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Effect of Ti Substitution and Atmosphere on Sintering Properties of LaCrO;
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In order to improve the sinterability of LaCrO;, which is one of candidate materials for interconnector of Solid
Oxide Fuel Cell, the effect of sintering in reducing atmosphere and Ti substitution of Cr on the sinterability was
investigated. Judging from the sintering temperature dependence of density, both of sintering in reducing at-
mosphere and Ti substitution of Cr improved the sinterability of LaCrQ;. Compared with the sample sintered in
air, sinterability of the samples sintered in reducing atmosphere was most promoted in a case of small amount of
Ti substitution. X-ray photoelectron spectroscopy analysis of the surface of the sample revealed an existence of
Crf™* ion in LaCrO; sintered in air. On the contrary, Cr®* ion was not obviously observed in LaCrO; sintered in
reducing atmosphere as well as LaCr, ;Tiy;0; sintered in air and in reducing atmosphere. Therefore, Ti substitu-
tion of Cr and sintering in reducing atmosphere have the same effect on suppression of CrO; generation, which is
harmful for sintering of LaCrQO;. Microstructure observation revealed that grain growth of LaCrO; sintered in
air was pronounced, while that of LaCrOj; sintered in reducing atmosphere and LaCr, 3Ti,,0; sintered in air was
negligible. Activation energy for shrinkage of LaCrQ; and LaCr ¢sTiy ¢s0; sintered in reducing atmosphere was
262 kJ-mol ! and 153 kJ - mol !, While that of LaCr,sTi,,0; sintered in air was greater than those of LaCrO,
and LaCr ¢5Tiy.050; sintered in reducing atmosphere. The effect of Ti substitution on sintering of LaCrO; should

be different in rate controlling process from the effect of sintering under reducing atmosphere.
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LaCrO; i3 @miR OBAL - BELEHKICB W THETHD, %
7o RS VEERAAF L (1000 K ICH W TH1072S-cm™ 1),
B AR RE O 5E 2L B Zr0, CEHBWZERE : 9.8 X
107K ) IGEWRIEREBE TH 52 LD, BAMALYIA
#EEA (SOFC : Solid Oxide Fuel Cell) A v/ X —a %7 %
BHELTHIEEIN TS, LaL, CrzafFd 58 bwic it
ML BB P ERILORED—> L7 > Twb. LaCrOs
OB, B (1613KLLE) KW THIEDOH W
CrO; AR L, BERSIRE LT CRAL-BERE MRS IC LV LaCrO;
BT L TRHATEESET 45 & &1, WEBEIE
DEAL-BHESEOWFE AL SIS VWADTH LD L3
BahTwWaY,

LaCrO; DFEALICIZ S < OPFFEA3% D, Pechini %3 L &
&3 5 BRI (AR BLEE OB R Ca o) FRERE TR & 4
U AR OB Y 2 fThbh T b, %72, Cra & B3 5
EDOBEAER G DNBE S EOHE R % LD, LaCrO;
IZE\WTh Cr(S) & Cry0;(S) P TH HEERIGEDSEM T
THERE T 5 LR O BELDHET T 5 Z ERRE STV B,
ChiE, B OBESEL TS LT, REEOHW
CrO; DA AIMHEI L, SAb-BEHEEEHE COR T O AT
XINLHDESTHINTWAS. UL, LaCrO; DFEEL~D
WOMAAELIC LD BT, FEREEEII T oI INT
B5HY, ZOORENMPBEZBBEZICKITTHROERIL
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TRV FEESIL, Cry0,9 % Cr,05-ALO;" DFELIC
HEPRESIN TS TIICHER L HEEITV, TiE#RIC
D LaCrO; OFFAL BRSNS C L AHET AV L L LI
Ti & #2725 LaCrO; D EME AR 28 & E B RIE T o WA
L, LaCrO; % SOFCIZ#H M L 7= B & OF MM AR L 722, K
WA ClE, LaCrO; OFefEEZ S Hicm L3 ¥ 572012, Ti@E
b R ILFEH R T TORER 7 [T, A ORHFICT DWW T
BiEfL 7.
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2. EEAHZE

EFEAR 1 IORT. R, MIEWREAFRICIDFARL
7o, WFFEREHL, La(OH); (MiliE bz T35, 99.9%) &
Cr,0; (EffiE LT 2%, 99.9%) 7% 5N TiO, (EfE L
HFT R 99.9%) &M\ /2. LaCr;_,Ti,0; I 3\ T x 280,
0.05, 0.1, 0.2, 0.3+ 75 X D IC &k FEEE, RN—ILI)V%
FAOTEBREAZI0Oh{T-72. COLE, Bty /—b
AW BREWM R AL, KRA1423K T 2h O5M4THR
BELC, RO T 204 FHEERL . AR OWTHR
XAREPHEIC L DA ERE L 2. BREROM KR ER—IL 3
JVIZT20h 7L, 5X4X20mm OJZIRIC64 MPa T—Hili
L, 1673K 2251973 K T4 h DM THERS L 7=, BERSIE, 60%
H, »40% N, DIREGH A% 50ml-min~! OBME TS L, 303K
DOFIFKRGZ/NNT V75 LI VBB S EZ &L /-
FHR T TITo7z. O & ETOMESEL, 1673KICEWTH
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Procedure for the preparation of specimens.

1077Pa bHEESINA. BifSthoT kL EEXFHIL, BEY
ko7, BERIREZ 1973 K OFEHT W OB R X AR EHTEIC &
D SR S A RIE L 7o, BERS RS OBIZE 1L, EAMNET
BEMEE (SEM) % H\/z. %7z, 1873 K T4h O THREL
7ol WG, BEGIRFOEEZ (LA FIEIL /2. EEALD,
400K T5h ffF L 7B MADOE R % 5HHIE, FrEORE &K
HMTHREL, MREEEZHETNL TH7<. LaCrO; &
LaCrg ¢sTig 0503 I DWW T, IR ZEE) % 1623 K »» 51773 K
O R CEZRAT A W CIE L7z, EITHEMAA 1873 K
THefG L 72 LaCrO; 7% B UNIC LaCrq ;1 Tig 303 O BEFS (KK H % X
TR T2 (X-ray photoelectron spectroscopy, L% XPS
LIET) HHWT, Cr OfifE e BZEL 7.

3. FERFERLIER

3.1 ARBEOERIESRE

LaCrO; & LaCrgosTig 0503 7 © UM LaCrgoTig. ;03 D& B (K
MR X AR O PriE Ot S R4 K 2 12779 . LaCrO; & LaCrgos
Tig.0s0; TEXT T AN A4 F BB FER S 722, LaCroy
Tip O3 T 24 & L TLa,Ti,O; NEFEL 7. T DT &
5, LaCr;_,Ti,0; ® x= 0.1DFIK TIZ, KHFEDORBPESHET
HH1423K O 2h T, Ti AR T AH A FHEPICEZE S
nd, KB CTREXL Lay,Tho; B2/ E L THET S & 2
bn5.

3.2 BEHEAROBREL(LLiEAME

BEREROBEZEAL Y, KRPEROBEZ TR 3
IRT . KRA TR L 72RO B EIC g L ¢, mInEE A
THERE L 2B OB E IHER 2 55 <, KR TOBE AR
EIhTw5h. /o, RGP TREBERSET 1873 K L EDBE
$E1RE T LaCr, _,Ti,0; ® x=0.2, 03I W TR KDFEE & T
L7zDiZxt L, mITFEEL TiE x=0.05, 0.1 CHefs iR
UBKHUECBWTEWEEY R L. #ICx=0.2,0304
TR L AEEMETL, TiEETEO LaCrO; L KW E%
RL7c. L7esi-C, BrREMK & TiERIT ZN Z N aTic
BErs A R 575, TiBHRL 2R 2R RIS T TR L 72
BEHEICE T ERES D7 (x=0.05, 0.1) FH TR b BERS 2
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Fig. 2. XRD patterns of powder synthesized at 1423 K for 2 h.
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Fig. 3. Relationship between density of LaCr,_,Ti,O; and sintering
temperature in air and in reducing atmosphere (x=0, 0.05, 0.1, 0.2,
0.3).

REXNS.

1973 K THefS L 72RO RERUS i A B 4 1ICR 9. £/ 555
IR T 20 A FHTH S5, K& THERS L 72 LaCrg,
Tig:0: BB BOEMHMAEMLRTH Y, KK THREL -
LaCrO; & i o0 % Bl & T BE#E L 7z LaCrO; 7x & (F I LaCry;
Tig:0: ZKBH ORI R TH 5. BEEEEL, HMEREIH%
ICHEL TOWARABEELD O SRIENPUNETHH EEZ BN
4. Fi, TRTOBME T LaZnO, BARIE I N7-. La,Zr0,
DZriL, BRHCHW Va7 R—IVp LEALZSDT
H5H. Fiz, LaTi,O; KR FBER L 7z LaCrg7Tip303 IZ W
TBZEI Nz, BTEAKPICHEWTRER L -3 Cligizg s
NTELHF, LaTh,0; PAFHTUC W TALE TH 5 lhEtE:
N5,

3.3 EHEMAERMEI(CKTS Cr kDL

LaCrO; & LaCrq;Tig ;03 BEfE AR H T D Cr DA £ 1 > »
T, XPSHEHAWCFHHEMLE S I7Rd. K5k, k&P Th
B L 7z LaCrO; TiE Cr¢* 9 5 LMW TE L. T NITH
LT, BUOEMHS TR L7 LaCrO; B RBS L 6 UNCK
LT THERS L 72 LaCrg;Tig30; T Cr¢* OMEAR Y — 7 %
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Fig. 4. XRD patterns of LaCrO; and LaCrg;Tio3O; sintered at LaCroTio 205
1973 K for 4 h in air and in reducing atmosphere.
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Fig. 5. XPS patterns of LaCrO; and LaCr,;Tio30; specimen’s sur-
face sintered at 1973 K in air and in reducing atmosphere.!®

LS L ENTES, Cror OB SN TS EE2D
n5. ZThix, K&+ Tk LaCrO; D Cr B ETRIC I W g
kL, 3ffin s 6ffiicZE ) EKEDE CrOs HAER T 5
B, T A BT AL bICBMESEX FIF5Z & T,
Cr DBILBIAF SN AT L HRLTWA. Thabb, KEBHR
SHETCHMTSZ L e, Crae Ti TEfd 52 L3, LaCrOs
R Cr OFEMIENIZBIL TR REHE 2 EE 2 OND. BFE
SHEAET X% 5% 21d, LaCrO; 10> Cr Ot 24 5 =
LIR>BETH S, ISR LT, Callister 593 Cr,0; H1iC Ti
UL 728810 TiYY 13 Co3* OB ICER T 5 & L7,
LaCrO; ICB W T L RIBEIC TiY (3 Cr’ OB ICER T 5 &%
26N5. COEESICE, C BBESELEL > Th,
Ti*" OFAEIC L O ENHBICHBIE T 57 DI L D S DTV
F—PUWBE Lt EESINS. CORR, BEISTEZKTS
WL EETiHBRTAT LD, Crf OEREIHIT A &
ICBILRILR R AR LI EEZONS.

3.4 WEEOZE(L
EILFEMR T TOBERE THEIE DIk b K Z < 7 - 72 LaCrq s

Fig. 6. Microstructures of LaCrOs;, LaCrgosTipsO; and LaCrgg
Tip,03 sintered at 1673 K and 1973 K in air and in reducing at-
mosphere.

Tig. 0503 7% HUNC Ti MEFE AR D LaCrO; O 2K 6 ICR .
H#c D728, KBRS L 72 LaCrO; & LaCr ¢Tig,05 O #i
ERPRETR6ICTT. 1673KICHB VT, KX THREL -
LaCrg¢Ti 03 {3 LaCrO; |2 bl L CTHEAE 2 HIfI S T 5.
FIZ, mIUHEEHS P CHERS L 72 LaCrO; & LaCrgesTig 0505 (3,
KEZ A BERE D LaCrOs 125 L THR AL AIFI S h/icD A 5
T, Ry I PR LB ETL TWD. BRI T
Bl I N/HBALOIIHNL, X5 RSN/ Crét DA RHNH
I2& D, HEALDEE TH % JAb-BERmsHE S IH S /729

YEZONL. BT, BEEIRE1973 K OBEREETIE, KEH5E
FEAAIZ FLE U o 7o SR B S A BE s (R L LB L 3 HE AT L &AL /)
I 75T 5h.

3.5 EEEBOEEZLIL

BILFHEK T TORER T, SAL-BHEEORKN LS
CrO; DRI SN B EFHINAHZ &b, EEFED D
FRICHRIHS T T OBERS Tl KA BERSIC Ml L TR % &%
Zbhb. BTIC1873 K TOBEfEROEEALE R, K7 X
D, Ti#EEHO LaCrO; TiE, TSN/ LD ICETLFHEE T
TREEFLPMEBSNhL L8505, LrL, K&EF T
LaCr,_,Ti,O; TO Ti @@L+ &, EEHL NSk
HOIZx LT, mItFHEA CIEMIC Ti EREXN N 512/
W, BEEADDPREL ZAHHEAIEDOONS. K3 ITRTEE
EBERIRE OBRICE W T, EIHEBK T TS L 723N
LaCr,_,Ti,O; T Ti @#E730.053 L < 130.1 Tl KB % 7R
L, TiEBWEPHEINT 2 EEENMETT5. COBEDKT &
BERERFOHEE R R ITHEEE N B A TREM 2B 5728, EILHEHR
TTTIEREOMINC LD EOBRITEPERL T 50K
HTHO, BRI P LETH A,

3.6 HRNMEEEBHEOFH TR ILF—

LaCrO; & LaCryosTig 0503 DS RINAEZE B %, K8 LK 9 I
ZNZNRT. K8 LM 9 DFRPFREBNIC BV THEE L, &
R CI31E0.5TH D, £ & L THREILBIEIC X 28R
BAEL TWA EE 2 BN AW, WM T, HEBRMICUT
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Fig. 7. Massloss of LaCr, -, Ti,O; during sintering at 1873 K for 4 h.
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Fig. 8. Isothermal shrinkage behavior of LaCrO; in reducing at-
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Fig. 9. Isothermalshrinkage behavior of LaCrg¢sTig0sO3 in reducing
atmosphere.
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Fig. 10. Arrhenius plot for the rate constant of sintering shrinkage
of LaCrO;, LaCr¢sTij ¢sO; and LaCr, gTi,0j3 in air and reducing at-
mosphere. Q and K mean activation energy and rate constant.
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EHAL T FOVF—%R L, ZOfEIF153kI-mol ! TH -7, W
Tha, KEFTEER L 72 LaCrgsTip,0; DIEMEL T 2V F—
THAH510k]-mol™ ' L/ NS fliwRL 7z, /DS eiE b %
VFE =L, BEREOFHERE THELR I IVF—BNEWC A2 E
BRL, IKE»DBREEPETLLTVEEZDLN, ZOBERIR
X 2 TR LB 2ENC &R T 5. £, EETLF—»R
BB, BEELAIRERIGHELL TWBH T EHERL
THY, BLFEEKTORER, SO TIERCHEERILAE
ELTWABEEZLNS. L7ch-> T, muuafR e TiERIiE
CrO; AERINFENCB L TR ORI F A F > T 7253, LaCrO;
BERSICBI L R B8 R e Fr > T AATREM A D 5.

Akashi & (3 IKHCH % VT, B FE2E\ IREE T LaCrO;
FIZ 31T 5 La OEREINHOESEL T OV F—4HEL, D
fE482kI -mol™ ! TH AT LAa/RLAY. ZOfElE, K9k
LaCrsTip,03 D{E AL T )V F—TdH % 510kJ - mol ! IT 3
{, LaDEBIRE NS L T A REEAE . LaL,
LaCrO; O TGHE R T COIRBOWEMAL T 1)V F—I1Z D\ T
i, SCEREI A e S BB BT E v B RBEA TR L -
LaCrO; & LaCrgsTig 0503 DBEREDIEMAL TR IVF—IL, Th
Zh262kI-mol~! »153kJ-mol ' TH Y, La DEBEILHDIE
ATV F—D1/24 L <1F1/3THY, LalblsborHEo
PRI e DA A B 5.
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& Cr @ Ti &7 LaCrO; OFERE IS RIE T8 R A BgE L, D
TOREREG.

(1) LaCr,_,Ti,O0; [T\ T, Beks%E O BERS IR KA
5, BILEHSR T TOBER & Cr O Ti BE#iL 72 Z 1 LaCrO,
DOBERE A (EE L 72, Cr % Ti @# L 7230kt 2 @ n RS T Tl
FELZAICIE, KPS ICHE LT, Ti BiEA D70V H
I (x=0.05, 0.1) CTHERSA R & (e = e,

(2) XPSIZXAEmIMA2S, K&H TR L /2 LaCrO;
T Cr BT AT ENTES. ZNIERL T, ETEH
RCHERS L 72 LaCrO; &L RIS 2 b IS KR A TRERS L
7= LaCry7Tip 303 Tl Cr** ORI — 7 8+ 5T LM T
ol TN, BFEEHEETLEEZLNTVWS
CrO; OFAEDOMFNRIL Tid, EITHEHK F TORER & Cr @
Ti BT FAKOREEFHSEEZLND.

(3) MREEEZEL S, K&PTHAS L 72 LaCrO; (2R Ab
MHEATZDOIT LT, K& ThEfRS L 72 LaCrg¢Tig,0; (3HLKE
{EEfl S n/e. EIGHFASH CTHERS L 72 LaCrO; & LaCrg s
Tip.0505 1& KK A BERE O LaCrO; (25 L CHBAL 2 81H & h,
M OBEALDEIT L /2.

(4) FEITLFEHZ TERS L 72 LaCrO; & LaCrgsTig 0505 D IX
fEI g AiE b T 7 OVF—1E, TN ZLhN262kI-mol™! X153
kJ-mol ! T&H » 7=. K& Befks L 7= LaCrg¢Tip,00; O ILFRIC
ST LEH AT RVF—1X, ThODERbEZ RIVF—LD K
ERETH - 7. BILEHR TOBEAE & Ti B LaCrO; O
PERBIC RUT T30 HT, BRRIEPR LS EFE 2 BNS.
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