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La(NO,),*xH,0, Sr(NO),, Co(NO,),-6H,0, Fe(NO;);-9H,05 ZWEA T 3} La9} Sro ZH|E W3/
perovskite® AHSFE9] La; Sr,Co Fe 0, 553 AlZaqlt). BEeh, ofe] oA dAdd &2 548 gRlsh] 919
viscometer, FT-IR, TG-DTA, XRD 5= ARE-slo] B42 358t} A% perovskited 2HlHE &2 1.16 3
HAEE eEpfglom Aol eIgle] pH 0.5 FEe] ZAdS vepdisich. 84 $2f La ol B
dofx o] geie] Hrrh vigkar, Aot FA4sA S7keh= Astriie] Skt

Abstract — Perovskite-type oxide La, Sr.Co, Fe O; ssols were prepared by sol-gel method using La(NO;);-xH,0,
Sr(NO;),, Co(NO;),6H,0 and Fe(NO;);-9H,O as starting materials. The properties of the perovskite-type oxide sols
were investigated by viscometer, FT-IR, TG-DTA and XRD. The prepared sols showed 1.16 cp in average viscosity, and
a strong acidic condition of pH 0.5, irrespective of composition of the starting materials. The viscosity of sols at the
same volume decreases, but the gelation time of sols, at which the sol viscosity increases rapidly, increases when

increasing l.a concentration in composition of starting materials.
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AeRHeg Fsto] 89 AdollA 55 oS TdsH #At
Al71H, 270l A =578 perovskite™ AFHES] S RSt
Y2 perovskited H3AFEHRC] Al o7 Ay o] &9 ar UTH8].
Teraoka “s-[1]°] La, ,A,Co, B,0; A= St, Ba, Ca-s, B Fe, Cu,
Ni5) 749 perovskite Al2F] #2]wto] QFF3} A2 F o8 mol%
Y,05-Zr0,)el] Bl 22 LA 52 o] RAEEE YERATIIL
RIgH O] TR, LaCoO, 3738 7202 skl ofe] ofolg X[t
perovskite T-3=2] Algly] E2]utel] sl B2 A7 HYEar 9l
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2-1. Perovskite & H|=

B oo = 2EAR LaNO,),xH,0(99.9%, SIGMA-ALDRICH,
Inc.), St(NO,), (99+%, SIGMA-ALDRICH, Inc.), Co(NO,), - 6H,0
(98+%. SIGMA-ALDRICH, Inc.), Fe(NO;);9H,0(98+%, SIGMA-
ALDRICH, Inc.)& A3t} 0|23t ALt E2 & n]go] uke}
ksl & Z{5o)] o] 2 02 M2 E3AS wET1 60 °Co)
A1 hEQE ket 3 2 Akl B0 1.2u)e] sfdsl= relAk
(99.5%. SIGMA-ALDRICH, Inc.)& 7FelQitt. 1 5 o] g%
A4 WREE o] &3l wRFPAX 90 °ColA 8 h F2F RESA[A
perovskite Zo AlZ8t 0 o)) AlxEdE Fig. 12 HYERS
t}. o] gl A AoJx perovskite 2] A 5 La®} SrAdwe] W

3o & Z9] WAL Table 12 YERAT

2-2. Perovskite 22| H|= &! Gf&

Perovskite ™= 38 a-alumina A A A] $]°|| dip-coating’H ©. %
11 en/min®] £5E2 FAHAIZ & 1 min 9 AR5 22 52
AEAA 2ol 24 h 71547 F FHZ(BLUEM, LINDBERG)
& o]8310] 800°CelA 5 h Bt A sl AlFSISIT). B3t A
AA] ol FdE perovskite =] S0l whE A4k WSS B
7] 18, Fig. 19] "o 2 A|FH &2 80°CY] 7% B4 72 h
Bt Axgh T uAPEE: o] 83to] s) Stk x| Ao
A Buke 7] 2(RES-P100, Daelim)ol A 2 °C/min?] ¢4 57
ks 257 SARAITL & st 2504 5 h B AR1E F

5°C/ming] &%= 2714 W2 ).

Table 1. Property of perovskite sols prepared at different conditions

La(NO) 5 - XH,0 Sr(NO,), Co (NOy); - 6H,0 Fe(NO,) ; - 9H,0
| [ |

|

‘ Aqueous solution (60° C)

Stirring

Heating (90° C)

Perovskite sol

Fig. 1. Experimental procedure for preparing Perovskite sol.

2-3. SMEM

G910 A= Ostwald A=AE o&st] S48 o, A%
7 A9 §9 EE 20°CE 1SR B3, 2] FeA
g Bko] g8l FLIR(FTS1SS5, Bio-Rad)S: ©]-23}0]
400~4,0007'2] A e]X wpellA] F7glet. Az E T
719l 10°C/min®] 4 %2 TG-DTA% X (THERMOFLEX,
Rigaku)g |83l 1,000 °C7}A] &4 sigiom, i 52 2%
2o XA 374 B4 7)(D/Max-IIIC, Rigaku)Z o] &3l 327}
10~80° HLlellA XAl 34 45 slqlrh. Fojxl who] wiAl
2= SEM(JSM-6335, JEOL)S o]-8-3107 3,000817H4] gjjste] 7
et
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3-1. Perovskite 2| M= SM

Lanthanum(La)¥} strontium(Sr) /33-2] A4S WIAA A|lze
perovskite 2] 5L Table 1= YERJRITE AFE &9 FE=
EHU} R 2 H 116 op ARE B0 o) weE & 3
7} ek Zo] pHi= oF 0.52 AER 2ol BHIgle] BF 7
Zdolw Az e] 8ol vfER I,

Fig. 2& Table 12] oJ8] x/32] &5 A%t ¥ rota-evaporator
£ o83l FFAIA |9 Fulof i Ax WHIlE vEeld
Yot} £ 59| La TaFo] WolR| 1L Sr o] Hojd4-5 13- 5
ol M| Fwi= wgkon] gdlo] My} JAs] F7lsk= A
AIzre] S71Ee & 4 QI ol Lad] o] TS
Z9] Asrt AAHER, Fo] AT eFgdo] e o]

it

Sample number Composition Viscosity(cp) pH state of sol
LSCF6428 Lay ¢Sty 4Cog5Fe 505 5 1.15 0.52 Transparent reddish sol
LSCF7328 Lay 581y 3Cog,Fe 055 1.16 0.50 Transparent reddish sol
LSCF8228 Lay ¢Sty ,Cog5Fe) 05 5 1.17 0.54 Transparent reddish sol
LSCF9128 Lay oSty ,CogoFe 05 5 1.17 0.57 Transparent reddish sol
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Fig. 2. Change of viscosity as a function of volume of perovskite sol.
(a) LSCF6428, (b) LSCF7328, (c) LSCF8228, (d) LSCF9128.
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Fig. 32 Table 12] A0 7 A|lz¥ £2HE dojzl AXETLE
< 05{5‘—%}—5'_—@,7160 DTA)E ©|gsto] #43 Aot} BE ¥
O] TG Aol F FAl 732 perovskite®] /3ol Ao <F

Weight (9F)
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Grmsmmnammmsameeans OIULIGYIOPUT

04 TG

L | p— T T T T | — L e
[+] 100 200 300 400 500 600 700 800 SO0 1000
Temperature (°C)

Weight (%)
Goermmmsmeeeems OJULIGYIOPUT

—T T T T T T T T T =
4] 100 200 300 400 500 600 700 800 SO0 1000

Temperature ("C)

W% & 7 vk DTA 4% #39] 270 #AIg10] 7
3RS VERYH o] FAeA 150, 250 °C F-2elAje] &
ks 1.9} 350 °CollA 9] At Wdn| A= dEe]
Ak} F U1 EH] FalibeS dof e o&) vel,
450 °C -2 okt vhdw) 3= n)7g 2ol perovskite’d 22 A
Zo] EHA v = T)=0]v10].

Fig. 4, 5= 212} LSCF6428 7} 1.SCF8228
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oJg] d}Ah oA SAIRE F9F AAEE & FTIR 413 Aa2
2739 Wiglo| = 7E‘8 Av}E VeI o] 2864 80 °CS} 200 °C

o A A9 3400 cmelA42] H,09] O-H bondel 21 &
o7t YRk O, 250 °CellA] o] FrlZE AlbE o 7 Sl
T3k 80°C, 200 °CollA1 Q] 1,420 cm™'9} 1,560 cm'oll Q] ¥ =
RCOO™2] bidentate ligandell 2]t F=tllol™, COO9] E=A1E 9
u|Blth11]. )AL FAxlo] gH 20| FL0l L5 citrate 23}
FES GRS YEdL) o] 913 F 1,560 em '] Fdl=
250 °CollA] ARFAIM | 1,420 em™'2] St 6000014 AlelA] =],

o] citrate Z3F5E0] 600004 $Fd3] B-ughe oJu|sic), A,

Fig. 4,5 E5°llA 400014 860 cm™'9} 1,460 cm'ol|A <= T2
7} v =] o= o] 0llA perovskite’do] FAE7] AlAERE:
oJmlghc{11].
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T4 5 h &<t A5t AlFxE E24E2] XRD pattern©] U
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Fig. 3. TG and DTA curves of perovskite powders prepared from different compositions. (a) LSCF6428, (b) LSCF7328, (¢) LSCF8228, (d) LSCF9128.
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Fig. 4. Infra-red spectra of LSCF6428 powders calcined at different
temperatures. (a) 80 °C, (b) 200 °C, (¢) 250 °C, (d) 400 °C, (e)
600 °C, (f) 800 °C.
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Fig. 5. Infra-red spectra of LSCF8228 powders calcined at different
temperatures. (a) 80 °C, (b) 200 °C, (c) 250 °C, (d) 400 °C, (e)
600 °C, (f) 800 °C.

Fig. 62] 1.SCF6428 12~ 250 °C, 400 °Colld <2573k v 2444
YERA] 931 Sro T =19} mER1e] A vERQIT. TS
600 °C o]’o 2 Axjg] Alofls= perovskite T35 HoJL} SrO 371
7} EAQEo] AdeH12]. ¥hE Fig. 79 LSCF8228 H-2- 250 °C,
400 °CollM =53 1178 2A%4-S YRS 600 °C o) /dellA dA
2] Alelli= perovskited] = 27342 YJERNSIY- 3K, 1.SCF7328,
LSCF9128%2- 7}7} 1.SCF6428, 1.SCF8228% 3} 72 XRD pattern
S YJeR ) o] Ake] A2 KE] LSCF8228, LSCF9128% 2
600 °C o]dellA DAg] Al perovskite?] £ A4S UERZ=
Aol #HA2] perovskite B 23S & = AUk
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Fig. 6. X-ray diffraction patterns of LSCF6428 powders calcined at
different temperature for 5 h after being prepared from dif-
ferent compositions. The peaks marked as S and P represent
the SrO and perovskite phases, repectively. (a) 250 °C, (b)
400 °C, (c) 600 °C, (d) 800 °C.
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Fig. 7. X-ray diffraction patterns of LSCF8228 powders calcined at
different temperature for S h after being prepared from dif-
ferent compositions. The peaks marked as S and P repre-
sent the SrO and perovskite phases, repectively. (a) 250 °C,
(b) 400 °C, (c) 600 °C, (d) 800 °C.

A2 Fig. 20141 ¢] S w5ko ™ dip-coating 11 cm/min
9 SRR 1 min F9F AABIATE EA 2l 2 °C/min
FEHEE 800 °C7HA] 7FHste] 5 h FRF FAISkAL 5 °C/min.
WZ}slo] perovskite BHe X‘l]_w_O}"i‘/} Fig. 8(a)%] 33] 3¢ %
A Ae)e vk 32 ARzl 7o) 5] o] FAA] oo} a-alumina
AAA F2] 3~4 um F71°] a-alumina YA} Holw, o] iz} A}
o]€] 7]Fo] vEPaS & = Qlrk. whde) 53] 5183 Fig. 8(b)ellA
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Fig. 8. SEM images of perovskite membranes calcined at 800 °C after
being prepared with different coating times. (a) 3 times, (b) 5
times.
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SIAIA 3] 2249 perovskite & AT F B8 F451] th
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