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#~ . 3-Cell DMFC Stack #pc o=k &1]
Single Cell Stack active area 320 cm?
Operation Temp. 70 °C
V_cathode (1) 10 L/min (A=3)
m_anode (A) 15 kg/hr (AL=6)
Methanol conc. 0.5 M
Methanol_density 977.5 kg/cm?3
| _step 5A / 3min
Test Range 0-60A
Power Output 60 W
Power Density 62 mW/cm?
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T A
Power Density of | Specific Power of
Year Power Output
Stack Stack
1999 2W 1 W/L 0.24 W/Kg
2000 50W 7 W/L 4.5 W/Kg
2001 500W 120 W/L 38.5 W/Kg
2002 650W 138 W/L 59 W/Kg
500W-2.5 kW
2002 112 W/L 37 W/Kg
(Model)
2004 150W-1.4kW 100 W/L 110 W/Kg
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Juelich Research Center parof Heimhaitz-Community

Juelich Research Center at a Glance

Founded: Area: Legal Form:
Dec. 1956 2.2 km? PLC
Operator:

+ Federal Republic of Germany (30 %)
+ State of North Rhine-Westphalia (10 %)

Budget: 360 Mio. EURQ in 2005 I

Bodies: Scientific/Technical Structure:
« Partners Meeting + 12 Departments (36 Institutes)
+ Supervisory Board + 6 Central Departments

+ Board of Directors + 2 Programme Groups

+ Scientific and Technical Council + 2 Project Management Groups

Staff: 4200
Including: = 1200 Scientists
+ 400 Postgraduate Students
* 150 Undergraduate Students
+ 370 Trainees

Visiting Scientists: more than 700 annually from more than 50 countries

[f'1. Forschungszentrum Julichf-3t f[1 = ﬁl%%"g‘fﬁ?* °

Juelich Research Center parof Hetmbaltz-Community
Institute for Energy Process Engineering (IWV-3)
- Special departments vs. competence fields and R&D goals
Research and Development Goals
IWv-3
Energy High-temperature || Low-temperature Fuel gas
Process Engineering fuel cells fuel cells production
SOFC DMFC/PEFC systems
'!"P':::“r : Process and system analysis (VSA)
production
2 engineering Polymer electrolyt
= fuel cells
LA (EWN)
& hemistry High-temperature
§ fuel cells Physico-
3_ madelling & (EWH) chemical
£ simulation ffundamentals (PCG)
o Fuel gas
catalysis & production
reaction engineeri
process & Fuel cell process engineering
system engineering (VBZ)

[f'2.  Forschungszentrum Julich. R B i (v 3 e



Production steps

Carbon Substrate

Impregnated
Hddtd atora sy P
RILE _/} Catalyst Layer
Carbon Base Coating
Hydrophobization Micro layer Catalyst layer
Impregnation of carbon clath by Coating the hydrophobic carbon Coating the micro layer with catalyst ink
dipping into a PTFE solution cloth with a carbon/PTFE mixture Structure of catalyst layer depends on:
Coating system: foclard Coating system: commabar - dispersing agent

- dispersing system
- coating system
Coating systam: knife over roll

[ji'3. Forschungszentrum Julich. MEAZI7H -

[
&>
[

o b -

Coating machinery

Several coating systems knife over roll, commabar, Toulard,
screan printing » drying oven » several IR heaters » balt
laminating = press station « laminating! delaminating station
» coating speed: 0.1 — 15 mimin = startup in 2001

[}%1[4. Forschungszentrum Jilich.” MEA Development&! i# ;ﬂ;ﬁﬁ e (1)
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Juelich Research Center par of Hsimbaitz-Community

Challenges in MEA manufacture
» Continuous machine fabrication will cut manufacture costs and improve quality

Continuous coating techniques
Knife over roll
Slot coating
Screen-printing
G e

Deskcoater Gas Diffusion Layer

QEMS. Forschungszentrum Jilich” MEA Development&! & %LJ{F;@ (' (2)

Forschun gszentrum Ju lich in der Helmhoitz-Gemeinschaft ,

Components of a DMFC stack - Development and demonstration of
high volume/low-cost manufacturing technique

a) Bipolar plate (plain graphite)

b) Flow field anode
(meander structure)

¢) Membrane Electrode
Assembly (MEA)

d) Flow field cathode
(parallel channels)

Automatic assembling of the MEA =

&%.1'6. Forschungszentrum Jiulich Stack DevelopmentE! & g;[lg;@ (' (1)
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Juelich Research Center par of Heimboitz-Community ' .

New graphite layers design for DMFCs to reduce size and weight
- ®SIGRAFLEX: Expanded Graphite foil exhibit advantageous properties:

F...
physlzal property unit . 108 } ez
n-plang | through-plang  ir-plans ]Ihnu@-plmu

density gles 10 1.8 p s . 1

thermal conductivity W rmiK) 155 4.8 295 6
spec. sleclr. msislance | 10°Ohmem ] 650 f

parmeabibly coalfcent emis . a0} . 510"
for alr (DIN 51323) |
tonsile strengh Mimm? =4 - 18

elongation al break

i

|

|
|
b

i \

e -
o E ‘.1\..

ﬁ%ﬂ'& Forschungszentrum Jiulich Stack DevelopmentE! & ﬁ;ﬁlﬁﬁ ('5(3)
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Juelich Research Center pan of Heimboitz-Community

Optimization of meander flow fields
- Pressure drop and flow in meander flow channels 111
4 |low pressure drop in cathodic flow channels
leads to higher system efficiency
4 in large manifolds the flow distribution is ! i |
homogeneous i b

4+ removal of droplets by integrated wick
structure air

# |ow stoichiometric flow rates are possible

|
/ -
! |

air and stea

water droplets iqui Ap=2mbar

q*;'ﬂlg.

[{#110.  Forschungszentrum Julich. i v WIS 1 (1)
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Dichtekalibrierung
995
el
G
E o085 e o =
® AL
@
5 A Solar xﬁ-
B3
MKy %
965
20 25 30 35 40 45 50 55 B0 85 70 75 80
Temperatur / °C
X 1,5M AN 05 M <& 1M
= 0,75M +« 025M X OM
Trendlinie 1,5 M —— Trendlinie 0,5M — Trendlinie 1 M
—— Trendlinie 0,75 M — Trendlinie 0,25 M — Trendlinie 0 M
%\'12. Forschungszentrum Julich/ ”F EYP AT EE F'(B)
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—&— 50°C(M_density= 982.5 kgim’)
—8— 60°C(M_density= 983 kgim’)

2.5 T— -m- 70°C(M_density= 974 kgim’) 50

o 40
> 2
g’ 30 5
@
= 3
o (=]
= (s 8

20

10

D I T T D
0 20 40 60
Current (A)

[#'13.  Forschungszentrum Julich i%;iz,l%*i R HS AR - TR R

1
—A— 0,28M(M_density= 983 kgim?)-Power Density
—8— 0,5M(M_density= 982 kgim*)-Power Density 1 50
—- 1M(M_density= 978.5 kgim3?)-Power Density
140 5§
> =
> E
g | ¥z
(=] 7]
> 3
= (m]
@ 120+
° :
[=]
o
1 10
D T T T T D

0 50 100 150 200

Current Density (mA/cm?)

%\'14. Forschungszentrum Jilich ir%i'#%‘?*b A ‘ﬁﬂ: WIEE-T IFil =R El =i

15



0.6
0.5
a W
o 04 'W
o)
=
° 0.3
= —0.25M-Cell Voltage_ V1
% 0.2 T
0 —_— 25M-Cell Voltage W2
0.1 0.25M-Cell Voltage_W3 4
0 T T T T T T T T
0 30 G0 90 120 150 180 210 240
Time (hr)
q%.ﬂ'15. Forschungszentrum Julich i%;ﬂz.l?ﬁ A F S TN - AR R g R
T
Forschungszentrum Jalich i ger Hetmpoiz- ,'
—TETETTET

Experimenteller Aufbau - Einzelzellenmessungen

Anodenseite Kathodenseite
— g3cm —»

Mafion 1174
Membran
-

[|'16. Forschungszentrum Jilich %‘f“‘%ﬁi o3 pr-= ”FECT“H’ £ (1)
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Forschungszentrum lilich in der Heimaoz- "

—TETETTE
Experimenteller Aufbau - Einzelzellenmessungen

q‘zﬂl?. Forschungszentrum JulichV %f“‘%‘ﬁﬁi W o3 A= ”F::T‘HU EHHI(2)

Forschungszentrum Jalich s ger Heimboitz- ,'

b T
Experimenteller Aufbau - Halbzellenmessungen

Anodenseite Kathodenseite
+——— 5icm———*

Mafion 117-
Membran

' 18. Forschungszentrum Jilich %f“‘%’éﬁi W53 pr-4F ”Fj:T“Hi £ (1)
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Forschungszentrum Jalich i ger seimborte- ,'

—TETETTTE

Experimenteller Aufbau - Halbzellenmessungen

4119. Forschungszentrum JulichV 7 (™~ 2 & [ 55 #7-F T & (2)

Forschungszentrum Jalich ie dar Hetmaats- ,'

EIPEI’II‘HEHIE"EI’AL"DEU - Halbzellenmessungen
Ancdenmessung

Kathocdenmessu

|
|
|
|
!
I
|

N

[f'20.  Forschungszentrum Julich.r 7 = 5% &l 3

53 -4 T £ (3)
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Farschungszentrum JOch i der Helmhotte: Gemsinschaft 'ﬁ

Determination of membrane conductivity up to 180 °C (FZJ)

Ni-Cr-Ni-
| Thermocouple

Inlet of
humidified air

[fi' 21.Forschungszentrum Julich [ ikl BT =" < #2000k F v P22 32 5 (1)

Farschungszentrum JONCh in der Heimbolte: Gemeinschalt "

Fuel cell test facility (T < 180°C; FZJ)

Whenin use:

Thermal isolation Automated operation and data

Active area of the MEA up to
100cm?

‘Humidification of anodic and

[f' 22.Forschungszentrum Jilich.V i fl B7 " & SURUSSE] F -2 5T 5w (2)
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[f'23.  Forschungszentrum Jilichy DMFCHE i F 9 i 4

Juelich Research Center pan of Heimbaitz-Community

New Stack design / ‘low-cost’ materials
- DMFC Stack 20086

Number off cells: 100

Single cell area: 320 cm?

Temperature: 35-70°C

Power: 2,0 kW @ 0,45 V single cell voltage

MEA (Precious metal loading):  § mag/cm?/cell

Air stoichiometric flow 2. 4
Prassure loss: 2 mbar

Spec. power density: 155 Wikg

q%.\'24. Forschungszentrum Julich ” DMFCH3% L) (1)
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Juelich Research Center par of Hstmboitz-Community

o

New Stack design / ‘low-cost' materials
- DMFC Stack 2005

Number off cells: 100

Single cell area: 310 cm?

Temperature: 35-70°C

Power: 1.3 kW @ 0,45 V single cell voltage

MEA (Precious metal loading). 4 mg/cm?cell
Air stoichiometric flow i.: 4-8

Pressure loss: 2 mbar

Spec. power density: 90 Wikg

q%.ﬂ'25. Forschungszentrum Jilich.” DMFCH-52 2L i (2)

Juelich Research Center par of Helmhaltz-Community , '

Simplify system design and engineering
- Possible applications for DMFCs

2007

2006

battery replacement in
Scooter, 1600 W lifting truck

qé.ﬁIZG. Forschungszentrum Julich ” DMFCH3% L} (3)
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