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2 9} Citrate sol-gel]& ©]83l4 perovskited 23432 LaBOy(B=Mn, Fe, Co)& Z7] 5 850
CAA 24417 B3t LAl Azgich X-4 HARNXRD)3 TPR A 3w o5 4kslEe] 2
A2} a2 ehkE S LaMnOse@=5507, ¢=13329A, hexagonal), LaFeOy(a=5554, b=5555, ¢=
7.863 A, orthorhomibic), LaCoOsn{a=5.436, ¢=13.005 &, hexagonal)22 %2 ¥$)7)(300 torr)s§412) TPR
Aol 93}yl o] 5 Ah2-E2 2¢tA Hdylg-og o) P, FAHIAAE LaMnOs>LaFeO;>LaCoO; -
o2 Jepta wheSE 23 Af 94 LaCo0:9] &438telu=] ghel 714 ¥g& Bdlch

ABSTRACT. Perovskite-type mixed oxides LaBO;(B=Mn, Fe, Co) were prepared by citrate sol-gel
method in air(850C, 24 h). The oxygen stoichiometries and structures of these oxides were determined
by XRD and TPR results as followings; LaMnO;(@="5.507, ¢=13.329 A hexagonal), LaFeOy,{a =5.554,
b=5555, c=7.863 &, orthorhomibic), LaCoOso(e=5436, c=13.095 A, hexagonal). The temperature progra-
mmed reduction{TPR) experiments in static 300 torr H, atmosphere shows that the reduction reaction
of LaBOs(B=Mn, Fe, Co} proceeds into two stages, and thermal stabilities of these oxides decreased
in the order of LaMnOs>LaFe(Qs>LaCo0; According to the kinetic analysis the lowest activation energy
was obtained for LaCoQs.
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Citrate sol-geldl. 2423 L 24E(Fluks,
AG, >99%)9) 2% Rige2 La(NO;), 6H.09
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Table 1. The preparation of LaBOxB=Mn, Fe, Co)
by various methods

Reduction temp, (C)

Calcination Oxygen

Method Temp. stoichi-  First Second
©) ometry  stage stage

LaMnO;

Citrate 850C/24h 316 460~565 730~835

Canrbonate 1000C/ 4h 315
Ammonium- 1100C/ 4h 315

330~480 640~850
460~565 730~835

hydroxide

LaFeOs.7 .
Citrate 850C/24h 317 290~580 690~ 1040
Cyanide 650C/ 6h 318 300~550 300~1130
LaCoQ;30

Citrate 850C /24h 30  250~380 49%0~680
Cyanide 650C/ 6h 30  285~415 465~655
Acetate 1000C/ Sh 30  355~480 570~670
Solid rxn. 900C /36h 298 260~420 470~620

1994, Vol. 38, No. 4
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Fig. 1. X-ray patterns of LaBOy(B=Mn, Fe, Co) (a), reduction products (b} at 420C (LaMnO3), 470C (LaFeQs)

and 360C (LaCoOy), TPR final products (c).

Table 2. Comparison of X-ray diffraction patterns (d values)

k! LaMnOse LaMnOss LaMnO;

hki

LaFeOs LaFeOi; LaFeO,, h#l LaCoOf LaCoOi LaCoOys

012
110
104
021
024
122
214
018
220
208
134

3.86
2.75
272
243
1.937
1.741
1.585
1570
1.378
1.365
1.230

3877
2.752
2731
2.245
1938
1739
1.586
1.569
1.380
1.3656
1.230

3.852
2.719
2.239
1.934
1.736
1.583
1.564
1372
1.362
1.227

3929
2778
2.269
1.965
1757
1.603
1389
1.242

3941 3907 012 382 3.827 3.787
2,781 2766 110 2719 2.72 2,704
227 2.26 104 2688 2.69 2:672
1.964 1958 202 2217 2217 2208
1.753 1751 024 1912 1912 1.905
1.604 1599 214 1.564 1.565 1.564
1388 138 018 1546 1.545 1.5456
1.245 124 220 1360 1358 -
- 1236 208 1344 1.343 1.341

°Reference JCPDS card (25-1060, 1060), 28-1229, 15-148.
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Fig. 26 19} Qle}. o) & Al89] AbA S 3okEL La-
MnO:;63% LaFeO;,9] 4314 4124E3) LaCo0s09)
3k & el ade). Tofield’ 2} Vogel S22 217}
LaMnQ;5(24% Mn**}2} LaMn(1)5(26% Mn**)9)
v A e)E s AANE B2y vl glon), Wachowski®
€ LaFeOyz, Tascon 508 LaFeQys9) wlz}ba}ek
£4 A3 v3u3igor), Fierro $'& N, £4
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Table 3. Lattice parameters and volumes of LaBO,
(B=Mn, Fe, Co)

Table 4. Reduction temperature intervals and reaction
amounts (¢~ /mole, weight loss%) of LaBO«(B=Mn,
Fe, Co)

Sample Lattice parameters (A) Reduced

a ¢ lattice Firststage ¢~ /mole Second stage ¢~ /mole

volume (&%) Sample T, T @%wmpp T, T, (% mg

LaMnOs;6 5.507 13.329 58.35 LaMnO;s 330 480 0.32(1.05) 640 850 1.0(2.26)
LaMnQ4, 5.502 13.290 58.07 LaFe(s); 290 520 0.34(1.13) 640 1040 3.0(11.0)
LaCoO4, 5436 13.095 55.85 LaCoO;, 250 360 09935 ) 550 680 201( 6.5)
LaCo0;5 5425 13.127 55.76 . o -
LaFeOu,s 2 =5554, b=5555, c=7863 6065 7y initial temp., 7y final temp.(C).
LaFeOs, a=5.553, b=5555, c=7859 6061

*Lattice volume corresponding to the ideal cubic cell.

N\

S - s

06 760 60 110
Temp( *c)

Fig. 2. Temperature programmed reduction and diffe-

rential thermogravimetic curves of LaBOx(B=Mn, Fe,

Co) in 300 mmHg H, at heating rate 5T /min.
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defect)s] +x=2 & 4 9t} ¥8, LaBO«B=Mn,
Fe, Co) S44H8}E9) A 2¢h7] #9uh-&-2 perovs-
kite 27} 8= HEAA 2 LaMnO; 0 640~
850C 7}%) wrg-sted 127 /mole(FH 7 2.26%)°)
gslo] HFANER La0s9 MnO7}F 4449,
LaFeQ;02 640~1040C 712 HEZ-02 3¢ /mole
(FAFEF 11%)0) #HE] La0:e} F5 Ferl 4
A€ 3, LaCoOs5& 500~680C 712] whg-8}9] 2¢”
/moleo] HH3-3t La;0:9} 3% ColZ g}
(Fig. 1(0)). Vogel 52 AFolAx u]3}e}etE
LaMnQ;5& 10%2] H.¢} 90%4 N; £$7]3l6A
450~600C = oA 3EYE2 LaMnO: 22
HUH T, 960C AN HFAYAYE La0:9F MnO7}
Qo] BwFh ul Q) olE 4ks}ES} A 2937
AL ok Z2o] Jehd 4 gloh
LaMnOy +0.5 H;,—
LaMnQ;5(1/2La;0s + MnO) + 0.5 H,0

LaFeO;, +15 H,—
LaFeO,5(1/2La;03+ Fe)+ 1.5 H,O

Teight loasing)

Fig. 3. X-ray diffraction pattern (a) and TPR curve

(b) of reoxidated sample LaCoO;.
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o]4te] gluh$- Aalg el LaBOyB=Mn, Fe,
Co) ¥§H4talEel 4] LaMnOye Ak 0.5 mole 5 1
e”/moleo] FAs|o] HFYPHE(La,0;+MnOYE

+ ukg-o|u}, LaFeOy 44 1.5 moleo] uF-g-3}od
3¢ /mole®) FHEQ) Wi, LaCo0s8] H¥ 1
e~ /mole(Ak 0.5 mole)e]! U= A 134 8Y
BHE-3) 207 /mole(4rA 1 mole)ol S =& 3] 25hA)
ghg-o] ghse] YHHLE 3o /moleo] HYHE
vhgo] o} debad <l 2] 7] fUHRS-
el 7} Jelhbs A3 perovskited 8§43t
A F&0 A9 Aol #$YAe ¥ F5
ARl 54 Feo] HgHeR Jehis AR A
zts)e], B3] HolF4el S 23 Zeg gt
%‘:‘_15.16‘
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1 2 3. L L 1 1 1
ry w &0 & w

Tiene{min}

Fig. 4. Reduction kinetics at 719~769C (a} and linear
plots (b) of —[In(1—a)]"® vs. ¢ for the second reduc-
tion stage of LaMnO,
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EF el 2chilE A 194 Bvkde
270~400C 72 XA, A 2dA  PGUukEE
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Fe, Co} 2§H4k3}-82] perovskite 327} 8=+
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Fig. 5. Reduction kinetics at 873~930C (a) and linear
plots {b) of [1—(2a/3)] —(1—a)*? vs. ¢ for the second
reduction stage of LaFeO..
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whA 9t FAA A Flste, LaMnO:s H 4
SA13 9] T2 2(719~960T )} dslo.ni(Fig. 4
(@), <8 7} Sk 2do'® Wil A} 3
Ax 24 al Avrami-Erofeev A& w2 )(Fig. 4(b)),
o] Ale2RE] Fi A L 119 keal/
moleo]d], LaFe(0;9] 7 $-& 873~930C 9] &2
$Joll 4] st 3339 ¥4kR 9] Ginstling-Brou-
nshtein 2]& ALw(Fig.5), of o237 E 857
kcal/mole2] #Ad3lellix] e, LaCoOse 510~
560C 7kx] ZAlsle SAYS) SR ANFg. 6) o=
] 278kcal/mole] ®Astel]z] g dddck
(Table 5).

o|4re] #Hwte] 2)3}E LaBOsB=Mn, Fe, Co)
23akstEe] gk oA XE LaMnOy>La-
Fe(;>LaCo0;8] £202 ozl &4 a9
7A8g Holo), o] Mn'*<Fe'' <(Co'* 9] &4
Az BURE o 5 vk =3 FAA 7

{e0)
1.0t

0,81
0.6}
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Time(min)

1
20
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» L] @ L] L
Tima{min)

Fig. 6. Reduction kinetics at 510~566C (a) and linear
plots (b) of —[In(1—a)]"® ps. £ for the second reduc-
tion stage of LaCoQs.
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Table 5. Kinetic parameters for the reduction of La-
BOy(B=Mn, Fe, Co)

Samp;le First stage Procoefficient
E, (kcal/mole) InA {sec™"}
LaMnO;,¢ 119 56
LaFeQsy; 85.7 305
LaCoOs, 278 180

Q] dA HAA ] 7 2ol LaCoOs7h 713 3
Reo2 zAsAdch

4 =

ozl 712 gAdubd F citrate sol-gele] P
g o o] uie o8 ¥R S}
£ AbA2}3}HoRE-2 LaMnOs6 LaFeOsy;, LaCoOso
o2 kg 237 TPR Zsjol] &3
o] & 4r3HE2] VY32 LaMn0;4¢} LaFe0, 58]
A% Al1dA g9uE2 o)) 4av) o|dEH
#Ao) 2, A 2GA Y~ LaMnO;e0] 3% 1
¢~ /mole, LaFeOyp 3¢~ /molec] B uk$4l
hd, LaCo0y9) 7% A 1AlelA 1e™Ymoleo]
VY2 A 27tA qHgelA 2e /molec] HYE A}
AHAHL2 3¢ /molec] VUHE= wtEoz HelF
&d gzl goldt AHE Ko, LaMnO;>La-
Fe0;>LaCo0;8] 94 <Ay e) £45 B4t
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