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Type of fuel cells

APEC Workshop 2017 on Bio-pellet production,
Handling and Energy utilization, Tokyo, Japan

https://www.slideshare.net/Ramaraj90033/fuel-cell-43347517

Type PEM AFC PAFC DMEFC MCFC SOFC
Name Rl (2RI Alkaline Phosphoric Acid Direct Methanol Molten Carbonate Solid Oxide
Membrane
Applications Vehicles, Mobiles, Space application Large scale CHP Mobiles from micro to Medium and Large  All sizes of CHP up to
PP CHP P PP & small scale scale CHP up to MW multi MW
Operating 50-100 50-200 ca. 220 ca. 70 ca. 650 500-1000
Temp.[C]
Reaction lon H OH H* H* COs* o*
Fuel Hydrogen Hydrogen Hydrogen Methanol H,, CO, CHa H,, CO, CHy4
Gl Carbon-based Carbon-based Graphite-based Carbon-based Stainless-based Ceramic
Components
Catalyst Platinum Platinum Platinum Platmu.m/ Nickel Nickel, Perovskites
ruthanium
Efficiency 40-50% 60% 37-42% 30-40% > 50% >50%
Anode e H, + 2(OH) = 2H,0 + s . o . CHsOH+H,0=CO,+ H,+CO3% = H,0 +CO, - i
Reaction HERAR 2e ARSIl 6H* + 6e +2e N O O
Cathode 1/20,+2H +2e'=  1/20, +H,0+2e = 1/20,+2H"+2e = 3/20,+6H"+6e’= 1/20,+CO, +2e = 1/20, + 26" = O
Reaction H,0 2(OH) H,0 3H,0 CO5* 2 -
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Conversion with FC  91.8% Conversion with ICE  31.8%

Electricity Electricity
Exergy 3779.7 [kJ] @ Exergy 1309.3 [kJ]
Energy 3779.7 [kJ] Energy 1309.3 [kJ]
4.62mol-CH, i
Exergy 3779.7 [kJ] h
Ener 4116.2[kJ] pzoooooTooToToo !
ol wl | E = (HH) - TySS))!
v T N !
1 \
\ \\
\ \ 1
1 \ 1
1 1
\ 1
1
1
\ 1
|\ Steam(1073K) !
| Exergy 1309.3 [kJ] |
' Energy 4116.2 [kJ] |
1 1
P I// \\\
Exhausted Heat ,/ h = \ Exhausted Heat
Energy 336.5 [kJ] )/ mput (dQ) (energy not available) \\\ Energy 2806.6 [kJ]
/

heat source
rever5|ble high-T
process [E work

i ;
! dQy i L
H loutng i A

(available useful work)
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Working principle in PEMFC and SOFC

Proton Exchange Membrane FC

—"V\V\—

Solid Oxide FC

Handling and Energy utilization, Tokyo, Japan

Elec_tron flow + Load Electronﬂnw + [ m_ _| + +
H, H,, CO, CH, etc. O
> ] > o> = | -9 -9 L=
@ o> > - @
proton (H*) H,0,CO, ionized oxygen (O%)
-
> -9
Electrolyte Electrolyte
Temp. :50-100°C Temp. : 500-1000°C
Fuel. :H, only (City Gas with reformer) Fuel. :H,, Hydrocarbons (without reformer)
Electrolyte :Solid polymer membrane Electrolyte  :Ceramic oxide
Reaction ion :Proton (H*) Reaction ion :lonized oxygen (0?%)
Catalyst : Pt-based Catalyst : Ni, Perovskite
Application :Vehicles, Mobiles, CHP Application :large scale CHP
Operation - Quick start/stop Operation : Steady operation
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Fuel flexibility in SOFC: Internal and spontaneous reforming in high-T SOFC.

Solid Oxide FC
200 +l_ '/\/\/\/_ I
. Electron flow Load *
[ ]
150 .
®
° e _ H,, CO, CH, etc. 0,
100 LI o CO, reforming of CH, e @ -
_ LI e CH,+CO,=2H,+2CO — " —
2 e 800) @Q °
L . eali ———
3 50 . e -
> [ ]
% oo = -9
S 0 steam reforming of CH, ~ @ @ I - .
o CH. + 2H.O = 4H. + CO ,0,C0; ionized oxygen (O?)
i 5 4 2 2 2 —
L
S QD -9 .
o 7Y
-100 Electrolyte
-150
o
Temp. : 500-1000°C
-200 . H
500 400 500 800 1000 1200 1400 Fuel. :H,, Hyc.iroc:f\rbons (Without reformer)
Temperature [K] Electrolyte  :Ceramic oxide
Catalyst :Ni, Perovskite
Application :large scale CHP
Operation : Steady operation

When AG is negative, a process will proceed spontaneously.
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SOFC Operation in conjunction with biomass gasification.

Lessons learned from our previous works about degradation
behaviors of SOFC due to the chemical interaction between
trace gaseous impurities in coal syngas and Ni-YSZ anode.

Relevant papers on this topics:
Kuramoto et al., ECS Transactions, 25(2) 2149-2154 (2009)
Kuramoto et al., ECS Transactions, 41(12) 81-90 (2012)
Kuramoto et al., ECS Transactions, 57(1) 3077-3086 (2013)
Kuramoto et al., Fuel Processing Technology, 160 8-18 (2017)
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Advancement in coal conversion tech.

60

Existing tech | Anticipated tech
55 ™1

16CC (1700°C—GT)
50 { |
1GCC (1500°C-GT)
A-USCT=T00°C, P=24/1MPa) o M
45

Pulverized Coal Fired Power Generation

USC (T=566°C. P=22. 1NPa) ]

& 16CC (1300°C-GT)

40 16CC{1200°C-6T)

SuB-sC N
(P<22 {MPa) *

* SC(T<666°C. P=22 1MPa)

Steam
Turbine

Coal Boiler %

transmission end efficiency [%, HHV basis]

30
1960 1970 1980 1890 2000 2010 2020 2030
year

Integrated Gasification Combined Power Generation (IGCC)
Coal Gasification —Di Gas turbine HeatBR?covery | Steam
oiler Turbine

gas cleaning

Integrated Gasification Fuel Cell Combined Power Generation (IGFC)
—_— CO/H, mixtures

o . . Heat Recover Steam
Coal Gasification — |——— Gasturbine - Voo -
Boiler Turbine

A

gas cleaning

—] Fuel Cell

Integrated Gasification Fuel Cell Combined Power Generation with CCS (A-IGFC)
=3 H, enriched gas

Coal [ Gasification [ CCs 1 Gas turbine

Heat Recovery | | Steam
Boiler Turbine

7y
SHIFT: CO + H,0 - H, + CO, Fuel Cell

CO, to be fixed
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IGCC in Japan: Past, present and future

IGBCS

x8 Scale-up

IGCC

IGC‘CCS
!

IGFC with CCS

S rower /(@ EDO HITACHI

Tnspire the Next

EAGLE demonstration PJ (1995-2014)
Multi-purpose Coal Gasification Tech. Dev.
8MW (150t/d) ~ O,-blown gasifier

\

Osaki CoolGen PJ (2012-)
170MW (1180t/d)

ST - -,. Jyoban-Power co. at Nakoso
4 (TEPCO, Tohoku-EPCO)

L #6 175MW (Oil-fired)
P o by #7-9 1450MW (PCC)
==y, #10 250MW (IGCC-1700t/d)

7
o)
4;?} CORE. ELEEERE
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OCG PJ.: Large-scale IGCC, CCS, IGFC demonstration plant in Hiroshima

Demonstration PJ on IGCC+CCS/A-IGFC in Japan
http://www.osaki-coolgen.jp/english/index.html
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Integrated Gasification Fuel Cell (IGFC) power plants (Anticipated)

Coal syngas with H,, CO etc.
J &% O Q@G Particulate

) ©
H.S, COS, NH., Trace elements
HOL HE ete. . o2+% He As,P,Se K, Na.
o o
Cleaned syngas Post-CCS syngas
Hy/CO/CO,/N, H,//N,=75/25
=20/50/4/26 20772
HEx
- M =il ‘ i Sl ‘
=\ & [ _ g (TS
—>
Coal Gasifier Scrubber Shift convertor SOFC Gas turbine Steam turbine
De-S process Amine absorption (to be installed)
D
. By oo O Co,
Impurities o’ e

removed
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Integrated Gasification Fuel Cell (IGFC) power plants (Anticipated)

What are required

Coal syngas with H,, CO etc. for fuel for SOFC ???
J @ O Q@G Particulate (2 ‘.
) ©
H.S, COS, NH., Trace elements
HCl HE ote. . 0®e% Hg As,P,Se K, Na..
0 o
Cleaned syngas
H,/CO/CO,/N,
=20/50/4/26
HEXx
- il ol | il |
M [ g LS |
—>
Coal Gasifier Scrubber Shift convertor Gas turbine Steam turbine
De-S process Amine absorption T&Qbe installed
D)
"y By oo O Co,
Impurities o’ e
removed

Fi i # 25~— Integration for Innovation 12 WTITEEN FE et T 8 B i F2 Pl



APEC Workshop 2017 on Bio-pellet production,

A ls T National Institute of Advanced Industrial Science and Technology, Japan Handlin g an d Ene rgy utilization, To kyo Ja pan
’ td

Relevant reactions in SOFC power generation

H,0, €0,
o H,, CO(Fuel) H,0, CO, H,, CO(Fuel)

e Ni: electron path

.

) _J

i YSZ: ion path
| TPB :

e

Anodic reaction: 2H, +2072 > 2H,0 +4e” & CO+ 072 - CO, + 2e”
Cathodic reaction: O, +4e” > 207
Total reaction: 2H, + 0, > 2H,0 & 2C0O+0, - 2CO,
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Experimental setup for SOFC power generation tests
with direct feed of syngas from steam reforming of coal =

National Institute of
Advanced Industrial Science

and Technology
micro-GC Flue gas AlsT
(TCD) . A
Cathode
Screw feederﬁ' side © 'T\ llc’um_p
/ | or air
Float N supply
Ny B e i Thimble -~
A MFC . impinger filters meter
Carrier gas (N2) HJ . (N e I
Flue gas
Fluidized bed A Auxil : g
uidized be uxilia : :
reactor pump Y @ :
micro-GC
— =3 s (TCD)
Needle ]
valve |
Temp. [(1-&- Flue gas
controller % : >
i Pressure |~
" & & preheater regulator '
7 MFC
Nz - Polarization
Anode analyzer

Pressure
regulator

Precise high-P
Distilled water Ii(ﬁcis(::)ulrgp

:

Bubbler side :
n - -
———

Temp.-controlled
water bath

H; cylinder
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Raw syngas-feed test: Remarkable performance loss of SOFC

AIS T National Institute of Advanced Industrial Science and Technology, Japan

500
H, ‘ coal-derived syngas
400 - | 4
NE
o
<
£ 300 Ni-ScSZ/ScSzZ/Pt b
2 Cell temperature: 1173K
100 2 Imposed voltage: -0.8V(vs.Re(Air))
‘ . ‘ ‘ . S Cleaning: filtration + water washing
coal: Chinese Coal (Hwangling coal) £ 200 |- i
size: 250-750um, coal feed rate: 0.1g-min-1 §
Gasification temperature: 1173K H H H
X 80 - P20 in fluidizing gas: 0.098MPa Wlth flltrathn . 100
£ " plus water washing i 7
=3 ]
0 ]
3
8 60 - .l 7 0 L I ! |
s L™ . N, u 0 50 100 150 200
§ ll................ time [min]
S 500 T T
o
c L -
-g 40 Hy coal-derived syngas
£ He 400 T .
@ 0000000050°0°%%0¢,
e .o'.. ° CH,
s ° . . .
8 20 o : with filtration only
2 300 b
[ ] —
0d0oet0000 0000004, &
O et Y e £ Ni-ScSZ/ScSZ/Pt
0“ ‘AAAAAAAAAAAAAAAAAAAAAAAA:’. < Cell temperature: 1173K
0 ..07‘6 000000000000000000000000,,220.00 | % 200 - Imposed voltage: -0.8V(vs.Re(Air)) |
0 20 40 60 80 100 Cleaning: filtration only
time [min]
100 - B
0 | | | | |
0 20 40 60 80 100
time [min]
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SEM observation of spent SOFC anode:
wet H, (left) and coal syngas (right)

spent cell in test fueled by wet H,

anode
(Ni-based)

spent cell in test fueled by coal syngas

izt &~— Integration for Innovation 16
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Experimental apparatus for fuel cell test at AIST
~ Simulated coal syngas injection test ~

Impurity Source

(N, balanced) MFC = simulated coal syngas
(e.9. CO/H,/CO,/N,=50/20/4/26)
Anode
H2 MEC Exhaust @
co — mrc |—
Temp.-controlled | | H Pt mesh
o, vFC L Humidifier Heater
N, -— MFC
‘ Test@ell
bt LSM (Cathode)
Polarilzation I - ___________
analyzer || O o reemeennnd Reference (Air)
2
Exhaust
Cathode d&ir
Dry air MFC

Fe#hi%z fk &2~— Integration for Innovation
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Attempts to clarify the allowable range of H,S under
different fuel operations with post-CCS gas and coal syngas

@fuel @®Fuel gas

Case 1: Simulated coal syngas
(CO/H,/CO,/N,/H,0 =42/17/22/3/17 [mol%] )

Electrolyte

(Ysz Case 2: Hydrogen-enriched fuel gas (Post-CCS)

(H,/N,/H,0 =80/3/17 [mol%])

@® Trace H,S as a possible impurity in practice
air 0.02, 0.5 or 2.0ppm-H,S

@ Test cells used
Nextcell (by FUEL CELL MATERIALS, USA)
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Effects of H,S concentration on performance loss
of SOFC fueled by simulated coal syngas

15 : 15 15 ; 15
(
SCS 2ppm-H,S SCS
a scs | 2ppm-H;S \l 2ppm-HzS | scs \ Scs o 99pen s I/f O0ZppIeS
[ (Il T 1
1 = ocvH 1 _ Ly — 1 5
g %——---_____-- .-_--I-__-.-_l g 5 T B Y M wER - OQV {gn
O y 20 L . : g
o L*-M_ﬂmr._-——-«-m] | 3 0 Vres 3
E v g -
0 Re-A = =
= 05 05 2 £ g5 65 =
Z'ohmic
;AAAAAM‘MNAMMAQAA““ Z'5
Aathkas a8 & ha 4 £0Ohm
um&ummnl.mmmumunmmm » BEALMA AR pp s LO0E AAAAAAAAAAALLAAARALA
Anasds AABAABNA Z'pgiarization SRR &oah & ZIF.oLsrz.sb:)r
0 4 0 0 1 0
0 200 400 600 800 1000 0 200 400 600 800 1000
Time [hour] Time [ hour ]
15 : 15
(
scs 0.5ppm-HzS
/, 0.5ppm-H;S |, SCs | / | sCs
41 | | | ’
= E]
& I e et e e B e e e O BB B S e e B ENERREE - S
3 M 1 g
s Mﬂif‘m“ -
£ 05 - 05 =
padhaR, 2 & Z'on
Ak A#L?,ﬁ?xﬁﬁwMﬁMAﬂm‘“d “:: Aagad hid
AA‘:‘:::‘:::‘\-N AREE TAAAAALLLLAL Z'pgiarization
& Yo
M&q&
0 0
0 200 400 600 800 1000
Time [hour]
. . e ,p= A 7o
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Effect of fuel composition
on the SOFC performance loss caused by 2ppm-H,S

(a) wet-H; fueled
Hz i 2ppm-H;S L He
1 1y "l ;
§ o ; . 1 1 I 1 ocv 3
Q o —— o Vg 8
o v))
o¥ S
i @
> 05 05 &
& & 2 & Z'ohmie
4
4
A
1 & 4 & = A ZIFoLsrutbor
0 & 4 4 o
15 . 15
(b) SCS fueled
scs 2ppm-H,S
a SCS L 2ppm-H:S i 2ppm-H;S |, SCS J\ | SCS
[ 1 bl b ol B
SR ocv 1 o
= Jt‘_—‘--———--____-l- — L L L T =
Q T, o
- o ol s PREET L=t =
; VRes =
> 05 05 =
Z' ohmic P
sdhas AMAAAAAAAAA“NLA&AA“AMQ s
mnAbA‘mAmm.mmmumulmmmﬁ » SBARApnpndnpn  BOBS
ands ALAMMABABAAASAABAALANBNBNNBAL Z'polarization
0 TA 4 0
0 200 400 600 800 1000

Time [hour]
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0.2
Observed change with time (@) 2ppm-H2S | ‘
i : : O ;
in the performance during the 00/e5 g ' — o O
. . . . — [+
injection of trace H,S with § 02| ee e o
. . @
different concentrations. E *® o
o 04 O inwet Hz
2 e ® - @insSCS
g8 -06
o 0.2
« e
T 000 o2
High P, in fuel gas might cause 2 o
chemical deactivation of Ni catalysis 3 02 o 00
. < e ‘
because; S 04 _, T
> (b) 0.5ppm-H2S -t
-> enhancement of S activity* < 06
o 0.2
© ®
. : : i -
-> partial solid solution of C to Ni g 00 % i3 oe
3 -02 -
o
-0.41(c) 0.02ppm-H2S -+
I -0.6 ‘ ' ' 3
* Kishimoto et al, J. ECS, 157(6) ~ B802 (2010) * 0 100 200 300 400 500 600

**Yang et al., J. Crystal Growth, 187, 81(1998) ) )
cumulative exposure time [hour]
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Experimental setup for H,S/HCI/TEOS exposure tests

Pressure
regulator MFC

m 7@ TE|-O§ 6
AV cylinder -
Gas cylinder X%&n—m% j\ﬁ—c N,

(N2 containing H2S/HCI)

& @
Nzi\?&%—ﬁg

N

5

Temperature
controlled oil bath

Pressure 1/ . E side pore Ni mesh
rée_@g\:]lagr I\ITC : S ) Flue gas e A{/ Ni-YSZ layered anode
r\fﬁ?:.\ L] REER i > YSZ electrolyte
'l—u}g;; . J Furnace / )zbmmwﬂ{\:"‘““ GDC-LSM/LSM cathode
| fs) _§9 ) I  'HI Il wire ' ll‘"u
J [t awﬁ :|J; I:—[ ‘ ‘ ;teference(air) 'Jf . A\ Pt mesh
N AL Pt wire
o Flue gas Polarization
Gas cylinders ke) (be) analyzer
I'{H,, €O, CO,) n— MFC}—‘
Cathode
side
For Power generation test of SOFC single cell
- Cell temperature : 1173K ( 900°C )
- Configuration . Fuel gas/Ni mesh/Ni-YSZ/YSZ/LSM-GDC/LSM/Pt mesh/dry air
* Fuel gas . H,/N, =75/25 [vol-%] (simulated post CCS fuel gas)
* Impurities doped : H,S 1,3.3,6.6ppm
HCI 1, 10ppm

Si(OC,H¢), 0.14,0.24ppm (TEOS)
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H,S Exposure test: Effect of time of H,S exposure on the cell performance

1.5 1.5
1ppm-H.53 injection in AIST-0 Cell ID: Noritake 036, Fuel/NilMNi-8YSZI8YSZ/LSMIPHAIr
Fuel: HoM, = 75/25 vol%, H.O injection: 1.4 ul/min
Fuel gas: 150 ml/min, Air: 150 ml/min
re § ocwv Cell Temp.: 1173 K, Current density: 150 mA/icm?
rH-I- -"l b . .
=, 1 B2 I V. 1 =
——'—‘. g Fum-4,
wet fuel gas _Sinjecti
o a tlppm—H;S injected end H:S injection f %
' 4 ) 1 o o g
|‘# o] Z-:|'|"|: o 4y
= o] E
i 05 0.5
o=
Zl=oa1.r.o1
& 4 A & “
V%e—:
] ] [ ] [ ] [ ] [ ] [ 3 ] ]
0 = - ! 0
0] 500 1000 1500 2000
Time[ hour ]

- A step-wise voltage drop was observed soon after the 1ppm-H,S introduction.

- No further performance loss can be seen after the initial voltage drop for 1000hours.

- The voltage was recovered to initial level even after the 1000-hours H,S exposure. (recoverable)

- SEM observation confirms that there is a little progression of sintering of component particles in anode.
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HCI Exposure test: Effect of HCI conc. on the cell performance

15 1.5
1ppm-HCl injection in JP-1 Cell ID: Noritake 030, Fuel/NiNI-8YSZ/8YSZILSMIPHAIr After 1ppm-HCI exposure
Fuel: Ho/M; = T5/25 vol%, H.0 injection: 1.4 wlimin
Fuel gas: 150 mlimin, Air: 150 ml/min
t ocy Cell Temp.: 1173 K, Current density: 150 mA/cm®
R | S T densi 150 A
= 4L e 1 -
= 1 e ] R AL b L [Ty | I | s E
8 Twet fuel gas 1PPMHCH injected ! I I 4 Vaen kS
o 1ppm-HCl injected : end HCI injel:’[ion. ) g;'
§ 8 B
3%. o . o o s
| o) Ofmic, —
o 0.5 0.5
A
Zl%au’.o'\ - e = -
A & < : e
N N & Vs BSE2 03-Mar-16 WD14. 8nm 20, 0KV x1.2k
[ [ u u . [ L] [ = =
0 i i i 0
0 500 1000 1200 2000
Time [hour]
1.5 T 1.5
10ppm-HCl injection in JP-2 Cell ID: Noritake 034, Fuel/NiNi-8YSZ/SYSZILSMIPHAIr
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- No performance loss can be seen during the injection of 1- and 10ppm-HCI.
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TEOS exposure test: Effect of Si impurities on the cell performance

Change in Vge_, during TEOS exposure test
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TEOS injection causes the increase in resistance in electrochemical oxidation and/or transportation of reactant in the anode.
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BSE images of the surface of the anode exposed to TEOS vapor

) #

BSE2 01-Mar-16 ‘ WD15. Omm 20. OkV x500  100um BSE2 01-Mar-16 WD15. Tmm 20. OkV x4.0k  10um

Possible Si polymerization took place over the anode surface through the following reactions*:
Si(OC,H¢), + 4H,0 = Si(OH), + 4C,H;OH
Si(OH), = SIO, (s)+ 2H,0

- Si deposits having a string-like appearance can be seen over the anode surface. *Barberena-Fernandez et al., Cement and Concrete Composites 55 (2015) 145-152.
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Accumulation of Si in the boundary between diffusion and reaction layers

Ni-YSZ anode
(active layer)

Ni-YSZ anode
(diffusion layer) Electrolyte

|4
™
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diffusion layer

,,,,,,,,,,,,,,,,,,,,,,,,,,

Anode
reaction layer

Intensity [arbitrary unit]

Electrolyte

=) )

(A)

location on measured line [ -]

- The preferential accumulation of Si took place between the coarse diffusion layer and fine reaction layer.
- This preferentially accumulated Si might act as an obstacle for the electrochemical oxidation process.
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C,H; Exposure test: Effect of concentration of tar on the cell performance

micro syringe pump
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The boundary of carbon deposition region in the C—H-0 phase diagram at 1 atm

800°C

C deposition region

50ppm(S/C=0 ° .
99.9 50ppm(S/C=30) 500ppm(S/C=3)

. | .
0 0.1 0.2 0.3 0.4 0.5 H 0 20 40 60 80 100 O

K. Eguchi, et al: Solid State lonics, 152, (2002), 411-416
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Partial collapsing of Ni-YSZ anode caused by carbon deposition

BSE2 08-Aug-17 WD15. 1mm 20. OkV x800 50um WD14. 9mm OkV 0 50um

500ppm-C,Hg 50ppm-C,Hg

50ppm-C,Hg
atS/C=3 atS/C=0 atS/C=30

wet H, injected

Ei iz #t Z2~— Integration for Innovation 30 WTITEEN FE et T 8 B i F2 Pl



APEC Workshop 2017 on Bio-pellet production,

A IS T National Institute of Advanced Industrial Science and Technology, Japan Handlin g an d Ene rgy utilization, To kya Ja pan
£ s

What we found are:
*

A

o
G

]

1. Melting of Ni in SOFC anode occurred due to chemical interaction with
trace impurities contained in coal-derived fuel gas.

2. The Ni-YSZ SOFC anode showed little performance loss during the 1000-
hour 1ppm-H,S exposure tests.

3. A step-wise voltage drop occurred soon after the H,S injection and the
extent of the voltage drop increased with H,S concentration and current
density.

4. Impact of 1-10ppm HCI contamination on performance of the Ni-YSZ anode
was invisible during the present 1000-hour exposure tests.

5. Trace TEOS injection test resulted in the preferential accumulation of Si in
the boundary region between the (coarse) diffusion layer and (dense)
reaction layer, where the chemical oxidation of fuel proceeded.

6. The ppm levels of tar (toluene) caused partial C deposition, resulting in
severe collapsing of Ni-YSZ cermet.

7. For the SOFC with biomass gasification, chemical impacts of AAEM (e.g. Na,
K) on the SOFC performance are needed to be clarified.
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