529 % 55 1
201542 H

a0 T
JOURNAL OF MOLECULAR CATALYSIS(CHINA) Feb. 2015

Vol.29,No. 1

XEHS: 1001-3555(2015)01-0082-08

La,_. Ca, MnO,, ; $58AW EUAFIFI&E R E
PR 5 {4 40 0 J6% 5 BE i 3%

ZMR, FEH, REPT, £ 8T, B M
(ATl R (o 50T 20, AT (e SADRME T 2RO A S, 0H A 230009)

BE: RTS8 % 1 251 La,_,Ca,MnO,,;(x=0, 0.03, 0.05, 0.07, 0.1, 0.15, 0.2) fEALF], R
N, PR R, SRR T is B (H,-TPR) | SR ¥ TR (0,-TPD) , XS ZRAT I (XRD) Al X-3H 26 HL T RE T
(XPS) HF5E 1T HM AL AR, HH5 T Wb HEARAEIEE. 455K, 2 Ca BE/RIBIR 0 0. L IF, fEAL TG
4. XRD I BET FRALZE R KW Ca m] LIS 4544H, Ca 3B 20 R 19 LR M BUC R E 0. H,-TPR Al
XPS FALLE R W] Ca BAREIN T Ma® [l 55 ik, 0,-TPD RALSE R FWIE bt Ca 455 0T LAREAR A5 SUBE IR
Mn®* BABGRAUEHE, PRI o T HEALTA b, (HBEE Ca $B7% EREAN , {150 2 10 IR B4R 35 A T2, A
SR ME LA TG AP SET FE R AR AE 4R, Ca B 2% BEARSEIE N S 2 A AL TG P AT BT T M. RS S B ALER, Ca 4828 — 5 A
ATRAEE Mn® S ik B0, AR AR s 55—y T2 A AR R T R PR A BT R R, AR T AT

SEERI: FEERTT s Lay Ca MnO,., 5 Ca 1825 HUBAEILARYS

FESES: 0643.32 XHEtRER: A

UGS HEALIRBEEAR LT 2, TEBARIEE T Al
il P B 5 48U A S B AR L €O, . HLO Jf i fiE
i, BERESE R A HACR, i fef ok H be UL 4E 07 X
WAL B BRBETS Ye ) PR AR A 32 T
FGEEAIR B AR R R AR St | SIS
JREALY) . AR R LA R R A AR T Bt
SR EARTETE R, EHME S, Ml Nk
Wl YU PR 22, I U SR AL WAL TR A% 4K
%, (TG TERAE, X5 BRAIKZ I 32 TR 2.
FNEBIRER T A N5 EAE 800 °C A b s i ke, il
SAERT I AR AT BRI R E M L AL
I PEAE W 2 AT 2 2 6, T2 A4l
Tk, B AR ST, Wang % R A
La,_ St MnO; 81 A AL A7 55 FoR AR = R B,
KRB S, SR T 4 1o AL T . TR IR
LaCoO, TAZkAE YSZ [ A E, e 1 A5 &
TG PRSI A E i, AR R T AT R A58k
0 5 7 vk EEAAULRE L JLUTTEk . I IR BRI
I BABRIE L KRG BUE AR IRIC 5 15 FTRTR
BeEIERA M, 75 20 0 A0 70) He 3% i B
Ko TR A5 P Bk B AR A

Wis HER: 2014-11-28; {&[E HEA: 2015-01-21.
E€WE: HXAARFESTIH (21106027).
1EE®/ N HES2(1988-), B, Wit E-mail;yyzdyxqq@ 163. com.

+ A THEE R A, E-mail ; chenyazhong@ hfut. edu. cn; wangqi@ hfut. edu. cn.

PLAT B Ar AT, FEE N TR E MR E
P BLEEMEAVEILIE L. A BRI R T4 Pr,
Eu. Sr. Ce fl Ca 2" Tvanov 2" BF5E T Sr 45
Z&11 La,_ St MnO,(x=0, 0.3, 0.5) fEALAE 1, 25
RN Sr 4B A BE 5 = AL T A R I RS R,
TG . A (B2 T L2 B AT &R A
A, [AIE S AR ER G, BT RL A LB AR5 K
1 B AR 1 T 1A 2 B R

HIF Mn m] DU I +3 e Fl+4 0 PR 2,
i Mn*" HAF 3Rk, Ca SEBL+2 4y, [ Ca 524
& LaMnO, o] RLGZna B i Mn (44 25 DL A AL 51
WA AR T R b, TS e A R S . i
AR A % T &) La,_,Ca MO, (x =
0~0.2) fEAL ], JF AR N, ¥ B F . XRD,
H,-TPR, O,-TPD il XPS X i fb I 47 1T FAE, i
W1 Ca Bt XA M 2549 . P RE LA B Y A i
AARGETE P A 5 )

1 RIEHER5

L1 EeHH &
%ﬁﬁﬁ%@ﬁ@ﬂ%]i\tﬂ% La1_xcaan03+5( x=0 s



8514

ZWER S Lay_, Ca, MnOy, o S5ERA AL ] 25 SOH HY B i AL BEME RERTTFE 83

0.03, 0.05, 0.07, 0.1, 0.15, 0.2) B4k 7 Fl AL
#. LA Lay 4Cay ,MnO,,, R, Hilsd BanT . 7
B La(N03)3 12'& 9.65 g, 50% il PR i v M 11. 81
g, Ca(NO,), - 4H,0 [k 0.78 g. C,H,0, - H,0
(KEFEIR) 13. 87 g (EH 25 B =G RA
al, phral) . ¥ CHyO, + H,0, Ca(NO,), - 4H,0
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Table 1 Specific surface area of the catalysts with

different calcium molar doping

The molar doping Sper The average pore
amount of Ca J(m g size/nm
0 18.2 19.7
0.03 18.0 20.6
0.05 16.5 20.0
0.07 16.8 20.0
0.1 18.2 21.2
0.15 19.3 18.5
0.2 16.9 19.4
2.2 XRD

Bl 1(a) FHEAGH G XRD §5 . 78 26=32. 5°4b
B T IR AT, B AL AR I CaO Rl MnO, fYFFAE
Rt e n] IR FFHRIR AL 545, 700 CREBEIR
AR AT RE T A B — B KA T AL 7EBRARESBRE
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Fig.1 (a) XRD patterns of La,_ Ca, MnOj;,; catalysts; (b) XRD patterns of La,_ Ca, MnO,,  catalysts 2 theta value of around 58°
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Table 2 Average crystallite size of the catalysts

The molar doping amount Average crystallite

of Ca size/nm
0 18.6
0.03 19.1
0.05 19.0
0.07 19.0
0.1 20.3
0.15 21.5

0.2 23.3

Ca $B24 S EUEALFF R4 I, Ca BA4REIEIE
P e ae A rb kB4l 15 A I R bR
A
2.3 H,-TPR

K2 AL H,-TPR %, % 0] 43k 550
C LA E W) iR X A550°C LLT Ao 4R L DX A58 49
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Fig.2 H,-TPR profiles of La,_,Ca MnO,, ; catalysts
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Table 3 The content of non-stoichiometric oxygen and the calculated chemical formula of the catalysts

The molar doping

The calculated chemical formula

3-b 5 3-b+d

amount of Ca of the catalysts
0 0 0.1653 0.1653 LaMnO; 455
0.03 0.015 0. 1509 0.1659 Lay_ 7 Cay 03 MnO;_ ;500
0.05 0.025 0.1414 0. 1664 Lay o5 Cay os MnO;. 41,
0.07 0.035 0.1324 0.1674 Lay_ o3 Cay o; MnO;_ 3,
0.1 0.05 0.1186 0. 1686 La, 4Cay ; MnO; 4
0.15 0.075 0.0830 0. 1580 Lay ¢ Cay 15 MnO; 5,
0.2 0.1 0.0484 0.1484 La, s Ca, , MnO, g,

Mn* #5675 Mn* i} AR ) , 24 x=0. 15 B 8 {4
F13-b PEFEAARSE, PG X W AR R, X
FHE MR, PR X G R AR 554
RWG. X FRIAPIGE X 2 512 B AR 2T LA
f 2B AN Mn** 38 JE A Mn® 5132 9. 300 ~450 C i
i AR AR R s R R, AT
X (2) F R, 450 ~ 550 °C ik JligE Mn* a8 J5 A
Mn* BlER, AR (3) FR".

La,_.Ca,MnO,,; + 8H, = La,_,Ca MnO; +8H,0 (2)

La, .Ca Mn}" Mn'' O, + iH2 =
2
La,_.Ca Mn’* 0,_s + %HZO (3)
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A La™ W00 T 1 Mn® 5 [ i L A RSP, ATk
T AR P AR LA A . R T
B Ca B2 NN, A AL (9 8 B g B2 2 i 1%
WX R 3, KI5 X E iR X 5, Y Ca BE/RBIR
B 0.1 IR 0] 3 SRR G IR PR S Ca™
BTER/ANT La™ B2kt 2, 3 Ca BARIEA
AT I, 28 B Bk B ke A — TR G I IS
PR Mn—O SERE, T J50ELIE [ (R IR X 7 3,
HEHEE Ca B2 BEBIIN, AL e 25 VL RE A T4t

I, BRI, W SRR S 1) R
2.4 0,-TPD
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Fig.3 0,-TPD profiles of La,_,Ca MnOj;,; catalysts
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(), XUEHIREALT] A Mn™, M2 g
FRI XPS Bl iAo, KBLREH Ca B2 E34 N,
AR B 400 2 1 9T T e, Mn® 8 3
R AR 7E AL, 73 35 08 [ Mn® Al Mn*
AT S5t | R A7) 38 T B RS 2T A SR AR 5
i, HEERII TR 4 . X 45— S50 1 H,-
TPR FAELE R 2 HULrT L, Ca BA4A BT Mn®
TR, AEANH I B 4 .

Mn 2p,, 641.6  642.9 )

x=0.2

x=0.05 ~

L

Intensity

x=0 /Qf/‘%;
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Fig.4 (a) XPS spectra for Ols of La,_ Ca MnO, ; catalysts; (b) XPS spectra for Mn 2P;,, of La,_ Ca MnO,, ; catalysts.

%4 RE CaBZmEAFIRE L Mn™ f1 Mo BbL{E ., RIS REEHILE

Table 4 The ratio of Mn** and Mn®" | adsorbed oxygen species and lattice oxygen on the surface of catalysts with

different calcium doping

The molar doping amount of Ca Tybe/ Ty 3+

The ratio of adsorbed oxygen species and lattice oxygen

0 0.691
0.03 0.849
0.05 0.906
0.07 1.237
0.1 1.277
0.15 1.438
0.2 1.508

1.186
1.048
0.994
0.973
0.956
0.857

0.834

2.6 fELIERE
S5 o T AR Ty, T, A1 Top A9{H.

MR AE Y, 2 Ca BAE 0. LI, H T, Ty
il Too OGS dme/IN. HiAGE> 1T 270 ok fi
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PEFRITE AR bE SO AR P A LB AN R . (1)
MEALTR R0 Mn™ 04 J5U R Mn™ G ER 38 18790 43 i
EBEHFE, Hhetidafl; (2) A hARfE 21T
R AR AL A AR 2 (3) U R A SR B A T T
WE I A AR A 2 3T i EE 4R L Lag g Cag , MnOs,
IR R (4) - (5) . (6) FroR. ME R Ak

ZERETH, Ca $B 2% Rt I S2 00 T Mn® 55 &5t 1 3% 1
W R SRR EE , A R HEAL TG VRS A B, 1548
Z%HEN 0.1 IF, B (4) F1(6) BRI 1 e
VCRC, M3 T i br AT PR R A
Wi Ca B m, 2B TR B TR
.

3+ 4+ 3+ 4+
Lay yCay \Mng y3oMny s, 05,5 + CHy — La, 4Cay My s5Mng 4, 0, o5.5 + CO, + H,0 (4)
3+ 4+ 3+ 4+
Laaocao. \Mng 530 Mng g, 02 9545 La0.9ca0A \Mng o Mny s, 03+(5—0. 05) (5>
3+ 4+ 3+ 4+
La, oCay \Mng o Mn s, 03+(§—04 0s) T 0, — La, 4Ca, \ My 3o Mnyg 56,0546 (6)

xS EALFIELRRMREREE

Table 5 Catalytic activity for methane combustion of the catalysts

Catalytic activity for methane combustion of the catalysts

Thecatalysts
T,/ C Ty/C Top/C
LaMnO, , 389.0 505.9 -

Lay ,Cay o, MnO, , 373.0 478.5 615.0
Lag o5 Cag osMnO; , ; 359.7 484.5 614.5
Lag o, Cag o MnO;, 358.0 486.7 609. 8
La, ,Ca, , MnO,, 353.5 467.2 586.9
La g5 Cay s MnO; , 367.3 481.8 598.5
La, ;Ca, ,MnO,, 374.3 495.0 681.5

3 it

FHFFBEREC G, 700 CRERTHA A (B4R
Ca [ La,_,Ca, MnO,,; ¥4k AL FIES, 24 x<0.2
B, AT e AL ). XY Ca BE/RB 24 E 2
0. 1 I HEALFE P d i, H Ty, F Ty 435315 467.2
CH1586.9 C. FKiB4e Ca i, LaMnO,,, FEHEA —
FERE S LA M B . ARERE AL _E B pk
PG, F 0 s A 5 O, B
RN, SRS I E AR S 2 Ca )
BT O 83 0. 1 B, fhA% 4 [R] FHBE 119 s o 3
R, GEHHEIE A 2 AL G B T AR I UL,
UEIT RIS T s AL TG PE. B Ca BE/RB 24t
Hahn, AT MRS B TR IG R B B
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La,_. Ca, MnO,,; Perovskite Catalysts Preparation and Their
Catalytic Performance for Methane Combustion

YAN Yao-zong, GUO Jin-wei, CHEN Ya-zhong, WANG Qi, CUI Peng
(Anhui Key Laboratory of Controllable Chemical Reaction and Material Chemical Engineering, School of
Chemisiry and Chemical Engineering, Hefei University of Technology, Hefei, 230009, China)

Abstract: A series of perovskite-type La,_ Ca MnO,,;(x=0,0.03,0.05,0.07,0.1,0.15,0.2) catalysts were
prepared by citrate complexing method. The catalysts were characterized by low temperature N, absorption, H,-
temperature programmed reduction ( H,-TPR) , O,-temperature programmed desorption( 0,-TPD), X-ray powder
diffraction (XRD) and X-ray photoelectron spectroscopy ( XPS) , as well as catalytic performance measurement for
methane combustion. The results showed that the catalyst gave best catalytic activity for when molar doping amount
of Ca was 0.1. The result of XRD and BET showed that Ca can be doped into perovskite structure without signifi-
cant effect on specific surface area. H,-TPR and XPS showed that the Ca doping increased the content of Mn*" in
the catalyst and thus could improve catalytic activity for methane combustion. However, with continuous increase of
Ca doping, the content of adsorbed surface oxygen species decreased. Therefore, the increase of Ca doping de-
creased catalytic activity. Thus, based upon the reaction mechanism for methane combustion over perovskite cata-
lysts, on one hand, calcium doping increased Mn*" content and improved activity ; on the other hand, high content
doping of calcium decreased the content of adsorbed oxygen species, which resulted in negative impact on catalytic
activity.

Key words: perovskite; La,_ Ca MnO,,;; calcium doping; catalytic combustion of methane



