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Bifi 5 ) RE VR BRI PR T e ml ) H 2 F L, H e ARk be , PRUHLRSOR = Hokk %2 T NO, T CO
ERBEG Y TE R, BRI P AR GG T Tk, A B E A Ak e, R
B HA S St E A 700 A 24 ol B TR AR TS D T S L T I e TR, R AR A R R
KMnO, (I AL MnO,-CeO, #EALT R &85 22 1Y Mn* * 1 5 10 b 480 %o B 7 52 4 S8 AL 2 300 A v 10
RIETE T, FT 5 W EE S AL AR A9 MVK ( Mars-Van-Krevelen redox ) HLF, ASSCFE Mn & 8 A48 H) 5544
T, @A TSR Mn(NO, ), 5 KMnO, i, DILIIEE S T 8GR MnO, -CeO, fEALF, R
FH XRD, LRS, XPS Fl TPR it F B AL R T T RAE, FERF5E T % befi fb gk be IR fE.

1 REEHS

L1 A& SRR & . BAMAR [ n(Mn)/n(Mn +Ce) =0. 5] Je B350 50%
i) Mo(NO, ), ¥ IREC K n[ Mn(NO, ), ]: n[ (NH,),Ce(NO,), ] =1: 1RIRA/KIEW , 1550 CHIRE 1+
T, ¥ 2 mol/L NaOH ¥ & S 18 i | i (pH = 10.5) . B8 R UL WE R P R 2 h, g
It FZEKUER, IS ERT 110 °C TSR, 16 500 C 53 AP REE6 h, FEMIC A MnCe-0. 78
Mn(NO,), Fl KMnO, HIBE/R L5 A 4:1, 2.5:2.5, 1:4, 0:5, FER 20 31304 MnCe-1, MnCe-2. 5,
MnCe-4 1 MnCe-5.

1.2 EWHFIRAE  XRD WAHSHTAE DX-2000 %Y X SF4b RATSHMY_E AT, TAEH R 40 kv, B
30 mA, Cu Ka $14k, P 0. 154056 nm, £ K 0.03°/min, FHi & 10° ~ 80°. Raman JG il 7
RENISHAW HUF7 S R FIE , LUK A 514, 5 nm BB TIROGES NG , T3 16 mW, 3
200 ~ 1600 em ', F XPS 43 Hri AL i Mo 2% (Al Ko, 1486.6 eV) , 7E XSAMS00 U5t F-fig
T RAEEE , FES AT RN DL C, (284. 6 V) NINFREIE. H,-TPR SLIRAEMT AT TCD Wil #% 0%
BT, B 50 mg LRI T 300 °CF N, AR AL 1 h BREFREREY), BEIE 50 Cla, DA
R 4.22% 17 Hy,/ N, IRASCNE IR, AR 30 mL/min, FHEH#E 10 °C/min.

1.3 AR E MR RS PR TR R S s [ R A ( AR 5 mm) FRaEq T, Ao i
I TR BN DR SR BE 52, 4 150 mg AEALTRIH BT 300 mg (A b B {5 440551 R 2 AH
LR AR . SRR, V(CH, ) : V(0,): V(Ar) =20:40:40, %53 40000 mL/ (g - h). JZh;
ALV B 112A BSRATE{L(TCD WIES ) #H17EL T, Akt TDX-01, AR 90 C, H5
SN R FE TS A 300 ~480 °C, FHEHA 2 °C/min, Fd R AR 15

2 H#R5IR

2.1 A @A AFERAT L CH, # A RE R N R A2 Ak (8] 1) B, MnCe-5 I+, CH,
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Fig.1 CH, conversion over MnO, -CeO, samples at

HTJ‘, ﬁﬁ%ﬁﬁ%{’t%ﬁ 86- 8% N ﬁﬁE‘%ﬁﬁ%’f’t% different temperatures
ﬂ‘j 90% BTJ‘ X‘Tm EI/‘J Eg,ﬂi& £ 390 C. E[ J[—LIA, )F::lé IIIIIIIZI Reaction conditions: 150 mg of catalyst; V (CH, ) :
MnCe4 X} He S8 AL B AT e AR & . 450 CF V(0,): V(Ar) =20:40:40; V, =40000 mL/ (g « h).

FORE e PEMNAZE R, MnCe4 BEEM 24 h 5, MALTEHEASEA K, HeB LRI 2 10% .

2.2 fEAH B AT K2 i MnO,-CeO, RIIFE 1 XRD 515, ¥0A H 30 A A0 5 AH 11T 5 5,
ICEL RS 7454 CeO, B TEATHT 4% (JCPDS#43-1002). XRD & PEAH > Hr4h S22 B, MnO_-CeO, LA
CeO, FHBIAELE, 53CHR[5 IS5 B —50 , Mn DLESAY 538 T Ce MR BRI T 7 4.
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Fig.2 XRD patterns of MnO,-CeO, samples Fig.3 Raman spectrum of the MnCe-4 catalyst

J T #E—HHIESE XRD AH 45 B % MnCe-0, MnCe-4 il MnCe-5 2§ 3 /NFE S AT T BOGHE
BEE T, SLIFEANTE 440 em T AAHHE S B TARRMPLZAE S, AT, B3 {URH MnCe4
Mhi R B AL CeO, MN2IEIETE 465 cm " 4b-* | ARIBURFR /T I — S AT [ A
Bl CeO, FhARGEH K AEIGAE | WA X I 38 1 54 (7 B A5 5 AR e B 7, LA 3 T AR 58 ) i
HEILE 440 em™ A, MnO,-CeO, HEALFTIIREE CeO, AT 45, itk — A5 T HIA XRD WAH 50745
R TMAE 230, 624 H 1150 em ™ A R EX 5050 H B ASAF DGR 5 RO 2 455, 2 bl TR R 7
JEREATEER K AR | PR i S k-
2.3 MM FIKE Mn M 24 FEEL MnCe-0, MnCe4 Fl MnCe-5 1) Mn,, XPS j& WL 4. MnCe-0 1)
Mn,, Z5GHRE(E,) HIIITE 642.1 eV 4b, XTHAMESS, E, =643.5 Fl 641.8 eV AbJ3 % T Mn** Al
Mn® " BIFETE, H M (5 Mn 9IRS 67. 2% ;MnCe4 1 E, =642.6 eV, XN T Mn* " BIFEAE; FE
it MnCe-5 B E, =641.6 eV, X T Mn’* HIFLE. Mn,, B XPS 3445 B, £ MnCe4 1, Mn'* 2
EERYIM G XT MnCe-0, Mo J2 EZRIYIFR, &4 AR Ma'", 53CH[4,8] 45R—; mife
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Fig.4 XPS spectra of Mn,, for various catalysts Fig.5 H,-TPR profiles of MnO_-CeO, catalysts
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MnCe-5 1, % JL-F-5 4 LA Mo’ W fe7E, H & B FEAC X W e b S Ak s Bk Ut Mn'* H
Mn’* Rl Mn®* 57 SR AT 17 | 3 3 AMIEARFRIY Mn,, XPS STt S 530 PR 25 2R —
2.4 fEFEEFEMEE  ES EMIER MnO, -CeO, LK) H,-TPR 3% &, £ MnCe-0 /i H,-TPR
TR T AR K2 346 CAME 1 ANSRIATFIE ) TS 7€ 430 °C FHEA 1 A55 10 TEb JRIgE | 3% 2 N8R
W55 JE T Mn, 0, IR J5 R MnO FIZKTH CeO, MR, 7ELRFF Mn S AEREAMET, i KMnO, #
FRIELAGHE TN, MnO,-CeO, [44SR B 35 Btk ) (3R X 3RS 3, X g2 T3 S8 Ak 57 KMinO, A8 A fefi Ak
R G M S 2, ik TR AEMMP AT, B MnCe4 7E 170 ~450 CZ[AA 1 MEE
AR I S0 | AR A3 A0L 5 T T, M S R S04 43 31 F 67 T KA 276, 356 1400 “C ALY 3 Nk
RS . 3 H MnO, BAA WA A0 5 Bl MnO,—Mn, 0, —MnO"™ | 4Xilij Craciun %)%} MnO, 42}
T =W EE R, B MnO,—Mn,0,—Mn,0,—MnO. X THEd MnCe4, MnO, i 3 4~ JFIE (7 B 35 ko
SCERLO T ETRS , X J&H R MnO, il CeO, ZIIERL T B4, fEiE T4 ER, WAL T MnO, 1)
WIRIREE. 1724 KMnO, 5448 Mn(NO, ), J&, BIXFTEEM MnCe-5, {U7E 260 ~520 °C Z A 1
55 1 a0 04 | AR T RS/ INIY 2R T A P R R IR IA T AT CeO, 3RTHT 4801 25 R IS
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Low-temperature Catalytic Combustion of Methane over Modified
MnO,-CeO, Mixed Oxide Catalysts

SHI Li-Min', CHU Wei' ", ZHENG Li-Na*, CHEN Mu-Hua', QU Fen-Fen', LUO Shi-ZhongI
(1. School of Chemical Engineering, Sichuan University, Chengdu 610065, China;
2. Key Laboratory of Instrumentation Science & Dynamic Measurement of Education Ministry,
North University of China, Taiyuan 030051, China)

Abstract MnO_ -CeO, mixed oxide catalysts for methane combustion were prepared with co-precipitation me-
thod. With the same content of Mn, the modified catalysts were gained via adding KMnO,. These catalysts
were characterized with XRD, LRS, XPS and TPR techniques, respectively. It was found that the solid solu-
tion structures of the catalysts were reserved, while the low-temperature activities were promoted remarkably

4
duo to more Mn"*

species and easier reductions through properly changing the adding amounts of Mn(NO, ),
and KMnO,. With a molar ratio of 1:4, the MnO_-CeO, catalyst exhibited the highest activity, over which
methane conversion reached 90% at a temperature as low as 390 °C, and a better stability.

Keywords Methane; Catalytic combustion; Low-temperature activity; Solid solution; MnO, -CeO, mixed
oxide
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