A

fFrfrrnnrs III|

High Power Metal-Supported SOFCs for Electric Vehicle Range Extenders —

Emir Dogdibegovic, Grace Lau, and Michael Tucker
Electrochemical Technologies Group, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA

Nissan’s SOFC-powered Vehicle Power Density Progress Internal Reformlng of Ethanol

a8

BERKELEY LAB

w

700 °C '

transmitted to wheels

Goal e} |
NgZ- Current Status ‘ 700 C L I|Ut|0n hydrogen 1 - 6 le\
%— Mid-Project Status N: 2 5 - 1 O effeCtS E
:%5 1 Status at Beginning of Project !L:) v Slmulated O
: O * = Reformate | 1.2 ;
- ol SOFC system 100% Ethanol ; 2 ] O — ‘ ~~ Reforming y_
POo s 0% oTe W G T U Cen e L bt . 2. 0.8- Sffect Improved Internal 5
Cell resistance (Ohm*cm”) water E Cata.lySt PFOCESSI ng v/ q) / Reformmg (7)
Air . PrO_, SDC N| © Basehk O
o 6 11 Catalyst - 0.6 - | as e In_ternal A

4 Al v : @) efor™yng

v ¢ ScSZ / Processing S | -
Rotational power Charge < 1 O i v / ) O 4 ;
D 0.4- -
O o

“\\

4-7 4. 02 ' ] ' 1 T 1
2015 Baseline 0 1 2 3

O
o

.

AN

O
o
I

600 650 700 750 800 | Current Density (A cm )

Simulated Reformate (externally reformed 45 vol.% EtOH/water)

Operation H2 CH4 CO CO2 H20

temperature mol mol mol mol mol
% % % % %

700 °C 523 1 11.8 9.9 25

—
N

| | | ' ' ' 020 ———————————
1.56 W/cm” at 700 °C = 700 °C, EIS @ OCV
- |10 E ' ST w Cana ]
1.0 O 015 | e Cell2 3
220 - .
S 1.2 : g 5091 | R 15 I | I I I
o 087 B £ 010 c - Metal-supported j‘zEtOH
g 08 89 L O | SOFCs .~ YKEtOH/water
% §0-6‘ I s——l\ll P T S ; // -,
R g 0.05- 000 005 010 0715 020 7
tLSMpani les «% ] 0.4 o) Z' (Ohm-cm?) N i?/
0.4, = 2 1.0- * .
' 0.00 — - — _
o 1 92 3 0.0 000 005 010 015  0.20 2 All-ceramic o ® - Shao et al.
' 2 . - . .
Current Density (A cm™) ' (Ohm-cm’) 8 1 SOFCs 0 oo '\L,I:kztra:t'm
.y = — | e ‘-8 8 Arico et al.
Durablllty Gg) O 5_ é::'-_‘::::::o ----- EB_Wenetal.
& >< Q & Zhu et al.
1 5 ! ! ! v S P {Hill et al.
. (0] O _____________ Huang et al.
Actwe””&- QO A A """"""" é
Ceramlc " al OO | | |

600 650 700 750 800
Temperature (°C)

Laye rs J@

7 4 >
-} = - -
1 RS
s -1
. T
: g - ‘
q e 5 pro. 3 oW
- LR el o e S Ot ' C a 2 - K- PrE s . = s
D AR o TS SO A e i Lo Cvacp it SV e e B S - 58 s ‘
s - o500 bty Rtk ,,t vl g a7 D = o RN e
IO o0 et R g or NG SN T R 10V @ 18 SIS . - > -
. - @, o B >
g £ ~ B «
.~ = # .
4 , ;- ® |
> o
R & -""'_ - 3 »
A v &y
o a - PN L - x ¥x
&
) b
25 328 i '
- - -
. ~ - ol
:
’ .
> »

Improved

—
-

Chromium suppression

Current Density (A/cmz)

0.6 <
. — >T650°C @ 0.7V — ;‘Omcgg n heating, natural cooling Bytton §
- K - s with Cr supression and Cell 3 ] Cell 105 <
Microstructure stabilization Bas e | ine £ Lbiizea micostucture .o 192 S
oY — 1141 Eﬂ)33333335353383333335333358zzzirrfzzzzz@zzzzzzzzzzzi@ 10.4 ™~
> y
£ / b current density | =
s 0.4 > 10.3 ‘;
ol 8 ocv -
O . 5 § vl g gg  f— | 1% é
> 10.1 &
© 0" hou 120 300" 4 §
0.3 . . 1.101— : : i howr 10.0 5
0 100 200 300 1 2 3 4 5 <
1o T|me (hours) 120 | #lTherm?I Cycle:*s |
N€1 2 ’ | 15 min 40 min ' ' 40 °C/min heating, natural cooling Large
I:I G from 20 °C to 700 °C ]
‘ - : 700 0 7 v < 1.0 1'0_uo 89 1.16 -Active cell area: 48.5 cm® Cell ]
Infiltration C ] . _E S oals £ .
| , v g | — . S 208 > 0.8 )
e 0.0 o f |\ f I
F V ~ N ‘ 33 1 s £ £ Q 1.08
E B L2 504 > 0.449 & S
i | B < lo %
“\‘ | Y& i . 80.2- 02—<r 1.04 4
) &2 Time (h oo,
' Ime (hours) ool U BN ) ol
. 100 150 200 250 1 2 3 4 3)
Redox Cycle Number Time (min) # Thermal Cycles

U.S. DEPARTMENT OF s~ The information, data, or work presented herein was funded in part by the Advanced Research Projects Agency — Energy (ARPA-E), U.S. Department s : “(
Energy Eﬂ:ICIenCy & of Energy under work authorization number 13/CJ000/04/03. This work was funded in part by the U.S. Department of Energy under contract no. DE- A ): UNIVERSI OF

i : 2
‘ ‘ EN ERG I Renewable Energy AC02-05CH11231. We thank Nissan Motor Company Ltd. and Nissan Technical Center North America for providing cost share and helpful discussion. R CALIFORNIA



