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MEA
TEC10E50E 46 50wt
FCCJ
0.3 mg/cm?
Pt
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DuPont Nafion D520 D2020
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NR212
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"Study of fuel cell structure and heating method Development of JARI's standard single cell"

Y.Hashimasa et.al, Journal of Power Sources 155 (2006) 182—-189



Icm><1cm

100mg cm? lcm>1cm
50mg
lcm>1lcm
lcm>1lcm
lcm>1cm
3
0.5mm 0.55mm
0.3mm
MEA lcm>=<1cm
6
lcm>=<1lcm
2
+1 300kPa-G
-1 1 50NmL/min 2 50 1000NmL/min
-1 1 100NmL/min 2 100 2000NmML/min
+1
60 130 +1.0
MAX5 10A
0 3v
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Nafion
29
50 100mg
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MEA
TEC10E50E NR211 NR212 MEA
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TEC10ES0E
DuPont Nafion NR211(t 25pam)
SGL SGL24-BCH
v 0.78V 0.78V
@ 0.2A/cm? ’ '
v 0.67V 0.61V
@ 1.0A/cm? ’ '
ECA @ 80 76 m2/g-Pt 65 m2/g-Pt
68 Alg-Pt 106 A/g-Pt
@ 0.9V g g
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lcm>=1cm 3cm>=<5cm JARI
H, 139 NmL/min 418 NmL/min 249 NmL/min
H, 5 @1A/cm? 5%@0.2A/cm? 70%@1A/cm?2
Air 332 NmL/min 997 NmL/min 1.04 NL/min
Air 5%@1A/cm? 5%@0.2A/cm? 40%@1A/cm?2
80 80 80
80 (RH 100%)
7 RH 81% 77 (RH 88%
> (RHB1%) or65 (RH 53%) (RH 88%)
RH100% RH 42%
75 (RH 81%) 80 ( 00%) 60 ( 0)
or65 (RH 53%) MEA
1000 mA/cm?
0.5v  20h 0.5V 20h V 2mV/h
MEA
0.5V 20h 14 15
80 65
lcm>=1cm 0.5V 20h
1.20 |
' aaaattd A " e et
1.00 Vatl e A
e B
© 0.80 /
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0.60 17 :-
I i B - D
0.40 // /r E
0.20 — -
0.00
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h
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-V

lcm><1cm 3cm>5cm JARI
H, 2% 5% 70%
. 2% 5% 40%
Air
0, 0, 0,
80 80 80
*80 40~80 77
(RH 100%) (RH 16%~100%) (RH 88%)
*80 40~80 60
(RH 100%) (RH 16%~100%) (RH 42%)
** 2,4,6,10,20,50,75,100 25,50,75,100 25,50,75,100
mA/cm2 ( 5min) mA/cm2 ( 5min) mA/cm2 ( 5min)
200,400,600,800,1000, 200,400,600,800,1000, 200,400,600,800,1000,
1500,2000mA/cm2 ( 10min) 1200 mA/cm2 (- 10min) 1200 mA/cm2 ( 10min)
* 80 0o,
- 0, 8.4%
** 20mA/cm?2
2 10mA/cm? 100
70
IR-free (V) -V
2.303RT

Erev(F’Hz,POz,T):]"23 0.9><10 3(T 298) AF
1.17 V (80 °C, H,/Air)

____________ - 2
[pn,\ [ Po,
y=A LnG)+B <109 \ P \ Po
2 2 PH,=P0,=101.3kPa

T=80°C (353 K), (PH,/P*H,)=1.0, (PO,/P*0,)=0.21

PH, PO,

0.001 o0.01 0.1 1.0

(Alcm?) Handbook of Fuel Cells - Fundamentals, Technology and Applications,
Edited by Wolf Vielstich, Hubert A. Gasteiger, Arnold Lamm,
Vol. 3: Fuel Cell Technology and Applications, John Wiley & Sons, Ltd., p.597 (2003)

IR-free Tafel
3 4
117V 1.17-
Alcm? < Q cm?
IR-free
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SAMPLE STD
IR-free IR-free
(A/cm?) V) (Q cm?) V) (A/cm?) V) (Q cm?) V)
0.001 0.886 0.113 0.886 0.003 0.924 0.107 0.924
0.026 0.735 0.109 0.738 0.026 0.861 0.105 0.864
0.051 0.697 0.108 0.703 0.051 0.833 0.101 0.838
0.101 0.650 0.105 0.661 0.101 0.803 0.100 0.813
0.201 0.588 0.099 0.608 0.201 0.765 0.095 0.784
0.301 0.543 0.094 0.571 0.301 0.735 0.096 0.764
0.501 0.474 0.089 0.519 0.501 0.684 0.091 0.729
0.701 0.424 0.080 0.479 0.701 0.637 0.090 0.700
1.001 0.364 0.075 0.439 1.001 0.565 0.089 0.654
1.501 0.240 0.071 0.347 1.501 0.369 0.088 0.502
\Y/ IR-free \%
1.2 1.2
-V ~— SAMPLE —#-STD |
10 f--mmmm o T 1
0 —- SAMPLE 1.0 y = -0.0315Ln(x) + 0.744
-=-STD
0.8 08 F--——e -
0.6 06 [T\
0.4 0.4 |y= :O,Q‘,]@%IZQQQ T,QES?Z ,,,,,,,,,,
0.2 02 |-
Tafel
0.0 0.0 \
V \Y
1.0 1.0
SAMPLE
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0.0 0.0
0.0 1.0 15 0.0 0.5 1.0 1.5
Alcm?2 Alcm?2
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3. ECA

Icm><1cm 3cm>=5¢cm JARI
H, 70 NmL/min 200 NmL/min 200 NmL/min
N 166 —» 0 NmL/min 500 - 0 NmL/min 200 - 0 NmL/min
2
40 * 80 40 * 80 40 * 80
40 * (RH 100%) 40 * (RH 100%) 40 * (RH 100%)
0,
80  (RH 100%) 80  (RH 100%) 80  (RH 100%)
or65 (RH 53%)
ECA ECA
80 80 65 80
0.05 0.9v 50mV/s 5
5 210juC/cm?2 ECA
ECA ECA
ECA RDE ECA MEA ECA
* 40 ECA Pt RDE 25 40
80
| i
|
mA 40 i 1
| 50mV/s 5 | Pt 0.39 | mg/cm?
| |
ﬂ >: 1.00 | cm?
77| Vt\ ,,,,,,,,,,,,,,,,,,,,,,,,,,
20 ' A |r 2.10><10% | Clcm?
5 5.83%<102 | C
0O Pt 278 | cm?
|
: ECA 71.2 | m2/g-Pt
|
I 5 6.01><102 | C
-20 |
: Pt 286 | cm?
|
| ECA 73.4 | m2/g-Pt
|
-40 I
| |
0.00 0.2 04 0.6 0.8 1.0
| |
| |
vs. RHE
|
0.05V 0.90V
p.21 -3-2
23 1

"Pt Utilization Analysis Using CO Adsorption"
K. Shinozaki, T. Hatanaka, and Y. Morimoto, ECS Transactions, 11 (1) 497-507 (2007)
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lcm><1cm 3cm>=5cm JARI

H, 70 NmL/min 200 NmL/min 200 NmL/min
N, 166 NmL/min 500 NmL/min 200 NmL/min
80 80 80

80 (RH 100%)
80 (RH 100%) 80 (RH 100%)
65 (RH 53%)

0.2 0.5V vs. RHE 0.5mV/s
0.2 0.5V /
0.4 0.5V oV
mA/cm? mA/cm?
5.0 5.0
4.0 4.0
3.0 3.0
2.0 e 2.0
/
0.4-0.5V
(| T 1.0 [ttt e e
0.0 0.0
00 01 02 03 04 05 06 00 01 02 03 04 05 0.6
> V vs. RHE
V vs. RHE
0.2 0.5V 0.5mVI/s
2.17 mA/cm?2

1 4.45=0.225mQ cm?

p.17 -1-8
23 1
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5. ORR

lcm>1cm JARI
H, 70 NmL/min 70%
0, 166 NmL/min 8.4%
150kPa 150kPa
80
80 (RH 100%)
80 (RH 100%)
0 mA/cm? (O, 2min) 0 mAlcm? (O, 2min)
1000, 200, 100, 80, 60, 40, 20 1000, 200, 100, 80, 60, 40, 20
mA/cm2 ( 15min) mA/cm2 ( 15min)
10, 6,4, 2 mA/cm2 ( 5min)
1000
(mA/cm?2)
200
100
H, 80
60
40
H, 20
0, 0, 10
6
ocv 4
oV _|2
0.5 2 15 15 15 15 15 15 15 5 5 5 5 |
min
20mA/cm?  IR-free 0.9v
10mA/cm?
Icm>1lcm
p.21 -3-2
23 1

Polymer Electrolyte Fuel Cell Degradation,
Edited by Matthew M. Mench,Emin Caglan Kumbur, T. Nejat Veziroglu,
Academic Press (2011); p.156-159, 3.2.2. Specific (i) and Mass Activity (i)
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ORR 3 4 ECA cocC
5
cocC IR-free Tafel
3 4
IR-free 0.9v 0.9v 0.85Vv
0.8V
IR-free 0.9V 1lcm? 1g
Alg-Pt Algp,
IR-free 0.9V lcm? ECA lcm?
A/cm?-Pt HA/cm?,,
Pt 0.30mg-Pt/cm?2
ECA 73.4 m3/g-Pt
COC 2.17 mA/cm?2 = 0.00217 Alcm?
IR-free
(Alcm?) + COC(A/cm?) ) (Q cm?) V)
0.999 1.001 0.702 0.060 0.762
0.199 0.201 0.835 0.060 0.846
0.099 0.101 0.860 0.061 0.866
0.079 0.081 0.865 0.061 0.870
0.059 0.061 0.873 0.062 0.876
0.039 0.041 0.884 0.062 0.887
0.019 0.021 0.903 0.063 0.904
IR-free V
1.00
0.95
y = - 0.0255 Ln(x) + 0.805
090 \@\
0.85 \
0.80
0.75
0.70 . >
0.024A/cm
0.01 0.10 1.00
+ Alcm?2
0.9V 0.024 (3.0<104) 80 A/g-Pt
0.024 73.4><3.0<10* 1.1 A/m2-Pt 110 pA/cm2-Pt
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MEA

FCCJ
lcm>1cm JARI
1. 1.
2. 3. -V 2. 3. -V
ECA ECA
An:H, 70NmL/min, Ca:N,166NmL/min An H, 200NmL/min, Ca:N, 800NmL/min™
Tcell=80 , Tda=Tdc=80 Tcell=80 , Tda=Tdc=80
2. 3. 5. -V ECA ORR
500cycle 1
1,000cycle 2 1,000cycle
ECA 50 60,000cycle
* co, N, co,
30s
—>
1.0V H
2s/cycle S
p.21 -3-3
23 1
22 23 NEDO
MEA 1
79 442 3P10
”Analysis of Durability of MEAs in Automotive PEMFC Applications”
Randal L. Perry DuPont, 2012 Annual Merit Review Proceedings FCO089, May 16, 2012
http://www.hydrogen.energy.gov/pdfs/review12/fc089 perry 2012 o.pdf
Catalyst, MEA WG”

ECS Transactions, 41 (1) 775-784 (2011)

”Membrane and Catalyst Performance Targets for Automotive Fuel Cellsby FCCJ Membrane,
A.Ohma, K.Shinohara, A.liyama, T.Yoshida,and A.Daimaru
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ECA ECA
m?/g-Pt
0 78.5 100
500 64.4 82
1000 55.0 70
2000 45.5 58
3000 40.8 52
4000 37.7 48
ECA
100

0 1000 2000 3000 4000 5000

271 10 100 1000 10000
ECA ’
60 7=

55 -
3000 /

50 ECA
3 4
4000 y=aln()+b
45 e X
y =-14.45 Ln(x) + 167.8 3,500
40
1000 10000
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MEA

FCCJ
lcm>1cm JARI
1. 1.
2. 3. -V 2. 3. I-vV
ECA ECA
An:H, 70NmL/min, Ca:N,166NmL/min

Tcell=80 , Tda=Tdc=80

An H, 200NmL/min, Ca:N, 800NmL/min
Tcell=80 , Tda=Tdc=80

500cycle 1
1,000cycle

-V ECA ORR

1,000cycle 2

Ccv ECA 50

400,000cycle

A 3s 3s

“—>—> 1.0V

30s
“—

_____

6s/cycle 0.6V

23 1
22 23 NEDO

MEA 2

79

p.22 -3-3

p.443 3P11
”Analysis of Durability of MEAs in Automotive PEMFC Applications”

Randal L. Perry DuPont, 2012 Annual Merit Review Proceedings FC089, May 16, 2012
http://ww.hydrogen.energy.gov/pdfs/review12/fc089_perry 2012_o.pdf

”Membrane and Catalyst Performance Targets for Automotive Fuel Cellsby FCCJ Membrane,
Catalyst, MEA WG” A.Ohma, K.Shinohara, A.liyama, T.Yoshida,and A.Daimaru
ECS Transactions, 41 (1) 775-784 (2011)
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ECA ECA
m2/g-Pt

0 79.4 100
500 72.2 91
1000 68.3 86
2000 57.2 72
4000 47.6 60
8000 38.1 48

0 2000 4000 6000 8000 10000 10 i i i
0 e
1 ,/',10 100 1000 10000 100000
ECA
75
2000

70 =TT ===== __"'-__"',,-"_"'

65 F--—-—mmmme e N——mmm— === 7140 - 7100

60 f--------mmmmo YL /

SN i ECA

y =-17.31 Ln(x) + 203.6 3 4
50 y=aln(x)+b
8000 y =50 X
45 e mmmemmmmm oo oo
7,100
40
1000 10000



3cm>5cm
1.
2. 3. 4. -V ECA
H, 418 NmL/min*, Air 997 NmL/min*  3cm><5cm
* 0.2A/cm? 5
H, 0.829 NL/min, Air 0.829 NL/min  JARI
Tcell=90 , Tda=Tdc=61 RH30
ocv
50 100 4.
2. 3. -V ECA
10 500
ocv
10 2000
NR211 NR212 ocv
3cm>5cm
(mA/cm?)50
——NR211
40 f--mmmm -
——NR212
30 o HC -
20 ?i ———————————————————————————————
NR212 10
N L —
NR211 10
OMJJ o s 10
0 500 1000 1500 2000 2500
h
p.20  -3-1

23 1
"DOE Fuel Cell Program: Durability Technical Targets and Testing Protocols"
Nancy Garland, Thomas Benjamin and John Kopasz
ECS Trans. 2007, Volume 11, Issue 1, Pages 923-931.
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3cm>5cm
MPL GDL SGL24-
BCH
1.
2. 3. 4. I-V ECA
Air 2,000NmL/min, Air 2,000NmL/min 3cm>5cm
N, 800NmL/min, N, 800NmL/min JARI
Tcell=80
Wet: Tda=Tdc=90 RH 150 2min
Dry : Tda=Tdc=Dry RH 0% 2min
1000cycle 67h 4,
2. 3. -V ECA
10 20,000cycle
FCCJ DOE
MPL
NR211 t25pm  NR212  t50pam
(MA/cm?) 3cm>5cm
20
NR211 9,000 —« NR211
10 = NR212
1 e ————— T EEEEEEEEERSErs NR211
10
10 -
NR212
s |1 10
NR212 20,000
o
0 5,000 10,000 15,000 20,000 25,000
p.16 -1-8
23 1

"DOE Fuel Cell Program: Durability Technical Targets and Testing Protocols"
Nancy Garland, Thomas Benjamin and John Kopasz
ECS Trans. 2007, Volume 11, Issue 1, Pages 923-931.
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RDE

RDE ECA ORR
25 0.1M HCIO, o,
100, 400, 900, 1600, 2500 rpm
*
* FCCJ p.19 -2-3
CcVv
ECA cv 0.05~1.20V, 50mV/s
30
5 10mV/s 0.9v 0.85v
Koutecky-Levich 0.9V 0.85vV
Alg-Pt HA/cm?2  ORR
3.25u RDE (ECA 81.4 m%g-Pt)
-1 -1
[mA] [mA7] Koutecky-Levich Plot
0.0 ;  — 6
100rpm 0.9v 0.85V
-02 $ 5 |
s 400rpm 4 y=-12.5x - 1.14 @0.9\/
) : 4 P
-0.6 900rpm {:’
-08 1600rpm /i
10 ST / y = -12.0x - 0.435 @0.85V
-1
-12 -
-14 ‘ : : ‘ : ‘ 0
0 02 04 06 08 1 12 14 0.0 0.1 0.2 0.3 0.4
[V/vs.RHE] w™2[ (rad s)22]
0.9v 3.25ng Pt 1.141mA 1.141><103A 3.25%<10%g = 270 A/g-Pt
0.9V (270 A/lg-Pt)  (81.4m%g-Pt) = 3.32 AIm2-Pt = 332juA/cm?2-Pt
0.85V 3.25ug Pt 0.4351mA 0.4351x103A  3.25%10%g = 708 Alg-Pt
0.85V (708 A/g-Pt) (81.4m?2/g-Pt) = 8.70 A/m2-Pt = 870juA/cm?2-Pt

23 1

Polymer Electrolyte Fuel Cell Degradation
Edited by Matthew M. Mench,Emin Caglan Kumbur, T. Nejat Veziroglu,
Academic Press (2011); p.148-152, 3.1.1. Electrochemical Half Cells

p.17 -2-1,p19 -2-3
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RDE

NO
RDE
RDE ECA
YES RDE ORR
NO
TEM-EDX
YES TEM-EDX
MEA 2 SEM \\/|
MEA
icm?2 Pt
ilcarbon i/catalyst
AFM
NO
EPMA/SEM
YES J VES
-
NO
I-V, ORR, ECA, MEA
IR
ORR ECA
NO
»
>
/ v
EPMA/SEM
YES
SEM
FIB/SEM
YES MEA
MEA i<
MEA NO
NO
Pt TEM
TEM FIB/SEM
YES
SEM
FIB/SEM
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