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ABSTRACT

As the energy decreases increasingly, each country has done much effort to look
for new style energy to ensure their energy safety. Fuel cell which is different from
trandditional energy form has been in our eyes several years; it almost is industried in
some countries.Solid oxide fuel cell (SOFC) is the fourth style fuel cell, low-
temperature SOFC(400-600°C) has large predominance at cost and materials
preparation. SOFC anode was in the middle of fuel gas and electrolyte, so the cell
performance rests with the anode performance. The development of anode material
was “bottleneck” of the development in SOFC. Direct carbon fuel cell uses carbon
material with any form as anode; it has higher efficiency, 100% theoretically, lower
cost. It uses melt-carbonate as electrolyte, and the operation temperature is at 650°C.
Unfortanately it is corrosive to measurement device.

In this work, some study about SOFC and DCFC were focused on .Sol-gel
method was used for the preparation of transition oxide. The XRD and SEM analysis
methods were used to characterize the structures and morphologies of oxide materials,
from which the preparation technologies and the heat-treated temperatures were
optimized. Several aims were achieved as follows:

1. CeO;, CuO. NiO. CoO-Smg;Ceq903(MO-SDC) and anode current collector
materials was chosen to fabricated single cell, then were sintered to form compact
cells. All of the cells had the superior performance when they were sintered at 700°C
for 0.5h. But the cells made by MO-SDC were servely distorted when sintered above
750°C.

2. The vapor grown carbon fibre (VGCF) which has good ion conductivity and
anti-oxide at high temperature was introduced to the MO-SDCmaterial to optimize its
performance, experiment results showed that when 1.25wt% VGCF-MO-SDC was
used as SOFC anode, 0.326W/cm’ the power density was achieved using H; fuel.

3. Experiment results showed that the calcined temperature of MO-SDC gel had large
impact on the performance of VGCF-MO-SDC anode.When the gel calcined at 550C,
0.337 W/em® + 0.258 W/em? power density was achieved with H, and methanol gas
as fuel ,respectively.

4. Direct carbon fuel cell (DCFC) measurement device was firstly established.

KEY WORDS: SOFC, DCFC, Anode, Sintering, Transition metal oxide
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Fig 1-1 Schematic diagram of mechanism on oxygen-ion conducting SOFC
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Fig1-2 Conductivities of oxygen-ion conducting electrolyte materials for SOFC
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BRI P RE AT . SR RIR, ZENI-YSZPRRAYSZEEM R AFRIN—E(Y203)0.15
(CeOp)oss AT LMETE L BB T, BIBAIMAE R KIRACT, Bl, B
f1CeO, B —MEHF AL TRRM B R A M R E M K. REBRHCeOF 5
XISOFCRIFARR R A KEE, EREWUSCuECu-NIEE&B &G, ATLLE
BERE T REBRIFHIMEE. ST Cu-Ni/CeO MBS, ERALEELITELR
EHHE, CR—IMREWMEEME. BRHOEREHWHERMENERERS®
HREI-2.

SO REHBERME £4A7Y, BT, ERETEHNEHEFELE
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N, ANERX/\EECEEEEFLE 8N\B4E5T—2/\EELEE
—AN, WmEL-S, XEIEE—H )\ EELH T E R FE/\EEZ R A E
&, ARREESOAMETHRATRIFNEFESE, BREERIATRIFH
BTSN ERSUAZANME. EZATESBRTINGE, ERYESE
BLN—A)\EEFAN B —A\EER, XA\ EELESRERE, td)/\mE
RIS LS ERT PR3 A /TR ERN L . RNEZEBERIARIK
FEBEFERE. N OEURRANENT4ER BRF—R, NbOsAILE
H, B4 E Hy/ A 0 +900°C-1300°C 73 Bl A 38 IR FNDO,, EZE1000CHI B T H A
200S/cm®®®. 3 T #Nb,0s7E R BINDO,, TiO 43I ABIND,Os& I . TiO A 5%
RETARAEEAREW, FATLLSND,OEREES . 930°'C FNb,Ti O,f1 %
4300 S/cm, BREHAEK RIS N3 x 10°K"), RFYSZ(10.0x 10°K™)
B4y Z—. NbTi O/ REIE R E, FIREBTHEFREIFELRD, FIINRAEE
HRAERE, EUARBEBNMEEME.

1-4 MO, EREMAER, AAREET
Figl-4 The fluorite, MO, structure

i B Sl L
; ﬂ;x f m.
. ;‘Qo ‘“Q o
™ (]
B 1-6 4T AosBOs 4 B1-7 B4R ABO/ 451

Fig 1-6 The tungsten bronze, Ag¢BO; structure Figl-7 The pyrochlore, A;B;0;
structure
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BHREY SHMAEME BT SN E— B SR # I HRSOFCRH
MEIRBIR. B4 S0 LUE S FERENL,Ti 0,83, wmE1-6.

LN RFRIAR A AR, BB L2 AT AT B Ao 6BO;. \E AR ERE —
H B-OBHRKM— L FHEFE. REMB-ORMNEENERHEBRME T &
1T, FIRERAmBTERE.

% £ MR T 4 4 (Ba,Sr,Ca,La)sM,Nb,..(M=Ni,Mg Mn,Fe,Cr,In,Sn) ¥ ,
Sr02Bag sTio2Nbo O3 BH B K B F1£ 2% (10 S/cm, 930°C, pO,=10atm) %,
XEHBHESSTREARKHEFRFE BEE S ERREEETEREEM, 930
CHESEIET] 10" atm B, 3 EATLUAEI(1-10)S/cm B TiY /N> # 8 4E
BEHRTHAEEB{ER Swo2BagsTi2NbesOs EX SOFC KIFERES # BEIR AN E A8 .
R F5IA Mn TTUA EERDBUBR K, KA EENRELREESHELY
N Nb,Os/YSZ By E2,

R 1-1SOFCHI 7~ 6] PR AR A4 L B EL )
Table 1-1 Comparison of different anode materials for SOFCs

Sabiliry Chemical Thermal  Performance  ferformance
in compatibality  comparibility using using
reducing Ionic Elcwronic with with H, 2 CH,as Redox
Scructure Typical materials  atmosphere  conductivity  conductivity Ysz YSZ fuel fuel stabilin
Mixture Ni-YSZ 7/ 4 7/ v v . ' X X
Mixoure Cu-YSZ 4 . s 4 4 v/ I'4 4
Fluorie YZT, 4 4 X 7/ 7 ok ok v
SYZT
Ca0 .
Perovikire  La,S6Cr, TMO, ' ? 4 4 v /. 4 4
Pyrochlore  Gd;TiMoOy x ok v J/ LI . H X
Tungsten Sre Ty v x 4 4 ? x
bronze Nbg,0,
Monoclinic  Nb,110, 4 X 7/ 4 X H 4 X

SG.
Clm

BERAGHHEARME WEOIREETE, REASHRUSEHEY &
), B1-7, BAMAEEHE L AMIAR T, V3R] LAREEERD RAE &k
ZTNIANEET. —ERGHREHNPOMBETRBEANEFERE, #lu
(Gdo 95C20.2), Tiy O/ HI B F 42 S #1000 C i 7] LLIX 2(0.01 S/em, JLFSYSZH Y
62, RTX M EIE RN RE SEE L R IEH H ¥ 1 FISOFCBAR A 4}« Tuller
ZREFABHTE, HMn, FIGLTi,ORETREMEBFHER, BR
BERSS. THREAMITEERNESET RpB %S4k, EREASET,
EAERTHETHETE, REZNEY, SIANGERESABRAAELER
FHEEENRET. ERREET, GhMo,0EZRTAFAUELENEEE,
10> S/em®), {BRxHHE R EELEESAPRE AGLMo0 3 ATIRE S

-13-
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Gd, TiyO/ & &8 *K, BEEFBNE D ETHREGIHMo0,0,. PoratZ B2 EHEHT
B ER T Gdy(Tii Moy )0 R EHE U REFHFHARR, ZRRAXMEE A
B AER A B S R(70S/cm, x=0.7 and 25 S/cm, x=0.5 at pO,=10"atm).
EREXM X ER T MEA L ETIRE . Bl S BRESEAMEELE BT
LIRS REHLEE, BERI—FHRAFENTH .

F 12 —EBRER SR NERE kb xS

Table 1-2 The solubility and conductivity of some doped fluorites

Solubilite limit Elkctronic
Compasition of dopant lonic conducavin conductiviry at Jow pO,
Y,0 doped Z1O, 015<x<0.57 8.2% 167 Sicm ar 8.2 % 107 Slem at
WrC Yor Yo eltonOhm NC For YousZrasOrsz
Ti0: doped YSZ 18mol%Ti 7.22 X 10 Sjem at 83 % 1072 S/cm ar
900°C for YouTia1sZrosOrs 930°C for Yoas TanZraesOre
TiO: doped ScYSZ 20 molteTi 1.0 X 1 Siem at L14$/cm at 900°C
90°C for S¢eaZiowTianOre for S<18YomZros: TiossOrs
MOy dopd YSZ 12mal%MnO, ¢ 6 3% 90 Siem ac -
v 9 C for 12 moteMnO, 5
doped YSZ
FeyO; doped ZrO, amoltFeO, -— . —
NiO) desped ZrO, 2malNIO 1OX 107 Siam ar —

10007 for
NI 100 Vo1 ZiossO) sz o se

In:0; doped ZiO; Unlimited - 10X 1" Sfem ar —
10UC. for
Zrozslne=Oss
WO, doped YSZ No less than 2.0 100* Siem ac i
15 mol?, WNC forr
., (WO oot Yo.uZl'mo_u:s}o.!s
NbO:4 doped YSZ No less than — ; -
30 molfomoi )
Nb:Os dopad €O, 70 mol%Nb,O, —_— 2.784cm at 905°C
fur (Nb:2Os16 CeOzlon
ThaOs doped YSZ 70moteaTh 2AX I Semat - -
so0°C for
IThO 202 Yo L rascOrmados
Gd;0y doped CeOy at least 40mol% 80 x 1r2 Siem ac 0.16S4cm ar 806°C
8007 for for CugsGdy,0,

Coprlodg st

PERT SRR SRy SRR LERT UM EHABO;, R
AR R KK AT 12BA MAIFRE FBA R MR FR A BT, E1-8,

-14.



1-8 £54KF ABO: 41
Fig1-8 The perovskite, ABO; structure

XEAE T UREKBRHAEFEARL —EE54T EAY R B ERTFROEAE
FHESE. B HBIAETFHORTESELEAREL, Bl L5 EEE
BfI, X&&REAANFAER ERARNNE, BUXATREFLRE. B,
St F— 45 SR AE, FTUAFRESANER.
EidSr, Mg#B7HLaGa0s/E A ELSGMAT ¥ BNEAEFH X, BE
SHALSMAFPEHAETFIBE, URLSCAERIRNEAE FIBE M
YESOFCHIBA#E# ¥} . LajxMCrOsM=Ca Sr, AHREH B FE, #WAESOFCH
A HE AR

RS GNP EHERE BN MMER R . EXEPE S, SRETEK
Mih R BE A B OB, B2HAERIES CeBTIEkMmE+, RTE
KA CefI IR RL RIS A — 4. La1aSTiOs, LayStaTigOro.58 4 24 PR R
FEHR . BARBEYBRESITIOMEME, ERHEERREGTRAARN
BSEE, Fim, RALARSEST0sYoosTIOFEB0C, pO,=10""%44 THIHE %
%82 S/em., ZEBRSFEARZWELTH/AKER. WRERFLTERMIE,
HERWSHENTR, BEEREEKETAFEFELHNT " BEETET, T4
REENESEER. HilEANLSMRELSCFAREI400CERSAFT RS
REBE, ARLBEFCRIBERAA THBRAMAROIE L.
Sro6Y0.0sTiosSCo.1 03 I B R E EF 1—2 S/cm(5%Hz,900°C) « SYT5YSZE &
LSGMZE1400'C#24510h, BH RAEMEMIAZENL, RBASYTEYSZRELSGMAR
BRI RLEAENE. RESVO;7E800°C 3t B /1R IF 49 .3 % 1000
S/cm, p02=10%atm, {EREHEERHELSHAFHNRAEE, Sy 2L
YILSCF7E $18(550-700°C) 7] LA 4 4ESOFCHIFR AR A4 H}, (B R HZEMRR A T AR
EWERTL, REEMKE TSFeCosO A FRFMNETIBENRIE.
SrFeCo0 50y, SrCoqsFeq203.5,LSFCER# RN % & A A HRPEEMKE, ERXA

1%
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HHMMERIMATERE, BIMEANFERUR, Mt A2 RER.

Pl E3R BT, LaCrO;s BE&WH I SOFC MEEAHES), ATEFEESE
TEREBEREZMEREIEMY, MERFERE, BUTTHHEEN1EN SOFC #)
BEARAPEI, SCRRIRIE A X SR AR AL FRBRAF B K, ANEHE SOFC HIHRfE.
BFELEERSHAT LaCrOss BEHERNEBMARPBIE R RIEAEAL
2, bR E CrREMRARAY, RbERETEIBRNEE8TNRIES
WM. 2% B UBATHHER[ARLETEW: Mn, Fe, Co, Nifl Cu,
ARETELFEE T HEATRAEEHEAEMATHENETIIB
R, LAFEBAIE—EEE. EXEBHAAIP, Ni BB E L 10%H Ni
Eftet, ERREARALTTLLRERIRE, EREMRED, ASMHEME, 5%Ni,

LR 50/50 JBE%Y LaggSro2CrosMng 203 M CegoGdy 10195 BTN M & R REHE AT
U2, i Eisekmth SRMEE BAMNES, BENEIRE 5%H/Ar K44
5S/cm, 1000°C, #HEHHRKA LagsCaqeCro2TiosOs5. HTHRUMBRFFRH=E,
AL REAR R IR EAR, .

REAPFHTEME  7F SOFC M—21&itF, FUERFR, SMAHELRER
RN SOFC MiEHATRaER LHE, BRSAEEMEMESREME. #
B—RER, ©5 YSZ A HAFHAMMKITE. Flot LAK Irvine BFR T i
ESRBBIN Mg TiOs MR S, RERME A 67, B {7, 5EFENK
Fe, Cu, K Mn B, X&RAESSPRRSEN 10%10°S/cm, 7 5%H, F
4 1-5S8/cm, BEETE 930C.

1.3.4 EREEVH

SOFCEZEMK T EMERMAT, REBHBRMPRNIER, 3%
FHRASOFCFETH FTENIER . EEMEEERHEBBNTERE, £
¥@MEZ —, BEXETEEA. FEAAPRE. AE—CHTFHESMTH 4L
BT S M B R SARTERR AR  PRAR A 1R . B 3% A M0 B4 LaCrO;
EFEILAENIL Cr. Fel & &ha1&07),

1.4 BEFEEERE Bt ERIMIRER

141 ERHARHE

BEAREFRSOFCHANR T MR LEEREMAR, SOFRRAKRRYA
AT REEFFELBEIE. PBRABER R, BIASOFCEMEFR AR, EERT

-16-
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BUEEHERENEMLBEACINBEREARAR, B EERITYSZERR
HI%! & B AR X SOFCHIBR L »

FRBEULTREFI9VENTHIMEET, SR TERXNTRK LA,
THEE & F150.09~0.12W/em?®. FHRR KIENMFTZE FRASOFCHRIFR .. HER
BB EHETLESTEARTRSHARN: Bl RBERETHE S &5
AT & TEREGEENYMRE B, RFET HRAMACVDRMEVDES AT
BEAR, KEERETEXGBNEERE, REEMFTHRBEMELOVEIL, &
800°C. 0.7V TR IIFEA2SWEL E. PEREAXE¥EERBEE S SFI863
WRIBHEBIT, M1992EF 155 F R SOFC (600-800°C) BFF T EAHF9L. M4k,
BHKE., BEXE., EEETRE. FRELARLFASRRIL =%
BT HT 20t LO0OERIIET T BEX MR ASOFCHHIE . BIEHEFEERME
SEMARXANBEFR, FlmRERE., PEFILKRE. SRIVAE. MBIRIE
TEX%%.

142 BEMARIHER

&R SOFCR H #1 BB Bk LB B 2L ALK s i, Westinghouse
HATWPCO)REREXSOFCHE AL, ZA TG THREHHWSOFC, A
BRI T EHEZLENEBRE SENEIEE, REXHBLESAIR
FiEH) & B ETE L+ 3100pm ) B A% RS A B AR RE . B1-941% % . SOFCHY
AEE. 19876, ZAREBERE T25kWRK B4 LR BESOFCR 4.

19974E12 AFI2002E5 8, BEATMAIFARN AL WNEMLERET S
—4H100kWHERSOFCR S, E1-10, MM EEE T E—E20kWESOFCE S,
HREVIEBI R BRG, RIHSTHMIPZELITT DR LA L, BB BERAES0%LE A .
Behh, ZABA T REFIERENRFHBANB LR ERE, CHESKRE
SHRBZIAXHE, FEEFHEIEPN=AEVDSBRE—F, BWES
HERBRE—AEVDSR. BHEH—EAFHEFBEXSOFCHARSFX .
Kansai 8 /7 A B 1 AL 22 R B EH X KB X150 e B BISOFC, BR#ITT
10529/ it Y B BB AL E RO R T, BB FR IR BUX 21101R . Ontario HydrofJ 5,
81% 32 % (Air Electrode Supported, AES)4E#)%& R SOFC# 8 it 1T T 1725/ Mt 4
R, - HF1475/NFEES atm F IIEIEAT o
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Cathode 1nterconsction

far Flow Anode

E1-9 ERSOFCRER
Fig1-9 Schematic diagram of tubular SOFC

RENASR, SOFCHIRBBMIER. FUREBIEAT 996532, 2kW
FHIRIBITIE6000/N e . 2001462 16F, EIBMW 5 Delphi Automotive System
Corporation&-{E i 78 5= 9 1l £ 28 — 4% e SOFC/E o i Bh BB I8 R 4t (Auxiliary Power
Unit, APORIREEREREE, EAHFE—RSOFC/APURL, HIhEH3KW.
HESH A2V, LR HELARRERIKI6%. HEWToyota, Nissan,
Honda. Ford%5% A& ## B CAISOFCHH .

E1-10 TAFRAFRASOFCREEE
Figl-10 Schematic diagram of planar SOFC

1.5 EEBRSREEGR L MiTR

E &7, SOFCHI T/EREEZE400 CLA L, BN _k REE R AEA AT LABREEHIIRE .
BERE. 25, Bk, Tk, P, 28. F8. "ARK. B5ABSRS
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BE. FrEEEKEREEAE MY MRE B, RIERAREASEMMERES
HERMEREA TSOFC, ZIHAMERERUFIENAFEHRBHEFTRTH
¥, BREMEERBRMYRETEE=MFER: AP RE B3R,

(1) FEAER: CH;0H +H,0=CO0,+ 3H;

) HE#ME: CH;0H=CO,+2H;

(3) FEEEELESALL: CH;0H+30%=CO0,+2H,0 + 6e

B&f, EAJREHRER KRFEHRRN: CO+H,0=CO+H,

BRITRKRMN: 2C0=C+C0; CO+H;=C+H,0

NAKREREFEN —NMER: BIESBRPERARERE L, #HiREtR
BT, ERBRAEERENER ENSHEERRSNEE, FRBEERN
REEWIETT. MRBKEARKEEEBMERNL, WARTLUBRBITHR: B L
EMEFRIREER, REETRBKASHKIMREMLS (SO URFRE

& 1-3 SOFCEFF & & B AR >4
Table 1-3 Status of SOFC Research and Development

g BAr s
Westinghouse  Electric  Power 250kW,0.3-0.4W/cm?,950°C
-] Develop. Co. Ltd.
X Mitsubishi Heavy 10kW
National Electrotech. Lab 1.2kW
Siemens AG 10.8kW, 0.6W/cm?
CFCI, Austrialia 5kW, 0.2 W/em?
Zteck Co. ) g 1.0kW
; Fuji Electric ,‘ 2-5KW
% Sanyo Electric : 25kW, 0.23 W/em?
Allied Signal 0.7kW,0.54W/cm?,~10pmYSZ,800°C
Julich Center, Germany 0.5kW,0.23W/cm?,~10pumYSZ,750°C
Global thermoelectricity 0.83 W/em?, 750°C
FRB Cpubu EBlectric Inc. Mistsubishi ,
AR Heavy 5kW, 0.223 W/cm
ZS
_#_“ gfé Swiss Sulzer 1kW
#hE b
¥ —4k Ceramatec. Inc. : 1.4kW,0.18 W/cm?
1t

EHIPARAELFR B RBKIR A E. BT REREMEISOFCRRIE MR B K

- -19-



B—F AMsR

BE=F:

(1) RAELAN-BRMEE, B RARe B a e &G ERRAORE R

FHEE AT EH, AHROEERROVIR.

(2) KACu-M&E. CeOEMEME, CuRRFMNBEFEAMNBRIARRNER
B, CeO XM KERMM B ERUBLREEMLFEME. Cu-GDC.
Cu-Ce0,-YSZ. Cu-SDCH# FAERKEMEISOFCHBEME DHRIE.

(3) REBRMBIIREBF AR BABTSENMBEMREME . AR AR
ZHEFHESHE, AF/ETHRESAEHEINRARDOEREHL. B
FS4LSMC. NTHIEA $44SFC. SCF. LSFCHIERIFHIMEE.

1.6 EiEmA¥ Bt DCFC

1.6.1 DCFC #ti

- HRBREERCZ20KNEANEREETLANAT, B5EEHI NS
M. ERNEARKEE, EEZMBEMRE, RERAZRAR LFERZ
—o BT LLRIXE R 2K, —REZMEL, BSOFCHER, H—EABEKE
¥, TLDCFCHA. AMREEIHEMREARERE, FARERbRES
57, #2014, SRIHLBEMMT —AXHEOTRC, B1- 1178 BHHL TR
BB ARAE. EXRT, BEMEREER: (1) S8R M2)ME
BRNEERE, C)RKEREENRARR. BITLLNLZEZE ] R it B
7B T BRHR, EE R AR RERS #EIE T LRERB KN
BAR . ZEHRBA— BB, RETRRIERREEAE.

Fuel Cells for the Future

C+0, = CO, (DCC)
0L Ei s CH, pyro +DCC

Fuel-cell/turbine
hybrid technologies

| Westinghouse
MCFC 8
E aia & tube SOFC
4L - SOFC "‘ Combined cycle

T —
onventiona
PAFC Steam plants

Thermodynamic efficiency, % AH,,4
y\
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1-11 Rk it & R T PR
Fig 1-11 Development Stage of fuel cell

1.62 BULFERE

B R R RS SRR MCO BN, BAGHCOMST, W, MM
FRT SR B FFI0, U K CO, R B4 RCOS, AR R+

BH#%:: C+2 CO5* =3 CO,+de

BAtRk: O+ 2CO,+d4e= 2C03

BRN: 0+C=CO,

DCFCHt SRR i AR AL B B 1R T, FTLUA BI20Kwi/L ABit ¥ % A
R, WE24KwHL , #6.9KwWH/L, # 9.3 KwH/L.

B4, BALMEALE R FEREAA, FIHRRRAICO, 7T LU R R R
WEFRLR, BT COMTENTT BMECER B 4744 BB AT MRS B, sty
ThGREBDEL12. TREEREIY. BLSERY, FRREHCO,R
HRITEMRE, RAEY, T HEOMERIE. & B2 EER LY
R B R R R SRR AR, TR B R R RV B R L5 )
B, #H2NCE h BT R 8 B AR LR B - g“ RFhG=H-TS.

298

Xt Ed SR, BAJLFER0, HE EARNIBE LIEETI100%, HLZ TE
5 L BT HAM IR A R R F75-85%.

]
y l ﬁ'-Electnc power out
| -
| T
: r&j‘é:,'-::}:j == <= airin
i IR
SR - N
D e A Anodes €7 ZOSmIC0
:;g_;;gi:s Cathode: 0: + 2CO: vde =200,
arbon in_ L Net, €+ 0,=C0;
sty
eactrve, nano-scale 'E:.':::":":; K = = apout
disorder C from thermal Sapiede
decomposition of CH,
CO, out

1-12 DCFC T fE 7= 7% E®¥
Figl-12 Schematic process in DCFC

1.6.3 DCFC HWFRIIR
EREREXFHNMIFing, FENEXYEEAGLEFHTHAN.
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HTFERMERR, —SERARFEERERR, AREEROFAAELTERE
BrER. Jacques: 15-40KwhIZEHM, SRI: B T10°KMRE, EEEBGFEH
516 ¥ T AILLNL(Lawrence Livermore National Laboratory)#{TH 9%, B8 T — &
R, BT 199945 E— N2 2 TR B R A250kW@2kW/m’ FIDCCEE
REFEATLIEFI80%, WiTFMASF, KELEL-12,
14 TRMRE 2 [ AR 2 LY
Table 1-4 Comparison of efficiencies of fuel cell
Comparison of Efficiencies of Fuel Cells Using Synthetic or Refined Fuels, T = 750-850 °C

Fuels Thermal efficiency Fuel utilization Vohage  Net efficiency
AG*(TVAH 20¢ factor Efficiency**

e 1003 1.0 0.8-0.9 0.80-0.90

H, 70 0.75-0.85 08 0.42-0.48

CH,* 89 0.75-0.85 08 0.53-0.60

55, ZERFNASKATRAAE (SARA)CERIIM R RHFAE T H T
ADCFC, ¥ H#RLIEMAEMDEL BRI, SARARFRAARIEH, ZP
DEEABERARLYEIERAMARKRE, TEREIANTRRECHE
TR EmMEFETE. ERNEREAEEE. ERMPRaERN
REE RS FIRAORIERE, WrT UG A MR EROPRL: 7 E R AR A
2 BRISLY—ERARINA, FERFENELRBBRCO,M MK
b, WmfE ERRBLTMERER, SARARTFRA RETF S HHE T HE
i ;

Cathode
collector

- Sump

a

b
E1-12 LLNLELR Z R it fIDCFCHREE™a 2@, b HIEHE
Fig 1-12 DCFC measurement device designed by LLNL
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MR EERBKRBRIENTE: BREFRFPESEREEZKS, X—ATUAGT
FREAERE

20H+C0,=COs*+H,0

C+60H —CO;%+3 H,0+4e-

AREM R ML

FHE  C+40H —CO+2H,0+4e

BAtk  O,+2H,0+4e—40H

1.7 K XA REENX

B &E ARk it (Solid Oxide Fuel Cell, SOFC) £—F&E. HiEM
RERARE, RAZSERHIMNEERZHREARE . EEEREMESOFC
H, BRE (I FEE) BBALEITINT ER A RHACOLLH fE Bt
e, AMERZERLHRR TR ARE . XFFSOFC, E7ER &R Y.
B BBEFHNARERE, MARZRRE. R, ERELELANAN—
MEEEBEEMBRELRPERR EFRITREIR, . ANi-CeO(YSZ)
YERRIRM Rt B BT . B TFRITAR, BREERE TR, HiERBibiH
HEROER, "TENSHEEREANEE, FREREFEEEET. 40w
C-CBMEMAREMEUER, ERT@#EKITFMALE. nBE2HCuO, pHik
FANIO. CoOETHEEREMNY), WES. BKERLTRFNRLEELEN
e, BEffBSERK, TREHIZHEMEHESR.

FR XM EERBITLRAMBIR ST, BB IF PR, XF AR
H B8 K R EAERAIN BN Z R SR BN IIREE, [N e B S mRe s
WEBEMM TZ4M4. BEVEERRREBEBNETEES, el EMENTm.

(1> FMO-SDCHEL, CeOrLl REEFARMEIE I G4, ERM e
FRREEFE B EW, ot BEx EmtrrEm, HEREN
WETE, REREEMO-SDCIERE AR MR ERE.

(2) ZEBEMO-SDCHRTRMAFTRFRT. BE FRERMEKR A 4K
RALRRRM R AR UK S8, EEMO-SDCHHI & T EPTFERREN
EREE. ‘

(3) BERFEIEMRE AR EIEEE, X REEMRE N MRBIE RS 2
.

(4) ¥MILBLEHERRHEHOAREE, URBEFIELBMAME, W5
Hl &, WREERE.
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FE LREH

FE TRHS

2.1 SR ERE, (U3, RKH

FREFAN T ER B ALY 1 SOFC KT & RENY-F L&
EFRREWRME, NIXHMEETER: B BRERBIRE it s 2 5
AUEREX B B EERI W, FrARESITR 2-1, TEXRRERUBITE
2-2, '

F®2-1 KR A R AR

Tab 2-1 Experimental raw materials and reagents

FERZ 63 F1-0a) =3 .
Ce(NO;3)3-6H,0 - 99.95% WRAESHEEIBALTI
Sm(NOs)3-6H,0 99.95% WREBSHEERALT
Cu(NOs);-3H,0 SrHrak . REBRE¥HBEAHE
Ni(NOs);-6H,0 27 KB HEZRN
Co(NO;);-6H,0 T4 REWREWERF
Cr(NOs);-9H,0 g SHTLE KRBT ARZAM R
 BacO, L aHa R AT R
CaCO; . SrCOs SHTéE KEMHBULTIHFRAT
CsH307-H,0O : T4 REKEF AT
HE, OB e RERER AT
K,CO; Li;CO;3 S Hre RERZER AT
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Fig2-1 Scheme of preparing anode materials using nitrate/citrate gel combustion
. method
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Fig 2-2 Schematic process flow for heat-treating of materials
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Fig 2-3 Microstructure of cell after being sintered
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Fig 2-4 Schematic for testing of fuel cells
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Fig3-1 Mass-transfer mechanism of evaporation- agglomeration
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Fig3-2 Performances of single cells sintered at different temperature with CeO, anode
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Fig 3-3 Performances of single cells sintered at different temperature with MO-SDC
as anodes
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