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FRERTS W (R IR, el A BRA R 7St = H LRk %% (CTAB) Fll NaOH, HrE B2l (5 H)
kR s .

faf == Philips 22 A9 PW3040/60 # X GF4 175 ; Renishaw 227 RM 1000 %4 i it R AE O 2
FIEA ; FEE Quantachrome Autosorb-1 B S BRI KL ; Angilent-6850 HISAH A IS (TCD) .

1.2 SCIETFE

6 mmol CTAB 7 200 mL Z&IE/KH, A 9 mmol Ce(NO,), + 6H,0 Fl{% 1 mmol Mn(NO,),
) 50% FHPREGVA T, $EFE 0.5 h J&, JILA 300 mL 7% 50 mmol/L NaOH F/K¥ W, k&fifk 12 h J5, T
90 °C §hfk 3 h, SRJG g, FIPUKE whik, HH7E 110 C F 46 h. fi)a, 1400 °C FEibe4 h, B
£l Mn L PREE R 3E0CHR 6. 2% 1 MnO, -CeO, fEFLF, FiFK CeMno6.

FHFRERY 71, B Ce(NO, )5 » 6H,0 Fil Mn(NO, ), FIBE/R FU A 145 H e Mn 8952 R BE /R 73500y
AR 12.1% , 19.4% , 34.3% F1 44. 5% WAL, 20504 CeMn6-400, CeMn12400, CeMn19-400,
CeMn34-400 F1 CeMn44-400 ( H:H 400 Fykpaibi ) .

FEAEF H Mn A SZBR & il i B I BOGIE (AAS) IS HY, SERFNT, AL Mn (520 & &
T EAE, X mh TH &R T Mn. b T B 25PIR I 952, B RE S CeMn34 43 HI7E
500, 600, 700 F1 900 C T 4545, 15 2 By 40 i i CeMn34-500, CeMn34-600, CeMn34-700 I
CeMn34-900.

VER L, P -8 IS il 4 T Min BEJR 4380k 34% Ak 7). BARDy . BGE & 1)
Ce(NO,), » 6H,0% T/L 7&K, H5iEEAY Mn(NO, ), A 50% R4 B ROR S , ITA 2 T4
J& PHES 7 B IR AT IR, 15 BIFP R RR BRI VR, FEDE RS T FH 90 CoKV IR L Ok B e, T
110 CHET R, 13RI I ARIRB R (RIS F P aTIRiA ) , ZE R arkik A= AT T
400 CHibe4 h, fFRFERICHE CeMn34400-S. FriGRRTE R &l BE R 2] T4 48 B T E .

X S ARAT S (XRD) SE57E M7 =% Philips 23 7] 1Y PW3040/60 A X G4 AT _E 47, Cu Ka §8
SF, EHE 40 kV, 4FH 40 mA, HIEZ 1. 20/ min. AT AHLE BRI JADE S04 15 3.

Fr 2GS I TE Renishaw 23 7] 9 RM 1000 AU g ff M 3R A2 BOG R SO0 B b AT, ok K2
514.5 nm, FHEH 200 ~ 1000 em .

N, I o 56 B i 28 SR FH & ¥l Quantachrome Autosorb-1 % N, S #)FRL FHM 52, K BET ALt
A A

AT TR R (H,-TPR ) SIS TE R R IR ROV g 17, B 10 mg AL B TA % T, WA
T H, (R E5% ) -N, (IR0 8095% ) IR G, AR 30 mL/min, FHEHA 20 C/min, 3
It (TCD) K I THE AR o H, W ARk

HEALF TS RN DL CO BRI N MR I, B R (i, d. =8 mm) Wl R e & kAT, fi#
A AR N 500 mg, SOV JERMSAL R . V(CO): V(0,): V(N,) =1:1:98, S /A&¥i &4 80 mL/min
[ 2530 9600 mL/ (g« h) ], Fashil 5O et B i A8 H A 7 - 48 AL ) B4 oo o

BN R % A Angilent-6850 AVSAH GG T 04T, 45 (TCD) filll &%, a3+ HP PLOT
EHEH (30 m x0.32 mm x 12 pum).
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Table 1 BET surface area of MnO,-CeO, catalyst
Catalyst BET specific surface area/(m? + g™1) Catalyst BET specific surface area/(m> « g~!)
CeO, 205 CeMn44400 132
CeMn6-400 161 CeMn34-500 124
CeMn12-400 157 CeMn34-700 15
CeMn19-400 161 CeMn34-900 3
CeMn34-400 174 CeMn34-400-S 100
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Fig.1 N, adsorption isotherm and pore size distribution Fig.2 XRD patterns of the catalysts calcined
(inset) of CeMn34-400 catalyst at 400 °C

a. CeMn6400; b. CeMnl12400; c. CeMn19-400;
d. CeMn34400; e. CeMn44-400.

a. Adsorption branch; b. desorption branch.

2.2 XRD #1 Raman R{F4& R

2 T 400 CRIBERIANTR] Mn 5 &AL XRD FiE. 5T RS JADE BT lE, 1548)
FESHI IR, . IS BRI R RN, R 2. IR 2 Fige 2 v LA W, ML SR AR /N T 5
nm, LSRN, AU IR CeO, A RIYIAH; BEE RL S fE I, AT S A i B ARV R 55
T ELZ W v Ak 5 AR 700 A it I S 0B A B A BN R B X SR AR FaE A CeO, 1AAH
J&, TP T4 e T, TR A E A, fts & AR ARG ). N & ik 5] 44. 5% B,
EWREPERT CeO, HARIYIAIL, BHILT Mn, 0, P, XEKHEEBIB A CeO, MM & RA —E
HYRRT , At —E e RS, A AR Mn,0,.

Table 2 Phase, cell parameter and crystallite size of MnO_-CeO, catalysts with different Mn contents

Catalyst Phase and mass fraction( % ) Cell parameter of CeO,/nm Crystallite size of CeO,/nm
CeMn0-400 CeO, 0.5418(1) 4.5
CeMn6-400 CeO, 0.5414(2) 3.4
CeMn12-400 CeO, 0.5409(2) 3.9
CeMn19-400 CeO, 0.5417(1) 2.1
CeMn34-400 CeO, 0.5391(3) 3.1
CeMn44-400 Ce0,(82.7)/Mn;0,(18.3) 0.5413(1) 2.2
MnO, Mn; 0, (57.7)/Mng04(39.4)/Mn,05(2.9) — —

P 3 72 400 CHRIBEIYAFGR & AL 1Y Raman 5. K3 ATLUA M, BEAE 56 & G038 0, BR
15460 cm ™" Ab AL CeO, RYRFIEIESL , IBTE 650 cm ™' Ab Y BRI, Lo B2 A 5 5 12k A9 3
ISR, XA S o-Mn, 0, FYRFEMEAML . X BEIRE S A AEST AR CeO, AT a-Mn, O, AH, Ti7E
i S BRI, a-Mn, O, BYEE LR S HUNRRE AR, AT Raman 1 FUEZTRHL, TI7E XRD FRAGHIAN
. BT HEEMEAEA Raman {5M:, 75 Raman BIGHWEGEAE], Bk, & b ml gE AR 7E B 4
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Fig.3 Raman spectra of MnO, -CeO, catalysts
calcined at 400 °C

a. CeMn6400; b. CeMn12400; c¢. CeMn19-400;
d. CeMn34400; e. CeMn44400; f. MnO_-400.
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Fig.4 XRD patterns of catalysts calcined at
different temperatures
a. CeMn34400; b. CeMn34-500;
c. CeMn34-700; d. CeMn34-900.
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I HBORBIRBE, 12 th T m IR B AR AR SR AL O Tl e s, AR ER T CeO, %A1 BUWIAH
Gb, LT Mn,0; Al Mn O, ¥/4H, X5 Raman RAESEH — 2. A B RIRE M THE, Mn,0,
Mn; O, FIAHXS 75 BRI

Table 3 Phase, cell parameter and crystallite size of catalyst CeMn34 calcined at different temperatures

Calcination temperature/°C Phase and mass fraction( % ) Cell parameter of CeO,/nm Crystallite size of CeO,/nm

400 CeO, 0.5391(3) 3.1
500 CeO, 0.5415(1) 3.8
700 Ce0, (66.1)/Mn,05(25.5)/Mn;0,(8.4) 0.5409(2) 22.8
900 Ce0,(61.9)/Mn,05(26.9)/Mn;0,(11.2) 0.5412(2) 82.1
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Fig.5 CO oxidation over CeMn34-400 catalysts

with different surface areas

Fig.6 CO oxidation over MnO,-CeO, catalysts

with different Mn contents
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MARERPER , AEFIAY CO AL Th Motk R WLIE 7).

WRIEE 6 HFE g, A 2] 130 CHf CO &4k TOF {H( WLIE 8). MK 8 RILIA i, TOF K
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Fig.7 CO oxidation over CeMn34 catalysts calcined Fig.8 Turnover frequency ( TOF) of CO
at different temperatures oxidation at 130 °C

2.4 H,-TPR R{F
R T e T R T CO FULRIE R R, FRATRHIEAERIEEAT T H,-TPR RAE. K9 /400 C
KPR AR & i HEAL R A H,-TPR 35181, ti SCHER[9 ) AT, 4l CeO, TR M MY I AN 450 °C T4,
ME 9 FTLLE 1, i Toiih 2 A B A EAE T, MnO,-CeO, BUIRJFIREE FL 4l CeO, F1 MnO, #RA BT FEAK.
MnO 5 Al ST IR JF U (o 1 B) , HRESCHRIRGE , o WU SN A LA IR R Mn, 0, , B W& 3R
Mn, O, Ff N MnO A2 MnO,_-CeO, 7E 200 ~ 500 C ZE) L T — D 5elg, T TIA N X &4
PR A T R 0, BN A R rh A R B T AN A IR AR B T, IR AR
MnO. 44652 KT 34. 3% 0, BEE 4G S r3sm, ALY o W BUZ WK, UL BIAE AL s o
ERPIRR SRS WG . AT SR [ 14 ] 478 =S Mo B FR I Mn*t ELAT A HE AL S AR E R, TARE S
CeMn34-400 I ENZS Mn PIFh &SR, A XRD 4553 0] CeMn34-400 HAa Ak 2 DL B A il i
HRAYIE AR, R H CO AT M. M 244 & ks 44. 5% i, B Wt AL Bk, 6
JRVEAT 1) R AL Bl B A B, d BH B AE R R ) S AN SRR, AR B AR TG R, PRI
CO EALIEE /. T AL CeMn34400-S 55 CeMn34-400, R4 1 o W ALS/N, T B WA K, H
W IRA BT HE LB AT AR XM S HE B, B ARER AU e 5 2%, PR TE PRI,
A B

1 I — I
200 300 400 500 600 700 800 200 300 400 500 600 700 800

Temperature/C Temperature/C
Fig.9 H,-TPR profiles of MnO _-CeO, catalysts Fig.10 H,-TPR profiles of CeMn34 catalysts calcined
calcined at 400 °C at different temperatures
a. MnO_-400; b. CeMn44400; c. CeMn34400; d. CeMn19-400; a. CeMn34400; b. CeMn34-500; c. CeMn34-600;
e. CeMnl2400; f. CeMn6-400; g. CeMn34-400-S. d. CeMn34-700; e. CeMn34-900.

& 10 & T AR E R BEAY CeMn34 FE 5 H,-TPR [&l. BEE BRI B4R, R A 2
] i T A5 5l 454 XRD 4551, R W T ik G Akl s g K sk, 54, Bl kT el
FERITE R, FERY o VTR RLZ W/, B W A Wi o, X A B R bl i T, Ak s
FALER B B B WD HRT M AR N, PR A S M AL
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Preparation of Highly-specific Surface Area MnO _-CeQO, Catalysts
by a Template Precipitation Method and Its Performance for
Low Temperature CO Oxidation

MA Jing-Meng, LU Ji-Qing, WANG Yue-Juan, BAO Ming-Min, LUO Meng-Fei"
(Key Laboratory for Reactive Chemistry on Solid Surfaces of Zhejiang Province , Institute of Physical Chemistry,
Zhejiang Normal University, Jinhua 321004, China)

Abstract Nanosized MnO,_ -CeO, catalysts with a high-surface area were prepared by a template precipitation
method , with Ce(NO, ), and Mn(NO, ), as the precursors and surfactant CTAB as the templating agent. Their
catalytic activities for CO oxidation were examined. The catalysts were characterized by XRD, Raman spec-
troscopy, H,-TPR and N, adsorption techniques. BET specific surface areas of the catalysts were between 160
and 170 m°/g when the Mn mass fraction was lower than 34. 3% . However, surface area decreased with fur-
ther increasing Mn mass fraction. XRD results show that there was only CeO, phase when the Mn mass fraction
was lower than 34. 3% , while Raman spectra indicate the existance of a-Mn,0,. The high specific surface ar-
ea was benefical to CO oxidation activity. TOF of the catalysts decreased with increasing Mn content, indica-
ting that the highly dispersed Mn species with a small crystallite size were the active species. H,-TPR results
suggest that the activitiy was related to the high-valance Mn species. High calcination temperature caused
growth of the catalyst crystallite size and decrease of surface areas, as well as decline of avarage valance of Mn
species, which led to decline in the catalytic activity.

Keywords MnO, -CeO,; CTAB; Highly-specific surface area; CO oxidation
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