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Battery Symposium, Dec.1. 2000
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M Battery vs. Fuel Cell
Fuel Cell2 &
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Research Objectives

H21AD 3o OX UKD 88
B Battery 2| 81| (ST AIZH AIBAIZHE 2E6t= MO OISHKICZ N
o2 =, DEY, & Portable Fuel Cell & o137 Jjgt

|

B &2 MEA (Membrane & Electrode Assembly) Jj&t
W Xt Proton Exchange Membrane & Jjgt
M PEMFC, DMFC Cell Pack / Stack Ji2 & A58 S8t @AJlE &%

A3 3
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Technology Principle

Electrochemical Reaction

H, => 2H* + 2¢° CH;OH + H,0 => CO, + 6H"* + 6"
0, + 2H* + 2¢" => H,0 3/20, + 6H* + 6e"=> 3H,0
H, +1/20,=>H,0 (E=1.23V)  CH,OH + 3120, => 2H,0 + CO, (E = 1.21V)

AEUER 4
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‘Technology Principle
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Euel Cell Types
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Technology Principle
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Applications (PEM & DMFC )

B Portable Electronic Devices (Note PC, Cellular Phone, PDA, Portable Power)
B Stationary Stand—alone Power (House Utilities) 7
W Fuel Cell Vehicle (ZEV or LEV)

\

Ref. Samsung Ref. Samsung

Ref. www.daisanalytic.com Ref. www.ballard.com Ref. www.daimlerchrysler.de

PR YA 7

Technology Trend

Catalyst .Electrode Process
High Power Density MEA
Self Humidified (Water Management Electrode)
Air Breathing Diffusion Layer

CO Tolerant Catalyst

Catalyst Coating (Catalyzed Membrane)

High Proton Conductivity / Conductance
Chemical / Mechanical Stability

Low Cost

Low Methanol Cross— over

Thin & Light Bipolar Plate

Cell Pack Design

Ambient Temp./Ambient Pressrue Operation
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Technology Trend

&3 YT MEA Process

I Catalyst Electrode
v Spray Coating
v Decal Process

v Tape Casting...
PEM +— = M Catalyzed Membrane

Catalyst Layer <— v Spray Coating

‘_ g
Diffusion Electrode ¥/ Vapor Deposition

W MEA Bonding
TR 9
Technology Trend Saft

ERE A 10
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Technology Trend

0, dissociation A G,g5 = 468 kJ/mol

H + O, or H, + O activation 40 kJ/mol

2Pt + H, —-> 2 Pt-H zero activation.

2Pt + O, ——> 2 Pt-O zero activation

1/2 02 + H, =~> H,0 A Gygg = =232 kJ/mol

Why Ru
B activate water or form surface oxides at lower potential
B CO absorption bond is less strong on Pt-Ru
B Pt-Ru ensemble
oxidative methanol dehydrogenation on Pt by oxygen=-like species on Ru
W OH,, species on Pt-Ru pair sites

T IR B

Puamsuncgll

Technology Trend

«Proton Exchange Memb

fe e

M Strong functional radicals : high rapid exchange capacity
B Water dissociation of the polar sulfonic acid groups

= releases protons from SO4~ groups

= hydrated

= protons move

B lonic conductivity : ~0.1s/cm
B Gore—Select : 12, 80 s/cm at 25C, 0.1 s/cm
H Nafion 117 : 200, <10 s/cm at 25C, 0.15 s/cm

AE

>
19
N

L
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Technology Trend

LR
Nafion
(CF;CFz)a—(CTCFa)b
0

I
CF2

F—(i,‘—CFgCFg—X'M+
CF3

HORN AR AR X

Pl sunogll

Technology Trend

v m—

_Stack or Cell Pack

B JPL/USC / Giner DMFC
25W ~ 200W for charger & cell phone (Composite membrane, PSSA/PVDF)

B H-Power PEMFC
50W ~ 200W for message sign, military, telecommunication

B LANL / Motorola PEM/DMFC
1W with dc/dc converter for cell phone

B Fraunhofer Inst. PEM/DMFC
250mW ~ 30W for Note PC with dc/dc converter (Micromachined bipolar plate)

B MS| bMFC
Nuclepore membrane with Pd layer for cell phone (300Wh/kg)

B SAIT PEM/DMFC
1W ~ 200W for portable electronic devices
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Technology Trend

«:Micro Fuel Cell ™

gy

A. Air Electrode Contact Rivet
B. Fuel Needie

C. Rivet Fold Out

D. Upper Gasket Ring

E. Lower Gasket Ring

F. Through Contacts

G. First Set of Fuel Cells
H. Fuel Manifold

I. Second Set of Fuel Cells
J. Air Manifold

K. Air Electrodes

L. Fuel Electrodes

M. Contact Washer

3% 18 | s
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Technical Achievements at SAIT

@@ME'A: -
B Humid H, /O, 1Bar : 0.6 W/cm?
B Dry H, /Air 1Bar : 0.3 W/cm?
M 2M MeOH/Air 1Bar : 0.1 W/cm?
B PFSI Electrode & Catalyzed Membrane Process
W Water Management Electrode
:Membrane wStack / Cell Pack
M Partially Fluorinated Membrane il Light Weight / Thin Bipolar Plate
(Sulfonated PTFS) 1 Cell Unit Type Stack
B Composite Membrane M CAE Type Monopolar Pack
1w, 40W, 100W & 200W
B 16
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Technical Achievements at SAIT

TR

MEA Process

*'WX

Fuel Distribution Layer —»

Fuel Flow Field ———

Catalyzed Membrane ——

Air Flow Field —> USSR SARIEEE)

Air Channel ———»

A M EoLT A0 17

<

Technical Achievements at SAIT

« Catalyzed membrane (Naf.112)
assembled with
1.0 . r ; . Water management electrode

- Catalyst = Pt 0.3 mg/cm?
* Dry H,/Air = 1.311 Bar
2 8 :
© (1) w/ Conventional Gas Diffusion Electrode
2 (2) w/ Water Management Electrode
= umid H2 /Humid Air (2)
o 6 -
>
©
3]
4L DryH2/Dry Air (2 Humid H2 /Dry Air (1)
Py T L Humid H2 f Humid Air (1)
G 200 400 600 800 1000 1200 1400 1600 1800 2000
Current Density [mA/cm ]
ER 18
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Technical Achievements at SAIT

R V“:WV’A“QWW@

zzMethanol —Air Operation (OMFC

vvvvvv e
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Current Density (mA/cm?)

W4 19

@ SAIT

Technical Achievements at SAIT

H Columnar growth with
voids in between

M Rigid Contact

B Layer thickness : 0.5 um
{conventional : 20 ~ 30 um)

R Nanocrystalline with
10 nm grain width

B Diffraction pattern shows
fine crystalline

B Co-sputtering with Carbon
retards the directional
growth of PtRu

B Uniform distribution of
PtRu and Carbon

A

>
19

L 20

— 169 —




@ SAIT

Teéhhical Achievements at SAIT

g e

. Partially Fluorinated (Sulfonated PTFS) Membrane

F F R1 R3
_(_(l: (lj.)_(_lc (lj-)- * Catalyst = Pt 0.4 mg/cm?
| | l 10 * Hum H,/0, = 1/1 Bar
F Ry R4 o.eE » Temp : 60, 80C
08} ! ; I ; -‘ N
;S:oj‘ SRR
SO3H Eos.-
l Bos o i
3 04 ———-
v Low Cost Membrane 03 .
. N . e ' 02— TrTTT ooy ot ommm o
v Hloh Protonic Conductivity or e
. [} 500 1000 1500 2500
weq_lla:r!ica'& Chemical Stabmty Current Don‘ltyz::i/cmz) - =
TA5E] 21

P s uros g

Tech.nical Achievements at SAIT

- Wa?”?)m;‘l%?“
a.Composite Membrane

B Second Phase Dispersed Membrane W Reinforced Membrane
Matrix : Nafion Matrix : Nafion / PTFS
Dispersoid : Silica (3 wt.%, 15nm) Substrate : Microporous PTFE / PVDF
= Thickness < 100 pm = Thickness< 30 pm
lonic Conductivity : 0.08 s/cm at R.T lonic Conductivity : 0.07 s/cm at R.T

3

7 Water Absorption "
v Mechanical Stability

. Thin & Higher Conductance
% Methanol Cross-over

M >
o
N
™~

AR
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Technical Achievements at SAIT

skight Weight Bipolar Pia

M Electrically Conducting Carbon Composite Laminate Plate
W Conductance : 1850 s/cm?
B Thickness : 250 ~ 300 um

7 Cost effective / Highly flexible / High conductanc
v Gas tight at the hydrogen pressure of 1.4 Bar

« Attached gas flow field

- ‘Ahdde. : Parallel & orthogonal flow field

: Thin carbon/plastic channel structure & flow field

AAEER 23

PS5 uns g

Technical Achievements at SAIT

e

Stack |

* Nominal Power : 90 W

+ Operation : R.T ~ 70 °C, Dry H,/Air
+150g /100 cc

+ 600 W/kg, 900 W/L

10 - 120
\, »_Power |
8 \\‘/ { 100
% 6 80 E
g /- \ 5
2 4 60 2
S / Voitage e
ek 2 40
v Dry Fuel Operation™ /
L e 20

£ Small & Light Stack % 2 4 & & 10 12
Current Density [Alcm2]

e 24
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Technical Achievements at SAIT

seotack IH
20
::1 12V - 3.5A (42W) » Nominal Power: 40 W
= / « Energy Density: 140 Wh/kg
§ :; (w/MH)
§ 8. + Operation: 30°C, Dry H,/Air
ff +90g / 90cc
) + 440 W/kg. 440 W/L

Current [A]

! 1

./ Ambient Temp. / Pressure Operation”

v No Moving Part (Except for Mini Fan)
«..Operating Note PC for 6 hrs w/o refueling

LR 25

<

Technical Achievements at SAIT

waotack

s + Nominal Power : 200 W (12V)
§ « Max. Power : 250 ~ 300 W
) « Operation: 40~50°C
E Dry H,/Air
0
l;l) 15 ]
Current (A)
v Portable Power Source
o -Leisure or military application
T 26
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Technical Achievements at SAIT

4Cell Pack "

zy

20 , ‘
| OryHyrogen/ AiratRT | g PH, =15 Bar

" 18 | == PH,=15Bar
16 4 (wio Air Blow)
14 5 06W(1.2V-500ma) | —& PH2=1.3Bar

E 124 1W (1V - 1000mA)
g 10
% 8- R
o A Pack Dimension
8 8.8 x 30 x 80 mm (~ 20icm’)
4 - b\ Weight
2- \ Active Céil Dimension
2x (16 x 38 mm)
00 e — ‘o

0 50 100 150 200 250 300 350 400 450 500 550 600

@ Current Density [mA/cm2)

v Monopolar Type 1W Cell Pack B
nceptDesign of Cellular Phone Operated by Fuel Cell

ER A 27
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Technical Achievements at SAIT

Gl Pack T

» Power Output: 2V - 40 mA
» Operation: Room Temp., 2M MeOH/Air
+1.5g/ 600 pm Thick

x|

v Achievement of Basic Performance for 6 CellmonopgTar ééﬂ" Pack
nder:Development. of Miniature Fuel Cell Technology

T 28
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Further Studies

» Methanoi Oxidation Catalyst ¢ CO Tolerant Catalyst

e Oxygen Reduction Catalyste Catalyst Supporting Materials

e Catalyst Electrode Processe Catalyzed Membrane Process
e NEY AT MEA

o Monomer 84 % Polymer
o Nafion i Al lonomer. ¢ Methanol Cross—over Membrane
e Composite Membrane It ¢ Membrane Casting 23

e Liquid Flow Field & % Design
e Gas Flow Field = % Design

¢ Methanol Storage % Flow Mechanism o Circuit Design
e Sealing J1& ¢ Packaging 2| & o OI& B
e Cellular Phone& Module e Celiular Phone X
e Cycle Test e NEHANESY M

a3t 29

Conclusion Pl suso gl

Enerqgy Storage Device Technology Roadma,

'70s '80s  ’95 '98 00 ‘03 05

A3 3
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