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Abstract

The conventional solid oxide fuel cell (SOFC) supported by ytiria stabilized zirconia
(YSZ) film have to operate at high temperatures (900-1000°C ) because of the low
conductivity of YSZ, it is difficult for commercialization because of problems such as
materials selection and fabrication cost. Therefore, SOFC operating at 500-700°C has
been the recent trend. To reduce the operation temperature, (1) new electrolytes with
higher ionic conductivities should be used; (2) the electrolyte film should be reduced to
10-20 pm thick and supported by porous electrode. However, it is very difficult to prepare
the thin electrolyte film supported by porous electrode with large scale, and there is few
report about the technically details.

In this thesis, to meet the low cost requirement by commercialization, a low cost
processing method, tape casting, combined with co-firing has been used to prepare the
anode supported thin electrolyte film of SOFC, and many problems have been researched
and discussed, including powder synthesis, forming, sintering, co-firing technique,
electrochemical performance, control of microstructure and the effect of assistant
materials. This thesis will be helpful to the fabrication process of SOFCs for
commercialization.

CHAPTER ONE reviews the recent researches on intermediate temperature SOFC
and a variety of processing methods including tape casting.

CHAPTER TWO reports the synthesis process, sintering and electrochemical
performance of CepgSmg 2015 (SDC) powder. The quality of electrolyte powder is crucial
for the fabrication of SOFC. From the viewpoint of production costs, batch process
capacity and the control of powder characterist_ics,‘rthc co-precipitation methods are
preferable. In this chapter, SDC powder was prepared by oxalate co-precipitation and
carbonate co-precipitation. The oxalate derived SDC powder can be sintered to 97% of the
theoretical density at 1500°C, and exhibits a high conductivity of 0.04085/cm at 700°C,
which is consistent with the best reported results. The carbonate derived SDC powder can
be sintered to densify at 1100-1200°C. SDC sintered at 1200°C exhibits 98.6% of the

theoretical density and an effective conductivity ( o ) of 0.038 Sem’ at 700°C.
Arrhenius plots of log{o,,T) vs. I/T for SDC sintered between 900°C and 1300°C are

crrved at about 600°C. giving activation energies of ~0.9 eV below 600°C and ~0.8 eV

v
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above 600°C. SDC sintered at 1400°C, however, shows decreased o, with a higher

activation energy of ~1.0 eV independent of temperature within 400-800°C, and pinholes
appear at tri-junctions of grain boundaries because of reduction of CeO, at high
temperatures. These essential data are useful for the following tape casting and sintering
process.

CHAPTER THREE feports the tape casting process and sintering behavior of SDC
tapes. The carbonate derived SDC powder is sinterable, but it is difficult for tape casting
because of the high specific area of the powder. The oxalate derived SDC powder
consisted of rod-like particles which exhibited poor sinterability in tape casting process,
and ball milling was used to increase the sinterability. The rod-like particles, 1.0pm sized,
were broken to 0.62um or 0.37um equiaxial particles by 24 h or 48 h’wet ball miiling. The -
initial sintering rate of tapes is linear with the reciprocal of pa.ﬂ_ic]e size. The milled
0.37um powder densifies to 98% of the theoretical density after sintering at 1400°C, while
the original rod-like powder only densifies to 76%. The different sinterability is due to
different particle size and pore texture. 48 h ‘;iict‘ball milling is needed to increase the
sinterability of oxalate derived doped ceria powder for tape casting. To teduce the ball
milling time and increase the producﬁon rate, oxalate derived powder was mixed with 10-
40 wt% carbonate derived powder, and the mixed powder exhibited improved sinterability.
The research in this éhapter provides necessary technique references for the application of
these low cost co—precipitatéd electrolyte powders in SOFC.

CHAPTER FOUR reports the tape casting and characterization for Ni/Cey 3Smp2019
anodes. The porosity, conductivity and microstructure of anode have great influence of
SOFCs. In this chapter, (2) Mechanical Mixing method, (b) Oxalate Co-precipitation and
(c) Carbonate Co-precipitation are used to prepare the anode powders, and Ni volume is
45% in the solid phase of the anodes. The three anodes sintered at 1300°C exhibit
different porosities of (a) 43.7% (b) 43.4% and (c)24.3% after reduction, and the pore
diameters are about | pm, 0.8 pm and 0.3 pm, respectively. They also exhibit different
conductivities of (a) 97.7 S/cm (b) 627 S/cm and (c) 1950 S/em at 600°C in hydrogen.
Moreover, when the Ni volume in carbonate derived anode increases from 38% to 49%
the porosities increase from 22.3% to 29.4%, and the’ conductivities increase from 1330
Sfem to 2460 Slem. It proves that the anode microstructure: and conductivity can be

controlled in‘a wide range to meet different requirements of anode substrate or anode

reactive layer.
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CHAPTER FIVE reports the multi-layer tape casting and co-firing process which is
low cost and has potential application in fabrication of commercialized SOFCs in the
future. The key point in this process is to avoid warpage or cracks due to uneven sintering
shrinkage in the multi-layer tapes. In this chapter, thin electrolyte film supported 'by anode
was prepared by tape éasting and the sintering shrinkages of the anode and the electrolyte
were controlled by the calcination temperature of the powders. It is found that only the
specimens with less than 0.1% mismatching of the sintering shrinkage between two layers
can result in the flat and crack free samples during pressureless sintering. Pressure
sintering is helpful to avoid warpage of the samples, but cracks may appear if the
shrinkage difference between anode and electrolyte is more than 1%. This work indicates
that the sintering shrinkage should be controlled strictly during multi-layer tape casting
and co-firing for anode supported thin electrolyte film with large scale.

CHAPTER SIX reports the influence of carrier plate and pressure plate on the
performance of SOFC during sintering process. SDC‘pel!ets were sintered between 1400-
1500°C on different carrier plate, E‘such as porous Al,O; plate, porous ZrO» plate, dense
corundum plate, and SiC plate. AC impedance invesﬁgatioh shows that these carrier
plates, especially for SiC plate,‘ will increase the gfain boundary ;‘gsistance of §DC
significantly. Moreover, serious reaction occurred between SDC and the porous Al,O4
plate. It is found that only the SDC carrier plate is suitable for sintering of SDC samples at
high temperatures. On the other hand, SEM observation shows that the pressure .plate
often causes destruction to the thin electrolyte film in‘prcssur‘e sihtcring. It proves that the
effect of carrier plate and pressure plate should be 'taken into '.account‘in prepération
processes. |

In summary, five important aspects have been inyolved in this thesis: (1) the sintering
and electrochemical performance of SDC e]ectro]yté; (2) the tape casting process for
dense electrolyte layer; (3) the control of anode microstructure and electrical performance;
(4) the control of sintering shrinkage du}ing co-firing process; (5) the effect of carrier plate
and pressure plate on SOFCs. These results provide importani technique references for the

industrialized production of SOFC‘ in the future.

Keywords: doped ceria, solid oxide fuel cell, tape casting.
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BEMIMSREETERESEEMRT, H TEC 4020 125x10°K", 55 DCO &
AHEE. FERMASTEMRE, UREERME SRR HEMREER KN
FAIPY (~40000h) {RFFERIE (<20mem®) .

1.2 SOFC B3 w1 8 B F R AL

121 8]8

MR SOFC Miln#lsy, HERSBERAREWRMP AR E, ¥
%, ARRLRZEESFAOHASEE, UBRRRHRHESSHBHESRER
ERETEAREHNE, K SNBEENRIGHARDERASEE. A
B, SOFC FTERAMRIH#EREREHE, TRENELAEENERAE,
T AR S FLNMEE SRS ENERERE. ARIERRAOTLRE, iR
BE—HFBIT 1400°C, ERERGBERERERASETHLE. @7 1400°C RE
GHEE TARNE, MRRRERLEE, FERETRERMENRRE. B
SRS, B4, dSRETERT AERNBESEH. AT, SILMEXHE
KEREEBNILBE (3040%) , XXHBRABHEOHETZRE THAE. FW
31 B e AR SR AR S MM R E DL R B R R I E T Z# T .



PEMFRAKRFHEEERL B EREAARBH R (SOFC) 6 £ 0UbHA 5 444 A

1.2.2 B FRRSAEE N EWE R

1.2.2.1 B ERE

WABREEHIE S 73R BRI K BB RY B HBE G BI3kb:

ms=h¢gtp¢@+pdV(Ln

'ﬂ*m%ﬁﬁﬁ%ﬁﬁ,mﬁéﬁﬂﬁﬁR,pﬁ%%%mmﬁﬁg%%%ﬁ
B e, BARRERER. AL, MZRS. B7E 1950 4, Conyers
Herring [20] &AW EA B T FREILE T RERE v BRI « ZRPR
F:o () BHERENEL v« (1. (2) BREBRENSH, v Und. 3) 4448
FHEL vee (1. (4) RETBHH, ve (1)

FrLL, WDERER RS REAEFINENRENERATRERY. B
B, RA S IEE A& BPR G SRR E, RMHREMFEE LR,
BB L6 PR P (A R RV & R 1 RT LU 400°C LA E [21-23],

1.2.2.2 BHEFES S HER

BEZH, BiEEdRE. TREBRERE, —BRE 40~70%HHENERE. K
EEEMRENA R, TAASIHE 241 B 12 ATRRAN B RBRHTILRE
REE. EYNRENER, BT RRERY HRUET, aFSTLRREMEE
EER DTS, SRETHRERETER ERREASEHBA. LANME
FEREAT RS, WIS R, W —REE TS%RANER. RGP,

[ W

¥ £ -

—_—— b

i

g

o |
=gt fﬁ

*—.——_—

B 1-2 FRGEAR R RS



FEAFRRKFHEF AR B BARIAGR (SOFO) 6 XA S HeA

HENBHEEEL, REBTSRRERT REYRRTILTEE, 4 BLIK
G, SIBATIRAE ASILE, PHBEER, HRANEEAN 03%. L
BRM, TERENRSRAK. MESILPEENETEMOSE, NKERS
HE S B F B B RS 1L

MR EBRE IR E R, MERGTHSAERETEERNR, Kk
BRI LGS, F. F. Lange [25] BIVSILIORATS N WS ILAM R EY
SEEW. N T ZAARESRTH M. RE NN 057, 1 ey
RASAMEE TRANR. NohBHETRSSRERRRE. ¥F NN 195
T, R MREEAR R K RRMAESEKA, % N B B N UT, 54
FRERLWE. WRNIRAE R REER, 5Ed e N BEREHR I
BERAR. MEREIER, FERNETTANER, RETANARE, K4
AREIATLOMAR, TR E R ae.

W R IE AN ERERE TSR, R AT AR P LI
B, BENTREIEPOBERE, RRHBOEEEE. B—RIRERTH
B, Bk AR 625%MBREE, BEMERAXRIRTESIRIETES
B, Wis EELUAT S6%MBRMBE. B4 BHER, RERARTRBE, &
KMERMERARREE, YRTOKELD 14 FF 11N, LREREELEE
% 10% [26]. BERIERGEERESERE, LAFRERFAENREZ2 M, B
WIS, BRBEREFAMBRET BT, X5 TILN% B %R
5.

1,2.2.3 B 457

BT R ERRAR AR, RECHREAREHEE, TTUE
SRMEMELE RN EBRENBF LR, BEEAT CeO, ERIBPMBLER
£3% Co0, NiO, MnO, FeO 1 Cu0 [27-31], HPHREHABHRE CoO, NiO
CuO [27]. HE4HEY CeO, 7 5°C/min HEFHERE LA EY, EREFHIERINER
BERE 360°C, WABMBMES: TRATESRBEENE, KRELLR
AI7E 80°C MR MM R4, b ABIMMBRLES, BRI AR [27).

—BTE, CREOSESBIESH, DTSR ERMRARERE, 5
Mk, BEBEEE, W 025%5 0.5%8 FeO AT LU CeO, R4 H R XN



¥ EMEH AKX FEEFE L F—% BARQ b dt (SOF0) 49 £40abH B dl 51 £

BFE B 1430°C TR 100°C £ 195°C [30]. B2 BAIBIES S SISt — U B
BHEH, KSMHBERLNRENLERE, 0 Co0 BARBIT 2.5 mol%h, s
WILE] 95%AHX R MR B B 1000°C RFE| 1150°C [27], F0>0.5 mol%H) FeQ &
fE 1500°C FEL5HT CeO, B T4 I A

4 BB FMIIA, i CeO MBRAKBERER. WK CeO, M
s, ByRdRarig B RIES) 800-900°C, MR LIS SR € KA, X
F CeO, A RHRTIEHIZE 100mm £6[27): ARBEEHEERRT, W
>1200°C, BMEAT SR KIERBRIE KRR 31), HEB4AKFLETLR
Sty CeO, BIG£T 120~ 140kJ/mol [28, 29, 31].

123 R B RA TR

EHEZAME LBARENARAEEE, EREFM&H, — R INE
BEABmMREENE, _REXMASENERHMETE. BalA THER B
BERBREEMN T ZEEBARF[B2]: RERE, HLIRE, LMEPRLE, REREE,
RIKIIARTE, R, RAESHETR, FETEBR, A%, KaRee
BYSABUIRR, HFESATIH.

1.2.3.1 fLFE¥E (Tape Casting)

AT, REER Glenn Howatt I THIZMEBERDBI. X HHERER
BHAEEEN. o, BEH. BENERSHERHIRBENRE, HiEdE
TR LRSI — R BEE R, STREANATRTRMALLE, KidH
RE 13, B, REECEE ZRmIs&Rm-PB387TNA, BTERER
ME RS, AERTFIVYHERRRR, EERBEAAGE RNIER.
WHAR T EN ZEHMET LA Richard E. Mistler 11— ®1IEREH: “It appears
that the only limit to the utility of tape éasling is the imagination of the materials
engeneer.” [34] ,

REERBE T ENEAESAE: () REFAMDIEREE, FRAAEENE
7, BEFROHSBERE, BHESEY, AARFHMEE. () BHT
BT, $AEHSTE BETHR. CESRE. O) BELET, BRAR
BNELR B FERARETSBENITR. EREHE.

-10-



FEMFRRAFEEFE0R L #—% BARAHBHIEE (SOFQ) 4 XaHHE 4l EH A

Adi (TH edl)
lin Esdanun
| il
ande Tap I
n CArrier Taj
' sl
l':-l1: Rl -.l!-‘l st SIMETY
Clhuasnk :::rj I
ﬁﬂﬂ , HM )
| | 5
|| r|1 L | ’ /
1

:lmlllr [t.. A
M Take- Ligp Spond »

Carvier Fil=

W13 REdErEE

HRrmMEEE R BB R EMABH TRBNA. Souza [35]¥ TR &M
NIO/YSZ HIK_E RAESE T B 10um KBE YSZ B, LA LapgsSrgisMnOy.s 218
#%. 75 800°C BEIT 1.9Wiem® BEME (H WK, FHHELD . R
Gorte {10, 36] I R SE SR I & T sz FEAEREE 60pm RO, NAT
WEME, ZATIE/RET.

1.2.3.2 $L427% (Tape Calendering)

Honeywell /A @] (Honeywell Engines & Systems, #E) KHEBRETHMILE
% (tape calendering) MMMAIEHA, ZARRHBEHETE, HIEMRLHEMN
ARG . o B R A AR M R M A, BIERE S SRR
L ﬁﬂ?&ﬂﬁﬁii%ﬂ%ﬁﬁﬂ EHEBENEE, s T REHETEN
10pm EH YSZ. HEIEHEME 1-4 FiR. SlEMRamilREERES 800°C

electrolyte bilayer
O e .

» Dilayer bilayer
D"%’ anode [:D :> anpde
Tape forming Rolling Rolling
Cathode Application ‘V Fi%ipg ' Cutting

B 14 B THMEIREOEE LR ET RS T EHE

-ll.'-



PEAFEARFEEFELL F—% EhRchmia (SOFC) 45 £abitath #l8 X

BT A3R8 0.8W/em” FUME{E IS H; Ll 30 M3 (100cm?) 4T MM g
EREERESARE, FFREE 0V, BREE 1200W.

1.2.33 £ MERE (Screen Printing)

# W ENR(Screen printing) EFEM B THFENBRMEBMTAERN—IILE. &
EIR. B, SRR B T R LU R R LM
B, LBUE — B LR F L0k . ERRBRBNHE L aE RS AL
FER IR T 2T RS TR A1

wRENBEY, BB RS — IR, AL A
SRR TGRSR, R R EA Y 40BN R B — R 05
RERFE. BEEHOAEY SRR ERREN R, RS M
57, FTRUAEROR S R EERRA D, KA. AR GBI L
EVRIHLAR R T3 8 b o

B 1-5 RAEEMATHARORITRNREE. &M b REARERLL R AN
FALGBITIR, SRR S — e RIRAERIRBATE . EVRS B BB 8 — B
B, LR,

R MR TR AR AL UL R, fReit e, BT 2
o FEAHMBEEE, BHKK. HANEPNRERAENANORIERT
B RAETL. ERE AP RA FNRE. RIS HIERERERAR UIHR
KA, BT CAZE 400-500°C BARY, FHEUEBRE AR,

B, AMBaBHELES, ALRONSERERRFRNBERS
[37), KERRALMEBINHEHE ST [38-41].

|'"I | s

B e e Y e e Wy e P e P e TR |

& 1-5 £ MR RRRE

-12-



FEAF A FHEFERT F¥ BARAMBA L (SOFO) & XA RS LA

1.2.3.4 FERWIE (Slurry Coating)

iﬂzmz——ﬁ'im%j’a: AEHEEBRNERMARSHERENHERENE
B BEHRERNS, HHET, BRESHS TRIR, HMAIREENR
ERE, REHITRE.

WERIEPT UG A THE LAk, BERUMMEESHAVUEEMEILS
MM LRIERE [42]). Xia HA[43, 4 HREEHIE T HE LSM/YSZ Bitk, HF
T BHEL BB T IRiE + 5. Cai % A[45) AL NUSSZ FARRME L§1%&
T# Toum B SSZ AR, A Pe-SSZ AEBEHEIE B 7E H, 3% HyO)-air &
R, 800°C WRFAHAE] 0.8Wiem?,

1.2.3.5 Bk (Electrophoretic Deposition, EPD)

EPD FriE— MRk r v, Bl ME, EREEMRHE. TAERES, B
TR EPD BAHIE T 2 S ROUMEE. RATRERWE 1.6 iR,

Ishihara [46] P BT LR ThHI% i YSZ WA, $I&MBRIF: # YSZ
BMABET ZBATER. PYNIO-CSZ(CaO BEN ZroEHE, ERPETS+H
BERETR, % 1375°C/1h o4, TIR-REMERILIK, Bkt LSM Bk, £8%
B e P o R BRI SR SR TR I SO IR, B—%, FRBERE 077V,
W 0.96 V. BIIGE 104V, BTk 1.05V; M SEM BHER, 8K
ER AN ERG, QM. SEFLK, WRELS un, TESE, K
RAREH N, BEEREFTRALRN, FENRRERRE ), RERRE
FURE R NI RSk A, ERMR AR AL, Bk, BHATA
A THRE. BESERTRLR, RRKHEERIAT 1.5 Wom?, Z-HKIEHF
ViR, BACIRBREATA 1.84 Wiom? M BBH R AT 5 Alem?. |

FE— LR EAS

r
| S, . KB A, 228 RE
¥ . , Suspension #, £ LSM B L %‘J% T

f'Fj \ '{;J ] g Substrate lOp.m E%ﬁgﬁ‘] YSZ }%’ EE‘
DL power PR & L i ;
o ﬁ]@ W EEE W EE T

1.5W/em? [47].
Bl 16 kg ETRER



+EHFHRAK SRR E—F BABAHRALE (SOFC) 6 XAHH BRI

1.2.3.6 WECERRTYE (Sol-geD)

WRRRNE (Sol-gel) RIGRASBENRENLAMHREEE. BR. BE.
ik, BAKROETMBERELY R ABEER) .

BR-SBESH e AL, s TERENE. EFATRE. o
BEER. TAARESHARER. TRAMEHEE LSEEE. SHBEHN%
AAEAME, HTERBR. TUHROESIMEBRS R EH.

BR-RREERE TEREERENEAA T2, BRNFE—LRE:
(1) Sol-gel FFRIMIS RENL AN R R, Q) BHHEARE: O) BBERHLE
W E, SREFNNEERE. TROEAH, EANRENERERAZRR
FR%: 4) BIEBEEREE.

— B R R E T R R A R & CeO, BRMBE SHRZ A
B YSZ MR, LUREBMAERSIF (48], 2004 F, HEEHTHERMEN
CeO, RBMER, KT CeossGdoMeopsOrs (CGMTIBRAER, FFLL NVCGM
M, bl LSCF/CGO (or COMYA BB, HIWEHEAE 600°C S£F| 200mW/en’
{491,

1.2.3.7 B4 2 SARUTE (Electrochemical Vapor Deposition, EVD) {32

_ _ EVD KFRARMNEXEE I
I'.L_"""':_'_1 LJumece [ Fumw Hl AcH B 1R, BRI MeCl,
T mm T AMERTREER, EFRARA
[_Turnad | Pympee | BETEZES, ARRNERE
A T Sublimai MERRZHAE AN, HE
ot o HHFE—%, MeCly,. Ar. H, =

AR ES, Ot H0 B,
B 1-7 EVD & F~ER HegREZEmE 18 Fix,
EVD 3F 6 4 16 71 B B8 A
M1 H ! it TURSILM. WTFREHE (5
:@jf{““] ﬁ3$F”] ARART SHRTFHTRE R
: ‘ MED , EETEOHRIER—

Hd | 0

E 1-8 EVD RV RHE

-14-



FEHAFRARFELFEAL F—% EAfacdii bl (SOFC) eykitstts fEHA

. S5&BEAY MeCly REREREMNDER: RNAWT.

2MeCl, +yH,0=2Me0,, +2yHC] (1-10)

4MeCl +y0,+2yH,=4MeOQ,, +4yHCl (-11)

BA B0 KEHERN H0 SHER R M B/ #LIEM.

MFELHE, FELHAMBENEES CVD T2, ESETHELMITHLY
BE A5 &REMY MeCly, RNERSREMADHE, il BRREREE.
LBHFAHEARE, KiERidEN EVD 88, WRBENERE.

FEREAF A 1986 F£3) 1992 F, FABAETRERBAKH & B @ FEE,
RIS 25 kW REER SOFC RE4, HERARIRMT T ERATERRS.
WARBRELET — 2R BRRIRAR . 19956, FERSATHIEN 25 kW HEALK
EERRMMERT 5582 D EIT, RMEHINER 27kW, 1000h 1217 HI1EAE
FEHERRE 02%LAF . EARAMER SOFC DIk,

1.2.3.8 S E T &M% (Plasma Spraying)

4% CVD IR R B RAE KER L, BT FRAT N FRAES
RE, ACHBEMRIENR, S TURR R R 7 R AR SR B W
BRAEA N R P RETIRREE. SEATELE, SETHRRATHENE
7. WO RIR A AS(10000 K) HEUERR. WETHERLHR, BSROSHA. B
i) 52 SR FE T A R AL AR AL, BRI T IR M

BTSHTTUR Ar Hy Np He, BFEBASH FRBSER, BHH
EMEETRENER, LANERNE 19 FiF. N THEANENMEYS, T

TR S R AEARRT B .
0 ] :u",l.lli::ll A H. Hamatani [50] EHZE FlzH&
.k U YSZRBRR SRR, AT TR
B o i AR RBHIEW. S Takenoiri [51] E&EH

T EmERGRSBRXHAL, BREHS®

S, JEEIE SRR, MR2100/ N ERE

AR AREMR600cm’, BHFIE, hE
. 3.3kW. 2100/hBYJE, TERISMATEE,
B 10 SR TR TR E EERIISA AT LR BI3200/M L

-15-



FEAERAKE B FR R L FF BRRASMA LA (SOFO) MRS MBI A

1.2.3.9 8517 (Sputtering)

Fat (Sputtering) R - HEFRTEWH THBHE, KB RESHMBTEE,
ERMRA AT HmEH. SO, Rokst. sy, RERS, =7
RIS EHERN AR E, BHERELENE.

WA LB AR, HEEKENR. SESUSERE.

HAT, HEHHNOLBMATE YSZ B@RE E4l& SDC = YSB REE [52,
53], ATHRGBMBKVERE. B, BISEERHTEE RS0 RETE [54-56].

1.2.2.00 SIS EEHE By AT (Flame-assisted Vapor Deposition, FAVD)

K KGR 5 B B9 S ARTE FUFAVD, Flame-assisted vapor deposition, {#% Flame
pyrolysis) RLI6E FI4E A 8 FEAE KA FURDTAUER, B AT R P F e sh S I e
EREREBRERERS. THEETHEMENIGARRES RS, HERR.
ATHEHE P,

FAVD REHE: SHENBREELHRME RN, RHTERRJIIEHER
TR, BRUE. S8, B BEHEEPEREANR EBERE (IS
mE 1-10 FoR) - BETILERZB AR, SARTURESHTS. HITZM®
sl (1) BIRERMEE, TUEFNMRETURTIG, TAMMER. (2) HET
A6 B, ATB TR FAE LBk B SRR . 3) IEMER E T it
T

Steele % A[S7)FIR FAVD FERIIEIR T LSC. YDC. GDC #J#, #Em#t
\BEERTE 300-740°C, GDC H YDC BREL lum, BREEY 5-10um, ZFE#
um JE, LSC HEEPHH AP 0.5-lum, HBEBFRANH 2-5um, THENY
40%.

Spray nozzle [ |

Flame torch
Substrate solution

Hot plate

B 110 FAVD R B T EH

- 16 -



FEMHERARER B B—% EASUABH aE (SOFC) 89X OHH S HEHA

1.2.3.11 4LEESAYE (Chemical Vapor deposition, CYD)

2 MIEAA(EHR CVD, Chemical vapor deposition) RIS &4 Fc B i
JERE N RN A S AR (EEK) o CVD TER —MIEH 7 %% MEs
¥ ORERE) 7E, EAEREFFRFAF TV RMEE~EHNE T TERORR
[58].

B CVD BR—HIFHFHHRBES &R, EEHE SOFC BEAHEER
®, BAEIrATH& SOFC MEREEFHAFE CVD MEMA CVD: kM| CVD
RECUYERBTERRABENBEYR, BHER. B¥ER BEFETH
fE: B4R CVD RUBGHEREVLEDERB TRERRSAELIEDR, R
FERBREELR. REEH, REIR. EREES.

HEl, E4METHEE CVD 5 MOCVD #l& YSZ B CeO, ik R s AR R
[59-62], 1E B AR H RIS RERRIE .

Bl b5 T HATH RHA T HE&me ana@RRERNEA. SNSEEE
Rk al, BEMITERTE SOFCs Bkl &+ 5 HE M B FHARER. &
i, AEIESARE, UEANEERRSREAGERARAE, FRNETHE
BAER S A BRI PR AT [63]. T—ERATHERKREEA, s
BRI A BB ER.

1.3 MEEERIE AR R H Y5 (4 6 15

1.3135i5

7R EBYMRES EHAEE - SREN LT AR RIMEE (1943-45,
Fort Monmouth Signal Laboratory, Fort Monmouth, New Jersey) , M —BLBEE%
T 1947 R EBESRE [33), ERROHERERERAER. X—REFET
ENH-MITE, MSEERE. BRI SENNESSEEREEE A P
L, BHOHEF, SAESBRNERZE, BRAT - ERENTISMNEEE
.

WA R MR AR ETELE 1-11 Fim. X—FEHE AR R B R
USSR LR B LA BROEERN, TUATHESMHARA. BEEAK4



YRAFHAXSHLPERL B—% ERRAHIARE (SOFO) 6 XA EHERA

- SDC(E0%w) <i'_i:) fwf
L ANIOG60 $HW . v P R

i AR Y

T owm —

%%ﬁ(?‘[_]m PHEALR o

e et T ( kﬁ!)
.

k 4

BHER . Hff
Yy

T I 4

B 1-11. & EHIEH % SOFC IFERER
REENRESAY, CESERERNERTTEERATTERHA64] , PEHRE
B Tik[65]), FREkaR(66], AFIEEARRL{6T], HITHAE(68], ISR THEN
B R PR B AV ) S
EA4HIE, REREEADESBI T ZHWASMA, 2004 FRELOH SCL
WRNERIEREE RMTER 88 B, DXBARKASE AL, AI0EMHER
EHRAX—-BENHERESA, RRPHEROMESEMERT GFR. 28
Rl RUBF), EEERD RMEEER, REHOTRIEENE.

132 RERBPHXBEE

WERE Z AR HRENATTH, RENRERE-RIFHN
EEPE [69], BEFHT, SBER HTHRASIHERS.

1.32.1 7 7)

B 1-12 4 4 9 i doctor blade Ji 2 77 X ﬂ%ﬁfﬁﬁmﬁﬁo ¥EHETHAZ
th, FEETAIE L. RAFHRESFOHNS FREHTRNER, R
BB . AR SRR R R HRBEE
SHTARW. PR EIE R B R >50um.

TR FE T LU B 13 FT R Mlip coating AR, HIELHE — M HEmMT
B, R A F A TIDRE, KRR TR RE<Soum. RS AR R
. g, TOSRBEE. HESHEEEFENEW. K—HES

S18 -



FEAFERRFHRLFELL F—& BBl (SOF0) #£8tiH s 488K

w i o
-‘4{7.;‘ \\\‘ \ P B
® e ! - 2 \
\\\H’ e ¢ }
. [/ \q\_ Ty S’ |
T Cmaii(x’m‘ FE—— Doctor Bade —-- 7 ‘},
&) 1-12. {454 doctor blade JEE Ty X, B 1-13. lip coating RIEH 2

doctor blade HF¥EH LA MK H, KEENERNEZXITERNMISEEELR

. RAEAEE LR T

5 ) 9 3E BT LA SR A microgravure coatingf 7 R WNE1-14F7 K. XERHET
C2HEZFMEMER L, BERSHERRIES), HEEISESLRBAR
M. BYVMERIFE —HERHE . X ERR 2 A7 T AT LIZE R 804 e L 3bT
%E, MA—ERARELLNAE. WHZBMEHMEEESum, —f&ATH
RigkR 24T, TA FREREMNERAZF.

S5, B —HPIEN R Eslot dia coating. SO I-1SFIR. HEHETA $eb,
Wit —4 34k, MEBREBETFHEL. XI—FESEHERAFERLEGMALZL. K8

MEREZEIN T SRR, B4
J BE. RHED. WERBHEREN

N S ’ \\'\ /,:-“’“
Y 1 t@f B, U R L AT L
Sl e NS/
G SI7E 1] 100um,
g

[ 1-14. microgravure coating FIEH I,

1322 T ERE
— RERBEHEZE, —REE
g @ﬁJ HEHT, BE—ALA, TEEE
éé( ) T O g mBRTRNAGEE, DA
§5<“\\ — R NER, LRI

HR A, FREEME-1657

B 1-15. slot die FIE /TR T

<19



T EAFRARF LS EH L F—¥ Bafcmstes (SOFC) ¢ AaHs sl &4 4

L e ;

4

B 1-16. AL E % . B 117 ¥ EFBREENEE

1323 B S5 medEE

KEERE FLIELRE S, —REBAFSR, BRRKHSHE. NESRREES
AET, RATENEERTRER. B, —BEEdEATHREPHREHH
BRERR A RANTE, REFEDMERE G EREEREAR L PR,
M. REEREWELI-17H.

1.3.3 JLsE p B o (K o ] B

R MRS RIS, BERBREEMARES, BHTCHERNA
EATHERBTE. ERETET, BAKS0ANREERRS BRI
BAYERL, ERARTEE SR, LA%E LRIk, M[70]-

AL

JRRLA NS R 54

TR

WER SRR

S5 Rt

FRLA T

P =R T

A

-20-



P EAFERKRXFELPEAL F—% EhRHm Rk (SOFC) & Apbid4th 4 & A

REERTHRZE, B AENEREENRSRERERBLEN. 3H
B, RERERELNNE, IRNEEEETUBET FREREIMELSE. W
ALO, B ETERERB 2, TTLUAE 70%KAEMBE [(T1]. SHHRERRGE
0. KA. FHRS, UERARMEE, MRETZEY TR ER. B
W, BAERFFARBERER B TIER,

BHBREEMFIL - REROROEME ERBTHERD, B, F0
W (WAL ZER. SERENLERERAT 1~50mYg, B, HFLED
FRT 20m¥g Kok, HELHPHIEEEE. L P. Meier % (72] LA KR
37nm K CeooGdo,Opgs BHERT, B THHELLREBIE 24m¥g, RHEFIEAR, R
RALRMABBENBERSERNO G ERLE.

B4, MHTFRENEARRSEESNEE. ARNGHHEESRERDTNS
¥, BontBERmmmt i R B m. SBRIRASK YSZ UL ER
EAREEMETIRN YSZ MEEREN, YSZ HiEXIlHAEMBERAR.
1-18 (a) b YSZ JB7E 1100°C §4%5 S PRI BRRTERS, BERTAREMHRE.
B 1-18 (b) &7 1350°C #24 5 M ERMREES, AREATHAERAREEHR
%, EENMEEIREMBIEH, BRERBEREARE. B 1-18 (o) ZMK
Y YSZ MEWERS, W LBNORGERBERN,. TRELHEEENE
ko B, ERERAHIERELER, DIEEREIRNEN.

& 1-18. YSZ i R p i A R e A e RE R B WA
(a) 1100°C/5 h (b) 1350°C/5h (¢) 1350°C/5h

221 -
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1.3.4 AL A o B9 IR

WESB B RINA E EORBER. BER. EG. HENE. A5
FHEATERERT T M, URENE BT RE R .

1.3.4.1 B

VI A R AR 3

BB BB RE TR

PR AR

A B BB

AR, WA KRB FS AR, KA RGN S A
ke, FELBRERAER, WM SR AR IR, IRIT VAL R
h, BERTSEORHEN, CUAERAFERENRESASBET AN
B, BREMTEEEE AR, FEABEOBEANTESHERELERE, B5H
P RN, T ENES EB AR

S4h, WRGERERRTABEN—ISH, TAMRALRET EFdBS
EEMA RS, FASREENEN, BAROEN, K dTEREES, &
T PSS T RS, BikERANREEREENGIAN.

(B, BRI P R R R ATH . SYEAIE
REETROE R, RHRESREE R ETRIOERE, BT AR —
SR, RHEET FREEANAT AR, X—NEHHEL (skin) . [
B, BEERMETE R ERREERTI DRSS, BT,

T REERR B RBRE, JFERE SNERER, FHRREHLU=
RRZARABANEAMEA, LPEER— AR, ME 125573,

RN, FORA—HEENFMN, ATREEENERNERE
=, BULEEAR. HTFCETUREENERER. SRENRHOENS 4
F 5], BEEHAHEN (Homogenizer) .

B, BANGEENEEREAS RSN, BABNAXRERANRS, K
Brs BB, B ARSI RS MR RENEREW.

AFECHE, ). X, ZhangB([74] TERETIOM MR, LIFHH FREPVBR
SENA RN, ABRA TGRSR ZEB/TH, ZB/FE, RRB/T
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W, RAR/ME. MEKBREESTESERRE S, LB/ T BRI E 7R
BHBFWME. TEMYSZEREST, A, S. NesarafE[751% T TH, %, —
B, ZEUMERNRR, BOXEENE. $REHR. Aol ah,
BRE., “HEEFERNERT. S. B. ReddyH[76)HF#/2.8, Z8/TH, =
FR/CEBABRNNEPZIT, REZPR/ZEERABI T EHRBHER.

1.3.4.2 43 #55

M EAATE van der Waals HEERMERT, 2EHRARPZY. NRIE
PRI R A S ENBEN T, EESERARURKREAREE. HETEAE
MR RSHRE T2+ 5 FF, HbsnmEREs+4EE. SEMNRESE
YEREER:

AERTHEEEZ S

RSB EEREMAENE T SN,

T NE T B TR

N U B TU AR TR I R B RSP

AHFIT AR A BABEE SN, (1) RAEFAHR. BXERERE TS
WA AT AR, HPaahBnRDLVOR®R. (2) TEMMEAH. B

1-2 AT AR AR S oA ML

il 88.6 K 11.4 73.6

|
Vg 40 20 60 74.8
1 il 30 R 70 77.3
N 86 4 14 55.9
ZiE 95.6 K 4.4 78.2
i 27 RN 73 70.9
7 68 H 32 76.7
L 87.7 K 12.3 8C.4
L g 30 SR 70 75.5
1 AT 21 2. 9 75.3
N 52 VR EARR RS 48 80.1
LB 48 18 52 823
Lt 88 HI iy 12 559
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EH R REE N ERENKES FHSBM AT . EENENT, BTFHIRE
¥iK, ERMASEGINAERE, B REUNFHELITN. T. Chartier|78] R IEMRE
BaTiOsit, UAZEE/T BN, BHREHOHON, B SENMVHEESROE,
iFBE T Ar BT Y R S A PR RN LAY RT . S. B. Reddy[76] #iEE75nm#fPZTHM &
B, A-RE/ZERER, HBREENHN, 37 BRENAER, LPBRin
SEMEBE AN EBRBAMER.

B Bl — L7 U RE A (8 A 4 BRI LR 1-3 {770

£ 1-3 MR ERI 8845 7 R

ERTH IR T R AR

T e 5 R WREH

(BARE W ¥ER & pH W15
1.3.4.3 ¥

HEREREE TP EINTHBRONA, EREENHFMA. THROER
o, RENFRESEAER, WERORE. IRSHERHRERGER. EHE
ERE, BEANEFIEZBERE. KE. BE. BELEE (T, gas
transition temperature) . BERRUM. BOFEE. KAURBERENBENSEE,

HEME SRS AL, RLBLERERRE. ENERKENENS
T, ETFRZ EERFOSEY. BETENE, MBS THKERYEQY.
SN, BETR. BRTESRIGES, BRRARSBIENMRERERRE,
AN EEEENENNARRTRETASE. BEit, SHIREALHYS, B
BIAF|— A BT A

— kit G A R T RS B 14 1706

Her, HFHREFANER, KEAROHENZHTESNEN.
AKristoffersson [79] FISLES. BZIEM. FRESHEEN, WKIBARE
ALOs, RILLERHERES AT, REFHENTR, XTHEZASRIIM. F
Snijkers [80] A RMKEN R, KEREHEYSZ RAE, HUHRSHEENR
SRR S EYSZEE B IFIR.
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R 1-4 U AT PP O P A - A

Vinyl Cellulose
Polyvinyl alcohol Cellulose acetate-Butyrate
Polyvinyl butyral Nitrocellulose
Polyvinyl chloride Methy! cellulose
Vinyl chioride-Acetate Ethyl cellulose
Hydroxyethyl cellulose
Acrylic Hydroxypropyl methyl cellulose
Polyacrylate esters
Polymethyl methacrylate Others
Polyethyl methacrylate Petroleum resins
. Polyethylene
Aqueous Binders Ethylene oxide polymer
Polyvinyl alcohol Polypropylene carbonate
Celluloses: . Polytetrafluoroetylene (PTFE}
Ethyl, methyl, hydroxyethy! Poly-alpha-methyl styrene
Hydroxypropy! methyl Poly isobitylene
Emulsions of : Atactic poly(propylene)Poly(butene)
Acrylics, latex, polypropylene carbonate Polyurethane
PVB, waxes

£ 1-5 MERH PR ENRBERERE

CHELTHER LR RN
PVA H i

O

PVAc +-PVé

IOREY B CBD E ERRIE

e ST
Wl e
PVB TN HE

Bk

S Y S I
TG
o Row
PMMA, PEMA B

UCERY T CEDY Bee IR

AR )P

AR WS DTS

e e LG R R W e S
KAl e

oo

I3

-25-.



FEMAFRAXEELF A ¥ EAfhRa i (SOFC) a9 £atHt h s A

ERERES, EF -MEHEERNARTRENKER, SNE M TENE
h, FERERRE, E5IRMNNERTFREBRIRN, FREEE. AMAE
= R R B R B R RPN MBEHFTRERSGERE NGB E L ER
[81]. A4h, HEBMEEEH FEKRE, ACCLEHBRSIRBKRMN (82,
83].

1.3.4.4 #5870
XEREREPEAORSYHBENOEBLRRE (T,) EZETER, 85
FHER Y ERANELETNR, FHRAEENINEE. Flt, RERETEE
FIBHREE R A —EREORKE. ERETES, BBHNEE T
RIS RS AT B R . REM BRI, TSR AR B
—HIIBHIE S F— R E R RIBER, KPBEEERAR, ERKENNE
TEERER TR AR TN, PR BENA ST — AR, BT
BRI TRES B EORE . BRIEAT B, WS RSN S T B AR EL A LA G2 4
ik, BTAHIBH L TRFEER, MENNEEESE, ERERTRE, B
I, MBRNSSBAERTSENRE, SEEEBEEEL.
RS LA RERBER, R 115 (84 FIH T B AR
F AR .
B, REERNTHNASESHEEN, SMRABRTRIEECHNERS, &
FEMEENMNAE. FImERSHERNZE. BRSSO AERARER
FPAE SR MG AT [85-87]. M RANMHAMMELER, AIMEERAEH
Wo. HRZEOGETIEME, EXARGE: (D) BEESIBHSHIE,
BETENOTARRSEE: ) FHHEEES, TAERHBREEMAT
. HEEERE, DATFREEHBRERIE Q) EHNELTEER. L
WAMER RTE, ERBERE: (O RMMNTREFEET, RiFEERPER
dis () TROEFEEERE, RREED.

1.3.5 WEE AR P T RILAE

RERRSHTRERE 8, FELAIRANRERGHE ERENE
X —Wg, MTFRIE. X—dRERgmIELENATT LM, FEZH
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PARFRAAFHLFMRL B BARIHIH R GOFO HXMiH 5 HEHL

TSR .

ETRAESR, LS AFRAM RS WEI9R, B-BEREXHRE
FEREAHNER, EXESHERIFLL, RERMNEZKCTEEEL: E20
B REHRED, HRFERATLAAT, HREREN KT~ KE
HERE. EE-MBROTRIRES, FAELREIOERGEHEANIIERE,; &
BENE, BRDATMREESOLSE, THATSALENEHATLA, hTEH
BERNMETE, SHEMENT RN,

ERRTFRIANE-NRE, GFEARESHER, 2% 4UIlE N
By, REAERTRHSEENORLWEL-20FR [69]. E@RTRFRMN
B, BETEEE, RAATRNERASNFYSEERSHIEH.

tape weight

time-

119 FEHOR T REFAB B B E

p———— Edge Curling
E/ Fuli Body Curl '
Y O¥ Crow's Foot
~ = Cracking
N Nt Gull Wing

Edge Curl - gé e Laleral Sheeting
_—

with Release
o) watn
@23 Reverse Cur without Cracking

B 1-20 i ERTFREBP RO RS EE
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EAFHRXEELFERL E—% BFULmmH Ll (SOPD) &9 £HR L HEHA

L4 WXTTABBRELETH

B ALY Pt B B A A 10 STk SR T, TR X
BRRIFH EEHE, LAURET & BA S RR, BRI LR RA,
s H R K TR FURE S R R /2 451980 SOFC B ehit, % IR UM
B EERA Y BT SOFC #l& EAERARENNS [63], URRE
R TR T FEB I S AR, i I0e 3 R BM SRR SOFC W
R IR R B, BT T AR5 T EHIA.

EETHIT:

(1) BEFRERISI& SR

B3 CeO, BRFIEPETEE (500-700°C) RERMMEER, WELMN YSZH
MEAATEHRS 6. FRYUEBREHARENKBSIARENET
CeosSmg;019 (SDC) M4k, WIRTHERE. HESM. FREMHE. RERRN
HEXER, AT PrREmRLE% SOFC ;I F.

(2) BRFENIERETZ |

S4TT RN SDC MEERERE SRS PHFRER, BREXEHHE
IR T LT TR N T A ENRERT N RERRENRE A EE
VR, EPHERMITR SDC RARBITE, FHIEG, MHRMRATIEN RS
WA, FERENES, AT RAESHEHTRERE, ARRARE. £
REIE. SAMREZ MNXE.

(3) PRHET R BRIRIERIE SHRRIE

FANSHERS. FRATE. RREIUESHOTESE T RN,
M TIUME, G5, BHAH EMER, A9 T SHERREESE R R
REMKA, BH, TUETEET N OHNSE, HHTEHABE, we
%, BRAHHER.

(4) BT ERREEOREHE SRS

% BHGENERE TR B AR AL EE, M7 T HRSARR
R R ) 2 R AR TR AN T B TR B AT
WS R M, ST B AT R,
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(5) HRgs T Z P HBIM BT it ERU R

EXRER SOFC MRE L2, RS ERZEZMRHBIMEL, ME R
HEBENEW. £XEFEMHAITE, —RBRABSH SDC BEERSE
WMEWEIENE, T RERNKER SOFC B4 RENEM,
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PEAFHARFEEFERT FoF CeuSmlu BERBAHGHESL e

5B 5 Ceg gSmy 0, o HUFR A K61 & 5 RAE

21385

B CeO, EMEI AT SOFCs MBBAEN, LIRMERNEFEK:
(D BHABFESELSANSEE. (2 ESHNBEE RS
HBMESEEEHBRBERN, AREGNTHREE. Hil, XENBAERCE
BEHFR, BEYP X Sm(l). GIU). YAD. Dydll). Yb(l). Nd(II)-
La(IlD). Ca(Il). Sr(Il). Ba(ll). MgIDE#£H LWL EBITE]. K,
CepsSmo20y6 (BIE X SDC) BRSP4 FHsEHe, i 2-1 7
B 22 iR [3]. AEHLL CeosSmo 010 HHFAIXIR, FAEMAITRERBBE
O EHTHE, MHBSGE S EENRHTRE, AHMEFE SOFC BB
R T HE. |

3
—~ 2 F
x
EE -
o1 §
S 0
\] °
(G}
Q
D .
-}lT U.Iﬂ 0.’9 1.t-0 1.I'E 1.12 1,13‘ 1.4 10'60 0_‘1 u_lz 0{3 &4 0‘15 gfs_
10> T/K" X
B 2-1Ce0, 5 210, BB A IR B 2-2 Cey,SmOrn B R R 5
5B X R [3]: () CepaSmosOis FE ML [3]: (0) 900°C (A) 800°C
(A) CeosGdo 2010 (V) CegsYo20n5 (D) 700°C (@) 600°C (A) 500°C
(0) Ceg §Cag 201 o (m) Ce0;y () Zr1Ca,0un 1E 800°C

() Zrp25Y 01501 925

-36 -



tEAFRRRFHEFBRL B2 CeuSon 0 LMBIHHGHES R

2.2 CegsSmg,0, 0 B AR T RS 2E ILVTIE I & 5 R
221588

AL CeO, MELRTE 2400°C MIEIE S, BETBH CeOr — B LUKEREL .
LA 48 S RVE R & BB 2 CeO, —MFTE 1600°C SKLA FIBBHITIRG (8], XX
HEEH1E SOFC AN, Eit, Bd@iEFREEBE CeO, BHALIEE
PEHABREEETHEE. E0BHBAEREI D, EREIMEEZREHEY
B A [11]: (1) RESES, FEREE 100%; (2) BEEE, T CrEMBEEn
BYgm. WHECS2EATHE Y- G-BBEH CeO ¥k 4], ERgias
R AR T B4 R R & 4

FYLEUSEBRRE N EN, DEBIILIEESE CeosSmp,01s ik, B
SR TH SRS,

222 %

Bl Ce(NO)yH 0 (>99%) 5 Smy0; ABE, # SmO; HEE HNO ., BR
Ce™ &5 Sm™ WRI% 41 WE/RILIB S, FFEEKHEEZE LomolL . FEBRIMHT,
BEBEBEA 0.05mol L MEREERY, FAREKEYERESEN pH &
7 6567 2. ERMAGRESTEE, BHEEKEASK, BAITLERLS
=R, BETEMAETRLL 50-80°C T

TR G HIRTIEEE 350-800°C [A)X9H% 2 /i, BEREANHE&, HAAHEER
I XRD 3474347 (Kigaqu D/Max-yA) . R ITFEHAT T DTA/TG (Netzsch, STA
093, FHEREN °Camin’, SFNES. MHEFRA TEM(HS00, Hitachi)
#0 SEM (X:-650, Hitachi)#H{T 322 .

7 600°C ik 2 /N H) SDCHA7E 200MPa FEA . FIZRH4HE BB IR A
BY Imm, HE 15mm @ ARES. % SDCHARTDAPN, bl 22Cmin’ 1035
EEETFHAT 1400°C, FE 1400°C $E4E 5 . ZEUHTRF, 4 HFHEE
500°C, 800°C, 1000°C. 1200°C, 1400°C B, REFIEESBMPFREL, AT+
HRMGH. SHESXARKEMERS TR, URIEEESNRE. SFANER
MIWERF A SEM (X-650, Hitachi)if fT W52 . ‘

TR AE, 7E 1500°C BR45 S /METHY SDC FREEd, EAIAC IR FRAT AL
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F=F CeuoSmal  REFHGHEE L2

PERFBARFHEFHRL

MERSE, WMEMEN 1Hz 2] IMHz, FIINAERHBER SmV.

223 &R 5t

B 2.3 BiR A BB RN RRESE 0. 7 302°C fHE, #

SHMARKNKRESHA, X—BESHRAMN CexC04): BIAHERE (310°C,

3D +4r8EE, A, TG/DTA HERERRIEE Sm(C0., MR HE, iE
BE Ce™F0 Sm™ VTR AL T B . 8 2-4 ARFNR AL 5RE SDC #HAR) XRD
HTEHTERE, AT 350°C HEARA T EAREH, BRFERIA SmO, FEMIE

.

Crystallite size / nm

410
1o =
4 -10 <
=
4207
| S =
17— 30
0 200 400 600 800
Temperature / C
B 2-3 EREIRE RSN
RAEREMER L

35

301 |
251 -
201 ' / ]

151

59 °
300 400

500 600 700 800
Calcination temperature / °C

25 SR SRR X R Mk

-38-

(1

g & =
3 s a8
N SO Gt
0 2 30 40 S0 -6 70
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A\ - 350°C
020 30 0 & M
20 {degree)
B 24 A RBEHEK SDC ¥ K
XRD #TEHE

B 2-6 BLEpEL HLIAIE SDC M AR



HAVRA PowderX BFFXT XRD #ist7esF 7 747, MBHFAKXUHET
SDC HsB R, i 2.5 fior, BERER S, SBERTHRX, 600°C A5k
REFH 150m 4. B 26 8 600°C BRI SMEL. RT HiBI, Koty
7 5-10 20, ETXTHARBMGECLME, WHIGRIORAXFNR S
BEBRTAM16]. TEM MR (B 2-7) RPEMBITRMEN SDC BT R e
MOER—RBRASTIR,

TOmm

I 2.7 SDC B, P 2-8 SDC T IR A NS 51
(H9FERE: 1000°C)

MFHENRE SDC MEZE, BARRN PHBETS, BOVAMOR

F, W 28 FR. FBEINAEGER S 46%, W 29 Fm. LR, S00°C

T REA BB RS AR, % S00°C JF, HAEEMER LAEAD AN

M, i 1400°C WA E) 84% AR 8B, 7E 1400°C 5845 5 /METJE, RESEE] 93%H]
B

& 2-10 (a-f) BRT SDC Hfk

1.0 :
{ —»— density w }1600 ERGEEIERE S00°C, 800°C,
094 ----- temperature . & : o )
2 os) 100 &0 1000°C, 1200°C, 1400°C B, PR
5, B a00C et S MR
4 Lso0 H S :
s 2 . % 500°C, EHPRAKRTE
2 os] 0 S s EMR B AR, B
.I—/—r'—‘_ :
0.4 4% ¥ 0

T FERME 56%, MIEHEW RN
[¢] 200 400 600 .B0O 1000 :

Time / min sE X [20], %ﬁmﬁf%ﬂﬁﬁﬁ%%
I8 2-9 SDC T BREES R B M AL B, FENREIERERTEN
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TEAARRARFHEFERI F2F CensSuy 0 BMEHAIHES R

g 113

210 SAEERFLTLIE SDCHHOFE K MR AE R4 TR AR B S MR BT E8
(a) 500°C (b) 800°C (r) 1000°C (d) 1200°C (e} '1_400°C () 1400°C 4B 4L 5 /0Bt

3

log(c I} / SKem'™

-1 r . T .
1.0 1.2 14
1000T /K

B 211 EEE LTI SDC AR AR R
AR XFML RERE 1500°C, 5 /R

SH4: 7 1000°C, ATRREES MR TRETTRERER: Bl 12000, H
FRESAAE, M THEERARREROIT, HEREE 73%, JFHA
BSOS EERYER. 7F 1400°C, RKIKKE, SILWH: TE 1400°C £245 5 /b
S, BERRSILARSCERADAST, BHEDR 9% #AT RS,
I — SRR T F K REN SR ER AR,

w4 SDC HRAETE 1500°C 845 5 BTG, SLEREAE] 97.3%, FILHBHIRT &
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¥ERFRALFEEFLAL FoF CeusSmal ERABHRGHI B 5 02

S, £ZWE 2-11 Fixw. 7 700°C. 600°C. 500°C HIrR &4 9 %,
0.0408S-cm’’, 0.0143S-cm™, 0.0036S-cm” . HALFMBHIHE SR HRBRNE XS
E, BRAKSTENESEERTHEE., ERAFEMNRWELAETERL 600°C B
A, TE 400-600°C TEEM, EILAEA 0.892eV: T 600-800°C TEMIM, iHILAE
4 0.808eV.

2.2.4 &t

(1) B4 T ERE L ITRRER IS & T CeqsSmo2019, Ce(lID5 Sm(IIN{E
MR PR EEE, 78 350°C BIA R AR REH.

(2) MR T RIRABRR, WAHHR—RENSETR. LRGN TRR
THEFENIRE, BEEETENEMR. TESMMEMRTE 1200°C ULLRET
HUE, 7 1400°C THL 5 PRER 3%MEMEE, 7 1500°C TMET&E
57 3%MIFE.

(3) BEeE SDC ARG EMABEIR, RENRSESURBENRE
HEEEF [3].

2.3 CesSmy 0, s B MIBR BRI & 5 RIE
23158

WE—HNBAR, B7 CeO T HE CeO Bl A (2400°C) MW, HLIE
IR T hes. B EEHENBA—REEE 1600°C HUl LA 8814 [5, 8,
10), TIRASHELEE, . BRRERTE (17,19, 21), EREILIUHR (2,7, 12), K
WA (12, 14, 24], BREXERIE [9] A GNP ¥ [/ 2 RIENIBA CeO, T RIERITA
1400-1500°C & THeds. EHER, BRREATRERRTHEARENBE CeO,
Wik, HEREBETUEEE 1100-1250°C, BRABENHEIEBRAER, KN
IBEE K 70°C, 34 BITE NY/O, KA TR [26]. |

B4 CeOy MAH THISME BALRMFR, LRI & ESE LR
MR k. —BRGE, HENEZEAR. SRBE. REIENHEEW [3-5,
12). I, ARGH CeO, MAZER ST &M LBHA B NARBRN (27,
28], E—MRTHAHNBHALTRHENARENBS CeO, HUELTW, 5
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L PERFEARENEIFLRXL HF CeoSme 0 LA RGHES LiE

—HH, BRELTEHENER CeO, HECLWITRERNEEENE, BEH
ZHENBEBRRET, BAWHHKEH: 0018 Sem’ (CegsSmg2015, 700°C,
[23]) #00.023S-cm™ ( CegsY0201025, 700°C, [25]) .

TR —FLRGHMKE B RITIEEHR AT 20 mol% SmOo, s B2 CeO,
(CepsSmg2019, SDC), 3T HARLIT AL BEHRRIAT .

232 %%

BB LRI ER . Cl SmRMBEEE 41 NERLES, BE
YEAKBHEZ 0.5molL’. FEBABIHT, BEEBHMA 0.1molL”’ BIBKMEHER
o, BERHTIE. ARNARARSHERS, AEEAEE=R, BRTLE
WS, BEEREE TS 80°C BF. TRIEMNBMATH 600°C
Pike 2 e AR SDC #3145 .

43 RILFRHAT T DTA/TG (Netzsch, STA 429)5HH7, FHEIEZE 4 10°Cmin’,
SENER., BENBATRER XRD #7947 (Kigaqu D/Max-yA) . W&
A TEM(HB00, Hitachi), AT/ AR ATE Z R #AT T B A o b 2.

SDC % {&7E 200MPa 7 F, BAAGHRSERMESMESL Imm, HR 13mm
KR, % SDC HERETIANA, & 900-1400°C HEBHL 5 AN, FHEE
#3% 2°Cmin” MEEEY 3°Cmin’. WERZE SDC (¢ WBERE) RRES
FLE T B AR S

Be s R QAR B 1 P T KA HE AR AT IR, CeqsSmo0, 5 EEIR TR
7.05g.cm> [23). HELERINTEATIVARA SEM (X-650, Hitachi) HEATILER.

B 5 0070 2 4 B SRR S VIR A O (CHIG00A, ¥R 4Ky AT AT, SRR
1Hz 5| 100kHz, FTAVSTAIEY Smv. WRH, HWEAEESRL Ag%, Hper
M. FRBE Ag 2 5NEME, SEREETNET HERKR.

233 GR 51T
2.3.3.1 BHEHl&
MERTWWE 80°C Fig2 5, RUHAhaeThEGa, X—MBREMT

Bikg ce®rsm® B FREMS BT S RAK B ETN NH BRI R AL (29,
30). B, 7 600°C Y9k 2 /hElE, MiaEARA. B 2-12 fich TG/DTA th
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FPEMFHAXFHEFEEL

FF CouSm 0 RRARKOHE 5 R

%, MUERHERIIMAER TS, MRETGEHEAREERI DESTS M
2: B 2-13 fiznhy 600°C PIRRR XRD 618166, HRACLERAMTE R

.

100 4

904

80+

Weight / %
DTA/AmW/mg)

halind -
.
.
70 .
.

60

0 200 400 600 800
Temperature / °C

B 2-12 BEER Eh 3LV 5E SDC RTAREI
TG/DTA Bhigd

(11D

20 (31

(331
(420)

{200)
(222  {400)

0 30 40 S 6 0 &
26/ degree

[ 2-13 SDC $4%k 600°C T/ 19 XRD f}mm#

100mm

&1 ——
= e

] 2-14 600°C THjE SDC &8 TEM B A
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&l 2-14 & 600°C #4955 SDC 4%
7 TEM M. #3fEt 20-30nm K/
U A o M R i
100nm AR BIRME. ATR, AEX
B (6 40 B B BR 2R AL IR ik dl & 1
SDC MFERR SRR L SRER
KB B TR B
SDC 75481 [26].

2.3.3.2 s

& 2-15 BRAHIEK SDC ik
ERRBETHREEE, RS
BRIRE R HE T EH&ERNBE CeO,
MRS HEERITH (2,6, 8,9, 12,
17, 19, 24] . HERMER. B&H
. FREEN B REETRRTET
1-15 AtRRE SR, M 2-15 A
MEEFTR, F3LHIERK) CegsSmp20i0
(SDC) M EA A, 1100°C
PREET H>96%, T 1200°C L HE
B 98.6% . T A AE B R % AT
Ceos:Yo.0s01906 (B 2-15 B) 7 1500°C
DT REFHBMET 90%; HR®
BAZEHFER &N CoruMOrn
(M=Gd, Sm, Y) BEHEBRRERRE
H, BIHRTEE 1400°C AL MRS
BE (B2-15C1



TRAFRAKFHLF R L Fo¥ CeoSn 0, AR IHME 6B 5L fie

100 —
I/.\:%j,/ R
P s
2 Y/
; 904 ¥ —m— A
= ——B
3 1 —+—D
© 80 i E
= 4 —r1=— F
% E/ —v— G
= —o—H
70+ o —a— |
—v—]

1000 1200 1400 1600 1800
Sintering Temperature / °C

Bl 2-15 RRFEHERBI CeO, R .  (A) Smy,, carbonate
coprecipitation, 5h, thiswork. (B) Yys;, oxalate coprecipitation, 4 h, ref. [2].
(C) Gdg,, glycine-nitrate process, 5 h, ref. [6]. (D) Gd,,, gel-cast method, 5 h, ref.
[9]. (E) Gdgy, oxalate coprecipitation, 10 h, ref. [12]. (F} Yops, solid state
reaction, 96 h, ref. [8). (G) Gdy, sol-gel process, 3 h, ref, [17, 18]. (H) Gdy»,
hydrothermal synthesis, 10 h, ref. {12]. (1) Smy,, sol-gel process, 10 h, ref. [19],
(D Smg, hydrothermal synthesis, 5 h, ref. [24].

HAEETEHER CerMyOr2 (M=Gd, Sm, Y) BERIBE AR BB ATHL T
RS54 (2,9, 12), ARITH (12, 24) SEEARS: AW LA RARRLL
MBI &H SDC B BEh ) HNGOREM S THR, TRHSATRER
FIBKER Sh 3T IE B B BB %% CeOx W AABMI RIS R [23, 31). WA RMfAE
H, WHIEFENEOTHES RS EER SDCRHERF —ER XM,

54, B 2-15 A B SDC MIEEE 1300°C B 1400°C Fois it L F i&tass.,
XEWETEIHMREERET, BANEMSEMNSFHEMNZEL. 7 900-1400°C f4]
EEREREERERTHE 2-16 f. IAEKHAEFHEINHEMEN, 1300SDC
0 1400SDC FIARIK KR, TWHETE 1400SDC MGRTILHA B HILT AR H
AR B

K CeO, iRENES, DEHARRERALLH PRRILAER [27, 32,
33). AAEERT, CO, 284 —ERENERRN (28, 34]:

2Ce;, + 0 = 2Ce,, +V; +10,(8) ‘ (0-1)
WREE S CeO, WARE, HENEEZIHELKTRAZ®, £ 1000°C, &
FELEV 60nm B CeO, A TRERNEEMAXENT 0.1%, MERREN

l4nm f] CeO, MEREKRT 05% [28]. Ao, RERNEZ I EHBRENZE
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PRHFPARARFE L FEHE

B CeosSm 0 EREE MBS #1655 A2

B 2-16 SDC BFEF FHRE RS R MBEEH: (a) 900°C (b)
1100°C (¢) 1200°C (d) 1300°C (g} 1400°C

Wi, M 1000°C | 1400°C, 14nm i) CeO M ABIKEWMT 6 wi%, MHEHFAEZ
BEHEE, EHEEXRREREARESE 28], R, EARERK 140m CeOr ¥
ERIAEE 1350°C B HIMREE ML, RREHAHRBTHRECEBENK, I
BT REQ- DB UPAESHE 27]. #EX (2-1) , SDC #REIETH
BABAMER, {BlT SDCFE 1200°C EABEL, FEL 1400SDC £ T

IS FL.

CeOy B4 T = A N LI — 3
SEHENBLHRE, HANTS
% CeO, B AT, THERE
HEE: (D) UESENER CO;
BB TR REEHE, LR
5 90 52 A B AR 1 AT AR
Ao MRS LB BRI R TR &8
BAEEARGBRSIL () BARE
E CeO; AEREIANE =M, MER
@-1), BAMEBRRENEE. &
SRS R I BIE 1 CeOs B

Temperature / °C
1600 1400 1200 1000 800
g 1]
p
7]
8
b
5
Tt
0-1 T v T T T
0.6 0.7 0.3 09
1000/T /K"

B 217 SDC SRR+ S RN E
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¢ EAFHARFHEFERL %% ConSm 0 SRRSO HE S e

B2 CeO, FHALE 1400°C B2 JE, N Frequency
CeQ, ¥ da 5 ML, , [k 25
Ce0, EMHBFEHILH [33]. | !
— Rbulk = Rbound Relecirate A
2-17 -‘ﬁﬁi T Eﬁ*—‘iﬁf\j—(d)gﬁ% Rbuit Rébwnd Relewente
BEMKMKF. £ 1100-1300°C, W
log(d) vs. UT EMALBER, 1 o Om T

1400°C #f, SB R -Tth iR EE '

_ 10 Rt R L —
& BUURRAANGFTHSINRE o : eemoea, '
RS E KT —EnERE N a/"" '\
510 15 25 30 3

1
5
0 ¥
e ' ' 0 5 20
®) Z/0

5

2.3.3.3 HEMER

e 2-182 fioR, BAEKZRME Kl 2-18 (a) BBARRACHBAHOT B B A5 e Bt
O LT T ——— (b) B SDC HUAE FE3E 3 A 11 15(550°C).
HE8p R REE. BATE, RETRLUELMNFREMMEAMRE L 35 &
X RR A AR A

Ry = Ry + Ry (0-2)
R, HEHAME, R, HERGE. EXERRIE,), BREFE(0,,) A
ﬁaﬁ%%ﬁ( abr:wm') yg:

1 L
0, =—XxX—, (0-3)

eff Rgﬂ' S

1 L
ey 2 4
T putk R x ik (0-4)
1 L

T porimt = mx E * {0-5)

WAL ARRERE, SARERER. LEHEXNESREIENLRE, RAREA
SR EAERPERRT GREMERD (8] _

B 2-18b Bk T A TP IR SDC P RMN RAMIRMEIIER. B S8E
VLR A AT, ERLAR AT VAR 1 B 2 B R B SRS M) 35, 36), BRLAATE
IR R R SR (Y PR EI(F < 100kHz, T > 400°C), RS iRl igmritiR, m
WHREBR A SEEESBARE. BENELRE, RUHET SDC ARAHAER
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FEAFRARFRLFERI FoF CensSm0 LA REME S A A

%%% o 10"_
900SDC-1400SDC MIE MR G ET 7, TS e
N P B S S NN
FHE 2-19. 7€ 400-800°C HIRFETEE 3 i;‘v»~4§:g§

a -, E N ‘//‘*——A d ¥

M. 1200SDC MIEMHBENELE  F . ;"i T e N\ e
] 1 o ° * se0°C
@%o @ 220 FELE T 1200SDC l—?j[ é: ./.\./-\'s 450°C
BAIRIERI4, 5,7, 9, 10, 14, 19, 21, 23, 25] 1ot Bt 400'c

800 1000 1200 1400 1600
Sintering temperature / °C

B A R R R & Fp i S T vE R
B CeraMiOzr (M=Gd, Sm, V) EHM  m2.10 RAMRMIEEM SDC HAMLSH
MBR FHER. HANERS5E SREXR MR
FHEF TR 2-20 b T. 1200SDC RIH —REABFEATFE. £ 2-20 f93E
B, 1200SDC RILL LKA B2 REE LT ES EH CeosSmpy0i0
CeosY02010 [23, 25] ZiAMH TR, ZEBH A TR MBI RRRR I ITES &
J5ul BUIRTE B R AR B AR TR '
B {4 AR R B 24T A 0T LA Archenius FTER IR

T
Mohh E AR ESHIELEE, TASNERE, A KSem)ARITET. RE-6)aLl
WE A

A E
o= wexp(—-k?) s {0-6)

2-
o
‘B
[*)
[75]
=
b
= 2
&
0
10121416
1.0 1.2 1.4
1000/T /K"

B 220 FETESIENER CeO MAMHUIELRBIRR (A) Smy,,
carbonate coprecipitation, this work. (B Yo, oxalate coprecipitation, ref. [4].
{C) Smy3, solid state reaction, ref. {5]. (D) Gdy 3, oxalate coprecipitation, ref.
[71. (E) Smy., solid state reaction, ref. [10]. {F)  Gdy,, gel-cast process, ref.
[9]. (G) Gdys, hydrothermal methed, ref. [14, 15]. (H) Smya, sol-gel synthesis,
ref. [19]. (I) Smga, sol-gel synthesis, ref. [21, 22] {J) Smy,, carbonate
coprecipitation, ref. [23]. (K} Y., carbonate coprecipitation, ref. [25]
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o, = Ay exp(————E’f” ) 0-7
off T kT 2 ( - )
4, E,
O = —?f"- ew(-#) . (0-8)
A4 E
and T — Thound wn(— bound , -
bt = exp( T ) _ (0-9)

Wit E, . E, . #0 E,,,, BBYET. BHBAT. AFBIHEWELAE.

& 2-21 87T 900-14008DC i) log(c,, T ) vs. /T Hi%%. 900-1300SDC B %
EZ 600°C AbPAETR A (M 2-21a-e) 5 T 1400SDC KIS EMNRMABL (B
221 . APIAS, 1t SDC @igH, AHSFESERANESA, Bé SmdI) #
A Ce(IVYBE I A BI:

Sm,0, —2% 528, +305+V5' (0-10)

Goodenough [37] &M, Sm, £WIIET M KH F Y B #Z (ordered-
vacancy clusters). XT AMERE —MEFEE, T, JSBREMET T0, 8%
MEHART Sm, FOMNAEE, MHAEART T, SAZEUABRTESETE
mizz). HBELHE, QTUOKESRRETXN, BHAREERLER:

Wy L Tanetng H00°C

log{oT) / Sem™ K

L

log(oT) f Sem™ 'K

ing(o™) / Sem 'K

0 12 14 1o 12 14

1000T /K 1000/F /K

B 2. 1. 900-1400SDC B3 S H M Arthenius Bk
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EM = AH (0-11)
MAL AH, EAERTMKTBMETAHTENTBRE. £EET, SSNEss|
Smy, BIAEM, FEBEEE N

Eyi =AH, +AH,, (0-12)
At AH, BETRM Sm v, BIEPREITRFREEMBEERS.

RERC-1DA(2-12), 6, K Amhenius HZIL H HAHETMELS, KA
WA T4, HIRCHES A RKEALRE [37, 38). B—F @, o,,,# Arhenius HiZE
fE—EMBEEEENAES, LELRE,,, MRENKERLLT £, EANMEE [36, 38].
Cpie ~ Osoung ) Arthenius HERINE 2-22(a-0)fT7R. o, MBEE T*HE, Mo,
MAHEE. —RNE, E,. EWLE, &8, 36,39, Eit, o, AENMERERT

Oy i
WRIE(2-2) 5K (2-3)(2-4)2-5), AJLABE:
1 i 1

— +
O Ot bound

RIBK2-13), ALl oy, Mo, T Hlo, , Mo, ) Arhenius B
FE 229, o, BENHEHG,, Mo, HHLXRRE,

) £~ FREREN, B0, <o ™, o, SEEHo,, Ko, B
El = Eym - E;;E* ~ Ep%, M 2-22a FiR; _

@) MR o, T 0,1 Arhenivs MEHIRF— 2B A, MMERT o, %

(0-13)

1 1 1 crIu:\ulk
- 104 1 - 1T - o
E b 1 . L bound
::d) 3 ] “‘. 7 . ° o4
) 1 1 S 1 %b%
:'.\ 0— -1 T* - - @G@T"
ET;; y o 1 ®o.
— 54 . o 0.0‘
& | | o,

104 @ 1.® 4 () S
"1 I B S B AL R AR
0.8 1.2 1.6 0.8 1.2 1.6 0.8 1.2 1.6

1000/T /K"

Bl 2-22 Oy + Chouns s O 1) Arthenius i 2% RABE X REHE.
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¥Edio,,, K& E, BEY ~E,,,, WE2-22bfix:

(©) WRA—EEEEAN, 0,4, >0 Mo, BEEHo,,, kT, Bo,H
Arthenivs BEEHIF BN ESE, B E, ~F,,, . WHE 222 Fi.

ATfEH, 900-1400SDC HIHR R FET 600°C KL LRWEILEE (£57)5 600°C
LT s LR (E) #Eﬁ%t(zﬂ)iﬁﬁﬁﬁ:, 4R BT’ 2-23 %, 900-1300SDC [
E™ R EX® 550k 09eV # 08eV iih, BEMEES -EiF#1% 0.09eV. 1400SDC
EMBAFRMME, Eo M ELF BRAEFEN 1.0ev, BEFRPH 003eV. 1R
BN, 8, 35,36], 0, FHRERE HEMERRE, BRERQ-11)RQ-12):

Eypy — Byg =AH,» (0-14)

R o,,, AEEBTREEE, B BRERTE,,., HEKTE,, . AA
900-1300SDC B“JE:'}*”;EL}‘” fEly - ELPHBARE, H Anherius HHERIILL 600°C i
B (B 2:23) , FUENNo, RiERH o, EHE, WE 2-22a fir.
' MRTT, 14008DC WMo, HEETHER

5 104 SRR (R 2195 . A
é; n Arthenius B4 & H ERHAKEL
‘g B (@ 2-21fF, B 223 FiR) .
2 0 B, 1400SDC K0,y BEi% Rt 0,0y FREE
< &, 0 2-22¢ FiR. 1400SDC {EHY

900 1000 1100 1200 1300 1400
Sintering temperature / °C

BRBSETHKRET: 1) KA
B 223 FREAMLH SDC HERATE BHILED TR RO
# 600°C LA EMIFEILRE (EX# )5 600cc bt T s (b) BRIRESHIRELINGR T S F B4
HEkEE (Bl \ WS, WA TRFRIE (8, 39).

2.3.4 &ib

KA RER, EXRSFRARTHENBETHKEN
Ce35mg 2019 (SDC) Bk %%%ﬂﬁ%&ﬁﬁ%i—%ﬁﬁ, TTEAFE 1100°C F0 1200°C 45
HEE 96.5%F 98.6%HARXTHE . 7 1400°C R, BTRERNIEM, R
LRI
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£ 1200°C B4 SDC 7E 400-800°C XML BA P H R FE(0,,), £ 700°C
4 0.0375S-em™, 53 IRIRIE KB BE—BL. 900-1300SDC B o, HH R A 0%
HLBER 0.9eV (<600°C)F1 0.8eV(>600°C), RH o, AIREZ R B G REH:
1400SDC KIS LRENI A 1.0V, EE 400-800°C BEM LT AR BEEW, %Yo,
RS R AR S RES. 1400SDC ARAMBEEETUHFENRESH: () &7
R R/NSTLLL R (b) 7E MR B4 R 8 LUINSR 8 43 7 R R 280

2.4 PG .

BICeO LML X SOFCHTBUAFEER L. AEBLTEEEMN (A)
BRI (B) BRI ITIE I % T CeosSmo 20, 0 (SDCYHE, PAFREH A
FH M EABRFEAE, FE700°CHFIEF) (A) 0.04088-cm™ (B) 0.03758em™, 5K
BENSEKTPHE—H. ERBNERELTEERRER, Ktk BN
FREIZE1500°CRe 4535 3197 3% IAERT B R . B BR Eh U U2 44 7E1200°C T LLIA 298.6%
MM R, EERMRSRESERRT AN, FRELSE,

MM E R R, PR ESOFCREAMENR: MRGHRTES
B, ERERERER S REEREER MERERIRERHSENREGR
B MWl TZE5WHENEREET, EREREREEFIbwEr~.
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P ZEE CegsSmy 0 AR Z FIRLIE R T 5424

313818

mE--EHE, BRTHTHERNEMERERAEN I ZEERARFRE
B, RLIRE, £2RENRE, RRREDE, BkARE, BRERE. BAESH
M, BBTEmR, REE. kiﬁ#&%ﬁﬁ%%#ﬁﬁﬁ!, WESARARE E T %,

B, Pl RCeO N BRI #AISOFCH — i iiE. Zha®%[1)1H
GNPEH| & AKGA-CeO 0, AT EMRBESE T FE20umM BB HZE, FKAH,.
B, W hRE, 7E600°CT 1h%E 4 Bk F0.60, 0._52; 0.43 Wiem?®, Wang%[2]
Fsol-gel i 1% T CeossGdo 1 Mgo0sO1 o¥0 1, ZEPRRM R LR EEFIE T HE R
15-25 pm BIRARIRIE, LL6Y%HyN#REL, ZE700°CEH A B0 2W/em G 1hae, K&
R B T IR A A BT VE AT LU R K RIS 2 CeO, AR M.,

FATH— 5 E I8 T 2000 BA MM, 5T W08 3 478 P 8 52 SOFC RO %
FEEIE R Oh B MR R A bk R MR ERE TR EA, 7
ERBERANREY S, RELATRSRE. STHEENAA, C2ER
FEABSERABRETANABTHANAR, ARCHERAL. Bik, xET
YKyt e A 2E ¥ 1612 B HE Ceeo sSmp 201 o B IR LR AT 5

WRTENE S A RHAENEFNE, %EBHRESOFCHIA=RE,
REAEFHNE, WAXRHGRENE, TR E K CeosSmo20108 A Husol-gel
. BERME, GNPHE. BRERTESTTEH & 8 CeosSme 00 R 4R
B, Fib, XET/ENE AR UFITERE$IE K CeosSmo 00 o8 A 0 B H, BTFH
ERRSEEZHEREE I ZERTFSROEE, AREH S ERMES
SDCHEREERETZHES.

3.2 BRI B Cey sSm 01 HITRIE B A 55245

32153

B 7CeO,7EH B (500-700°C) EFLYSZEASHNEABTHEE [3), BHE
SOFC )t B R FiitRl 2 — [4]. 7ESOFCH, HREE LM BFIFENHH LI
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IR EHESFEERN. B4, HTCeOATESATERSRETERMTG
AEFHES, FUEBELEBFIEE. b THC.OAB100CHREE S, XA
EAR R R ] & B 2 CeO BB I600°CEE D BN EIRE (5] MAXHERY
ISR B2 Ce0, i, iR &R F AT LAFS K $]1400-1500°C [6, 7].

MARTRE - ENARE R, ERBHTTTEBRCeO BRI RER
BFEE. FERRERTLIRERE FHRTAEIRARRER, WMRIELRES
PeaE. TYREEATHESOFCREMENS, 9, HFFLmEIRE UITHR
F, Hit, BTERNEBRSRGHTRESEN, —REATERAARENLS
W, TE1400°CIUB FIAT0%KARM B (10 A THEERRF, ERERMEE
B e, —REHRE T E R mnAmma e, R3- 150 7 X PRE/R
BRI B R CeO M TR B KR BES R RN KE AR, Bibaad
FRIMBREGEE, 7E1400°C T B SH A ET0%E98%2 B [10-14].

R, — AR B AUBEAR 77 R A TEREE T 230 fe b T Ae R
(10], {BEBFE—RERMERS RGBT, TREREEHFR, AT
Emtat P2 HEERRAEE, EUHEEARKICGETHE, FRERE
R LT BRI S IE .

Eﬁﬁlﬂf H, FHEB IR H1% CepsSmo 0okt 2, HHBBETZRA
HipmeE s, WEFERE BT IR E1400°CTE B ARKSET A RN ZEN
HAT TR,

% 31 EREIITEBA CeO MAERERA T HERE 2 R RV RREERE

Composition  pH h:art;g Mi:‘l:;g;z:uﬁrs) Sintering ' i:‘j:l::::'; Ref.
Ceos¥o:0r0 65  800°C O 1400°C 2hrs < 70%  [10]
12-24 (in isopropanot) | 1400°C 2hrs 85%
12.24 (dry) . 1400°C 2hrs 98%
CegsYos019 6.5 600°".C. © 72 (dry) 1400°C 2hrs 93%' {111
CenoGdg 10195 6.5 - 6 (in water) 1400°C 5Shrs 93% [12]
CEQ_ngg_|6]_9§ 65 750°C 6 (in water) 1400°C Shrs 89%  [13}
CepSmgOhs 6.7 600°C 48 (in ethanol) 1400°C 5hrs 98% 1141
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ERR ST RYTETUR G R THERE.

600 CTHRE MM AEL R EA P RRARXREN LXE, BHHLE, B
A HFALEER, RERARZG. BIENEREN RS 0, 24, M1 48 h, SR
hEkA, BAEBRMEC. kA, BRICHIRIR ) i K 8L B AL (ZetaSize,
Malvern)i TR B . ZFERGIRMERE, HESBEHREFE4%. FHHRE
B, B60°CTHE, BIEE N mmEMNERE, BETA20mm BERE, BT
PaLE IR

TR A A T, BRI AARRKFRER: M1°Cmin FER EH 3
500°C, BLL2°C-min E 2 FFF)1400°C, HE1400°CIRES Ao 2985 InFhE|
500°C, 800°C, 1000°C, 1200°C, BY 1400°CH, HEFMIPTFREH, FEA$HAH.
B 3 £ S 7ES00°C RS -+ HE S8, DRI RART M bbb A0l S 2 5 i B A S Y
PR, SR ©RRARR IR R, T, CoosSmosOrs M
BREEFEFT.15gcm™ [15]. £ 5 M bR
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Hitachi)i# 1T W& .
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1000°CHEANT I EBIRE . BETEH:- 3-1 CeqsSmg20y ¢ HETE R FIRBE N (/5
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REEBRERRRASATE-1HR. MEATHRE (APS) H1.0pum, BERX
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600 CegsSmyp200 1000 0.95 Dry pressing 9
500 CengSmy ;01 50 0.97 Tape casting This work
600 CegsSmy 200 50 0.91 Tape casting This work
700 CegsSmy ;05 50 0.83 Tape casting This work
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R4 VRS, BENDERRS, WEAHEERA SIS OBREEET, Wi
WAZEBKRLES FTERE, BREHBISDCNOE &81EF.

SHERAOR S, EEZ ENNEARS REEEIESvOl%, ZHBES MR
HIF RS, RIEEBIEEASmFER, EERYRTREMGIR, &
1300°CHES M . 25 & FRET00CET AT EES M. &R I EAE
HOKEMRFF LR, &R ANNERRET SHEEMNE (KYKY 10108, L3R
ZRATD . FAERVEE FE (HP Hewlett Packard 34401A) JB & RRES
SFTHESE, MR H400-700°C,

423 &R 5118

B4R A=HARTEsENR 9
EAGERST RN LENEL 4] AR
S, EERT, MMPHR5OCH &5 g 30
BA26.9%K28.6% M FILE, EEEF \;ﬁ 20 ' ?
GFNOE B ANRUE, TLBEE 1 %
FHEI43.7%R43.4%, CEHRET RRIE o oo
FUBRE L 1ER: MCCRBNRMLE S
Mpediti, EERNFLERE @ o) FRBEGHNHREEEERNE
0.1%, SEEE, FILEH43%. MFILE: MM-IHREE, OC-FiRE

yTiER, CC--BRRR IS IE.
E4-2fT 7R A = AR K L5

E4-2ahMMPBEIE, T IKF H1-2um, SAALBRELEI2umZ B); E4-2650CH
%, BTEAN, Hlpkch. BERBMFAMMES T ERAR2umb EFRT, K
LIRSS, H08-1pmZiFA; EH4-2HCCHEE, SRFERHERA, HTFXRAD
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FIE Ni/Cey S0, MM AR b s hiE

& 4-2. = PP AR RIBFE LS. (2) MM 3R (b) OC BERR () CC Btk

S 503-0.5umAER, BAENHS, AREAGTREAEE, LGS ERAE

0.3-0.5umi A . HE4-280 5] W
CERDN, LSRN,

. BIMMPBIREIOCRIR, FBEICCERIE, HWFZ
FE. eSS TE. MMERSOCH A HER

#, EERNEEE, CCHRETRAAREREBRATRNLES.

RIEEA-2, =R A/ E

SMEEMAHBAR, XBEEmARTN

HSE, B43frRAEAT= ﬂﬂﬁEWHMTZ@m%$$W% F4-15)

HTAARBREFE. TR, MMA
R TR A e A T RE, Niff
P AT R, BRERE
1008/emA A, TIERBILIEREH
F=MBE TR, N5 8L
RERAHNERS, FUESERER

B, {BR & T EEMANIENSDORT

AGHER, HEBTNIKYAFA+

S5, FURSEMEEER, TH

Conduectivity / 8/cm

-74=

10°4

1074

1074

—o— CC annde
-~a— OC anode
—n— MM anode
OO Oy
A———a A A N
B—p - - o - -

400 450 500 550 600 650 700
Temperature / °C
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FEAAFHAREFSFERL F o9 Ni/CepsSmg 0, p M EYHIE A 5 I AL AL

#4-1 THMBEETIRTTREE FOLeE

N HEE (Secm™)
BE (°C)
MM ocC cC
500 1.06x10 6.80x 107 2.13x10°
600 0.98x10? 6.27x10° 1.95x10°

700 0.96x10° - 1.79x10°

mhE0RG, BFREE. BRET T S
495, ARGHEERBENAFETEL a0
CERRE FURSERITARR
=3

20+

FLEI%

MW

7
. 7
Baah = RANGBURRES | 2%

BRI ERALEEL. TR, =MH#% 0

—
38.2% 44.1% 49,

A
=

FHLRWITF2%, EEZE, FLES BN
BlH22.3%, 24.3%F129.4%. W ANiE B A 4-4 MR ELILTTIR AL Ni H%
MR R R L E R, ABIFRALE T

45T, TARTAASARHRERBES, BT A/DE-
0SumE T, LBEOSImES. HFSLMAHERNS. KRN B
BEER A ST AR I B I A S RO, BN AR A TLEAG.

El4-6:39 = FRZEA R 5 10 B REBNGS BB, AT, 7ENif9E
FEAARS B AE38-50 Vol%Z ElnY, BB RMENIE BN EAMEN L. K425 T
A B B,

M 4-5 7R [7) Ni A B OB R Bk L UIE B 407 T P4
(a) 38.2 vol% Ni (b) 49.4 vol% Ni
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P EAFEH AR F L FE 8 Fw% Ni/CepaSmpa0, o FIAREG KAL AR B Jd £5 54T

3000 4
—=—A00°C
—o—450°C
—a—500°C
2000 4 —o—550°C

——600°C

—o—850°C
15004 ——T700°C
035 040 045 050 055 060

BAAP NI S8 / volte
Fl 4-6 B INERESES Ni S BRI XE sk

o]

Lh

[=]

(=]
1

BB/ Siem

#4-2 ZHAFINIE BB ATRBRESSNSIATPARBE T Re®

B (°C) : EIE (Som)
38.2 vol% Ni 44.1 vol% Ni 49.4 vol% Ni
500 1.46x10° 2.13x10° 2.70x10°
600 1.33x10° 1.95x10° 2.46x10°
700 1.21x10° C179x10°
4.2.4 £ip

FRAVMREEMM). B S IIREOC). KRHEITEERCONET =
FRERMR M A, HREERLNSE THEREE, CEENERATRERSE S
45%. MM5OCRIRFLER43%, MCCRHBALE H24%. FINEHEKEIRHER
B BIRAE, BSE, BEMMEOCKHIREGEGEMBMREE, MCCHRTH
HEFRAMRE, ZHFESHEA, AEEREEE. ERREILTTEME
i, NifIARS BN EMEHNREHEREWN, ENiEELETe, FLEELA, B
BEELM LA,

4.3 Pk

FEFFANHRERSE EREBATIEERRR S IIREE T =HARMN
B, dEBRERR T EHEN=HERE MRS REELE FRIH Y
BHER, TANBTHEEIHGELARELE. XZHREMETERETAM
BHlE, THERAT DRAER, HRSERNSOFCH AT EEHNE.

76



b A FHAKFE L E 0L E#E §i/CeppSmg0, o FIHSG A AT 5 M Fie

22 30

[13N. Q. Minh, "Ceramic Fuel-Cells", J. Am. Ceram. Soc., 76 (3), 1993, 563-588.

[2] M. Mogensen and S. Skaarup, "Kinetic and geometric aspects of solid oxide fuel cell
electrodes", Solid State Ionics, 86-8 1996, 1151-1160,

[3] S. P. Jiang and S. P. S. Badwal, "4n electrode kinetics study of H-2 oxidation on
Nit¥Y203-Zr2 cermet electrode of the solid oxide fuel cell", Solid State Ionics, 123
(1-4), 1999, 209-224.

[4] T. Matsushima, H. Ohrui and T. Hirai, "Effects of sinterability of YSZ powder and NiO
content on characteristics- of Ni-YSZ cermets®, Solid State lonics, 111 (3-4), 1998,
315-321. :

[5] A. C. Muller, D. Herbstritt and E. Ivers-Tiffee, "Development of a multilayer anode for
solid oxide fuel cells", Solid State Jontts, 1522002, 537-542.

[6] S. W. Zha, W. Rauch and M. L. Liu, "Ni-Ce0.9Gd0.101.95 anode for GDC
electrolyte-based low-temperature SOFCs", Solid State lonics, 166 (3-4), 2004, 241-
250.

[7]J. H. Lee, J. W. Heo, D. 8. Lee, J. Kim, G. H. Kim, H. W. Lee, H. 8. Song and J. H.
Moon, "The impact of anode microstructure on the power generating characteristics
of SOFC", Solid State Ionics, 158 (3-4), 2003, 225-232.

[8] S. F. Corbin and X. Qiao, "Development of solid oxide fuel cell anodes using metal-
coated pore-forming agents", J. Am. Ceram. Soc., 86 (3), 2003, 401-406.

[9] R. M. C. Clemmer and S. F. Corbin, "Influence of porous composite microstructure on
the processing and properties of solid oxide fuel cell anodes", Solid State lonics, 166
(3-4), 2004, 251-259.

{10] P. Jasinski, T. Suzuki, V. Petrovsky and H. U. Anderson, "Nanocomposite nickel
ceria cermet with low nickel content for anode-supported SOFCs", Electrochemical
And Solid State Letters, 8 (4), 2005, A219-A221.

[11] S. Primdahl and M. Mogensen, "Gas diffusion impedance in characterization of solid
oxide fuel cell anodes", J. Electrochem. Soc., 146 (8), 1999, 2827-2833.

[12] A. Selcuk, G. Merere and A. Atkinson, "The influence of electrodes on the strength of
planar zirconia solid oxide fuel cells”, J. Mater. Sci., 36 (5), 2001, 1173-11 82.

[13] H. Koide, Y. Someya, T. Yoshida and T. Maruyama, "Properties of Ni/YSZ cermet as
anode for SOFC", Solid State lonics, 132 (3-4), 2000, 253-260.

[14] S. Ohara, R. Maric, X. Zhang, K. Mukai, T. Fukui, H. Yoshida, T. Inagaki and K.
Miura, "High performance elecirodes for reduced temperature solid oxide fuel cells
with doped lanthanum gallate electrolyte 1. Ni-SDC cermet anode", J. Power Sources,
86 (1-2), 2000, 455-458.

[15] Y. H. Yin, W. Zhu, C. R. Xia and G. Y. Meng, "Gel-cast NiO-SDC composites as
anodes for solid oxide fuel cells", J. Power Sources, 132 (1-2), 2004, 36-41.

LT77 -



TEHNFHEAXFRLFHERL F o NifCeygSmg 0 FAM G HIE SR 5 s A IE

[16] S. Wang, T. Kato, S. Nagata, T. Honda, T. Kaneko, N. Iwashita and M. Dokiya,
"Ni/Ceria cermet as anode of reduced-temperature solid oxide fuel cells", J.
Flectrachem. Soc., 149 (7), 2002, A927-A933,

[17] M. Marinsek, K. Zupan and J. Macek, "Preparation of Ni-YSZ composite materials
Jor solid oxide fuel cell anodes by the gel-precipitation method", J. Power Sources, 86
(1-2), 2000, 383-389. ,

[18] Y. Li, Y. S. Xie, J. H. Gong, Y. F. Chen and Z. T. Zhang, "Preparation of Ni’¥SZ
materials for SOFC anodes by buffer-solution method', Materials Science And
Engineering B-Solid State Materials For Advanced Technology, 86 (2), 2001, 119-

‘ 122,

[19] X. H. Fang, G. Y. Zhy, C. R. Xia, X. Q. Liu and G. Y. Meng, "Synthesis and
properties of Ni-SDC cermets for IT-SOFC anode by co-precipitation”, Solid State

ITonics, 168 (1-2), 2004, 31-36.

-78. .



PEAFHEAXSHEFLIRT FAY A/ CRALSMAAENESARIE

BHE FER/EERESRORENE SR TE

51388

RERHEHETERHEEEESHESMHMXBIEA, EWEEEN
AEBAS DB B (SOFC) 5EEBHEEE (Low Temperature Co-fired
Ceramics, LTCC) WEI& T &% . SOFC WERBRERTEE-—ECL M,
LTCC RSN SR AR, EHE. RARS AR EENAN BaTio: SR EMH
(13}, EA--RR R 330

75 SOFC W54k, CAIRET T/ HImEksl& Atk #E Bl T,
Worrell Z[4)AXVEREHI% T A HE 60um FH YSZ BBERE. HREARE
ATILE 5.1 Fios, SIE MR A RAe AR, 7 700°C XE] 0.1W/em® fZh
%, Fukui Z[5)FES% TERN 130um A LSGM HERAH#E, Ll Ni-SDC 4
B, La(SHCoO; MM, 7 Hy HMBLHET, 700°C B2 0.4Woem’ fiThE. FH
— AR ERECRREEHESEESERE, YSZ HuME, Ni/YSZ Fitk,
LSM/YSZ 4BE#R, E& YSZ BEREd 15um, 7 1000°C, LA H; ABER. B3
I.7W/cmzﬂ"llj]$o

BHh, DAREHEESERARBEX—FEEERATRHERATRHE.
Middleton Z[7)BUKERERFE, EHET S Mg0 XHMYA 10um FRIZE
La(SOFe(Co)0; B, FFAEINL 1200°C FRFEHT MgO ¥y AR ¥ LAS BUBE M LSFC M,
IR 1000°C Tl MgO ikt I wT LA BIZH S LSFC M.

- YSZ slurry YEL shurry + pore formes
Doctor blade
[ouble tpe casting

y ¥
(Y
Carrier film g IR
et 0 _EEEEEESEEE

H 5-1 MERES & HE Y YsZ HERER (4
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B B A AR F W F g L FAEE B/ eBRELOBEAEHEAEERT Y

% ERIEHAFE, Richard %
RO T B — VA B R RIE HIES],
ERAEE TR LR 52 FUR, ©
AT L4 B R R 4 R — B PE
RE, BERRE LI,

AR LR RIS, RS
ERR/ AR AL, KERBE
SHRNES AR R A 4,
AE LS L R i A T
P, TR — AR BR T DA 5 M
LR EHEHA T LR, SHE
B TLA S R A R
BB, KR &REATHE
A HSHE B IR 2, 7KK SOFC Tubib 7 FIR AT 4R 3B X EHAI[9).

BEAFENE, FEHBER-IHAER. @L#E Middleton RII{E[TIEZ
MUEH, BAETE— RS EESBREELEN B — BRI
%, Bk, FigR SOFC Ff LTCC, HTHAHNEEMERNILEE, hmTRS
R AMER, BHSBEERINER. X—RERNEHET EhuXRiaE.

W 53 FR. MR E AN, MEFENEEREER B, Kk
BAPET TR, KNHEBRXRELEL, H[10):

N E, 1) |
= AE: 5'1
e [1+mn,_,][1—v]) [l+mneJO-E (-1)

i, As AFRBREREE:, -5 . E5vIEE | EWRENHEEER Poission
th, mAlnIEFERELLSBEL.

B 52 — kit ERErER

B 5-3 BESE AR RRR A AR EE
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(3-2)

n=l B |flzv 53
i) (5-3)

gt al L, BEREZERNAZRRERER, ALER, EREENEWN. —
s, MER—ENREEEREE, FTLUARERRT 28K, MH 7
W52 B HE . |

mAG-DATR, BRNASEEWAENEEREL, FEEERE RYER
XK, MAHBREA. FEONOAUNSFREEBRAEL, EEEFERRTEERE
BAE, HTEXSBENES. Zuo SR TEFILT BRI AgPd &RS5S
7% BaTiO; MEMFERITH . MR BERBEENERFINE, SROIBERS
mLaran B, Bk, M1 AgPd F A 7 Vol%i) BaTiO; ¥k, /b
TWHENER, WTERRFELNRIEEED,

TR Y, BEE—MHERMER, SNBSS T 2 AR
&, TEHEERRANE, MRESN—BEENSE. KR —FRARNRE LR
#t (constrained sintering) . REAMBREAERBFTETEFRE.

Choe Z[1217E Rt ALO; #E L £ RETRIT 60um FH Aulf, 5EHK Aul
TR R HL, FE7E Si N L RIERRI AuEHATHREE, RIE Si A R
HTRLABIK AN . SRR N RSV BORE LA BB KE, ZEBH
W, RAEH Av BRESEEAMHFRE TETBMEN Au BEA 10%, R
REFEEEEN LSRG ELEE, RS TRREEILRER 189%)/mol,
EHBATH 2 8%, FHELIRAETRETERE, BLEARNERRER
AHE: (1) RIERERRNSEN A Q) REET, GARSNRRNEE
FHIEH T RS, BENH DB BETHRFT B &Y . Bang F[13]8
AT WRERAREARA ERRERRSGTH, EMRBMpES kT T g A
T, ERENABEASNTREEL S ERENE 5-10%, ERSFELEAZR
W, % 385kI/mol.

MBS, ESBEBEAERNYE LREMEBECETHK. Hik, EBWET
Hoh, AHBREFA-RAARAEZEIEER, EXIHELHENTER
&, MH—HL22RMGEERETRR, UIHREARS LR RHIRLL
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TEAFRALFEEFEAL FAE FR/CBAIOBEGARMELRRTY

Fhh, BFEATEATRHERE TR SOFC B, BN X EEERSENR
B, Tsvelikh B[4JAERATHETE T RELIRPEREE SRS T TERNE
W, ibRYEREHETE 1% AERN, KRB TIHEMNTR. EK
EEHRE S EE S MEERN, ENE-—EMREN, FELRERBESR
B, WMERREPMAA, BRTREEEERYSTRE, URIEERY
B,

i ERREATLEM, ERHERNREHESHETESR, EEREENE
HASEE, EIRAEESER, BILAR, RIEBL¥EREFEERY. 5%
B EBH X ERELRPMRERRR S TRENS FmR IR,

5.2 PR R/ e AR R IX) 25 J22 D A 1Bl % 55 L 400 38 TR 322 )

52158

MBS Eift, SOFCHLE—HBAFEZNEEREE, SERIIRSHRHR
MERWHETHAE TR, BL, SOFCHEANRERBTREMN T LE=S
T, XEFHERSFOCHU BMENEALRERFEMN, MARRHPEEE
FraamER, FhRahihapEfgEdRs, BRRNIFAGRNE
3%, THXEA BEMmOBRIESTER, W TFERRSOFCTIE, 2HMRELHY
HEE, FATEHENA T RIERBRAEREAHNETEM, Bomn—E/E
ﬁ,M%i%mﬁﬁxx.%@ﬂ%mﬁﬂoﬁmﬁﬁ,ﬁﬁme%ﬁx,ﬁ%
R R EE. Fik, FHRSFOCH BMAEH&TETHEREHT2EE.

SOFC BBiMER, REETHBESHBRAA ZHFENNEN[S), TN
HREE LA FE6]: () ARMEEREE;: Q) MWERREAILE, (3) B
SRS BRI (4) BAZRAETNONREEBEAE. & AN FE,
SHETTHEXMNEECRE—FE, HEEREGEEENRR.

— ki, FASOFCHBMAFRERF, HhXSHEMEIRERREESY
BRATFHRERES. UATARRENIENL. KT, LifLannutiZ[161F A X%
SR A AN 4B 4 A T R TE B AYNI/GDC PR AR ST RIGDC a8 J 8 B L 6 /= (1
. B 4B HELRE, SABERRWRIRNFES, RTEEIZIT
= Rit, BSE5ENRGSRERETLNEE: HE 3

-82-



FEMNFERRF R FERL FA¥ L/ LRALSBSAEHNEE S RITY

Ohrui < [6] 1 iof 1 ) PR AR =7 4G 7 & BoR IS HIPH IR A pe 45 WL 45 55 Fb AR IR AL
LI T B E YSZ MR RV M AR E, Hob, EHT T RR/EBH/
Pt =R Hpeks, Fr@Bal U gt ot 7 ok W AR e 5 i e 2 5 e A
B, EREZN=EHESENERDT2%. WERERE TAGHE:

W (%) = %x 100 (5-9)

APtAENE, oARMER, dARRER.

Lifl Green B [17] LA MK I & T YSZI MR, FHAER LLMORT
LSM/YSZIARRFINIO/YSZRAR, 2z EriTithe. SR RABRERLIER | REY
X, BRAD, ZERRBHEFRBESEENREEBERL D FRKHEX
Fo Hob, BYSZHREE h100umBmB400umE, ERENBHE).

LR RET, SaTLETERENS R, BETRER SRERE
SRR RPN RN REE, EESOFCHETZN, dTHESHZIL
FAE AR 2 A EHEW, TEBRCO THRSOFCERER, XEEER M
BHEREMPIR. WRAR 0T 6 LA & KRR #hSDC R AN MINi/SDCH R B
R A Tl & B KER P RSOFC, WRELKARNBRERLAFRH—PEER
B,

E, £WHEEAFENBTEHRERES ARFRENTRER, #1X
2H-BREREE, LEHRRCHEERBRRNFRILRE.

522 %%

cm@mﬁmﬁmnﬂﬁﬁ%ﬁEM$ﬁIn%ﬁﬁ,uﬁ@ﬁﬁﬁﬂ Y
SRR ST Eﬁﬁ;&mﬁ‘ﬂm&mo 890°ck’119%$ﬂ%snc¥5}4$ BRAR AT R
FRHINGOKH 4 R PR 447 S =B RR 242 600- 900°’Ck’3ﬁfe24\m‘$u%m HWMRRE
SRR H(SEM, X-650, HitachD¥ATHEE, H7ER R, RAITUSDCENOR
SRR BAC) T A HEISDCENION 6, FISDCANIORZE LA i
B |

RAMSDCE R RNOR s RRIRS, WHEEFREZRMHSDC
SN ARBIEE1. BIRI S SDCR 4 17 55 SR/ B S SRR A1 E
B, RANZE, EAHEAER, RERARZHH. ZHESRTEE



P EMAFRKRFH I R RE¥ ff/OMAESBMOALNELLERTL

wi%, AT RIEMB LMW AE BERGSRETERE, HaBE T RMIMARYE aR
FAER, ATRSERGREK

ERGHRITP, FREANXAMRNTEREF: L1°Coin KE R LA F)
500°C, FBEA2°C-min” B3R _EFEI1400°C, FFE1400°CIRBSDR . 25 Rm#E
500°C, 800°C, 1000°C, 1200°C, EL1400°CHY, FERMIPF AR, TESF%#. H
ARESFESCOCIRRE FF+ 4 M55, bR A BT DL bh e S8 i e 2 O v 0 B B R A K
S5 1 YL |

TEERAWRER AMENBRR-FAIRAEEZE, RBES-4FRHIER
AR, RREMAREE, FTREEERIACHSREAE, BRAESER, F#
THpR, E3REET, RARMMLIR: —RABKES: _RmERS,
F AR BN E— RPN BILER, RS R — R NED . BEX
PeLE R RETURE S5

Anode shC

ot " J . J |
e 11

Bl 5-4 WRGLER & BB A DR R R A E R R R

52388250

155 47600-900°CHTBE 5 FE N B LB BINIOMHA I BT . AT L A9 548 FE
REAT, NIOWTHEKK, BERERTIMA, I B BB g R A B8R
%%ﬁi RiEFSE Eﬁ%ﬁﬁi&%%ﬁum,mﬁ&k%ﬁ%ﬁﬁ#ﬁﬁ )
m¢m%%m&w,Eﬂhﬁmmoﬁﬁm$%%ﬁ#ﬁﬁ AT FREAEC 316 # (T R
R R . ﬁmh?xﬂﬁﬁﬁmﬁmwﬂﬁTﬂ A BRI &
MHmﬂ%ﬁ%¢wmlE%mMﬁﬁﬂ%ﬁﬁh% h%RT &Pty AR
X, BREREAS, &mﬁiﬁ%ﬁ x— Wﬁ%#ﬁﬁ%ﬁhﬁ%&mﬁ%%
fEpeaiEE, W T AR (19]. |

E&&Eﬁ%mmﬁ%ﬁﬁ¢ﬁ%ﬂﬁﬁﬁ@m3w%% B 5-6b 2 7E El5-6a
ﬁr%ﬁ%ﬁ?T.Xﬁ%%mﬁ%%mmmmﬂﬁA%%mmmm%%&%%
BERH Ak gk, & PHAR 7 1000-1400°CE IR H BRI, ERENIOHILE
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P EMFH AR FERL Fa¥ O/ ORELOBOASHESABIY

B 5-5 R ERREBER NiO ¥ 80 SEM FEH
(2) 600°C (b)700°C (c) B0O°C (d) 900°C

8 E F600°CIR B EI900°C, ERRBAEE R, HE1400°CHE 5/ it /A Al 4n
2 24% AN B 18%.  15-60HT7R H600-900SDCHH4 5 600NiOIR & % 1 P AR B 52
GWEEME, SDCHIREERBEN BT MRl E, BE5NOAL, SDC
BAENERE N ERNEME N — 1’{1400"0%%54\&1}% W EZHTEE
FE28%F124% 7 8], X — G RAT R, Wi EH AR A S KRR, R
S T o B 4 S B K T B Y
ZRFAER, RITERT =8 e bR 2B/ R/ A R AT 5=
B AR SRR RS EAREE 1400°C Kol 5 M B IBRAKERE B .
AE = Epprotpe = Eanode (5-5)

Hrfr

£=

A_:,___Li 5-6
L L -9
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FESFRAXFEEF R FEi¥ i/ eRALSRAAEHMESABIT

1600 0.00
—=—700SDC
400 - _.005 —o— 900SDC/Z00NIO
-
| R >,
g 1200 j 010
10004l -
2 ] F 015
R 8004 5
600 0201
Yy 3 I S NS 0351, —
600 BOG 1000 1200 1400 800 80D 1000 1200 1400
@ PRekEiE /5 (@ R 5
.00 - ———y’ }}.0"{." - .
—=— 600NIO —»— 800SDC
P —o= TOONID . 0.0 o> GODSDC/B0ONIO
= —h-- BOONIO Sl :
3 0401 —o— S0ONIO 0104
; 615 2.
e
;ﬁ 020 '1?—{ .'015
= 025 ¥ -0.20
30— v F LYY A .
600 800 1000 - 1200 - 1400 500 00U 1000 1200 1400
(b) L I (&) S RN S 4
0.00 - 000 SECII
- = GOOSDC
) -0.054 s %% { .05 =0+ $HOSDC/600NIO
= -0.10- —a— 800SDC 0004
- —o--900SDC )
2 .0.154 5 0I5
22 #
B _020- 3 -0:20
1_—- g
B 0254 -0.25
0301 — — . ' 0.304+— L s
600 800 1006 1200 1400 . 600 200 1000 1200 1400
© PRI A0 Bestindtag 5
[ 5-6 FREA R SDC 5 NiO #BEK A 5-7 =41 SDC-SDC/NIO Kl e 5
PRAR B R 7E BB s i FE R A E R SRR BHE R R ghig
A% (2 BE~EXR (b)) 9003DC {a) 7008DC 5 500SDC/800NIO
5 600-900Ni0 HELM MBI AR ML (o) (b) 800SDC £ 600SDC/800NIO
600-900SDC 5 600NiO # A2 A FIK e 23 () 600SDC 55 906SDC/EOCNIO
ik

ZHENZHERF-HBREEREEEME 57 Fix: () 700SDC 5
900SDC/R00NIO, (b) 800SDC 5 600SDC/B00NIO, (c) 600SDC 5 900SDC/600NIO.
XEAEE, RERGXOFRA, EBEMEEIRTRALER BRSNS T
J3, 7L 1400°C $85 5 DT I Ae KN (a) -0.9%, (b) -0.3%, (c) 0.1%.
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