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HE, LARSORBEAZKRE L ULHROBERILCPERMER. RIROMER Y, HK
RIEOBPUGELREE LTHRBIN., TONBEKBHERRINATVWS, 2h b
DOREBEPRIZEEMOESICHESIBEDNTH L L BEDRVWU L, ZORBED E/-RZED
HTESRIEZRSBNWIELREBEHTH S, REDOZOEKHEFIET 2¥F—T7— kK TER
DVHTA )N TEREZRVF—ORERL) . THFHRI) X )VF—0R] I
HH, ChEICHETIEMZNVWRICEBSIEI2PPERBRBEEE RS> TETVS, BIFT
ANF—ORYFACEL T, FICEHHEBIXUTCRELC BT 26BN OFRF AP A
CBEINTWS, COBRZEICEZLZ—FRELTEE., FRXNVF—D 5T RV
F—, THEARATRANF—ADERBREEZETICERER T AN — 2B 2ZBOERR
BARADPEHAEZRBUTDOH S, FTHRBEHRIFTANF X, BZANVFT—FE,
BAEMRYLEZEL DA RZED. TERRBPBACITDNLTWVWS, LPLERNS, HEBK
BEZFTHRBOLEEBEZNZIYRARDDOTRIoEZ L., EHRIGOHEDCEMER
MR OBRICET 2MBEEARKICRELTCWEZRERPS, BEXTCICEALICES
R ALIEECEESEREMOBRO LS RREACEON S, %, REHELTODE
FitZX 279121, BEMBOBHELBLIUIYATLE LTORMELBLETH D,
ZORDICIIHMEMBE LTEN-MEZET2F8MBNOBRPZHETH S,
Sy ABEREY LalCrls ZZF0EN-NAM L EFREED»PS. MID BE
(Magneto hydro dynamic generation) FIEMAMICEE T 2BERMEDO—FRE LT 1960
FRICHAZH TR - BEBTONEFMHETH 5. ABXs O—BRMEEATRIh 2D
T2hA4 PEEE (Fig. 1-1) 2BL., F1E/70 2868 YFPTCRIBVLVAER (K
2490°C) 28D, ZRICBIT2BERIBILE 107°~102%5cn ' T, BEPRBIRDICD *
NTHERSHUINT 5, LBKNMELZTT. IS A 34 b2REZh3 La (D) O
—&% Ca(Il) % Sr(Il) REZDO7ZIAY) I EEBRTERT 2L, BEX, FIIERRT
DHREXRVPABICH LT EZZLeBHMeh, £7=B ¥4 b&miEh 2 Cr () o—&% Co
(II) % Mn (M), Fe(ll) REDMOEBBERTEMT 2 LICL>T. RLRMEEDR
ROM, BEERom LRy, BEEORENRND, COLI RIS ZEESR
RMEELS P70 LREGBREWIE. FOEREICODVWTORE . EVEOHIEZLS
BEA3ADZ L., EHFORBAEDLEZEME, oV — BAERERNEHLOEERMES
LUBEMBLE LTELORAEIRINT VWS,
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Fig.1-1 Crystal structure of LaCrOs.




2. FEEDMADBE
2.1 "R 72244 PEFIBRECREDORK

R_ROT7ANA PREFIEHREBEYWOESRICET 2HEMT 1950 ERICZT 2DIES 15,
FOPEFPERNICEEINH LZDIE., BRICERT 2BREEMEEE 2R T EHE
ENTPLETHEY . TR, BEMTCRERLEREREZ2F OESRILYE2HART /-
O, KEZEE? . BFRIEBEORATES -9, HBREL Y 2 VBOEKD D/ VBED
FE® 8 TV LDHED ORABE. THITRHFELE'D, JU—X RS/ EPX
TUV—RSA4EY | I X MRLBE'D | VIV-FIIED 19 Y ELOAREVREH
XhTWwb,

ROT72HA MEBEBEZERTA7=DICIE AL B VA MM I UDAZTHE ras s B
LBRMV—=52UXT7 775 — t [=(ratro) /4 2(rstro)] . ENRH ra20.5A, re2
0.9A T, 22 0. TBHZtSL0 ZHELRTFRER SRV, ZOREBRIEMOBRKDORER
X, LRROFREDPT‘EZINI2RL5EZOBEERR XX AL B YA M FT0—8H D
WiZEBEMOERA F >V TERTEDZILIEH P, FhICIIERICERZ LBV ER
RRMEEBATDHLDTE, £/ B V1 MM FUVORBRAHEPESRFHEREBE ZE
LZBDZEVPHEELRD BRE LU THEKEH IEMEEZRIAIBIILYNTE D, HA
OREBIEPMOMBEZILUROZ 25 AL B UA F2ERITI2EBEICL>TKRKELR
2%, IZX, Fig. 1-2 & A ¥4 PORBEZEZI L EORIH /0 LAHGRILYWOR
Re&. H400°C BT 2BEXROENLZRLEMKTHS ', WThd 2300°C L EORMA
EEL. BERIBREPWOFTCEPRDIBVDY, ZOKRMEIX A V1 POSBEICL->TK
ELRRBROTNVWBZLBDP S, BEROREAKFHECHEMBLR L OBHEREICLD
Kb, #IZIE LaCrls OFFEHRIT p HTERENZEFZRTH, Cr () % Mo ()
TEBELTWLADL p RPSERNEHEZRTIICRD. ZXF TNV MRPT
VEURHUREAREDI. JO0ARCEARTRNREMNORTIEIE 2 OOREXR
PIEBICKREL, BREARBICH L TED TEN-MEREEZTT. TINS5 OHECER
LHERVERRA TV HEHEEZE L, BRD 2BEARBEELFZFRREZ TR T I EHHS
T3, ZO&ESICRD T I N4 MNEIHERIEPORFO—EOFHER. BRFRMEPEHR
RFEMOBA, HEE, BREAORFEARZICEELTNWDEEEZLNTVWEH, REFR
HRRdE L, BEDBACHELTDh TV S,

2.2 REME L LToRn7Ih4 PRFIEEGRED

NOT72hA MERFLEHEAERREY LoM0s (Lo (I) :F1EK, M)  BERERE) OF
< Inz0s  M20s REDBEEARBIEYTREASNRWMBEMERTR T, ML LTOXRR
R RAEIZ LSRR Meadoweroft? DOMXICHWER L. ZO%, BHHEST X OLHE
ML LTRIEEZ TR T I LBDPD 'Y HIRC—BOHBDP P o=, ZORGRILY
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Fig.1-2 Melting point and electrical conductivity (at 1400°C)
of the rare-earth chromites.




OfEEEIISAR B VA P FOMETERED, A VYA b F V. 1 3R, ER
BRMERYOBVWIELST B UA M VOBEFREBRE 2RI B, MENICEMICE
BERITTEEZONTWS, £, BIRLEELSIC AL B U1 bOBAEHRZTS &,
B A PMAVORERFMOBAPBREADERREIC L >TEEP LB THEZE0IEM
A LEBAREL RI2/EERD,

Table 1-1 2, RO T X b4 MERFIHEESRIYMEICE T 2HERAEZRLE
ZDEIRELDHEOH T, BEBEERHT I ZOBLAED X CEAERERN E
OBAERMECBRERL - LTORABRRICEEIN TS, h-AlEEER
FbH, POEBHICODESTEZOEMIMRTEINDIZLRIBAA. MATHIBIIBWTIE
BERE-BROBED R LIEBRGETTCOZEEIPERIN, FL-8FCIREEME PO >
R—R Y PLOHEGHICENTWEZEBRLETH D, 2V VREGRIEMDOS> B, B
{EEBICH T AEEDEBVDIX B 34 MZ Cow Ni BX Mn 285D TH 5, Fig. |
-3 BEBLADT VI ORBELSERY LaM0s M:V, Cr, Mn, Fe, Co, Ni) fdift Fco—E1bR
ROBILRIEDEERETITH D', COIIRFBIRIEEBEERINT—1Y | BRE
B d BLEO =R NF— L', REBRRK. -0 S X NVF—LOBR2Y YT
HEAINTWED, WTIhdBEMEREY M0 OMEDRXRTIRATHELTWS, A T
4 POBBRITROEEICIODWTIE., 7oL VEL2Y Tid Ba<Sr<(Ca, BREEAE
22) Fid Ba<(a<Sr &HWEI N, FHE—FLTWRW, B2 DIUE2Y ikhid,
AYA POBLERICKZEHOERIT, MECERIATFHINERKROBALEELT
Wao

BRREEMEL LXK, La(ll) o—% Sr(ll) TEBLESVZVIANNVIRBLT
ZUE VR UAVROBASBRILYDPREETHD ., O RESRBRIEYEANTHREL b
FEEEAETILASIVEVEEERTT. CORAD A 4 FOBRICIDERT

PBREARGHPBRRABREDEEY A P LTEERREZRELTVWEEFZSN TS,




Table 1-1

Perovskite type rare-earth composite oxides for catalysis.

Reaction

Catalysis

a) Oxidation

CO and hydrocarbon

Methyl alchol

Anmonia

b) Removal of NO.

Reduction

Decomposition

¢) Oxygen electrode

Reduction

Generation

d) The rest

Hydrogenation and

hydrogenolysis

Equilibration of

isotope

Reduction of SO«

( LaM03

LnCo0s
La1-xAxMn0s
La1-xAxC003
La1-xA<Mn0s + Pt
LaMn,-,B,05
LaFe1-4By05
LnFe0s
La1-xCaxMn0s

LaM0s

La1-xAxMn0s
La1-xAxCo003
La1-xAMn:—,Ru,05
LaM0s
La1-xSr<Mn0s

LaM0s

Ini-xA<C003
La1-xAMn03
Nd1-x5rxC01-4B,03

La:1-xSr=Co:1-,Ni,03

La1-xAzMn0s + Pt
LnCo0s
LaM0s
LaM0s

LaTi0s

(M:Ti, V, Cr, Mn, Fe, Co, Ni)
(Ln:La, Pr, Nd, Gd, Ho)

(A:Sr, K, Ce, Pb)

(A:Ca, Sr, Ba, Ce)

(A:Pb, Sr)

(B:Co, Ni, Cu,
(B:Co, Ni, Cr,
(Ln:La~Gd)

Mg, Li)
Mn)

Ni, Rh)
K, Rb) .

M:Co, Mn, Fe,
A:Sr, Pb, Na,
A:Ca, Sr, Ba,
A:K, Pb)
M:Cr, Mn,

P S S C S S

Fe, Co, Ni)

(M:Cr, Co)

(Ln:La, Nd, Pr, Sm, A:Ca, Sr, Ba)
(A:Sr, K, Pb)

(B:Al, V, Mn, Ni)

(A:Pb, Sr)
(Ln:La, Nd, Dy)

(M:Co, Fe, Al)

(M:Cr, Mn, Fe, Co, Ni)
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Fig.1-3 Catalytic activity pattern of LaMO8 (M:V-N1)
perovskites for CO oxidation.




2.3 BAERERNERLROTIhA P KT EEAER{LY

wpilEt (Fuel Cell) &i&. KRREDODBEHAR L, BR, ZRRYOBIMEHIZ L2
BESEERNCRGEI T TCRETIREBETH 2. BEDKNBETE., (tEZZRZNVFX—2H
IRANVF—IZEBL (F 1) . ThE2—EBRIRANT—~ALEH (c2) LTHILHE
SETRNVFE—I2T2 (€3) B, COLEODLIRINX—EBRYE £ 1 c.1Xe2XE4
TE5EZ5N%. FIZERKRTA ZNvzBCEhIX, e BRSS—0HET 0% ML,
€3 EREHOYET 9% LW HUMEIRLNZD, c2 F¥—EVOHET, h
J—2#E o (X 1-1) THERIND, EREFECHHE LOFKIP S, EBRMRELLT
£0=50% ZERTEIZLIFTERICELL., ZOBERRKT AV VREORE. ¢ & 40%
HIBICEE->TWVW3S,

go = 1-1u/Ta (1-1)
Eo : ANV —%)%K
Te : BRBIFEDORE [K]
o : BB 7 (K]

IDBNIRNF—BEEZ/LI=D, RIXNF—ZERERTRANF—ICEHRT IR
BARXE LT MID BE (Magneto hydro dynamic generation) . EFD 3%E (Electro
fluid dynamic generation) . #&ZEHRE (Thermoelectoric generation) HANWIIREF
#% (Thermionic generation) REDPHRINTNEIN, ChbdHIN ./ —HEDFHEZ
RiTB=0F0REE 10~20% BEICEZ> TS, EZTIHIZ, B A NVF—2D
RHET, REHOEZIRANF—RERERTRANVF—CERTIRELSEL LTRHE
WHHENEBRTDLICRSOTEE, COLIRERREREL LT T TITILFERPF
HAEhT\nWad, REEMELEZEERMLORROEVWE., FIFICBVWTRARNCERT X
WX —IEBINIREMFZRANF—2FOUBREER T, RABrSREBLTER
REHEG LU THDTERK T ANF—DPBONIEBELOTWIRICH D, BLOERE
ZAWELEDOKKROBBERIGICONWT, EBROETLTLERDOLICR D,

BEd  : Hz = 2H* + 2e° (1-28) : ERMEERER
Ha <+ 2007 => 2H20 + 2¢~ (1-2b) : ZIAh UM ERE
02~ + Hz = H20 + 2¢° (1-2¢) : BEMAERE

RedE @ 1/2 02 + 2H* + 2¢ = H20 (1-3a) : BRMEEHRE
1/2 02 + H20 + 2¢~ —=> 200~ (1-3b) : ZIVAVUMEER
1/2 02 + 2¢~ = 202 (1-3¢) : EMAEHRE

it  H + 1/2 02 = Hz20 (1'4)




EERBTIR. COERPLAKRORBICBITIZ2EHANF—BAICHYTIES T
ANF—PBBELEND, WEBLORBIZOWVWT, FORBERIGOEREHZ AN X —E/L
2 A | BEIVINVE—ELE AL | BEEENE E° (=-AG° /nf) . BAEKAY
RE c° (FAG /AH )2 LT, BLOBREBICBIT2RMERHET S L Table -2 0 k&
327%% , RPLDPBILDIC, BENRAYKIIFERICKERHELER>TWS,

Table 1-2 Electromotive force and theoretical thermal efficiency.

Reaction Temp. E® £
/°C  /kdmol=* /kJmol™? A

Hz + 1/2 02 = H20(1) 25 L2 9 1. 230 0. 830
Hz + 1/2 02 = H20(g) 29 . B . 8 1. 185 0. 945
Hz + 1/2 02 = H20(g) 127 . 8 7 1. 160 0.922
Hz + 1/2 02 = H20(g) 150 . 6 AS: 1. 148 0.911
Hz + 1/2 02 = H20(g) 2217 N G 1.186 0.900
Hz + 1/2 02 = H20(g) 427 . 2 . 6 1. 084 0. 852
Hz + 1/2 02 = H20(g) 727 .5 23 0.998 0.776
Hz + 1/2 02 = H20(g) 1027 1 . 8 0.913 0. 705
CO + 1/2 02 = C02(g) 29 1. % 1,333 0. 909
CO + 1/2 02 = CO02z(g) 150 . 8 s 1. 263 0. 860
CO + 1/2 02 = CO02(g) 7217 4 D I, 813 0. 69
CHe + 2 02 = C02 + 2 H20 25 e i 1. 060 0.919
QHesidd g = + 2 H20 150 . B 2 . 037 0. 999
CHe + 2 02 = C02 + 2 H20 727 9 4 . 039 1. 00

BB BRI ZOERBEICL > T, BEANEMD (300°CULTF) LEERKBEM (300°C
PE) ClcKBlEh, SSHICEREOBEEICL->T Table -3 DL 3 icaBXIhT N3,
REDEZA, WABEBBIERIIEL ., PRRBER, BAEMREENZOEICHEN

TWbd,




Table 1-3 Types of fuel cells.

Type Operation temperature Electrolyte
Low temperature «::ccrevrriiiinnn ~300°C
Hydrogen F.C. 60~90°C 25~50% KOH
Ammonia F.C. 80°C 35% KOH
Hydrazine F.C. 60~65°C 30% KOH
Methanol F.C. 230°C 85% KOH
013 g 80°C Nafion*?
Super acid F.C. 60°C 50% TFMS*?
Phosphoric acid F.C. 170~220°C 95%~ H3P04
High temperature «:+:«: " 300°C~ (600~1000°C)
Fused carbonate F.C. 650°C Li2003:K2005s = 62:38
Solid oxide F.C. 1000°C (ZPOz)o.oz(Yan}o.oe

$1 Solid polymer electrolyte.
%2 & CFs CFs7]
| I

—{ = (CF-CF) u~CE2~CE~ |—
I
| SO0 -H*:Hz20 o e
$3 Tri-fluoromethane sulfonic acid.

BEARERE RN EM (Solid Oxide Fuel Cell : SOFC) BB TA T HEM (FL L
TRV HEY) 273 TR ZEREICAVWEYA 70H DT, 1000°0C WS HEE
THEBT 2O THYET, KEP—BIRROARLTAY Y OESEMN L LTHL DR :
Y. WODDORERHITVS. ERBECOBKERERNELY X7 LDV OF i
EREHE (0~60% BRLTNWD, Fig. 1-4 KZOBBEERT?® . BV —KTA 2>
b UEBRBIERI A > O CREREE>TT ) — FABB L, 22 CARDO BRI 2
RRLRIELTEFEBEL, KPRBHAXLRB, ZOLEOREARANY X FOR 5
(R 1-5) T LB, BAEHICERE BRAE 102-1.0atn) . #BHAD p02 & 10717
atn BEE LELED EEK IVicks,

E = (RT/4F) In[p02 (BRALA) /p02 RN ] (1-5)

E : EFAH [V]

R KAEKEE [Jmol K]

T  EBeEE (K

F o 7755 —E& [Cmol™?]
p02 : BBRRSHE [atn]
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Fig.1-4 Schematic diagram of solid oxide fuel cell.




EHEFEERNERZZOERICX > TRELAJGRELEFEREICKITLN, £k )LD
BOHEDHECL2THZL DI A 7ICRTF 5N 5, Table 1-4 IZ&IVR—F VP
S2NWTC, BRINDIFREBIUVEHEZCHALED SN TWIRRN BB EZ LD,

Table 1-4 Components of solid oxide fuel cell.

Component Required properties Material
Cathode ‘High electronic conductivity. (La, M)MnOs (M:Sr, Ca)
Thermal stability in oxidizing (La, M) Co0a (M:Sr, Ca)
atmosphere, Li doped NiO
Thermal expansion compatibility with Sn doped In20;
electrolyte. Al20s doped Zn0
Porous (no sintering). Zr0z doped Zn0
‘Electrocatalysis for oxygen redgction.
ete.
Electrolyte ‘High ionic conductivity. Ir02-8m0l% Y202
‘Dense. ete.
Anode ‘High electronic conductivity. Ni
‘Thermal stability in reducing Ni-7r02 cermet
atmosphere,. Co-Zr02 cermet
Thermal expansion compatiblity with Ti0x (x<2)
electrolyte.
Porous (no sintering). s
Separator and ‘High electronic conductivity. (La, M) CrOs (M:Sr, Ca)
Interconnector :Thermal stability in oxidizing (La, Ca) Co0a
and reducing atmospheres. La(Cr, Mg) 05

Thermal expansion compatiblity with CoCr204
cathode and anode.

‘Dense (no gas leak). - é;

ERRSHDPZ LS, BRERERBERORPTRAO T I A, NERARLYIZ
HYV—=RBLTRA VI —aR 7 ¥ — (ERETCRENV—F—) MR LTHEAZhTY
Do AV—FMBELTRE. [l] REBLBHEKTILENICRETH S, (2] HEXHEF
W, 8] BRBTEXEV., [{] ERELOvvF U /BEBATWS, (5] EBIEBE CE
REEXRN, REOMERERIh S, BEDOELZ A, Sr(Il) ® Ca(ll) ZRK—F L
ZIE®D LaCo0s BL LaMnls BBIHEL MBI THI LI TS, LAL, 200
PRESRILDIIBEL LBRETESERCEN TS —AT, EEE (Ir02-8m0l1%
Y205) ORMBRFBEEDENKEL, FEYNVI=7E 1000°C CERICRIGLTHER
D/INE7R Lazlra0, ZERLTLESRAZDD (R 1-6) »




LaM0s + Zr0z = 1/2 LazIr20; + MO + 1/4 0z [M:Mn, Co] (1-6)

TUHVRBRIEMECOEBEORETEINI=ZERB LERVWE, EREOFEAEICEL -
T 1100°C HETHEEPELLOREDIH D, /=, v T NVRPHRICE>TERELS
HSRICEOTH W=D, BRERERBEROMB L LTEFEYLINTWS, BET
i A U1 PREDZH 2 A RBRIY (Ls, St) 1-Mn0s ZHWVWR EIYNVI=7 LD
RIGHHH XN 2 L DORE?T DTSRI IV HREEARILLY (Pr, Sr)Mnls HS5 Y
BURVHVRIDBEN-EBREE TR T EORE?® BH D, —H. BROETHEB X
UBRIEMEOEFBEKICKA, BET, PORBRVWEFREEEIBERINZS V¥ —O0RT %
— (Vv —%—) HBEELLTIE. %70 LR EIBEDh TS, KEBIC
LR EMEOR EEXD . JOLARSORBE =80 A B4 M Ca(ll) ® Sr
(II) Z2HMLED., i RERREEZEREOZNICEDIT S8 B ¥4 M Mg(II)
EHRMLULTAWSLNRTWS,
EAHERERHEVMOBRRKORRIEREOREREEPRIBENE NS L TH B, i
PBEEPEEATERW=DICEREEZ 10000C BEZFTCLITRIFAERS T, D
BIRREDORTCELOARERNRV, COREZRRT 270, FHFEMSOBER L LT
LTREERDOMBORZBBEPEDSNT NS, FIZIX. 77 XX 7V —¥., {LERE
(Chemical vapor deposition, CVD) ¥. BE&KILZEZEE (Electrochemical vapor depo-
sition, EVD) ¥, ZV—AX 7V —%. RF AN P ERVICI I EREBLTEBOE
BRAEP, 2B L=BBREANWVTY—RESABLAEZEFR S -BELREEEZHAR T IR
ABRINTNDe X2 A V¥ —TFX 7 — (VL —F—) TB\TIX, FERERENS
DR TERZTD . BMATHEOHI > =BRILUK FE2AWTHRERZITS . B4 O
AZRINT D, RECL>THERDKRER., MENBEREEHMLIVIZLRLIA
BEERDLZEBHAABALINTWS,

2.4 _ROTZh 4 FPRFIEHEGRLHER

ERDXSIT, RO T A4 MEFTERAREYEBORANIEEERERHERO
MERLICERPTZLDTERVWERTHZIEr b, BLORELZR>HARLELYE
BRIET D LICLo T, BRENEEM® PRB|ICBITIZX7 Y VARMDHBLMR
R FAOBEARERD, ROT7 X0, MR TIEHABRIEWEBROEREL LT
CNETHWEINTWBHER Table 1-5 ICF o=,




Table 1-5 Formation methods of perovskite type rare-earth composite oxide films.

Method Film Substrates

A. Physical method

Vacuum evaporation LaCo0s3 D YST (Zr02-8% Y20s)
(Electron beam deposition) LaMn(0532 151
RF sputtering3® La1-x5r:M0s YSZ
(M:Cr, Mn, Fe, Co)
RF magnetron sputtering LaNiQa3% Si, Mg0, Quartz
LaCo0333 Si, Quartz
Dip coating La;-xSr:M0s, LaNi033®  Quartz
(M:Co, Mn)
Lao.ssSro. 1sMn0337 YSZ
Spray deposition2® Lai1-xSrxCo03 Porous La;-x5rCo0s

RF plasma spray deposition®®  LaMOs (M:Co, Mn, Ni) Alumina
Laser abration3® La (Sr) Cr0s Porous LaMn0s

B. Chemical method

Electrochemical deposition La;-MCr033% Pt, SUS 304, SUS 430
(M:Sr, Ca)
La;_xSr Mn0s+® Pt
L&COOa‘“ Pt
Photoelectrochemical LaMn03 SrTi0s,,
deposition*?® Ti0z single crystal
Pyrosol+® La1-x5rMn0s Alumina

(Spray pyrolysis)

2.5 SU¥ > 7n AREEREPORK
NOT7Z2h4 NEFTEREBIEDICOVWT—RBMERZRBRRTEEN, ZOHICH -

T2 70 AREEGRILMIIFERCHED 2BIEVWDO—DOTHDILEZL D, EDEK
DRBEIBL BN EEMICIHEEEZ LD 10000C i2BNTIE 0=5-1og (p02) 21 @
RETRETHL Y, ARERERNEROHY —FEL LTAVWIBAICHEREDY
NWIAZTFPEAEEESRB LRV, K 1-6 ICEE L= LaM0s (M:Mn, Co) &¥NVa=7 & D
RigiE LaM0s 0Bz (R 1-7) & Laz2lra0- O&ERRE (R 1-8) LHBS5MDIUL-T
BY., 70 LARHABREHORTRE - ERENZIZ AR ORENE., T2bD% Cr ()
DEEMICERT Z2LEDhTNSE*Y,




I I .

LaM(II)0s = 1/2 Laz0s + M(II)O + 1/4 0z [M:Mn, Co] (1-7)
1/2 Laz0s + Ir0z = 1/2 LazZrz0+ (1'8)

—H. EOBRKORRZERGHETCREREZELIZLPELWI L, HERHBEL,
BERFEPBRNE VNS L TH D, —#RIC Lalrls; OREREEZRO BICIE 1600°C ML LT
ERHEOBULEZITS CEPLELINTED, 1300C BEOL D BWRE CHERLD
50, 2 D—HEBANYDATERLED, 7DL0—BEYVHYTERT S
ZeBTDbh TNV, EES*Y IC&hiX La () -Ca(Il)-Cr () FEERIEBMWIC/ =
VEBRVIBRBREDODEHEEZRIM U THEB U La:-xCaxlr0s [x=0.2, 0.3] ZHEKE
BTOFBEEIRESINIerWMESIh, £/ Sakei 547 & B ¥4 b o AkBR
@ Lao.7080.3Cro.080s #% "liquid-phase-assisted” LEEHBMEZE I LICX>T 1300
C CHREED 4% ITHREUETHIZLEREL TS,

e PWVAVEIERERICX DS VY VORI BEBRIBEMOHAREEERIT, X
(X La(ll) o—&B% Ca(ll) TEHT ZL. ERTIHGRMEDEIBLEOBRHEKICL -
TROVWThDPOMEERE L TWE EEbh 3,

BITMFES ¢ La1<08x0r0s- /2y + (x/2)Vo  [Vo:BRFRZEFL]
BREMSHESK : Lai-xCaxCr () ;-,Cr (IV) 405

BTEFHEACTHE L ERILYCEIBBEDO/ NS RBREABLESBELET 220, EFE
BMEPRONTHERIETT 28, BEAECL-Tz oz 2EDHBZ L, Cr(0) D—
B Cr(V) LRDZhSOBMTEFORY Y /HBTEL RS> T, FORRABERIR
BNICHENT %48,

LaCr0s OERIXIFLALZORE. HBEYWEEL LT La () & Cr () OEHEANT
Tbh b, La-Cr Rik La-Mn RSP Le-Co RRLICHRTHABILO~DERBEIE L,
ZORR, BoN2BLPIO— RN FRIARE LRXERIPRD /NI W, BiE, VYV
/PRI L 5T 650°C - 5 RIS WS R b <A )V RRBAREERET, —REFT A X
0. lun, HHREH 200%g " 2FT 5 Lalrls BERBERINEZLORED BREh, &
Bahi=,

2.6 La(I)-Cr(VI) R SHD LaCr0s OSHEK

—73, La () -Cr (VI) RILAMZREL T3 LaCr0s DAL P.E. D. Morgan 54 -
° ¥ Konno 532 OWECROLNZEETH S, Norgan Sik MID REAEEMB L L
TORAEZENE LT, BES Y9y, ZBEZDABLTR—EY VRS (RBX bo
YFUL) OREBWHIS LalCrls BE Lao.saSr0.16Cr0s ZERK L. COWMEDH
THIL, La () -Cr (VI) RBWERRBEELTHESNO= "active precursor powder” %




600°C THRAMT & O7 IS4 bOBR—MEBERL. Eh% 1500°0C THRITZL%
nEEIX. LaCrls TEREED 92%. Lao.seSro.160r0s TiX 7% & RBZ L2 HHL
TW3, HEERICETI2EROCRANRERT —FBRELTWSH, La (1) -Cr (VI)
RIEEMEANVWIEREOAEFMMEETBRLTNEIEEL LD,

F 7=, Konno S5RXEBESCERRFEZHA LT La () -Cr (VI) RVBWPS Lalrls WK
EPEARTAFECOVWTHELTWS, COFER. (1] Sy 2E80EBE0/ 0L
BABRORTHYRZRBMEOBEENBE LTERE-ZIFOMOBELEYEEZ LY — K
AL, FhHOXRMEC La(ll) & Cr (VI) 238V ETHIES, (2] WHDZH
MBEIZX > T Lalrls KE#RT D, LWVWS53HDT. FTRROLS RRIEHPRETWS L#HE

IhTWwb,
L&(OHz) n3+ — L&(OH) (OHz) n2+ + i + (M‘H)Hzo (1'9)
La (OH) (OHz) 22t + (r02 > L&(OH) (CI‘O4)XH20 + qH20 (1‘10)

La (OH) (Cr04) ‘xH20 —> La (OH) (Cr04) —> La202(Crz0+) —> LaCr0s  (1-11)

ZORFEC LN, BESOLREE LTI LETENT 7 X2 ¥ Y KBRIMR I
B00°C - 60 =i 800°C « 20 LWV WHIREMT LaCrls DY—FEWHEALERT 3,
Zh&T La(l)-Cr () RIEAWEHBERL LEBAICIR. BHOBREZZ /v F ) ¥
YRy, -7y FOBBELBELTIRONESFECBEIN TS, BHERH
RERT 2 ERELWEETNTWE, La(ll) -Cr (VI) RILEWZANDZLIZLST
LaCr0s B HBMEVEE TART E 3R R LEACBNT, ZOREIEERT
RE2FZ TN,

ZO&3IT, La(l)-Cr (V) RMLAWEHRFRET S Lalr0s OAREFREE T &
FLOEMMERITVNBILER 3. LPL. JOLAOBARBESOARREO 7Ot
ROV T RSB 2T o 2 BERR L, £, LEOESKENBAEOIERIC 3
La () -Cr (VI) %5 LaCr0s MEROBRERALHED R SR, n

3. ABEOHN o
EITAHRICBWTIX, La () -Cr (VI) BEEATRERPS Lalrls ZEKRT 2RO
SRRSO 70EZIZDONT, BT, X REH, X MAEFOALT, EFIALHR
REDHERZANVTHBICRI L, ZORBEHESPICTIIL2ENE L, £k, La
() -Cr (VI) RBEBEPEX TV =231 0 U Y ZROFEEANWT Lalrls HBRZLRT 57
BEBUTIIL2ENL LT, MEERCKIITHRME. EREE, THKMZZO
ARGOEEERIFTIL LB, BONEIREEB I UCRILYEROFY>7 5 ) ¥
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UTFICARLOBRZBIRET 5,
8 2 BETiZ, La(ll)-Cr (VI) BEERIEEDPS Lalrls ~OERRBIC D\ TR 21T

SR ER Rz, £9 La(ll)-Cr (VI) RBWH SHEB LU -BSERIBREICOVWT, b2
7. RSN BREEBSH. X RET. RAPHSMREDFEICIOFYS IV
—3avEToR. MWTZOHIBEZELORETTCRABLTCERYEF YS VS
A ZXTBHZLICED, LaCrls AOERRE 7Ot I RIFTHIEREOBRZY L MR
HoEBERETLE,

2 3 ETiX. La(II)-Cr (VI) BEERBEORMBREICBNT, BLZEHEL LTER
L7= LaCr0s, 2BEELT. 2hd» 5 Lalrls "OEBRKEDO 70t X 285 L-EE %27}
Rzo £9. LaCr0s ZILZFDH. TR, X BAEBFI LT, EFALUHBBI T
ab initio A FHEFHERELDFEEZANVWTF ¥ I 77514 XLk WiC Lalrls ~DE&
BRIGEEICRIZTRASEOREZ#ST (53R 16, T6-DTA, DSC) ICX->THNR, &
BREREFTIV /2T 5 i RiSHEBOHERZEA ,

8 4 BT, La (M) -Cr (VI) RBEWEPSX T —4 0V Y XEZANWTRERIR LIC
LaCr0s BLUEBEHEESRILYBROLREHKAKBRICOVWTERRE, BEEE . EiK
@R, HTHIRRE R ¥ ORIBRARIR O RSEM M. Lk U AESB X TRt OB E,
R MRIC5EZ2EEE2EANR, £ AT VUV ARMIBILYEEZER L - & EORE
LR E L TORRERZBRET L=,

B BZRETH S,
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# 2 & La(Il)-Cr (VI) EAEEREPSD Lalrls DGR DR

1. B

Sy 7o LhE#EARBREY Lalrls BRARICIELERT, ChZ2ERT DRSS
yoAEEmE IO MEEMEEZREB T CERRIES I, £REZEN 5056 —HalR&
PHEBLEE, BRUBRZTIPOVWTNIOFEICLS. B | BETRREXSIC Lalrls
DEREELTINETICHREINTWSFEDOKREAE La () -Cr () REHBRET
B2HETHDH. ZhiCA LT La () -Cr (VI) RMEEWPSOERICEET 2HEIZBDTD
ZWo F/=. La(ll)-Cr (VI) RS LaCr0s ADERKIED 70t XIZH T 2 RN 28R
il BRINTVWERN,

HFEIZBWTIX, £ La(l)-Cr (VI) AELSAM LU EAENBEAZ2ELORETT
HARL, BOBRIGEO 70 ABLUEEICRIETHIREORMNEZEGB L CHLEOS
H& - BE - REAOERERHAN =, BKIC. A Y1 MANVY Y LAERAE BXT B ¥4 b
RUHAVEBES VU 70 AEEBRIEMICIOVWT I ZFORIMRBERZRI Lz, vV H
VEBRICOVWTE., BERR § & (~] STEZALHNZRA/BULT. BOB7DEICR
T ERBOEBIIOVWTRH2ITo .

2. KB

2. 1 HED2H

Z2F VHEEKTITEAEERBOBRS V7> L5 KW (FkR) 2AV., EHICKE

LTRAEFDOZ S E%Z A ICLZFV— PRETKDE=. 2ITiRER Fig. 2-1 07 e
D—Fv—MIRT. ZOARKE LTREBEERO=BEr 0L (BR) 2AVE, g
HUBOD=LI7OLAZREKICIBP LT M EBOBHZRERL, FOEEL Fig. 2-2 2
DFBCLEN>THELE. 2B, BEZXDBZCH=>TEHSPULORABAIEH
DREBREEZLUTOISICUTHERLE. $hRbb, BRELEK 1425 070 LBHY
DA [N, Bk 2RFKICHE»LT ldn® 2L, 512 100 fSICB&ER L=, #
DEWBE 0~20cn® DFLBERYF 4> 7L, Fh2hIZ IM HRE 5Scn® ZMATXS
CAREKTH 45cn® FTHERLE. ChICY 722V ANISY RBH (V7 =)V h)u)s
YK [MERCK 8, ®&&] lg + 7 b> 50cm® + ZAEK 50cm®) % 2cnm® H1Z 2 LHKRE
BEETD0T, REKT 50cn® L L=, XBE len OXELNICANL, REKkET
ZY72LT 540m ICBIFRZZRNEERRAE L~ (Bl 101 &), REEOEE»IS5KD
SN=ENRNFEEUT 42. 0% 10%00] "Ydn3en! THo 7,

ANV ABREBLUC Y HUVEEKICREBAN Y D ABIUKBY O HY (L dICH
RLER, %] 2BV, FHRCBLTAETOANVY Y ARBLUTY Y H V&% EDTA




La(CH3COO)3 1.5H20 x 1g

<4+— (0.1M HNOs3

<t— Dijstilled water

A4
La(lll) soln. x 250cm3

15cm? pipetting

<— Hexamethylene tetramine < pH=5.5>

<¢— XO indicator

y

@—— 0.01M EDTA standard soln.

Fig.2-1 Flow chart of analysis of La(CH3COOQO)3 1.5H20 reagent.




CrOs x 200g

Cr(VI) conc. soln. x 1dm3

Diluting with D.W. [ 4 X 107 times ]

Cr(VI) diluted soln.

Scem? pipetting
<—— 2M H2S04 x 5cm3

<—— Diphenyl carbazide soln. x 4cm3

« DW.

Cr(VI) measuring soln. x 100cm3

l

Measurement of absorbance
< 540nm >

Fig.2-2 Flow chart of analysis of CrOs reagent.




X BF LV —MRETKDE. 2B ER Fig 2-3 BXY Fig. 2-4 TR L=,

2. 2 BIEAROHEB B X TS
2.2.1 FFEEE

EBEEHS (K 2M) 0=t/ BEAE 20cn® 2RI 7S IXIICAN. ChICEE
B> >% Cr/la = L00 CRBEDIFFELTEHEMLE, REKTEEEEZK 100cn®
YLiEob, 20 La(ll)-Cr (VI) BEBHEO—F ) — AR —F— [4EHR RE-111
] ZAWT 15°C OBBHRTRELBR L=, Bohi=mEx%® 130°C THZAL [/ 1 8
LC-110 B], ch#z THifk{KR A] L L= CORIERE A 2EREKF (Wil XA
Bi] ZAWTAKBEET 400°C ¢ | RSB L=dD% ML By . BRFET
400°C ¢ | BB L7=d D% THIERE B’ 1 & L=, FiMAORKICBIT 2 —EDig
fE% Fig. 2-5 o70—F»—bICmLiE,

AR U= A ZBRICTABTCHLDT, 0. IM IHRICHEREE, Fig 2-6 ISR LEFIE
Tt ETo7=,

—h. BiEE B BLXT B BB ZIVAVICBITELSRVWED, HRAWRZTS 2 Lk
TCxRPok.

2.2.2 E@yY

La-Ca-Cr & i (La/Ca)/Cr=(0.80/0.20)/1.00 &3 X>IZ. La-Cr-Mn & TiX La/
(Cr/Mn) =1. 00/ (0. 80/0. 20, 0.50/0.50, 0.20/0.80, 0/1.00) &723XSiCHiRLE=RHAK
ZEGL. FEHRECEAROBETHRAE A BIXU B 2FBUL =, K&K A OHEBLHF
X FBEPELK 0. 1g 2 0. IM B8 (La-Ca-Cr ) /X 10% BB FoxI V73
Sem® + 0.2M F4ER 100cm® DWW (La-Cr-Mn R) ICHBBEL., REAT 250en® ITARX7 5
V7LD, BREETSXCRFRESH (Inductively coupled plasma atomic
emission spectrometry, LAF ICP-AES LB&Y, £ a—FEF8 SPS 1100 &) Ick bfT

Oto

2.3 BIREDOF¥Z 2 H Y B—Ya Y

MR U-RTRIAE AL B BT B 20T, H#AD¥S# (Infrared spectroscopy, LA
F IR ZB&3, JASCO ®¢ IR-810 ) BX X #MEHr (X-ray diffraction, AF XRD &
B9, BZH ME-412C &) QHERToE. R AFICBVTIE, #EE LT Cu Ka #
2RV, BIINEE 30kV, ER 24nA, T4 77 ¥ —EBEE 2° nin !, BEK 1. Fvr—
PA¥—FKiE 20mmmin~! & L7, IR X7 MLiZ. BLE 0.6% o zaTHE-8
)Y AOBEESHFK 0.28 % 200kgen? THAMLL (BRZ 10mn, BEX 0. 7~0. 8on) .




CaCOs x 0.38¢

o 2M HC

<— Djstilled water

Y
Ca(ll) soln. x 500cm3

20cm? pipetting

<¢— 8M KOH x 4cm3

<¢— NN indicator

7
! £
Ry
Ay

 Titration_Y<——— 0.01M EDTA standard soln

Fig.2-3 Flow chart of analysis of CaCOs reagent.




Mn(CH3CO0)24H20 x 200g

l«—— Distilled water (D.W.)

Mn(Il) conc. soln. x 250cm3

l Diluting with D.W. [ 10 times ]

Mn(l1) diluted soln.

10cm? pipetting
<—— Potassium sodium tartrate (Rochell salt) x 1g
<—— NH4CI-NHs buffer soln. x 5cm3

<¢—— |-ascorbic acid (Vitamin C) x 1g
Heating

<¢—— BT indicator
\

CTitratl'OD<— 0.01M EDTA standard soln.

Fig.2-4 Flow chart of analysis of Mn(CH3COO)2 4H20 reagent.




2M CrOsz soln. x 20cm3

<+— L3a(CH3COO)3 1.5H20

<Cr/la =1.00>
«—— Distilled water

La(lll)-Cr(V1) soln. x c.a. 100cm3

l Evaporation at 75°C

La(lll)-Cr(VI) powder

Drying at 130°C
Mixing

Precursor A

Heating at 400°C for 1h

[ in air | [inN2]
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Fi1g.2-5 Flow chart of preparation of La-Cr precursor A,
B and B'.
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Fi1g.2-6 Flow chart of chemical analysis of La-Cr precursor A.
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Fig.2-7 Schematic diagram of the experimental set-up
for measurement of specific surface area.
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Table 2-1 Chemical analysis of La-Cr precursor A.

La / mmolg™? Cr / mmolg™? Cr / La Molecular weight

2,858 2,87 1,00 350
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Table 2-2 Elemental analysis of La-Cr precursor A, B and B’.

C / mass% H / mass%

Precursor A 6. 98 2. 11
Precursor B 2. 89 0.19
Precursor B’ 3. 14 0. 38
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Fig.2-8 Infrared spectra of La-Cr precursor A, B and B'.




Precursor A

Precursor B

%

Precursor B'

20 30 40 50
28 (Cu Ka) / deg.

Fig.2-9 X-ray diffraction patterns of La-Cr precursor A, B and B'.
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Fig.2-10 X-ray photoelectron spectra of La-Cr precursor B.
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Fig.2-11 Electron spin resonance spectra of La-Cr precursor B.
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.2-12 Scanning electron micrographs of La-Cr precursor B.
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OEADAEIK 15° T—ETHok,

3.1.2 BB
ANV LABBREORRE A REGZ2L. FiRAE B IEREXGEZ2ELTVWE, vV
HYBHEOHERE A ORIZ, BRR j=0 THETH =0 y O L dIcHEHL
& > BEALE/LL, y=1.0 © la-Mn REENRBTH o=, BUEHOFIRE B Ofa
IERRIC LDV THEERE (y=0) »OEKERB > B6 (y=1.0) ~n&E{LE.
Table 2-3 BXWE 2-4 I, EN2NDOFIEEKR A IZDWT®D ICP-AES I X 2REA2HTD
BRETRT -

Table 2-3 Chemical analysis of La-Ca-Cr precursor A.

x* La / mmolg~' Ca / mmolg™* Cr / mmolg=* Ca/(LatCa) Cr/(La+Ca)

0.20 2. 83 0. 663 3. 44 0.190 0. 985

% Substitution ratio of Ca to (Lat+Ca) in (La:-xCax) Cr0a.

Table 2-4 Chemical analysis of La-Cr-Mn precursor A’s.

y* La / mmolg™* Cr / mmolg™* Mn / mmolg=* Mn/(Cr+Mn) (CrtMn)/La

0.20 2. 70 2, 22 0.582 0.208 1. 04
0.50 2. 34 1. 20 1. 19 0. 499 1. 02
0.80 2,22 0. 449 1,75 0.796 0. 990
1.00 2.01 0 1. 9% 1. 00 0.971

£ Substitution ratio of Mn to (Cr+Mn) in La(Cr.-,Mn,) 0s.
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Fig.2-13 Infrared spectra of La-Ca-Cr precursor A and B.
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Fig.2-14 Infrared spectra of La-Cr-Mn precursor A.
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Fig.2-15 Infrared spectra of La-Cr-Mn precursor B.
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Fig.2-16 X-ray diffraction patterns of La-Ca-Cr and La-Cr-Mn
precursor A's.
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Fig.2-17 X-ray photoelectron spectra of La-Cr-Mn precursor B
with y=0.5.
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Fi1g.2-18 TG-DTA and DSC curves of La-Cr precursor B measured
in different atmosphere.

Sample : 30mg, Heating rate : 10K min”’, Gas flow : 100cm’ min’.

_48_




Mass loss / mass%

Endo. — EXxo.

(c) inO2

; ] |
0 200 400
Temperature / °C

s

1000

Fi1g.2-19 TG-DTA and DSC curves of La-Crprecursor B' measured
in different atmosphere.

| Sample : 30mg, Heating rate : 10K min”’, Gas flow : 100cm’ min.
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Fig.2-20 Temperature-mass loss curves of La-Cr
precursor B measured in N2 and air.

g s 8 ; e
Pyrolytic time : 60min, Gas flow 1 00cm” min™".
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; Fig.2-21 (a) X-ray diffraction patterns of La-Cr pyrolyzed
products formed in N from precursor B.
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Fig.2-21 (b) X-ray diffraction patterns of La-Cr pyrolyzed
products formed in air drom precursor B.
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Fig.2-22 (a) Infrared spectra of La-Cr pyrolyzed products
formed in N2 from precursor B.
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Fig.2-22 (b) Infrared spectra of La-Cr pyrolyzed products
formed 1n air from precursor B.
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Table 2-5 Elemental analysis of pyrolyzed products*! in N2 and air
from precursor B.

C / mass% H / mass%

Precursor B*2 2. 89 0.19
N2 500°C 2. 73 0
550°C 2. 68 0
600°C 0. 51 0
700°C 0 0
Precursor B 2. 89 0. 19
air  500°C 2. 19 0
550°C 0 0
600°C 0 0
700°C 0 0

$¥1 Pyrolytic time : 60min.
$2 Refer to Table 2-2.
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Fig.2-23 Temperature-mass loss curve of La-Cr

precursor B' measured in Ne.
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Pyrolytic time : 60min, Gas flow 100cm™ min .
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Fig.2-24 X-ray diffraction patterns of La-Cr pyrolyzed
products formed in N2 from precursor B'.




Fig. 2-25 I, SERFCHEGL b % | BERSELELZ0, £RWO IR RITIA
» M VERT . BIEEE B OBE (Fig. 2-22 (a)) 2 EE>7T Cr0.2- ORI (900cn~")
RADLNT. T2, 100C CBNTHERRADBEL WS LoibH»3 (1600~
1300ca™") o 700°C M b Cr(I)-0 EEYICHET B —2 (600cn~?) BHELTED.
BEIC LSR5 AR MVOBRILEE -SRI (Fig 2-23) © IRD O&SE (Fig 2-24)
LRIMBE LTV,

R B 22BRPTROBLELZOERDICONT., RS OKER%EZ Table 2-6
ICT . BIERIR B OHB/S (Table 2-5) ICHART. BEEHRRSOLHBNIERICHEARIC L
W EDBTRATDOLPSHHERTE D,

Table 2-6 Elemental analysis of pyrolyzed products*! in N»

from precursor B’.

C / mass% H / mass%

Precursor B’ *2 3. 14 0. 38
N2 500°C 2. 49 21
600°C 2 3d 0

¥l Pyrolytic time : 60min.
%2 Refer to Table 2-2.
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Fig.2-25 Infrared spectra of La-Cr pyrolzsed products
formed in N2 from precursor B'.
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Fig.2-26 Effect of pO2 on temperature-mass loss curves
of La-Cr precursor B.

T . & =y
Pyrolytic time : 60min, Gas flow : 100cm™ min ".
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Fig.2-27 Conversion curves of La-Cr precursor B to
[LaCrOs in N2 (a) and air (b).
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Fig.2-28 TG-DTA and DSC curves of La-Ca-Cr precursor B

measured in different atmospheres.

Sample : 30mg, Heating rate : 10K min', Gas flow : 1 00cm’ min’”.

_64_




Mass loss / mass%

5k -
-10 |- i
5L 1 . | . I . 1
400 600 800 1000

Temperature / °C

F1g.2-29 Temperature-mass loss curves of La-Ca-Cr
precursor B measured in N2 and air.
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Pyrolyvtic time : 60min, Gas flow 100cm™ min .
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Fig.2-30 (a) X-ray diffraction patterns of La-Ca-Cr pyrolyzed
products formed in Ne from precursor B.
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Fig.2-30 (b) X-ray diffraction patterns of La-Ca-Cr pyrolyzed
products formed in air from precursor B.
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Fig.2-31 (a) Infrared spectra of La-Ca-Cr pyrolyzed
products formed 1n Ne from precursor B.
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(b) in air
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Fig.2-31 (b) Infrared spectra of La-Ca-Cr pyrolyzed
products formed in air from precursor B.
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Fig.2-32 Conversion curves of La-Ca-Cr precursor B to
(La.8Ca0.2)CrO3 1n Noa.
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with different Mn content, y, measured in N.
Sample : 30mg, Heating rate : 10K min’, Gas flow : 100cm’ min’".
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Fig.2-33 (a)-2 TG-DTA and DSC curves of La-Cr-Mn precursor B's
with different Mn content, y, measured in N.

Sample : 30mg, Heating rate : 10K min”', Gas flow : 1 00cm® min’".
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with different Mn content, y, measured 1n air.
Sample : 30mg, Heating rate : 10K min”’, Gas flow : 100cm’ min™.
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Fig.2-33 (b)-2 TG-DTA and DSC curves of La-Cr-Mn precursor B's
with different Mn content, y, measured in air.

Sample : 30mg, Heating rate : 10K min”’, Gas flow : 100cm’ min”".
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Fig.2-34 Temperature-mass loss curves of La-Cr-Mn precursor B
with different Mn content, y, measured in N (a) and air (b).
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Pyrolytic time : 60min, Gas flow : 100cm™ min .

—
-
—
-
—
-
—

~<<
1
)

(@) In N2
0.20
5 Mass%
0.50
0.80
1\
)
l 1 l 1 L 1
I T | T T T T
=0
; (b) in air
0.20
5 mass%
0.50
0.80
1.00 e
| 1 | ! ] 1 |
400 600 800 1000

Temperature / °C




(@) y=0.2

Precursor B

e [ a(CrosMno.2)Os ?

600°C 1h
o La(Cro.sMno.2)03
v [ 22CrOe

700°C 1h

®)

i 1000°C 1h
o e : A

| | | | l |

20 30 40 50 60 70
26 (Cu Ka) / deg.

Fig.2-35 (a) X-ray diffraction patterns of La-Cr-Mn pyrolyzed
products with y=0.2 formed in air from precursor B.
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Fig.2-35 (b) X-ray diffraction patterns of La-Cr-Mn pyrolyzed
products with y=0.5 formed in air from precursor B.
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Fig.2-35 (c¢) X-ray diffraction patterns of La-Mn pyrolyzed
products (y=1.0) formed in air from precursor B.
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Fig.2-36 (a) Infrared spectra of La-Cr-Mn pyrolyzed products
with y=0.2 formed in air from precursor B .
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Fig.2-36 (b) Infrared spectra of La-Cr-Mn pyrolyzed products
with y=0.5 formed in air from precursor B .




(c) y=1.0
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Fig.2-36 (c) Infrared spectra of La-Mn pyrolyzed products
(y=1.0) formed in air from precursor B.
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Fig.2-37 (a) Infrared spectra of La-Cr-Mn pyrolyzed products
with different Mn content, y, formed at 600°C.
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2-37 (b) Infrared spectra of La-Cr-Mn pyrolyzed products
with different Mn content, y, formed at 700°C.
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Fig.2-37 (¢) Infrared spectra of La-Cr-Mn pyrolyzed products
with different Mn content, y, formed at 1000°C.
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3.3 B {tYOoxXF¥YyZ27HVE—a
3.3.1 JFERY

gL S, La () -Cr (VI) BERRREEZHRIET 5L, ERECHRTY
hBAREMHT Lalrls ZAMTHLBTE D, 85Nz LaCrls IZDNWT, XP§ B
J ESR DRIERfToERZE Fig. 2-38 BXW 2-39 2T, 70 A 2p ZDOWTOD
IPS 2% )V (Fig. 2-38 (b)) iX. LaCr0s fpZ7 s Cr(ll) OBE—FEE LTHELEL
TWBZEBRLTWS, ZORBITHEIRE B 22K+ 1000°0C T | KRERSIFEL TH
MLEHDEMN, XRD T Lalrls ODE—HIPERIN-HABTH o THERDPT+FTEA
TVWRWBEIZIE. Eu=580eV I Cr (VI) O¥—2BRBDLNLZEdH o=,

F=, Cr () IFARNEBEFZETEIDT ESR ONRERD, BERTCRIFEAEIY T TNV
FEBIhRDPo=, -196°C ZBVWTIEBD THWRD S FILEEE 34356, #RIB 425G
DAY NVBBEINE, B5h=ART MVORE., ZVIFEFI/7O0I7HER
YicBWT., MU BREICH S Cr () BRTARZ MIVOENREERESERS>TW
251 Zhix LaCr0s Fop Cr () FIEEBRFRERL NS0, B#E Cr(ll) D
BEBFHEEAPRBEEER LW EELOHEEAZRIZITIZ L ERDN
Do

@Rh 700°C TOMB/IC K DAEB U= Lalrls ORFERE Table 2-7T IR HE
EEREBENTREBELRS B LTV,

Table 2-7 Lattice constants of LaCr0s*’.

e e T S S T
e 'y it 1 N 15 ' . 4 -

Lattice constant Measured*? Reported®
s/ A 5. 482 (1) 5. 479
b/ A 5.512(2) 5. 513
¢c / A 7. 755 (1) 7. 756 |
YoAY 234, 3 (1) 234. 3 i
#1 Sample was prepared by pyrolysis at 700°C for 1h in Na. ;a

£2 Numbers in parenthesis refer to standard deviation.

D v

Table 2-8 it. ML OBRAMEET CHB XN/ Lalrls @ BET HEREETH 5. A&
THERUE LaCrls . HEXROFETELSNEEN Ko ™?!) KERTHIRIRERLR
s ELTHEh. BcBEVWAETARINE=RXBOZENIZ Chick 5OWMEE™ ITEE
T3
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Fig.2-38 X-ray photoelectron spectra of LaCr(O3 formed
by pyrolysis at 1000°C for 1h in No.
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Fig.2-39 Electron spin resonance spectra of LaCr(3 formed
by pyrolysis at 700°C for 1h in air.




Table 2-8 Specific surface areas of LaCr0a.

Pyrolytic conditions L
N2 600°C  12h 212
625°C 5h 212
650°C 1h 19+2
800°C 1h 16%2
Air  650°C 5h 1542
700°C 1h i ol
1000°C 1h P2

@R, 800°C - | HEOHMAMIC L bB/SN/= Lalrls ¥3KD SEM ER%Z Fig. 2-40
KRS ()~ (c) REA—HBORRIMBLEZBELZDDTH S, HilkAE B TROENL
EFEIEORKER (Fig 2-12 (¢)) & ZOERERLRPSBRIEPD~EER LTV
((a)) o B bk, BEEK 0. 1~0.3un O—RKRFPS5R>THBDH ., TNIBEHERRE
HEINVIHEABRETH L BDP B, KHEVWEETHRBLZ Lalrls Z2WTIE., K
Z 0. lun LT, KEX ORI - =REBRILVWHNFHIBREIH, ANFEEPRHEL LD
C—RRFHPRELTOL Z BRSNS,

Ric, BOMEBEEYL LaCr0s FICRET KM Cr (V) BOBRFKZ Table 2-8 BIT
Fig. 2-41 IZRTo CAETHERBMLTELLSC, BRI D ERBEKD T PEREE PR
ENZ LHDP B, IRD (Fig 2-21) IZ&NiE Table 2-9 KWL ELTORARERAETA
O72Z2h4 NE—MEPERLTVWEH, AXE 100°C | REORLIBRTHRBE®% O
KEHE Cr (VI) PEEFELTV Do

Table 2-9 Undecomposed Cr (VI) in LaCrOs oxide.

Pyrolytic conditions Cr(VI) /Creotar / %

N2 650°C 1h 3. 03
700°C 1h 1. 14
800°C 1h 0.61%5
1000°C 1h 0.30%

air 700°C 1h 3. 80
800°C 1lh 0. 832
1000°C 1h 0,314
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Fig.2-40 Scanning electron micrographs of LaCrO3
formed by pyrolysis at 800°C for 1h in N2. |
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Fig.2-41 Undecomposed Cr(VI) in LaCrO3
prepared at different temperatures.

Jsis : -l
Pyrolytic time : 60min, Gas flow : 100cm™ min .




3.3.2 ANy hNEBRE
HIVY o LABBREEIEGA B 288K F, 800°C ¢ 5 RERSEI A LICIh@EARLE
(L&o.scao.z) Cr0s @%?‘i&& Table 2-10 ‘:ﬁi?‘o

Table 2-10 Lattice constants of (Lao.sC&o.2z) Cr0as*™.

Lattice constant Measured*? Reported!™
a / A 5. 470 (2) 5. 473
b/ A 5.509(2) 5. 506
¢/ A 7.753 (6) 1.182
V-IR® 233.6(2) 233. 6

%1 Sample was prepared by pyrolysis at 800°C for 5h in No.
$2 Numbers in parenthesis refer to standard deviation.

FEEITHEBEL B —RL TV, Table 2-7 LHBT 2L, Lo (13 ¥F 11
5R18) & Ca%* (0.99R8'®) CEMT I LICLD, BRERERTHY « BARICHMELTY
AEmBRDEND.

Ric. BARBE LBEYHOXRLME Cr (V) BOBFKR%E Table 2-11 BX Fig. 2-
12 12RT. A Y4 NESRETS &, HABRLYANOERERIBEKOM, BEREEEL
BHE x OFBEERITE?Y, FRLEXSIC. BRRGEHRNEE (Lao.slso.2)(r0s
DO AD 1% BERX Cr(VI) LLTHEELTWRLEREIND, ERPTHRIFEZIT
S FBAICRAYBOBERMEIER L TVWEEEZIONZICHHEDST, 10000C- | K
MOBABRTHB LA TICIZRE 10% BE®D (r (V) BEELTVWEIERS,
BTy AE#ICED Cr(VI) = Cr([) ~OBRRIZIHSHhIEERITEND,

Table 2-11 Undecomposed Cr(VI) in (Lao.sCao.2)Cr0s oxide.

Pyrolytic conditions Cr(VI) /CPeotar / %

N2 T700°C 1h 14, 2
800°C 1h 10. 4
1000°C 1h 9. 11

air T700°C 1lh 19. 0
800°C 1h 17. 4
1000°C 1h 7.96

e R Sl o L e O
Gt Tt (s ARl e GRS | e
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Fig.2-42 Undecomposed Cr(VI) in (La0.8Ca0.2)CrOs3
prepared at different temperatures.

AETS . gon ey
Pyrolytic time : 60min, Gas flow : 100cm™ min .




3.3.3 v ERE

La-Cr-Mn REIERFMED> SFBIL = La(Cri-,Mn,) 0s iICDWWT, §=0.5 BLT 1.0 OR{L
#mad XPS &ER%Z Fig 2-43 B 2-44 ITR T, y=0. 5 ORREWIZ. HiE T ZHIERE B
#ZERT 1000°C ¢ | KA LU AR LEZdD T, XRD (Fig. 2-35 (b)) TROTX
A4 POBE—HEPERINEZHANTH 5, IPS ARZ M XhiE. 98 Cr (VI) 0oF
EERTVINI—DETRDOLENZIDBODOZ7 0 LAOKREAIX Cr (M), >H & Mn (1)
CLULTRRIEMHRICEELTWAZ L BEPOOEND, /=, 7=1.0 T2DB5 La-Mn ROR
1t (2&H T00°C 1h ) TRURZESI7DLDE—VEE&{BREIhRPoE,

B U7 La(Cri-yMn,)0s [y=0.2, 0.5, 1.0] ORFEHRZXMMBEL L HIC Table 2-
12 ICRT . FN2NORLSBREZIRACELEEDTH D, (r® BLU Mn®" 0147
VAEZIZ 0.69A'® BIWR 0.66A'® THEPSH, BEBFETCHNE T ERE
y LLBHICRFEDIPICEMT S TFREINS, L, Table 2-12 OBRICEINIZ
y<0.5 CIREFEBICIFLAZELFTRL, 751.0 T & BIY ¢ HIROBDBED SN
PEEBTH D, HL, BIRL=&LSIC. AABRR LaMnls K DOWTKRRBRICHZES iz XRD
NE—VEXBMOEFNEPRDERSTEY, RHSNERFERIREMBE LS PICE
2TW3, COREIZOVWTIRREDEZARHTH 5,

Table 2-12 Lattice constants of La(Cr,_,Mn,)0s [y=0.2, 0.5, 1.0].

y
0 (M b 0.5 1.0 [LaMnOa]
[LaCr0a] *? Measured*® Reported2®  Measured** Reported'®

s/ R 5.482(1) 5.473(3) 5.476(1)  5.4806(2) 5. 466 (3)  5.532 g'
b/ A 5.512(2) 5.514(3) 5.522(2)  5.5229(2) b §23(3) B 714 iz
¢/ A 7.755(1) 7.755(5) T.757(2) 7.7657(3) 7.740(6) 7.699 i
VLA BY 234.801) - g34.0(3) 234,811 235, 06 233.7(3)  243.7 g%
%1 Refer to Table 2-7. The sample was prepared by pyrolysis of precursor B at B

700°C for 1h in Nz. Numbers in parenthesis refer to standard deviation. 2
2 The sample was prepared by pyrolysis at 800°C for 1h in air. -
3 The sample was prepared by pyrolysis at 1000°C for lh in air. ﬁ
4 The sample was prepared by pyrolysis at 700°C for 1h in air. jﬁ_
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Fig.2-43 X-ray photoelectron spectra of La(Cr.5Mno.5)O3
formed by pyrolysis at 1000°C for 1h in N2.
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Fig.2-44 X-ray photoelectron spectra of LaMn(3 formed
by pyrolysis at 700°C for 1h in air.
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il

4 &

La () -Cr (VI) BEPSHEKUESEIREEZRIET 22 LICL>T Lalrls 25
Bl ZOBRSB7TOELRICODNWTRH 2T o=, BBS V7 VBRI D LADETIVE
AV SEM L THIBRA A & La (CHsCO0) (Cr0«) nHo0 [n=2~3] OAERER LS
MTHokD, 300°C LETHBULIARRT 2MEEE2F o0, ZERBICEZhZRxH 400
C T | REBLELTHE. 7BV 7 7 X THIEKA B) 2HEBRB L LTHELIERT-
o FOBR. U TOMRER/=.

HIER{E B = LaCr0s ~"OHRLIBRIEOMEBLIUTERERR. SEKORBRESE 10 TR
KL= & 102 (p02<0. 10atn) FTIK. RiBIZREAKIC —BRETHEA, 625C -5 K
WS RERICHRTEMNRERETER Lalrls BER L. &L LaCrls R
0.1~0.2un BED, KEIDR >R FEIBAKEO K FrE5RD,. EDOHE
HEEBLZE 200%g ! THolo —F p0220. 10atn TiX. TF VA FNEBEBEERFD
LaCr0s DR EHL LTERL. RINEZBETEAZ . —BETR. X T ESEAREK
HicBET IRBRERBOREE. BL Lalrl. ~OR R R IT EBAKICHER, Cr
(V) 280 EBRR Lalrl, PEGOB—HEBER L. 20, RHARRNOHERZ
f o THRBRRGDREAKICET L. LaCrls BERLE, p0: OEME L bdIC, —BRED
R, $2bb LaCrl. OERKRISOEEIZHEMT 205, ZBEHOD Lalrls ~OEBARIE
DEEIZBRDOTI2MEAZTRLE. ZOK D RASMRIEOFETICH T HKFLERL, EIT,
WEEHTH BLalr0e OABRISOWBB I TEED 102 KRIIKETILDOTHSZ
EEmI Nz,

I LT, La-Ca-Cr RB LT La-Cr-Mn RIESERIEFME (FIERE B) 2RAMETDHZ
ickb. (Lao.sCo.2)Cr0s BL La(Cri—,Mn,) 05 [y=0~1.0] OEREHAZ. La-
Ca-Cr REIER{E B OBABRIGIE La-Cr REAROBRSEKFERRUED, ERL
EHABCYHRICEIAMYEE LT/ LABAINVY DADPEEL., 800°C UTOMDRET
M HAEBAZLIXTCERDPSRE. —F La-Cr-Mn RTIK, BERRE y20.5 CRZEARD
BEGIIRESOES2SI RIS, 10: KEMEBI/DLASERCHEOMEER
THEI DD ol. 7OA-VUHVEABROEARILMZERT 28, BERETE
LaaCrle MM L LTERT 20, B—H2HB2720ICiF 1000°0C BEORLEL L
BTHolks

51 A 3R

1} J.A Campbell: Spectrochimica Acta, 21, 1333 (1965).

) BMREX, BREART, BRHES,; BATE, 1977, 142 (1977).

3) G.V.Subba Rao, C.N.R.Rao and J.R. Ferraro; Appl.Spectrosc., 24, 436 (1970).
4) M. Couzi and P.V.Huong; Ann. Chim., 9, 19 (1974).
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# 3% LaCr0. 25 LaCr0s ~OBEBRISHEEOMT

. LB
& ) BT~ ELSIC, La(ll)-Cr (VI) BEP SR LUIZESEIBRERZBRSIFELT

LaCrls ZEART 2. ZORSBREOMBBLUCEEIZEIORRESE 102 IH<
kEL. FOREIZEIC, PEMEE LTERT S Lalrl, BREHOSFERB B L THEE
PBEEASPEORER2ZIT-DTHELEILND, Lalrls XZhFETICD Laz(Crls) s
Y laz20s LORIEY (R 3-1) ® Lalr(C204) s 0 OEAES -3 (K 3-2) C&XoT
LRI, BRENBEOFMD IR BLY ESR OFERZAVWTF ¥ 2PV E—Ya P
BREINTNW Do,

9La2 (Cr04) s 8q. + Laz0s aq. = 6LaCr0s + 1.50z + aq. (3-1)

LaCr (C204) 3 9H20 — LaCr (C204)3 = L&z(CPO4)3 + Laz03:C0z2 + LaCr04
40~310°C 310~445°C

—> LalCr0s4
500~555°C

L L. LaCr0e 225 LaCr0s ~&#Em (R 3-3) B3 25K, Schwartz? 2
LaCr0s OELEEEICRIFTEEKOEBIIOVWT 16 OFEZAVWTHRALERPICER
bV, LrdZEhiE Lalrls DBRNZEML WIS BRPSOEMNRRETHD .
REHEDEEIC OV TOFFITDh TRV, ZOERKIGOMBEEHFMICRITT %
Zrix. La()-Cr (VI) EBAEIREZHERBRE LEBEIC, Lalrls PMEBETERLF
PEMEHESHPICTZLTCRARTHDLEX D, '

LaCr0« (monoclinic) —> LaCrOs (orthorhombic) + 1/2 O (3-3) -

Z2ZTAEICBNTI. £ La(CHsC00) (Cr0s) nHz0 [n=2~3] RGP SEELE
LaCr0s IZDWT ZE DR - TEBEFEL <~ IPS. ESR BL ab initio HFHEFH
DEHEEAVTEDF¥S 2V E—YarETok. T, BRE Lalr (V)0 225
WA E LaCr (M) 0s ~OBESE - HEBRBICOWT, EORGEEICRIETEEIOR
ENEORERHENI. S8 16 OBREEZEERNICHEIT L, T5IC DSC AED SEM 2
LEBRRLYOERE2HDET. TORGHEEZHERLE,




HERGOWEEBALLSILTILE, ZORSEEBRZBARDIZLICL-TEDTE
ARERERIIENTES, LPL, 2ORBHPEEKOBABRR L OBEHERETH 218
BICRB—REFERBRDINW OPOREPELTL %, #FlZ2iX. BERBIZBW TITRER
AFORIGHERIZFTFEEOEEDOARS T, HNOBRLR, HIHRREB, REKEKDE &K
PHZADRBERLAETRBEOEBEREL RIT S, LENK-T, B5h=RPTORIEGE
ERZELICEFEREOEL LTEBRITIILIBRTH 5, —RICEEXKORSBEISIX
BORE > BE W70tz b, BANCELDIDOBEZ N, ZOHE. JIEZH
ERPITORGEBCERAATCRIOZES LBIAINEBEICHZ224FOHMBESELTBh., £
OEIZHAB O ERI DL > TN BAZERIKFET I LICRD. COLIRR
BORGEEZZTICIEANEEADNFEDNS, ZhiZRZ t ERIEE (2FX) a
LOBREERTAIDT. XRIZCROGNZ2FDERH D% Table 3-1 IZRLEY,

Table 3-1 Rate equations for solid-state reaction®’.
Type Equation
a) Branching reaction da/dt = AtBa™
a = Aexp (kt) (k>0)
b) Nucleation growth reaction =_ft>
a/(l-a) = Bt=
a = l1-exp(-Bt™) [Avrami-Erofe’ev eq.]
¢) Autocatalytic reaction In(a/l-a) = k(t-te) [Prout-Tompkins eq.]
da/dt = kia (1-a) tkz (1-a)
da /dt ka2 (l-a)
da /dt ka2/3(1 alt™ (m=0)

{ (l——exp{ (K-k)t}>+l—lexp (—kt)}

4] = e
(la)1

m-1
da/dt = k(l-a)exp (-k’ a)
d) Order of reaction a = kt [zero order reaction]
da/dt = k(l-a) [first order reaction]
¢) Phase boundary controlled 1-(l-a)?/™ = kt/ro [Mampel eq.]
contracting interface I-(1-a) 3 = kt/ro [3 dimensional type]
reaction 1-(1-a) 2 = kt/ro [2 dimensional type]

[Jander eq. ;3 dimen.]
[2 dimensional type]

f) Diffusion controlled {1- (1-a) 73} 2 = kt/ro?
contracting reaction l-a)In(l-a)ta = kt

—
S—




V’

Hancock & Sharp IXEMERBICBIT 2EERXDOEBENICTDOWT, Avrani-Erofe’ ev X%
BWEAEZRBELTNVWS K 3-4 IZ/RL= Avrani-Erofe’ ev ORIZE K OBEMEKRIE
CHSEINZ2ELREEATHID, MZONKRELZER 3-5 DkSichkh, £EXE
Int 270v T 2LHE 0 2ROEREZS5Z %,

a = l-exp(-Bt™) (3-4)
In[-1n(l-a)] = InB+lnt (3-5)

0 DERRISETFIVICEETHH., Table 3-2 DESIcE5EZ5ATWS,

Table 3-2 Values of m* for rate equation®’.

Function Equation i

. 62
0T
. 04
AT
. 00
11
07
24
. 00
00

N
I
fe—
=P

- — S e pas

£

o=kt
= ki
J 803 = 'kt

]
e oy
Lo |
RRRKR
} - —
iy
Q ]

oo ML~ BB <o [ < B8 ovor (8 e

N o= ok WN =

HRPV/AIJYD

SRR i o,
}

N
ik |

kt
kt

—_——=
2y
I
S

—
|

Ra(a)
Zero order
Az(a)
As(a)

|
~ R R

5

W

S
Il

|
Q&"

kt
kt

o A

bt

=S = |

—— p—

et e

I

g

| S )

Sy

ke T
P

(1

$ In[-In(l-a)] = InB + nmlnt.

EZPEDPBLSIT, Dila)~Dila) THRIND MHEEEEET V] O o HEBLZE
0.6, Rz(a) BLW Rsla) © TRERSREETIV,] TEBLE LI, Fi(a). Az (a)
BLU As(a) THREND THRERREEEET N © 0 EEA2H 100, 2.00, B& i
% 3.00 THB. 1 OEDOHDSIHFEEOOORPAERSEEORTERXINT S &
YIREETH DD, EFNOAIPRAERTETHILER . RISEFNVBBRES O i
ERBIE. HRLORERICLENST fa) &t 070y b2fF5. BRUEEERN g
ELhiE. EREEEICBT2EAFT—FRVWThIESEFRERTOT, 70V b 9
ERME BT 2 LIC o TREEF VERERET LN TE D, SHICEDER i
ODHR. TEbBREEEER kK BEVWTFZL=oX 70Oy h2fF52Lickh, Rl 2

DEML=RNVF— Fe ZBRITDIILHTE D,

—%, DSC FEREEBDERBICBITIZRPTOI I IVE—EL A ZDOWTD 7
8 E 52 2, KBR{IEYWORBEOSED., HREKOLER LOBRARRETIE. RIGHRE
KEoTEDPHD Ba & AL OIS 2ADERPRILTZ2LEDNATNEY ¥, L




Tibb, FIAZBRILRASEIFTRBAN Y D LAZHBLET 28B4, NPV ET
FINFIC X 5RHAPHEBICRSRTNIE. BF Ea 1T AH ITHARTREBZPICAEN, &2
AW, BRECBII4BELDOHE—RIERDLSIIZBILRERDODEHZREL., [ &
Al E—RTDEICRZIEPE. BROBREP_BILRAZRE L-FHEREBEET
EATWBZ LDBERA NS, ZOXSIC ISC HlE»rS5KRDE= AH % Fs AL R
THZEEE>T, RISHBICHITIXDZHEHNRERE/II LN TE D,




-

2. KB

9.1 LaCr0, OFW
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2EEH, R BAVE. SREOMTFBLCHRE B OBRE CORER. HEOD
r9. 1 IO B 2.2 FIREOEYS L MR OBMICRAEED TH B,
Bon=miEk&E B 22w 7 )UEFE [P~ M FP-31 &) 2T AR&EH., 600°C © | BFRE#S
L., LaCr0s ZBAB L= —HOEMER Fig. 3-1 O70—F»—DMITRL=,

2.2 LaCr0 DA BITEXF¥Z 72V E—Ya Yy

FABIL/ LaCr0q 129 XRD [BHZM® ME-412C &) ICX D E—HTHIZ L 2EID,
BMIRICIE Cu Ka BEAW, EE 30kV, ER 24nA, XF ¥ AE—F 2° nin™'| KHE
[, F¥—FX¥—F 20mmnin~' ORGTHEERITo=. B—MHBEZZh=ABII DOV
TEORFEREZRDZBRICE. ARERELLTHRIVIY [L7AZ Uy IR, #ME
99.999% LI E] 2% 20% H®ML. AF¥AE—FK%Z 1/4° nin~'| KEE®Z 8 LT
BERAERZITo~. /=, Lalrls 2 M MBRICHEML T, 2704 (Cr (M) +Cr (VD)) B
X Cr(VI) 2Y 7z )VhIVY RETHRIER LIz, EZAHO—HDOHRERZ Fig. 3
w2 Q2 B—F = i S

AR Lalr0s WFO—iZ. =&/ —VHATEERSBEL TIPS TV NT— Tk
oHETF—7Licey Y L, &2 2 v iy &S [NEVA B SPM-112 #] LT SEM B
(B2 S-4000 &) ICftLi=o X/\w 2 RMHE. BEZEE : 20Pa-Ar, £ 3 {LEE
L2kV. £ 2 EH : 10nA, XS FERE : | L=, T5IC XPS [VG B ESCA LAB.
MARKII #Y] 3B X erk ESR [JOEL S FE-1XG ] DFIZEZRFTo7=. IPS FERMERIC Al Ka ;s
$E T 15KV, 10~20mA DERBETTV., BEZRLF— by OMERKRR 1812
(284. 8eV) =13 & 4f. 2 (84.0eV) OEC—VhIERZERL LTITok. ISR O—R#H 2
AR MIVORIEICELTIX. # 30ng o %E ESR AREBICANT 107°Torr AT X
THRERELEOBER2AN., ChEEBCEY MLE, M 70%OHAZ oW, AW
Kk 9.35~9. 3800z DEEITHEEL. BEBLY -196°C IBWT 350025006 DRE&IEIH
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2M CrOs solution x 20cms3

<4+—— [ 3(CH3COO)3 1.5H0

<Cr/lLa =1.00>
«—— Distilled water

v

La(llh)-Cr(VI) solution x c.a. 100cm3

l Evaporation at 75°C

La(lll)-Cr(VI) powder

Drying at 130°C
Mixing

Precursor A

Heating at 400°C for 1h in air
Mixing

\
Precursor B

Heating at 600°C for 1h in air
Mixing

LaCrO4

Fig.3-1 Flow chart of preparation of LaCrO-.




LaCrO4 x 0.13g

4—— 2M H2S04 x 40cm3

<4+—— (.3% KMnO4

Boiling for 10min
<+—— 5% NaNs

Oxidation process
[ Cr(III) + Cr(VI) ]

Boiling for 6min
Cooling

———————

<«—— Distilled water (D.W.)

v

La(lll)-Cr(VI) solution x 100cm3

l Diluting with D.W. [50 times ]

La(lll)-Cr(V1) diluted solution

10cm?3 pipetting
€4—— 2M H2504 X 5cm?

<«—— Diphenyl carbazide soln. x 4cm3
< D.W.

v
La(lll)-Cr(VI) measuring solution x 100cm?

Measurement of absorbance
< 540nm >

Fig.3-2 Flow chart of chemical analysis of LaCrOa.
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2.3 LaCr0s 25 LaCr0s ~OERRIGICH T IBRTEORS

0.3~0.4g @ LaCr0s EBZHER—MTEREL. 400~1000°C OFTERBICRELR
SRESF (WITHR BXFREE] d &4 | RERSE L. BAORICII2EBERDOX
POLEE-BREEEZERL. TEEBRWICOVWT XRD JIE2F o7, RABMOBHESIE.
BESHE pl2 2 0, 0.0178, 0.050, 0.10, 0.209, 0.50, 1.00atn ICH/EEL -ZHREZSH
& (100em®min~*) & L. p02=0, 0.209, L 00atm FZFh2hMBR, &K, HBRROX
ZHW, 0.0178atn & pl: WEFADER-BRESHIAR U REAW:E, ZOMOFH
SGIEOVWTRHMEBR HERREZHYRRBIETESLT 0 2HELE,

2.4 Ao

w16 flE (v 24 X% 16 2000 &) (& LaCr0s 860 % 16 AR/ VICHE
L., ZERBO7ZNVIF2BBYWEL LTI o=, BABHORBHOREERR 20H
BiZ# g ECEZRFLOBEL, FREBBRACH—LCRHEINDIIS5ERLE. R
(p02=0atm) . 225 (0.209atm) . BLTERR (1. 00atn) OZRBEZFEST (100cm®
pin~') . FHAAL A—VFERHANWT 30ks™! OEETCROBEEFTCTRELE. HENRER
7075 h% Fig 3-3 IR . REOBROZHOEER2B/IRICT 20, DOXSICFH
BB L, KNEEARGEEICET I2REE2RIGKEEDE Lz WTHhOFH
EIEBVWTH 60 ATREPEZETILOCRIGBED TRZ2ED. Ehrs °C H50
it 10°C MBIcEEEORGEERZRE L. BB, REBEARERICHZBERHEERD
ADHLN=DT. RISHTHBLURBETORBRIIEEMENZ LVWEE L, BFICRIRIEE
a 8 0.25~0.95 OBBOKROAZAHWE,

16-DTA [RwZH A4 =R 16 2000 B, EH4F] BR® ISC [vvrPM =2 IW
DSC 3300%Y] AL, & 30mg @ Lalr0, X ZEAROSBATZNVIFEEDIT 1K
pin~! OFEETHZEHS 1000°0C TTHRELAEN ST, BNVCEBENVZAWVW, F i
HSITEE 10 » Ek. 2R, ZEBIUBROSHREZHEKE L. &8, ISC ¥—7
EMALTIVINE—%(L Al 2EHT3CHE-TE, 50 LOEEYRR (3. &) N
DRBHERD SR BEMOBERT /0 &

2.5 HAEEE o

ERh 650°C BLY BRF 135°C CBIF2%E 16 WE (60 ) KXoTEKLE ﬁ
LaCr0s WFOFEEE SIMN ZHEVWTHER L. Lalrls 25 Lalrls ~OEBRIGIH SR o
DELEFATe ANEEBBITRGIIHNE 2.2 HCRLEZEDNTH S,
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Fig.3-3 Typical temperature program and TG curve.

Sample mass : c.a. 3mg, Reference : a-Al203,
Heating rate : 30K s, Atmosphere : N2, air, O2 - 100cm’ min’”.

Temperature / °C
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3.1 LaCr0s DA BITEXF¥F 2PV E—Ya >

BiER{A B SRR L Lalrl. ZERBOBBEK T, Fig. 3-4 IZFD XRD EIF/$F —
vETRT. (8) & 20 (Cu Ka)=15~T75° OFERT. (b) X 20~50° OEFETEARL =X
THDo XY IZEEREINTWS 20 =50° oHEAT, @HF/\¥—VIFRLS—HLTSED
AL —273RBOLNRPo =, BRATEABRICEL, VBEY DA CeP0y I8
+I VBT Y LaVls EEKRETFT TS MERBEZD D,

20=24,5~54.0° oBETH SN 1T rOEFEC—ZICODWTOEER hkl HEHER
l IO RFEHEFET L., XRELRLS BT ZEIEBSN= (Table 3-3) »

Table 3-3 Lattice constants of LaCrQa.

Lattice constant Measured Reported®
a / A 7. 04 7. 08
b/ A 7. 24 7. 21
¢/ A 6. 69 6. 71
a/° 90. 0 90.0
G 12 104. 9 104. 98
npls £5 % 90. 0 90.0
VAR 329. 2 333,16

ThoDORFERMEEL., VB AOZEMBELAMKRICET 742, BLKUTE
F4 4 N (Ce, La, Dy) P0s DRFNFA—F—ICBT27—42 2E->T, BROE
[T EEIET 2L Fig 3-5 DLS3ickok. EEKOK. S>% >, 70h, BLUER
DEBEFLEIZ 0.6, 0.4, BLT 0,758 L, Z70A-BROKSERI GA 2ol e,
M& b 7o ARFREZENEAOFLMICMHIEL, 527 YEMLT ¢ BARICERNICE
FILTWB 2 b d. —AT7 VP VRFRIEMHKIZADOD (rl. BERICEHENT
Bh, BRL I RfZlCH S,

::T\&miimﬁitgﬁmfCmﬁ-aﬁxy—tﬁféabMMMR%F%?
MEﬁﬁEﬁ5tFm&ﬁt%?&5tﬁ?%ﬁﬂy9—vv7#@6nt”%
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Fig.3-4 XRD patterns of LaCrO4.




Fig.3-5 Crystal structure of LaCrOa.
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0.3-6 Molecular orbital contour maps for the spin orbital

O

of CrO 43 cluster. Solid and broken lines indicate

101.

.

gative amplitudes of wave funct

o

positive and ne

lated at the ROHF level.

(A) XZ plane and (B) YZ plane.
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(1) Cr04®” 25Xy —2BEAI=—w bELTHETE S,
2) 22X —DOR¥MEE Ta T 70 L-BROESEEEZ 0. 16nn TH B,

Bohih oy —<v7E, AEVHERIZOLD d22 BELBERD 2p HLEOHEEE
AicKbEREN=. REEHE 7*(dz2-2)) BETHEILEZRLTNS, (10 75
A7 —ICBITH3ZRFME I OLL +2. 4, BRIX -1.3 L5EIh, coZ &5 02
=> (r°* "EBRFORABEETCNWDLZBDPS, £/, 7L FVEBEATVED
B bEMIZ +0.1176 &b, ZhiX LaCrl0s FICBITF S Crl, WEED 7 O LA-BBESE
ERBELRICHEEEETHIILEZTRRLTNWS, HEMDOEAWE Lalrls FIZBITF
% (r0e ANEHHEOBRE LD L. ZhiZ IPS RAEIPSOBRE—B LTV, Fi-
IPS #ERIZX. SV VICEBLAEBAICIX. LaCr0s FDHH Lalrlds ICERTXD AT

MTHDZ BRI LTNWE.

FiIZ, LaCr0s ICDWTILEAHTRIToERE . BIRRAE A O KREHFET Table
-4 ICF L=, Lalrls FOT U VIZDWTIRERDITEBIToTWVRND, BIEKEK A
FOSUE 70 ADENVED 100 THEZLPLURIODLLEFENRIINIET S
FUAVIREELTWEEEZ BN,

Table 3-4 Chemical analysis of precursor A and LaCrQa.

Precursor A LaCr04
La / mmolg™! 2. 858 —* (3.967)
CPtotar / mmolg™* 2. 86 3. 96
Cr(VI) / mmolg™? 2. 86 2. 63
Cr(VI) / CPiorsa 1. 00 0.664
CProtaz / Lo 1. 00 —* (1.00?)

$ Not measured.
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LaCr0s ICBITF 270 LDOEAERIX 5 THHDITH L, Table 3-4 ORRIZL7 DL
® 66% 28 Cr(VI), DD 34% 8 Cr (V) XhEMEKDOZOL (FOFLA LI Cr ()
LEZ6NB) LLTHEELTWEZLERLTWVWS, CORERR. MBRFTRADLS
BEABMCRIGEDEATNWDEZLETRBLTWSEEZSN 35,

3 Ce(V}) = Ce(ll} + 2 Cr (VD) (3-6)
[Cr(VI)]/[Creota1l =66. 7%

iz, LaCr0ge @ XPS X7 M)V % Fig. 3-T T, (8) FEARZ P VOBEH. b)) &
ryal 2p A7 MIVOTHKRKETH B, LalCrls iX 107°°Ps OREZTCHEET., 90 B
MU ERELTS Cr (V) = Cr(ll) ~OBTIIBRDSNRP o=, (b) DZXRZ IS
IhiE LaCr0s FO7 D LAGE—ZEEE LTHFELTBD, ZOEETRIVFT— -
578. TeV iX. Cr () & Cr(VI) @ By EORICAIELTWBZEDDR S,

Fig. 3-8 X|EB LT -196°C IBIF 5 Lalr0s @ ESR ZRZ MV TH B, ZRTIXY
JFNVEBRIhRP =N, -196°C THLKE 34206, #Ri8 6006 OO TRERAN
JMVBBONE. TOXRY MUIE Roy 52 ICXoTHREINEZANRT MV EEIE—
BLTBh., BHIckDLZED g ik 1.889 THoko ZOEIXTEHEFD g=2.0023
LHETZEpRD/NEL, ACV-HEEHOAY 7YV TERBLTWVWEEEX %,

B Eo&ERD S, [1] LaCrle FOZ 0 AR Cr (V) OB—EL LTHEL TS, L
2] EFTIE (102~ 25 RF—BHRENTBD. EOYFXF—AT 0*7 > (v &
ADEFRORAPRE S Z LICX> T/ 0 LAOEMEMET LTS, [3] Lalrle HICB
3% Cr0. EEEDZ 0 A-BRESIE. Lalr0s FICBI S Cr0e NEHROREEITLNT
AR AHSEY. (4] Lalrle FOF ¥ ik Lalrls FOT Y H VITHATA F T
B2, CLbbhok. LD (r (V) LAMPEDTRRETHZDIHLT, Lalrls o
PRI ERERR. JOXS RERENRHMIERT 2 LERSND, 3

Fig. 3-9 1% LaCr0. ¥ F SEM BET. (8~ (¢) BEA—DOHBICIOWTERDERT
BELELDTH D, cOBRLEDIE. BEEBLE 0. lun ORFEE =IEAKEO—RK &
FhEROTVWBZ DR S, 0
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Fig.3-7 X-ray photoelectron spectra of LaCrOx.
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Fig.3-8 Electron spin resonance spectra of LaCrOs.




b L 3 far
“ . Bt oo

200009 15.08kV X10

1.0um

Fig.3-9 Scanning electron micrographs of LaCrOsa.
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Fig. 3-10 X\ MR OBRLE 1l KRELESEKFTT Lalrl. 2 | BEASE L
LEORE-HEHRTH S, ERPTCEIRVWEERBE CHBRRIGHEA. POLEBIRE
BTRTLTWSD, p0: OEMELIICTZAT Y TRIIEL B RISKRTEE D BIEANIS
Y7 LT3, 600°C ICBITI3EERDEDPSZZBHKUCBITIRIEERZRD., 102 I
HLTZ7aY bTBE Fig 3-11 ODXSiZRok=, p02<0. 10atn TiX pl: OWIME & H
CRIGBRIZBICH DT 5D, p0220. 10atn CREERNICRDTILSICRS, BE—F
CBITBZORRRE. HEBRROMEFBRIFEKD 102 ICHALTHVWTWS Z L 2EK
LTW3,

2D 650°C TOERMICODNWT D EFHR/I—22HELELZS Fig 3-12 &S
KRo, EFRF 650°C CRIEEBREROPIILAERTLTED, £58D XRD )¢5 —
iR 7Z2h4 b LaCrls ORFRROADPERBINSDICH L, p02>0atn TIEE
FH94 b LaCr0s & LaCr0s DEGHER-STEB D, ZOHMELD 0. OEIME LB
RELSBRDBEADPHERTE D,

3.9 % 16 W L T O RO |

Fig. 3-13 122K (p02=0atm) . 28& (0.209atn) BXTERRS (1. 00atn) THIEZTH
78 16 HROBITH B0 LaCrle 25 Lalrls ~OBERRICHE > HRHD An OEH
ik 6.26% TH Do ERICAWEZREHE dng BELEDTORVWCSEDS T, WES
hi= An O8ZVFIE 5.81~6.62% DEHERNICHI>TED ., RROBERIZLA LR
BRRVWEFT X %o

Al DPOERIGEE a 2R, 0.25Z2a=<0.95 oFHEICOWTHME t KFLTZBY b %
T2L Fig. 3-14 DESIcRRoE, BEFCBVWIRGERESPEBNENVESICRE a-t
BB S I S BEREEHVW TS, ChIXERVOEPBRENICHEEL, TORREL
BRGSO ETTIZLERLTVD. —F. ZERFBLUTBREPICBIT 2HRIIESLIC
a BB EMR-OTVNBI LS, REATOHKRBEPBDTEVWDY, HI2VERBERIDR
 THERFICHR>TOR TN RBEEDNREICEATND I EPEZ 2,
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Fig.3-10 Effect of pOz on temperature-mass loss curves
of LaCrOa.
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Pyrolytic time : 60min, Gas flow : 100cm nun .




Conversion of LaCrO4 to LaCrO3 / %
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Fig.3-11 Effect of pO:2 on conversion of LaCrOs
to LaCrO:s.

Pyrolysis : 650°C - 60min, Gas flow : 1 00cm’ min”'.
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Fig.3-13 Isothermal TG curves of LaCrQOa.
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(i) Re (a) : 2 dimensional phase boundary model
1-(1-0)"% = kt
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Fig.3-16 (a)-1 f(a) - t plots in N2 (0.25<0<0.95).
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(iii) Rs (at) : 3 dimensional phase boundary model
1-(1-a)"® = kt
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Fig.3-16 (a)-2 f(a) - t plots in N2 (0.25<0<0.95).
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(i) D, (o) : 1 dimensional diffusion model
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(i) D2 () : 2 dimensional diffusion model
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(iif) D3 () : 3 dimensional diffusion model
[1-(1-)"™]? = kt ( Jander's eq. )
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(iv) D4 () : 3 dimensional diffusion model
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Fig.3-16 (b)-2 f(a) - t plots in 02 (0.25<0<0.95).
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(i) Fr(c) : 1 dimensional nucleation growth model
5 » ’ln(1'(l) = kt
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(i) R3 () : 3 dimensional phase boundary model
1-(1-a)"® = kt
¥ &,
5 A
gH a2
06+ o A o © -
. A @ O
0 A A o O
O ®
O A A i g @)
DD‘ & X &
il @ o e
0.4 DD‘ .
oA 06 o
DAAg o -O0— 690°C
B —e— 695°C
001 Are© —A— 700°C e
e £ 0 A.OO —— 710°C
Mgo -~ 715°C
| ] | | |

Fig.3-16 (c)-1 f(a) - plots in air (0.25<0<0.95).
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(iii) D3 () : 3 dimensional diffusion model
[1-(1-)"°F =kt (Jander's eq.)
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(iv) D4 (o) : 3 dimensional diffusion model
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(a) LaCrO4
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Fig.3-17 Scanning electron micrographs of LaCrO4 (a) and LaCrO3
(b, ¢) formed after isothermal TG measurements.
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Hypotheses

1) Reactant and product particles are dense and spherical

2) Reaction occurs for each particle and proceeds simultaneously.
3) Reaction proceeds homogeneously.

4) Particles don't change in size through the reaction.
5) Thus, fraction reacted of whole, o, can be replaced by that of
each particle, ap.

Olp = 1'(1 'E/ro)”3
or & =ro[1-(1-0p)']

o : Fraction reacted of each particle
£ : Thickness of product layer
r, :radius of reactant particle

Fig.3-18 Hypotheses for calculation of thickness of
£ product layer, &, from fraction reacted, o.
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Thickness of LaCrOs layer, € / nm

Fig.3-19 Thickness of LaCrO3 layer as a function of pyrolytic time
in N2 (a) and O2 (b) (0.25=<0<0.95).
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Fig.3-20 Arrhenius plots for deoxygenation of LaCrO4

to LaCrOs.
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Table 3-5 Ea*! and AH*? for the conversion from LaCrOs to LaCr0Oa.

Atmosphere p0z / atm Ea / kJmol™* AH / kdmol™?

N2 0 198 39
air 0.209 251 40
02 1.00 506 39

%1 Ea means activation energy for deoxygenation.
$2 AH means enthalpy change for total conversion reaction.
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Fig.3-21 TG-TDA and DSC curves of LaCrO4 in different

atmosphere.

Sample : 30mg, Heating rate : 10K min”', Gas flow : 100cm’ min’".
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Quartz tube Substrate
Glass wool sheet

Stainless plate Thermocouple

Electric heater

K_,[:T_/

l\ \ Constant level system

Ultrasonic atomizer (1.7MHz)
Air fan

Fig.4-1 Schematic diagram of the experimental set-up
for spray deposition.
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La(NO3)3 - CrO3 [- M(NO3)2, M : Ca or Mn] soln.

atomizing (by ultrasonic atomizer)

Mist

spraying (with air)

deposition (on heated substrate)

Y
' XRD, SEM, ICP, IR,
Precursor films TG-DTA, Elemental analysis
heat treatment  (La-Cr [- Mn] system : 800 °C, 30min, N2)
(La-Ca-Cr system : 1000 °C, 30min, N2)
A/
Oxide films XRD, SEM, Conductivity measurement,
Oxidation test

Fig.4-2 Flow chart of preparation and characterization
of precursor and oxide films.
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Power source
( Constant potential or Constant current )

Degital maltimeter
( Volt meter )

Degital maltimeter
( Ampere meter )

Cu wire

0000

Fornace

|
gas out <= 'YYYS }
| gt |

|

|

|

e ) o
T %07

Pt paste
Oxide film ™~ | > —=<—gasin
=

Sibiskiala . = oTeT e

Fig.4-3 Schematic diagram of the experimental set-up "
for measurement of electrical conductivity.
Atmosphere : 30cm3 min” - air, Temperature : r.t. - 1150 °C.
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(3 cycle) ZHAML ., BBOMEZH~=.

2.4 27 YV ZR E~OR{LPFEROTERR & R {LaleR

HEREUTHNW SUS 304 X7 L X# [NKK ®] oM #%E Table 4-1 IZRT . 20X
10X mn® CEYIDHLEXT LV RHE #2020 5 #500 ET A —HELEEISIC
MofZASD, PVEYBIUT7E bR CETHEAE U TERICH Lk, silEEOHA
RICBRLTOHRBROBAREPLCTERMAZ 2.1 MiCHET 2D, WERIMEREE LToOHR
B2 L5, FRAREERMEICER L. ZARBETCREZT Y VRBAICREZE
BMTEZEERETHIN, ZOREODVTEPLEZ/RVDD L Lz, BRILMEBRA~D
mEIERT 800°C T 30 pHEALETZZLICX DT

Table 4-1 Composition of the alloy used for experiments.

C S1 Mn P S Ni Cr Fe

SUS 304 0. 06 0. 62 0. 99 0.027 0.011 8. 32 18. 37 bal.
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/Ek Electric balance

I

G,

I

Ar
(Colnter gas)

Pt wire —
Quartz tube —

IR image furnace
Specimen ™|

Computer

Condenser

| Ribbon heater

&

Temperature

controller

Thermometer

Fig.4-4 Schematic diagram of experimental set up for oxidation test.

Heating rate : 200K min-!, Atmosphere : 20% H20 - air, 200cm3 min™!,

Temperature : 1000°C.

HT.C.

Condenser
A
O
Water bath
(60.5°C)
Temperature
controller

Air
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4 P % L
{27 .82 vexp(-Qa/kT)} 172 (4-4)
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Fig.4-5 TG-DTA curve of La-Cr precursor film stripped from
SiOz substrate.

Deposition ; [La]s : 0.10M, Vmist : 130cm’ b, Ts : 400°C, td : 60min.
Measurement ; Sample mass : 3.42mg, Reference : Al203,

Heating rate : 10K min’,
Atmosphere : 1 00cni min”" - Na.
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Fig.4-6 Infrared spectrum of La-Cr precursor film stripped from
SiO:2 substrate.

[LaJs : 0.10M, Vimist : 130cm’ h', Ts : 400°C, ta : 60min.
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Fig.4-7 Effects of solution concentration, [La]s, on metal amount in
the precursor film, [La]f, and generation rate of mist, Vmist.

Ts - 300°C, td : 60min, Substrate : SiO2.
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Fig.4-8 Effects of substrate temperature, Ts, on metal amount, [La]f,
and composition, [Cr]f/ [La]f, of La-Cr precursor film.

[La]s - 0.0775M, Vimist : 150cm’h”’, Substrate : SiOz.
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Fig.4-9 X-ray diffraction patterns of La-Cr precursor film
deposited at different substrate temperature.

[La]f: 0.10M, Vmist : 100cm’ W', ta : 60min, Substrate : SiOz.
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Fig.4-11 Effects of deposition time, td, on metal amount, [La]t,

and composition, [Cr]f/ [La]f, of La-Cr precursor film.

[La]s : 0.0775M, Vmist : 150cm’ ', Substrate : SiO>.
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(8) Ts=350°C

td : 30min
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Fig.4-12 (a) X-ray diffraction patterns of La-Cr precursor film
deposited for different deposition time at 350°C.

[La]s - 0.10M, Vmist : 100cm’h”’, Substrate : SiOz.
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(b) Ts=400°C

td : 30min
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Fig.4-12 (b) X-ray diffraction patterns of La-Cr precursor film
deposited for different deposition time at 400°C.

[La]s : 0.10M, Vimist : 1 OOijh'l, Substrate : SiO2.

+ 165+




201G T 81eASqng 1Y WoQ0L 1A WoL 0 seT]

b B OTX AXD°OT €Eb0000 | WrQ ° 4 ‘01 220000

L L] . L]
N ﬁ’..\\h. - WY U9l s SR Y

|
&

W

&
)
L

!

S [ YN P AN S|
BIX AJX@°ST 080 B A £E000080

1 L I
N £ I'NE ; S

s 88 L)
. e

Wagg 1 X ANO°ST ©

Fig.4-13 (a) Scanning electron micrographs of La-Cr precursor film
deposited for different deposition time at 350°C.
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Fig.4-14 (a) X-ray diffraction patterns of La-Cr precursor film
deposited on different substrate at 350°C.

[La]s : 0.10M, Vmist : 1 OOijh'], td : 60min.
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Fig.4-14 (b) X-ray diffraction patterns of La-Cr precursor film
deposited on different substrate at 400°C.

[La]s : 0.10M, Vmist - 100cm’ ', ta : 60min.
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Fig.4-16 Effects of substrate temperature on metal amounts (a)
and compositions (b) of La-Sr-Cr-Mn precursor film.

[La]s+[Sr]s : 0.10M, [Sr]s/([La]s+[Sr]s) : 0.20, [Mn]s/([Cr]s+[Mn]s) : 0.30,
Vimist : 1 20c‘m3h']. td : 60min, Substrate : SiO2.
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Fig.4-17 Effects of deposition time on metal amounts (a) and
compositions (b) of La-Sr-Cr-Mn precursor film.

[L(I]A‘-{'-[S)’]s - 0.10M, [Sr]v/([La]v+[5r]c) “0.20, [Mn]s/([cr]sﬁ-[Mn]x) - 0.30,
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Vmist : 120cm™h *, Substrate : SiO2.
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Fig.4-18 (a) X-ray diffraction patterns of La-Cr, La-Ca-Cr and
La-Cr-Mn precursor films deposited at 350°C.

[La]s : 0.10M, [Ca]f/([Ld]f+[Ca]f) 20.20, [Mn]#/([Cr]r+[Mn]f) : 0.50,
Vmist : 100cm’ h'l, td : 60min, Substrate : SiO2.
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Fig.4-18 (b) X-ray diffraction patterns of La-Cr, La-Ca-Cr and
La-Cr-Mn precursor films deposited at 400°C.

[La]s : 0.10M, [Ca]i/([La]r+[Ca]y) : 0.20, [Mn]i([Cr]s+[Mn]y) : 0.50,
Vinise = 100cm” W' 14 - 60min, Substrate : SiOz.
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La-Cr-Mn precursor films deposited at 350°C.
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Fig.4-19 (b) Scanning electron micrographs of La-Cr, La-
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Fig.4-20 X-ray diffraction patterns of LaCrOs, (Lao.8Ca0.2)CrO3
and La(Cr.5sMno.5)O3 films formed on SiOz2.
Deposition ; [La]s (+[Ca]s) : 0.10M, Vmis : 100cm’ k', Ts : 400°C,

u : 60min.
Conversion ; 800°C - 30min for La-Cr and La-Cr-Mn systems and

1000°C - 30min for La-Ca-Cr system, 100cni min" - N2.
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h ZBRIMEBRORFERZFHE L, Table 4-2 I L7,

Table 4-2 Lattice constants of oxide films.

Lattice constant LaCr0s (Lao.sCro.2)Cr0s La(Cro.sMno.s)0s
a/ A 5.476(2) * 5. 472 (3) 5. 481 (1)
b/ A 5. 515 (2) 5. 511 (4) 5. 518 (1)
¢/ A 7. 749 (2) 7. 731 (8) 7. 765 (3)
¥V A® 234, 0 (1) 233, 1(3) 234, 9 (1)

%+ Numbers in parenthesis refer to standard deviation.

LSRIEVEEORFEREREOBALEBRTZ L., FERATIE ¢ MBI ¢ @5
FICUAE (Table 2-7) . AN I ABBAEICIE ¢ BiARICHAEE (Teble 2-10) \ > H
VEBRBOBAICIE o BB XT ¢ BiAMICESE (Teble 2-12) LTWAZ &HBDP S,
Ll BIEWIC X TEFOBEANREBEBTH I L. BIUEMALEY (. 1% AR EHE
DTNINZ RS, ChEDELEBRMEBDZ2EEZZI SRV, £, ANVYDLE
BBIUTUHVERIC L > TBRIPDEBROGRER TR ¢ BARCEEBITREELTY
52 BB 5,

Ric, BROBEE, EROEE. HHERERLOFMZ2EX THR U ERILDRERICO
WT., REBLTKED SEM EEZTT .

Fig 4-2! RERORELHANIERTH 2, BILWEBRINWTHD 0. 1~0. 2un OF
AED—RBFPERTNED, AN Y ABRICEDSIMIC, TVHVEHRITKD
— R FRIDEBREDEST L TEBLLTWARTFIBEIN S, £/, FRERIEVWITH
HEULERETTAREINEZDOT, £RLEBEVOBREZZEFLIR>2TWV D,
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F1g.4-22 Scanning electron micrographs of LaCrO3 film formed
on different substrate.

Deposition ; [La]s : 0.10M, Vmisc : 100cm3 b1, Ts : 350°C, ta : 60min.
Conversion ; 800°C - 30min, 100cm? min-! - Na.
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Fig.4-23 Effect of deposition time on thickness of LaCrOs film
formed on YSZ.

Deposition ; [La]s : 0.10M, Vmis: : 100cm3 b1, Ts : 350°C.
Conversion ; 800°C - 30min, 100cm? min! - N>.
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Fig.4-24 Electric conductivities of oxide films formed on SBN4.
Deposition ; [La]s(+[Ca]s) : 0.10M, [Ca]s/([La]s+[Ca]s) : 0.20,
[Mn]/([Cr]s+[Mn]s) : 0.50, Vmist : 100cm’ b,
Is : 350°C, td : 60min.
Conversion ; 800°C - 30min for La-Cr and La-Cr-Mn systems and
1000°C - 30min for La-Ca-Cr system, 100cni’ min" - N2.
Measurement ; r.t.-1150°C (Heating), 30cm’ min” - air.
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Fig.4-25 X-ray diffraction patterns of La-Cr precursor and oxide
films formed on SUS 304 stainless steel.

Deposition ; [La]s : 0.10M, Vmist : 100cm’ k', Ts : 250°C, td : 60min.
Conversion ; 800°C - 30min, 100cm’ min™ - No.
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Fig.4-26 Oxidation curves of LaCrOs coated SUS 304 stainless steels.
Deposition ; [La]s : 0.10M, Vmist : 100cm’ h™', Ts : 250°C, ta : 60min.
Conversion ; 800°C - 30min, 100cm’ min™" - Na.

Oxidation test ; Temperature : 1000°C,

Atmosphere : 200cm min”' 20% H20 - air.
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Fig.4-27 Oxidation curves of La(Cro.sMno.5)Os coated
SUS 304 stainless steels.
Deposition ; [La]s : 0.10M, Vmist : 100cm’ k', Ts : 250°C.
Conversion ; 800°C - 30min, 100cm’ min’" - N>.
Oxidation test ; Temperature : 1000°C,
Atmosphere : 200crm’ min'' 20% H20 - air.
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Fig.4-28 X-ray diffraction patterns of La(Cr.5Mno.5)O3 coated
SUS 304 stainless steels before and after oxidation test.
Deposition ; [La]s : 0.10M, Vmist : 100cm’ k', Ts : 250°C, ta : 60min.
Conversion ; 800°C - 30min, 100cm” min' - N-.
Oxidation test ; Temperature : 1000°C,
Atmosphere : 200cni min' 20% H20 - air.
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Fi1g.4-29 Scanning electron micrographs of La(CrosMnos)Os coated
SUS 304 stainless steel before and after oxidation test.

Deposition ; [La[s : 0.10M, Vmisc : 100cm® k', Ts : 250°C, ta : 120min.
Conversion ; 800°C - 30min, 100cm?3 min-! - N>.
Oxidation test ; Temperature : 1000°C,

Atmosphere : 200cm’? min-! 20% H20 - air.
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