm2 Pt |
0,3 | [membrane: NR212 (M262), NR211 (M282) ~  f-— R R
| | - cell type 1
02 | Operating Conditions | | - ZBT flow fields
cell temperature: 80°C i i - 50 cm?2
| |
| |
| |
| |
| |
| |

0,0

0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4

Current Density [A/lcm?]

CARISMA_030509_ZBT_20




W
®
v,
0p)
QD
>
o
o
-,
M
v,
0]
<
o)
@)
©
3
D
=1
-
U
«
— 0N

UNIVERSITAT

DUISBUR
EuSSsEI‘\ILI 8

farschungsinstitut

edelmeaetalle &
meaetallchemia

. GDL MPL
(ca. 200 pm) ) (ca. 60 um)

Catalyst Layer
(ca. 5-10 pm)

. r) = "
_ T ".'-':' 4.4 I'Tln EMT=1C =

GDE Analysis - SEM/EDX GDE Development - top view on galvanically
(UDE, Dr. Myronova) coated GDS (FEM, Dr. Baumgartner, fem_189)

GDS Development - SEM, cross section, GDS Development - SEM, top view
MPL on upper side (FILK, M. Langer on MPL (FILK, M. Langer
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High Performance Test Cell - HPTC (TP3)
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HPTC Performance for air/O, operation (PC MEA, LT, cell type 2, 25 cm?) %é

1'1 T T T T T T T T T T 2’4 T T T T T T T T T T T T
DS O N N IO N R NN ___|~®=023bar | 2l A T T S R E R R
l l L l —8—02, 1 bar l
09 Mg — - - - - - - - - e e o R --- o e e e [ o il iy S
| | I —d— Air, 3 bar ‘
08 | | TR B L ey i —
| | —&—Air, 1 bar !
[ 2 S T e N )[R - _ == P ep— p—— — LLE e e R S A T e S S
‘ L -
L e e e e e S Sty =il (il e Sl €
E ! S 12f------—-mm - | E—
0,5
> ‘ : =Wl o e
0,4 | | o
Y D S S B R L N L . ol —8—02, 3 bar ||
T A e e T 2 R B 1| =02, 1 bar |
o2 - Lo _L____L_______ [ [ [ R I I I I I I
| | | | | | | | | | | | 04— ———FHH»r——————— T -4 -—-—F—-—4-—-——-——-————-=—- 1— =t - —I- +Air3bar 1
| | | | | | | | | | | | | | | | | | !
e S il s i S S Y S GRREEEEEEEE e -t | =i, 1 bar
00 | | | | [ | | [ B oo L L —
o0 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 4.2 ' 00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 4,2
i [Alem?] i [Alem?]
1,1 11,0
10 : ——100 % O2 - 3 bar abs (ERW2) lO |
——100 % O2 - 3 bar abs STB
091 —8—100% O2 - 1 bar abs STB 807
0,8 1 8,0
0,7 1 7,0 q
0,6 ‘E, 6,0 1
= 2
) 0,51 ‘—'E 5,0 q
0,4 + g 4,0
I3
03 304
02 | 201 —4—100 % O2 - 3 bar abs (ERW2)
o1 ] value (8 A/sz) 10 —4—100 % O2 - 3 bar abs STB
' i [A/lcm?] not stable ' i [Alcm?] —8—100% O2 - 1 bar abs STB
0,0 s s - 0,0 : : : :
0,0 0,5 1,0 15 2,0 25 3,0 35 4,0 45 5,0 55 6,0 6,5 7,0 75 8 8,5 0,0 05 1,0 15 2,0 25 3,0 35 4,0 4,5 5,0 55 6,0 6,5 7,0 75 8 8,5
Main Results
- excellent performance achieved - current densities up to - power densities up to - extreme thermal loads
with PC MEA, better than with - 4.000 mA/cm?2 (air) - 1.400 mW/cm?2 (air) of the MEA tested

commercial MEA's - 7.000 mA/cm? (O,) - 2.200 mW/cm? (O,) (ca. 10 W/cm?)
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New MT Cell Concepts (TP4) ?E

Cell Concept Development and Component Characterization A %é

ESSEN

- MT PEM cell cooling by evaporating water

- ultrasonic water atomization

- characteriz. by Particle Image Velocimetry (PIV)
- membrane humidification by evaporated water i
- no extra coolant needed (one-piece bipolar plates) P
- gas circulations
- water condensation, cloosed water loops C I\

...................

..................................

position mm

®35
[l .
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015
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CARISMA_030509_ZBT_20




= 0N

Thank You very much for Your attention !
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