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£ HToP

H 1Z1{E O [E R L 8 (PEFC:

F HTSWGERN)

£it2nd

2014 2020 2023 2025 2028 2030 2040~
Japan ~ 1600 40k 200k 800k 3M-6M
. USA 5000k (ZEV)
FCVE #
EU 5000(LCV)+200(HV) 20k~50k(LCV)+800~2k(HV)
China 5k 50k 1000k
Japan 160 320
IKFJERT—La> USA 200
EU 100 400~1000
China 100 350 1000
Japan(H2 5kg JCO08
>
o B e — 650 km 800 km 1000 km
China 300km 500km >500km >500km
Japan 3.0 kW/L 4.0 kw/L 5.0 kW/L 6.0 kW/L 9.0 kW/L
USA 2000W/kg 2700W/kg
H % B
nizd EU 4kw/L@2017
China 2.0 kW/L 2.5 KW/L 2.5 KW/L
Japan 0.6 V 0.85V
ﬁﬁ % I:_t USA 306mW/cm2@0.8V 300mW/cm2@0.8V
Japan 0.05~0.1g/kW 0.03g/kw
PtEERAE USA 0.125g/kwW =<0.1g/kW
EU <0.1mg/cm2
Japan PV(15 yrs.) PV (>15 yrs.) CV(15 yrs.) CV (>15 yrs.)
USA 4130h 5000h 8000h
W A 14 EU >2000h@2017 >5000h
China = 2000h = 3000h = 5000h = 8000h
T Japan - < $75/kW < $47/kW < $38/kW $19/kW
T b Bdn USA $45/kw $40/kw <$35/kw
China $800/kw $240/kw $128/kw $32/kw
Japan - < $47/KW < $28/kW < $19/kW $9.4/kW
RAZYPaRXR+ USA $19.1/kw - $17.5/kw
EU $44k/kw@2017
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% 'Iﬁ' 1 '%TOP 2014 2020 2023 2025 2028 2030 2040~
Japan ~ 1600 40k 200k 800k 3M-6M
. USA 5000k (ZEV)
>,
Z#H#2nd FCVE# EU 5000(LCV)+200(HV) 20k~50k(LCV)+800~2k(HV)
China 5k 50k 1000k
Japan 160 320
KBRF—az USA 200
EU
| h 2030 2040
China 0
> o A K > 1000 km
VAT LARNERZYY) < $38/KW $19/KW -
| I =T <m
VRN 9.0 KW/L
(N )
AZyJARk < $19/kW $9 4/kKW N
1 JJ 1O ISz
EU \
China 2.0 KW/L 2.5 KW/L 2.5 KW/L ' \
Japan 0. \ 0.85V
ﬁﬁ % I:_t USA 306mW/cm2@0.8V 300mW/cm2@0.8V \
Japan 0.05~0.1g/kwW O.\Sg/kw
PtE A USA 0.125g/KW =<0.1g/kW \
EU <0.1mg¥cm2
Japan PV(15 yrs.) PV (>15 yrs.) 5yrs.) CV (>15 yrs.) \
Tt 2 i USA 4130h 5000h 8000 \
EU >2000h@2017 >5000h \
China = 2000h = 3000h = 5000h =
T Japan - < $75/kW < $47/kW < $38/kW $19/kW
T b Bdn USA $45/kw $40/kw <$35/kw
China $800/kw $240/kw $128/kw $32/kw
Japan - < $47/KW < $28/kW < $19/kW $9.4/kW
RAZYPaRXR+ USA $19.1/kw - $17.5/kw
EU $44k/Ikw@2017
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*E'AEE:E"_ Theoretical EMF or ideal voltage

Activation loses

> (Reaction rate loss)

=D

% Ohmic loses

> (Resistance loss)

5

L.I- -
Concentration
loses

0

_ (Gas transport loss)
Current density [A/cm?] [
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3.

N. Nonoyama, et al., ECS trans., 16 (2) 13-21 (2008)

* Model

* Assumptions

e Assumed Materials

BiRiE

PEMFC

= Uorr = 1.23 — 0.0009(T — 298.15)
= 5 -
(¢ - els o E 1 1
= — jref a I
Apiiy, =1y exp ( R (Tref T))

02

dtt = k((l — Bpto) exp (—

A simple 1+1D model, fitted to Toyota’s exp. data (1cm? and 250cm?)

(1 — apo)F
RT

Air Compressor
— Air Blower

||-|- ..1.',

ORR rate: above equations
Simplified system (no back pressure, no humidifier) - ----
cST and Operating temperature can be optimized g
Pt loading is fixed at 0.1 mg/cm? v

RIocal-02=Rnon-Fickian'Rkun udsen

Riocal-120=Riocal.02 " (Molecular Weight of H,O / Molecular Weight of O,)

Estimated the performance of 2 sets of materials.

» “Early-Stage Materials” and ”Logically Max. Materials” (Shown in next slide)

O—FF V4R J:/\@.ﬁ%ﬁ'l

| [ (Poz\" ocF
iorr = (1 — Opo)Aptio ((ﬁ) exp (—ﬁ(—‘bc + Pijon + UORR)) —ay exp(

RIocaI—OZ

- @A@

RSN

TOYOTA CRDL, INC.
Masao Shibata, Toyota 2018 Fuel Cell

Research Workshop (10/9/2018)

(1 B ac) F
RT

(_q)c + {bion + UORR)))

F
(pm + Upro — ¢c)) — Bpyo €xp (a;;?(q)m + Upro — ¢c))) =0

f}(o Hum|d|f|er

RIocaI—HZO
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* "Early-Stage Materials” includes materials reported in the papers. 7L TOYOTA CRDL. INC.

G 15 — | w | 'Rl 100.00
e 09V 4 1 )
124p. 820 - o — * a A la)  Cond SA Membranes in Hydrated State (~RT)
2z ‘ £ - U T - ) L 02| @ Do
,,—E~ g g 5 5 s \\b\ : 03 £ £% - D BP
> ] © I = : ; F. 3 v : n.o\;:
: 7 : T S i st T MPL
£l 7 & B 3 O 0%)' 02 £ By o’ S : s
- 7 é Porous carb gl £ FiC” 7CF3 g s PEM, CL
7 3 -4; 0.1 : FIs p(PDD PFSVE) - g0 b
34 é % Solid carbons g »TE PSEPVE) ® ';'.’:’ MPL
-/; g0 — 00 o i
0 4 0 0 0.2 0.4 0.6 0.8 1 001 fr=s "‘”‘"" ****‘ S . &0 “;;wm;;:” 90 1000 1100 1200 BP
Specific Activity ~ Mass Activity Dry Proton Accessibility i SUSSEETONAS . s KSR i Rughoses [0
. , : - Low contact resistance
Pt nano wire? Accessible Porous High Oxygen low EW substrates) less -
Carbon? Permeable lonomer3 Electrolyte® GDL

* "Logically Max. Materials” includes the best materials we can imagine.

e o
A | 1) Li, M., et al. (2016). Science 354 (6318), 1414.
| 2) V. Yarlagadda, et al. ACS Energy Lett. 2018, 3, 618-621
Py + 3) R. L. Perry, US Patent 20130245219, A12013
ot | - . 4) A. Kusoglu and A. Z. Weber, Chem. Rev. 2017, 117, 987-1104
N | — 5) J. Park et al. ECS transactions, 64 (3) 353-359 (2014)

SA: top of the vol lot?) Anhydrous electrolyte®) 6) B. Avasarala et al. J. Power Sources 188, 1, 1, 2009, 225-229
ECSA: tﬁp of the VOPCtanO P OI H* cond. (dry): 0.2 S/cm 7) V. Viswanathan, et al. ACS catal., 2012, 2, 1654-1660
et Mono fayer cat. poisoning: same degree as PFSA  8) Y. S. Kim, DOE AMR 2018

ME D mSHIDRYD & HEIREE DT CalE
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TOYOTA CRDL, INC.

3. BRERICRFIE I O—FE vEHERL~DRER

 Removal of water will reduce reaction resistance under high potential 7

100 120 12

Ea =38 kJ/m OI . Total Pressure=100kPa.abs, 100°C ) Pt + H20 PN
H,0 PtO + 2H™T + 2e~

e)

alu

150°C

ure /kPa

80 0.8

¥ 2
2 60
[
=9
2 a0
[

10 18 ¢ 0.6

ctivity (Relative v

0.4 WoR
a,=1

02 w \

60 C 0 o

0.003 0.0032 0 20 40 60 80 100 120 0.6 0.7 0.8 09 1 1.1 1.2

]
-9
20

ORR Mass a

1
0.0022 0.0024 0.0026

0.0028

Dry proton conduction will Removal of water Removal of water will reduce
enable high temp. operation Improves oxygen partial pressure Pt oxide formation
 Removal of water m |so improv ili g 2 48R — B
e e~ ROEBEHRT B
* Pt dissolution and Carbon corrosion will be reduce = .
9) R. L. Borup, et al. J. Power Sources, 163 (2006) 76-81 )] 1% FE I’%d) T &)
. . . . ®$—§mkﬁ
 Some candidates, but still remain some issues. /
 Candidates: Phosphoric acid group, lonic liquids, MOFs, ...
* |ssues: conductivity, catalyst poisoning, stability, startup from low temp.

| 4

m \ 7Y (
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3. BEBERICAFEPIO—FE VEERE~ORIH -
1.3 E 7LT0Y0TA CRDL, INC.

1.2

1.1

A

Cell Voltage (V)

©O OO0 o0OoOo
S O OO N OO O©
\

- Mirai(60°C)
- 0.1mgPt/cm?

0 0.5 1 1.5 2 2.5 3 3.9 4 4.5 3)
Current Density (A/cm?2)

2030 - 2040FHIF=ER Dl ez Rl
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G

Over Potential (@3A/cm2) /V

1.4

1.2

0.8

0.6

0.4

0.2

Mirai

M Reaction Resistance M Protonic Resistance M Electronic Resistance M Cell Voltage

L
7 TOYOTA CRDL, INC.

GDL, Electrolyte, Ca cat. are all important

In near future development,

For farther developments,
Electrolyte* & Ca cat. is important.

I I I I I I I I I I I I I I I I I>
| | ] ] ] ] ] ] ] ] | | | ] ] ] ] |
T T T VT T T P
low contact Low Accesible Pt nano wire | High Oxygen low EW operation opt| Early-Stage ideal cat. Anhydrous operation opt. [Logically Max.
(65deg cST1.5) resistance BP resistance porous carbon Peameable electrolyte (70deg cST1.5 Materials electrolyte (150deg ¢ST10)| Materials
lonomer
GDL Ca cat. Electrolyte Ca cat. Electrolyte

* Improvement by operating condition optimization is assumed to be enabled by improvement of Electrolyte

EmICVPEERDI L—I XN —DwE




3. BIRERICRFIEZIO0—FF

A HICKAMMHEER

. . 2030 2040
2Z Vi v
EX HE ol FAL B (Early Stage) | (Logically Max.)
0.003 0.02~0.04 241
ﬁ&%% Act. @0.9V [A/cm2] (MEA) A/cm2 (300A/ gl 5) (600~ 200A 23 5) 20t et )
MERLBUER sec/m 10~20 2.7 2.1
o RH100 7.1 3.6 —
ZJary ¢79C " IRn3o O om? 55~100 50 -
X .. |RH30 | M3&7em — — 5
oo o190 [(=rh0) — — 5
Bi= ARAEBYE |BR o/ (o~ (1-9)%10°LLF
@80-120°C, _ (Z%:90°C) g
gsurH| K s*kPa) > 98%10° 1%10'LLF
7 J—R KEILFIER sec/m 3 0.875 0.875
EhRFHEGESEIE) Gpa/m 140~175 —— -
N FRYNT BRRILBER sec/m 43 14 14
= [ERFEESEE) Gpa/m 112~175 —— ——
3 BRER(EEAM) | mQ cm2 5~10 1.5~25 1.5~25
REM(BEEAM) | Kem2 /W 5~6 0.5~1.5 0.5~1.5

RCR

FF(CRESRDGETE - DO k> EnxilindD e =
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O+t /L &liE

—
L L] -~
L3 * .
® . i
L] [ -]

Ot R & - R4 Z-%I\- BZI% A LB

T2 ﬁ
' 7 £ y

|

Y I—OU0 BRE
BREMT OT—U

112)02%4 0 (DR E DB i THABaSE




T3E

by

-t

~’20

~’25

~’30

~’35

DfRIEER S - B

I-.I:'

160g/Hr

240g/Hr

360g/Hr

R A
480g/Hr

BIRERICRT =7 0—FE xRt

EERffO—F<y7

@Roll to RoII

i bE - 5~9m/min

GDL:6.5m/mi

& - 10m/min
GDL:15m/min

& - 20m/min
GDL:25m/min

i - 50m/min
GDL:50m/min

@*ﬁ%hﬂl

t)LiEE - TEAE - iaE
&£ T 38 4dsec/cell

2 )UEEE - TR AL - X
£TITFE 2sec/cell

)L 35S 1L - iRk
&I 1sec/cell

LS - TEAE - kX
£ I 0.5sec/cell

I—2% 40min

1MV EHIRE

I—2% 20min
1994V EHBEE
R2EIEH1/2

~ )

I—22% 10min
194V EHBE
=2EIEH1/4

o )

I—2% Omin
191REL R
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500 50 5
Good / Good
-1 < f
/ - GDL \

d

i 5 8 5% 10 T 53 B (g/Hr)
S
A0 EE(m/min)
8
2 )L N T HffEl(sec/cell)
IT—2 27 BfEl(min)
3

200 = 20 2 20
100 10 1 10
XA FEAEERED -~ Good \ Good \
0 - - - - . 0 - - ' - 0 ' - ' . . 0 ' ' ' 1
2056 254 304 35%F 2056 258 30&F 35%F 205 258 305 35%F 204 254 304 354

2 1L1E0 1 0 [SDREIEDBE
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