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DIRECT METHANOL CH:OH 50 —
FUEL CELL DMFC co, 120°C
POLYMER ELECTROLYTE
MEMBRANE FC PEM H: 80°C
ALKALUNE H: 90 —
FUEL CELL AFC H,0 100°C
PHOSPHORICACID 100 —
FUEL CELL PAFC H. 250°C
MOLTEN CARBONATE H. 600 —
FUEL CELL MCFC H,0 700 °C
SOUD OXIDE SoFc H. 700 —
FUEL CELL H,0 1000 °C
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1 1
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________ ]
FUEL OXYGEN
ELECTROLYTE
ANODE CATHODE
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» Solid Oxide Fuel Cell (SOFCs)
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Fuel
H, CH,4 H-O CO CO, Anode reactions:
Hy + 0% — H,0 + 2e-
CH;+ 30> — CO+ 2H,0 + e
E‘ Anode CHs+40% — COs + 2H-0 + 8¢
‘ CHy— C+4H,

& Clectrolyte | O C+0-—-CO+2¢
L : C+20% - CO, +4e

--------

 — .

Cathode reaction:
0  Air Oy + de”— 20%
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Zirconia electrolytes

YSZ (Z102)1—x(Y203)x (x ~0.08-0.1)
SSZ (Zr02)(S5c202)1_x (x ~0.8)
CaSZ Zrp85Cap.1501 85
Ceria electrolytes
GDC CexGd1—xOy (x~0.8,y~1.8)
sSDC CexSmi—xOy (x~ 0.8,y ~1.9)
YDC CeyY1 Oy (x~0.8, 3~ 1.96)
cDC CexCa—Oy (x~0.9, 3~ 1.8)
Lanthanum electrolytes
LSGM LaySry_yGayMg1—503 (x~ 0.9, y~0.8)
LSGMC LaySry_yGayMg1—y—.Co;03 (x ~ 0.8,y ~ 0.8, z~ 0.085)
LSGMF LaySt yGapMgy y ;Fe;03 (x~ 0.8,y ~0.5,z~0.4)
LSGMCF Lag gSrg2Gag32MggosCop2Feg 403
LaAlO3-based LajxCaxAlO3 (x=0.0027-0.008), La1_xBayAlO3 (x=0.1)
Others
BCY BaCexY1-x03 (x~0.25)
YSTh (ThO2)1-x(¥203)x (x ~0.08-0.1)
YSHa (HfO2)1—x(Y203)y (x~ 0.08-0.1)
Bismuth oxide-based (Biz(3)x(Nb205)1_y (x ~0.25)
Pyrochlorores-based YZry07, Gda Tiz Oy
Barium brownmillerites BaZi03, Balny Os, BazIn AQy (A=Ti, Zr, Ce, Hf), E??]SCzZl‘Og
Strontinm brownmillerites SraScAliAyO; (A=Mg, Zn), Sr2ScAlOs, ST HOg indows

[12]SOFCs ¢ CO y %ol dv %1060 @E wee Av t A0 1 v AU
It ewl Ay %~ EwaBaw HAAGNWASIRE Mz Gl Ly Yy o
6 CYsz dAvz LV & ICD0 WALy ACY € & RawywA itvAA O 3A «JA
CUAU Eéy ¢ COBWonWudv UCHAR[aIEY )4LA Wb 0 wo .
Aed 1¢& Az WGP yHvAZA oIgidetey wizy 96mU Ad ¢ v
¢Coy%ai v ¢cow, N dwLiuCwREL~CavwyuwiAy! aua
i  atl waeas Av (07 E8°VEANIZ  CHoeeByesE EacowyyvWAREYs
1 v Y0 4GHew A w #SeMcsB v A U0 Wit wEY v % ¢ Co S
¢ Yoy O BWw~é AE CRMBIHFywedwur %L ) oQizevt v %

V. 8¢ Av w%viwnA- %z CzA.

- Yttria stabilized zirconia(YSZz)
- Ceria

- Fluorite

! Perovskite

0 Hexagonal

1 Anode supporte
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600=C 700°C 200°C 200=C 1000=C Average Rank of average  Awverage Fank of average
(600-800°C)  {600-B00°C) (800-1000°C)  (800-1000°C)

Zirconia electrolytes

YSZ 282E-03 B829E-03 200E-02 413E-02 764E—02 104E-02 g 439E-02 g

8sZ 251E-02 533E-02 100E-01 167E-01 25BE—01 596E—02 5 1.75E-01 5

CaSZ L78E—04 B869E-04 316E—03 923E-03 22BE-02 140E—03 9 1.17E—02 9
Cena electrolytes

GDC 282E-02 T30E-02 158E-01 301E-01 51BE—01 B&6E—02 4 3.26E-01 2

YDC LOOE—02 201E-02 3535E—02 3568E-02 B846E-02 219E—02 6 590E—02 6

cbC 501E-03 130E-02 282E-0? 536E-02 O21E—-02 154E-02 7 5.80E-02 7
Lanthanum electrolytes

LSGM 3.16E-02 7T69E-02 1358E-01 289E-01 479E-01 890E-02 3 3.09E-01 4

LSGMC 562E—02 120E-01 224E-01 374E-01 35.77E-01 134E-01 2 392E-01 1
Other electrolytes

YSB LOOE—01 189E-01 316E-01 - - 2.02E-01 1 3.16E—01 3

YSTh 562E-05 312E-04 126E-03 400E-03 106E—02 547E-04 10 5.29E—03 10
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» Gadolinium

- Samarium

- Yttrium

! Ferretic Stainless Steel
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» Cermet
- Coefficient of thermal expansion
- Triple Phase Boundary(TPB)
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SOFC Hardware Material

Altarnatives
Elecirolyies Anodes Cathodes Imerconnects Seals
Zireahia HNigkel Malerials Lanthanum | 555
Materials Mi-Cyy 32 i ‘bagse materials cagr:ﬁ?if.rughmisa}s
Y82 Mi-C¥SSZ LSM chromium alloys P —
58z Ni-QG0G L&F ferritic stainless slzels mica a.slz
Casd Mi-CSDC LSC ausieniic stainkess steels campasiles
Caria Materials Ni-CvY Do LSCF Iron super alloys
GOoGC Copper LSMG nickal super alioys.
S0C Materials LSMCr *coatings
YOG Cul,/Cas, Y S2Z LCH LEM
coGC CulLfY3Z LSCu LG
Lanthanum CurYZT LSFM LsC
i CulyCa0500 LMFE LSFeta
LSGM Lanthanum LSCN LSCr
LaGMGC Materials LEC LaCalad
LSGMF La, 50,00, LNG i
LSGMCF La,ﬁSr,&wru'er“ LSAF Lanthanum chromites
LaAlD, based LST LSCMCU
Other Materigls LAC LSFHGu
BCY r i NG
;f'gl_'l'; Cﬁgﬁgzﬁ Gadelinium
; m il
Bismuth oxida- Cobalt-based G3C
based Platinurm-bazed GEM
Pyrochlorores- Ruff S Praseodymium
baged
Bariurm and PC I
strontium PS M
brownmilleritas PEC
Strontium
SEC
NSC
BSCCu
¥SCF
YCCF
YBCGu
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Acronym Eepresentative chemical formulas
Lanthanum cathedes
LiM Lay 51 —pMn0;5 (x ~0.8)
LSE LaySry_pFels (x ~0.8)
LsC LaxSr—Co0s (x ~ 0.6-0.3)
L5CF Lag_p S FeyCopp 03 (x~04, 3~ 032)
L3MC LHKSIU_I]-_\'II!}- CDU _F]Og {I ~ ﬂ.E:II
LSMCr (Lax5n—x)01 Moy Cri1 303 (x ~ 0.7, 3~ 0.03}
LCM LayCap _phnOs (x~ 0.3}
L3Cu Laj_p5Cu0y 5 (x~ 01}
LSFN LaxSri1—nFeyNi— 03 (x=0.8, y=0.8)
LNF LalNip —yFe,0; (x~0.4)
L3CH LayS1 - CoyNigg 305 (x~10.6, y~0.98)
LRBRC LaxBag-xCo03 (x~0.4)
LNC LalNif - Coy O3 (x ~0.4)
LSAF LaySr_pAlFen 05 (x~ 0.8, 3~ 0.2}

LSCNCu Lax S - CoyNig -2y Cuz O3 (x~ 0.8, y ~ 0.8,z ~0.03)
LSEMCu LaySt_pFeyNig_y 1 Cu:03 (x~ 0.8, y~0.8, 1 ~0.03)

LMNGO LalMiOs
Gadolinium cathodes
GSC Gidx 311 - Co03 (x ~0.8)
GSM Gdj S Mn0; (x~0.3-0.6)
Yitina cathodes
YSCF Yi1-n5r:CopFep_y 05 (=07, x ~03-0.8)
YCCF Ti1-nCaxCoyFeq1-»n0s =02, y~0.1-07
YBCu TBaiCu; Oy
Strontium cathodes
S8C SmySry1_xyCo0s (r~0.5)
MNSC Ny 51 _Co03 (x ~0.8)
B5CCu Bigsrz(:ﬂ'[}ugﬂa
Prasecdymium cathodes
PSM Pr: 510 yMnO; (x ~ 0.65)
PCM PryCap _oMnOs (r~0.7)
FEC Pr=Baj 5 Co03 (x~0.3)
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+ Interconnect
- Chromium
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cathode *
electrolyte
anode
¢ substrate l interconnect
¢ anode contact layer

cathode contact layer

cell frame e
sealing ®
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Cathode reaction: O, + 4e’ = 202
Iron-bed solid fuel

Anode reaction: 2H, + 2023 2H,0 + 4e’

Fe-bed: H, + FeO « H,0 + Fe
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Repeating Cell
= — /lnterconnect

TR ) = — Foam #1

Anode
RARAR R R aa™m —

n

Cathode
Foam #2
= = Interconnect

End Plate
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- Screen printing
- Impregnation

! Intermediate temperature(ITSOFC)
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» Dry pressing
- Polarization resistance
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- Anode functional layer(AFL)
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» Ohmic resistance
- Microwave irradiation
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Fuel cell is an energy caerter, which transform chemical energy tdeetricity. Ni/'YSZ
cermet is the most important anode materials for SOFC application. t@menajor
problem related to theseanode iscocking in the presence of hydrocarbon fuels.
Impregnation methode is a recently developed technique to prepare SOFC component
with improved properties. In this study the cdmation of three process including die
pressing, screen printing and impregnatiomas used to prepare single cell SOFC. The
anode supported SOFC was prepared by die pressing. After presintering at 1200°C, the
electrolyte (8YS24ayer was coated on anode substrate by screen printing methidte

layers were then sintered at 1400°C amé the cathode layer was screen printed on
electrolyte as a LSM/LSMSZ layer. Thsintering temperature was1250°CAfter
sintering the impregnation was performed using copper and samarium solution and
deconposition was carried out at 500°C. The finatesiimg was 850°C. The performance

of the single cell was measured using EIS. The results showed that Cu/Ni/YSZ anode have
a good stability in the presence of methane gas. Samarium cause a decrease in the
voltage of the cell. The samarium pomdensity at $0°C wad 39mW/cm? for the anode

impregnated by copper under hydrogen gas

Keywords: Planar Solide Oxide Fuel Cellimpregnation methode, Anode Composit
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