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Abstract: Perovskite-type catalysts of LaBO; (B = Cr, Mn, Fe, Co, Ni) were prepared by copercipitation method and
characterized by XRD, BET, H,-TPR and O,-TPD techniques. The catalytic performance of catalysts was evaluated for
combustion of benzene, toluene, ethyl acetate, and acetone. Except for perovskite structure, La,CrO4 and La,O; also
would be formed in LaCrO; and LaFeO; catalysts, which led to destruction of active structure. But LaMnOj3;, LaCoO; and
LaNiO; catalysts showed the perfect perovskite structure that resulted in high catalytic activity. Among these catalysts,
LaMnO; has richer lattice oxygen, and more favorably be used in catalytic combustion of VOCs with high C-H bond
(such as benzene). In contrast, LaCoO; and LaNiO; presented richer surface oxygen because of its structures of anion
defects, and were good catalysts for catalytic combustion of oxygenated VOCs (such as ethyl acetate and acetone).

Key words: perovskite; catalytic combustion; VOCs; LaBOj; copercipitation
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Table 1 Crystal structures and surface areas of LaBO;

FEfE R (mYg) PR (am) A Al
LaCrOs 15 36.2 P ,La,CrOg
LaMnO; 315 17.7 P
LaFeOs 21.2 26.1 P, La,0;3
LaCoO; 18.9 26.0 P
LaNiO; 17.9 26.8 P




1774 el WO R 2%
o oy I E SRS
i "A‘ o w
" o N
_ Q Ao 2 g #z 2 H,-TPR BB L
g T Table 2 Results of H,~TPD data analysis
i o o ©
= & 51305 5 2 i g
o @ b FEGL 4 i KA i E A=
. (C) (mmol/g) (C) (mmol/g)
O e 0 Soee a,] LaCrOs 415 1.578
10 20 30 40 50 60 LaMnO; 346 1.151 660 1.254
200 LaFeO; 344 0.898
K 1 LaBO, %@@KW{T‘T‘{K%UﬁéE‘Tﬁ XRD lfaleﬂ LaCoO; 350 1.754 544 3.336
. LaNiO; 360 2.258 479 2.454
Fig.1 XRD patterns of LaBOj; catalysts — - —
RO AL 5
a.LaCrOs, b.LaMnOs, c.LaFeQO3, d.LaCoOs, e.LaNiOs
o U o~ L0, 2 Ls0) LaMnOs i (LT 2 A6 508, 5 1 /536
Ji W WAL Y B AE 346°C L5 2 NIk JRUIBAE 660°C.
2.2 H,-TPR #1i

H(a.u.)
n%

o

l(I)O 2(')0 3(')0 4(I)0 S(I)O 6(I)0 7(')0 800
TEE(C)
2 LaBO; #58kH 4L 7 H,-TPR i 5]
Fig.2 H,~TPR curves of LaBO; catalysts
a.LaCrOs, b.LaMnOs, ¢.LaFeQO3, d.LaCoOs3, e.LaNiOs

HE 2 7] 0L LaCrO; £ 7E 415 CAH I
ANIE I 1T LayO5 A LaCrOs 7F 900°C LA R A4
P A J P PR 3 AN S 0 1S ) JE T LapCrOg
Hh Cr® IR SRR O MR B A (R 2) 15, T b
S KY 25%M) La,CrOg.LaFeO; 3 H 75
344°C A LT AN I8 R SR T vE A 1
LaFeOs #54k8 1 Feo N Aid JilO M Ay
A REBARH B T B G Fe® 2 1h) Fer mth AT
B, A1 TPR o th A S04, XRD 73 A1 A H
e LayOs S A, K L Bl LaFeOs £5EKH 45
Ry La Befr 3 48804 Fe* #6745k Fe'' Jl i 4
HA AR 45 Fe BT PIMER
Fe* " B Lag seFeOs B2 145 o7 5 10, 5 6k ™ 4

LaMnO; 34 J5U 06 VA J& 15 A 52 4%, K38 23 Sk
g 2 U S 3 iR e Ay 4 T8I 4 38 JiR, v i 8 i e
h f A% SR LT LaMinO; 45 868 34 J5UJS 17
) MnO Al La, 05" Ji B R FE 40 B 457,
TS0 Mn [(PE0 2 0 +3. 17 AL )8 TR B
T B E R S5 R, R LaMnOs HHA7AE— 52
1% Mn*".LaCoOs Ml LaNiOs #4471 H B 2
AN Ji W A il 340 i Ve A7 43 il fE 350,330°C,
o Ul 3 J W Sy S AE 544,479°C .Giraudon 1Y)
% bt Pd/LaBOs(B=Fe/Co/Ni)ik Ji 51, N A Co
FING I J5 3 B Ry +3 0 I8 JR R +2, 85 5 2 Bl I IR
Ji% Co 1 Ni 42 J&:;Lisi 25" M0 K Co & T 7] LA
Bl 58 A% 34 i b AR 4l FE AU, Sk A3 Co FI NG 1
SERIN A 2.5 231, )8 T B B 1 i
ghiky it Lh B4, 08 Mn. Co. Ni #5860
HR G W A A T AR A SR R 2R B v
Co M1 Ni 2 [ 4 F & 10 Mn WU H A7 58 iy b A5 11
m A% 4L
2.3 O0,-TPD #f1E

O,~TPD 7 AR AT LU U 1) e AiE 58 25 v FH 6
TGk B AL, —FEAE 323K <T<S500K It Fff 11 2 2 i
W3R B AR, 473K <T<773K fid Bt 1 o 48 45 47 v
P2 B A (o R0, T>773K0 JBE B A48 A d ks 4B
O o BB EE 23 5 B A G R EAL M T
IR, BLYE TR i 2 T A2 A7 A 1T B 48U
B 47 B Tk JE AR B TR 1A I S M—



10 4 Ji - BEAE: LaBO, #5BkH ALY VOCs fiEIRBERE1E 1775
O BB REAH G, 2.4 fEfbIkE VOCs 1R
100
a 7 —a— LaMnO;
20l { —0— LaCoOs
_ —A— LaNiOs
e § 7 —v— LaFeOs
= 5 60 —— LaCrO;
8 <
g | d a0l
£ X
3 C
b 20
a O v <+ L L L L
L L L L 240 320 400 480 560 640 720

450
HE(CC)
3 LaBOs 580 #4671 O,-TPD %[5l
Fig.3 O,~TPD curves of LaBO; catalysts
a.LaCrOs, b.LaMnOs, ¢.LaFeO3, d.LaCoOs3, e.LaNiOs

150 300 600 750 900

& 3 1) O,~TPD 1] %i1,LaCrOs %1 BH 2 1)
o SR BERR, JUAE 770°C I HE B B B0 %o 1 B
BB Russo 25U 7HA Sk LaCrOs 465126 1 48,28
P JEHAE Y LaCrO; 4544 La,CrOg BhAH,
SAF R R AT P LaFeOs WL T
2 0t B 0 o SR B 4R I8 Ot PR U350 HH 77 PR R XA
SCHRARE (45 B B[ LaFeOs 4%
R R AR A 550 BN XRD F5-40, ik 7
BRASERE S AN AR, JEAFAE Lag0s, T80 T A5 3E
T 225 ) PR 87 A 4 207 184 .

LaMnO; I T 2 /Nt 0, 55 1A o 4800 B
U /NI 5, AN 150~450°C 3547 48 B J8 14 A
rh R 25 I B4R I P 28 2 NIEEAE 660°C,
J& B i ffT.LaCoO; Al LaNiO; [FIFE HEL 2 A
Jlid B, FC i R 55 LaMinO; H 7). Zou 26110
R TR SR B AL 4R AR S A
o SR I, AT $E R AR R R 4 . BT Co
Ni 7EE54K0 M A& ZAK T Mn, 35 8 A
PRI o BRI EE Mn EALFIE L (HE 3
PR S SR FOMB MRS o SR
[f],Co Ni EALFIM B AR B B 2/ T Mn,Jf
LS BRI P82 g 55 T Min.Lisi 250 HA 4 B 48R 5
55 BH 257 25 AR O, BH 28 254 22 S0 S AAU(B
SR IR T 3 AR ERAT AL SR Mn P
BZET Cow NLH B 1A 80tk 2, i 3L
(E=REEA

IRBERLIZE(C)
100 -
b ? “ 7 0= LaCoOs
1 7 —&— LaMnO;
=80T —A— LaNiO;
S 7 —v— LaFeO;
it 60 y —— LaCrO;
B J
% 40 7
=
i ;.;MQ/‘

‘ 200 240 280 320 360 400 4;10 42;0
IRBEELEE(C)
4 LaBO; fHAGSREE AN P 2R MR ith 2
Fig.4 Catalytic combustion of toluene and benzene on
LaBOj catalysts
ZEF 2K 5000mg/m’, 55 3 : 20000mL/(g-h)
a A, bR

H &l 4 7] %0, LaBO; {4 e H R RS 1 Ik
J#4:LaCoO5>LaMnO;>LaNiOs>LaFeO;> LaCrOs;
TR AE B B 2K 16 3% PE T Ol :LaMinOs>LaCoO5>
LaNiO;>LaFeO3>LaCrO;. £ 75 & K7 WL
LaCoO; fil LaMnO; #J I H AL R IR A 1 g (R
TEMRBE ORI Co AR BE HAR A, i A loe 4% i
) Mn AL DL 5 N B W7 (55 3),
KRS C—H 4(472.2kI/mol) B Bl & = T AR
%59 C—H ##(370.3kJ/mol), A1t Co. Mn fEALF]
SEARRE 2R L 250, 260°C, 1 58 44
BN F3E 300,400°C. Forni 2205 Ak A1k I
NV 3 Ay 2 THT AR S THI s I, K o A 5 Y — A
BN SNV, e 5 T 4 1) T S P 4 P v et 4
A I I ) 5 5 A A D) AH %, kg ST e . AT it
Mn B ERAT (A 75 11 v a1 S v 1 A
Co HEALHI,BEIE T B H7E—28 C—H BB Ae i =
(1] VOCs fEfbAKe [, b fE A et 2 — i



1776

hoOE KB R %

32 %

TR g2,

100 A
a

g 80 |

2 60

hd

%

g 40 —0- LaCoO;

© —A— LaNiOs

N 20 —&— LaMnO;

v/ -~ LaFeO;

L 57 —— LaCrO;

(=]

160 200 240 280 320 360
APl BE(C)
100
b
80 |
S
M 60
<
% 40 —0— LaCoO;
E —— LaMnOs3
—A— LaNiO;
20 —v— LaFeO3;
—— LaCrOs

320 360

280
HRBEIEE(C)
El'5s  LaBO; fi ke L1 LI A T RS 1 28

Fig.5 Catalytic combustion of ethyl acetate and acetone

240

on LaBO; catalysts
2. Z.1: 5000mg/m’, PIf: 10000mg/m®, %53%: 20000mL/(g-h)
a. LR Mg, b

LR VR T B 2 3R 8 W& 428 VOCs
75 4 LB IO 75 4828 VOCs ARl K 5
AGL AL R e 4 TR £ B RIS R IR T O
LaCo0;>LaNiOs>LaMnOs>LaFeO;>LaCrO;
K% 958 T R 1) 95 P YR M :LaCoO3>LaMnOs>
LaNiO;>LaFeOs>LaCrO;. 5 i {b A ke 77 12 2K 4
BLA) L, L A4 06 8 KT B R AR O
1k, LaCoOs A AL T 12 3K B35 4F .LaMnOs Al
LaNiO; A b It e AH ZEAN K.

B 555 A WA L, L8 2156 R TN i £
AR B I BT B PRSI 1) LaCoOs A BRI
FEAE 200°C A AHHE R R T 50~60°C. M
551 C—H $4E AL /T, LR LR AR ) C—H
By A4 395,411kI/mol A7 EL 2K ) C—H 4
(370kJ/mol) e i A Br LT, At C—H BEA RS
S HLAG S P R G AR AR 11 = 2 S R AT AL

TR IR S C—H B %N, 55
TR AN E B S 5 R T
HE A 700 2 TR R B ) . AR 2 AT, PR A 1 48
WlE Ky 0.45, 208 LBE R A 1.78 F12.77, Ktk
PRI WA e A7) 2 1T S ) 40 R B A, 3L
FEC AU AL

SCRRIPO2O A Sy 3% M S R 1 B RN
PR ILE PR DGR, T I R B AL B
A7 453 e K4 Jin = i ke B, DA T B v e 7R 5 1 AR 8
B EME.N Hy-TPR Al O,-TPD EAE A] 41,3
T4 EE Bl LaNiO; I 22 (P HAR IR FE A=), 3%
TH4URIFZ 81 LL LaFeOs S i (K I A7 I 220).
FL A 1 335 T 1) 4 SR AN 55 3 P A ) B i
PE—SC A BT B A 4 JBm AN ) (R A AR i
AT, 56 35 S R A 45 440t [ A A i T

Co. Mn. Ni EA6FZ 8] TGP EE X AS
Al WL 2 R A AR T o AR WA S P, 18
fEA IR T 2 W B FNE AL, 3 C—H BT R N
AT DLAEAG I T e R IR R A T A 3 1 A ) 2
RIS B T8 il Ay e S 1R DB, b N L A i 0
JEPEREL 2 R I (o %)) Cov Ni fEALFIEVE
RIS T5 e R GHL) oF rk 59,9F B
Higedy C—H BERRAR =G D0~ (s HGe),
B C  a E N A  FE b i S
mn ks A1) LaMnOs I HH ST (R 1.

3 it

3.1 LaMnO; J& T-BH & 18R B A0 45 44, i i
AR FE TGS N2 C—H R
ety FHHE LAY AX () A7 B 23 1 A BB B . o (n
AR HEESE).

3.2 LaCoOs. LaNiOs J& T BH & 1Sk FE a5 5k 45
F49,Cov Ni HEAFI A7 AR GR T4 e A
BB A Y AR S AR R YR A LA M
PIRIE S N (W TR L6 IR A5,

SH 3Lk

[1] Parmar G R, Rao N N. Emerging control technologies for volatile
organic compounds [J]. Critical Reviews in Environmental
Science and Technology, 2009,39(1):41-78.

[2] Lu HF, Zhou Y, Huang H F.et al. In-situ synthesis of monolithic



10

J

Hi%E: LaBOs #5EKH AL VOCs fEALIABERF I

1777

B3]

(4]

(3]

(6]

(7

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Cu-Mn-Ce/cordierite catalysts towards VOCs combustion [J].
Journal of Rare Earths, 2011,29(9):855-860.

Huang H F, Liu Y Q, Tang W, et al. Catalytic activity of
nanometer La; xSr,CoO3(x=0,0.2) perovskites towards VOCs
combustion [J]. Catalysis Communications, 2008,9(1):55-59.
Everaert K, Baeyens J. Catalytic combustion of volatile organic
compounds [J]. Journal of Hazardous Materials, 2004, 109(1-3):
113-139.

Pena M A, Fierro J L G. Chemical structures and performance of
perovskite oxides [J]. Chemical Reviews, 2001,101(7):1981-
2017.

Stege W P, Cadus L E, Barbero B P. La;.,\CayMnO3) perovskites
as catalysts for total oxidation of volatile organic compounds [J].
Catalysis Today, 2011,172(1):53-57.

Pecchi G, Campos C, Pena O, et al. Structural, magnetic and
catalytic of
LaMn,,Co,03 (y=0.0, 0.1, 0.3, 0.5, 0.7, 0.9, 1.0) [J]. Journal of
Molecular Catalysis a-Chemical, 2008,282(1):158-166.

properties perovskite-type  mixed  oxides

Spinicci R, Tofanari A, Faticanti M,et al. Hexane total oxidation
on LaMO; (M = Mn, Co, Fe) perovskite type oxides [J]. Journal
of Molecular Catalysis a-Chemical, 2001,176(1):247-252.

Ifrah S, Kaddouri A, Gelin P, et al. On the effect of La-Cr-O-
phase composition on diesel soot catalytic combustion [J].
Catalysis Communications, 2007,(8):2257-2262.

Pecchi G, Reyes P, Zamora R, et al. Effect of the preparation
method on the catalytic activity of La;.,Ca,FeO; perovskite-type
oxides [J]. Catalysis Today, 2008,133:420-427.

Barbero B P, Gamboa J A, Cadus L E. Synthesis and
characterisation of La;Ca,FeOs; perovskite-type oxide catalysts
for total oxidation of volatile organic compounds. [J]. Applied
Catalysis B-Environmental, 2006,65(1):21-30.

Kaddouri A, Ifrah S, Gelin P. A study of the Influence of the

synthesis conditions upon the catalytic properties of LaMnOs ;5 in

methane combustion in the absence and presence of H,S [J]. Catal.

Lett., 2007,119(3):237-244.

Kaddouri A, Gelin P, Dupont N. Methane catalytic combustion
over La-Ce-Mn-O- perovskite prepared using dielectric heating
[J]. Catalysis Communications, 2009,10(7):1085-1089.

Lisi L, Bagnasco G, Ciambelli P, et al. Perovskite-type oxides-II.
Redox properties of LaMn;.,Cu,O; and LaCo;.,Cu,O; and
methane catalytic combustion [J]. Journal of Solid State
Chemistry, 1999,146(1):176-183.

Giraudon J M, Elhachimi A, Wyrwalski F, et al. Studies of the
activation process over Pd perovskite-type oxides used for
of [J1.
B-Environmental, 2007,75(3/4):157-166.
Zhu J J, Xiao D H, Li J, et al. Perovskite-like mixed oxides

catalytic  oxidation toluene Applied  Catalysis

(LaSrMn,,Ni,O3) as catalyst for catalytic NO decomposition:

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

TPD and TPR studies [J]. Catalysis Letters, 2009,129(1):240—
246.

Russo N, Fino D, Saracco G, et al. Studies on the redox properties
of chromite perovskite catalysts for soot combustion [J]. Journal
of Catalysis 2005, 229 (2):459-469.

Petrovic S, Terlecki-Barievic A, Karanovic L, et al. LaMOs; (M =
Mg, Ti, Fe) perovskite type oxides: Preparation, characterization
and catalytic properties in methane deep oxidation [J]. Applied
Catalysis B-Environmental, 2008,79(2):186-198.

Zou G J, Chen L, Wang X L. Properties and catalytic performance
for methane combustion of LaMnOj; perovskite prepared in
oil-water two-phase system [J]. Catalysis Letters, 2008,126(1):
96-99.

Forni L, Rossetti I. Catalytic combustion of hydrocarbons over
perovskites [J]. Applied Catalysis B-Environmental, 2002,38(1):
29-37.

Giebeler L, Kiessling D, Wendt G. LaMnOs perovskite supported
noble metal catalysts for the total oxidation of methane [J].
Chemical Engineering and Technology, 2007,30(7):889-894.
Hammami R, Aissa S B, Batis H. Effects of thermal treatment on
physico-chemical and catalytic properties of lanthanum
manganite LaMnOs,, [J]. Applied Catalysis a-General, 2009,
353(2):145-153.

Civera A, Negro G, Specchia S, et al. Optimal compositional and
structural design of a LaMnOs/ZrO,/Pd-based catalyst for
methane combustion [J]. Catalysis Today, 2005,100(3):275-281.
Spinicci R, Delmastro A, Ronchetti S, et al. Catalytic behaviour
of stoichiometric and non-stoichiometric LaMnOj; perovskite
towards methane combustion [J]. Materials Chemistry and
Physics, 2003,78(2):393-399.

Blasin-Aube V, Belkouch J, Monceaux L. General study of
catalytic oxidation of various VOCs over LaggSro,MnOj;,
perovskite catalyst-influence of mixture [J]. Applied Catalysis
B-Environmental, 2003,43(2):175-186

Alifanti M, Kirchnerova J, Delmon B. Effect of substitution by
cerium on the activity of LaMnOj; perovskite in methane
combustion [J]. Applied Catalysis a-General, 2003,245(2):
231-243.

Marchetti L, Forni L. Catalytic combustion of methane over
perovskites [J]. Applied Catalysis B-Environmental, 1998,15(3):
179-187.

Ferri D, Forni L. Methane combustion on some perovskite-like
mixed oxides [J]. Applied Catalysis B-Environmental, 1998,16(2):

119-126.

TEZEN: A BL1977-), 2, WL 4t A Vi, 2 38 A B
B B AR R 9L 5 185 20 4355,



