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1.1 R FFA{L S

fif B2 %l (Ce (NO; )5 + 6H, 0), fi MR %l ( Co
(NO,), - 6H,0), ZA M (NaOH) , FhE& (2 mol/
L), P123, [EC ke, IEREFR 4 BR (TEOS) , LE 1
K, VA B Ry i B i 4 B el ).

1.2 SBA-15 Hy%l#&

SBA-15 AR Bl 5 AR Zhao 25 A1 HY 52
BT IR AE K PR A 1. K 8.0 g 1Y) P123 Y5fif
F240.1 g2 mol/L R 60.0 g L& -FKH, 7
35 C R4 h. £f P123 s 5o, mEmA
17.0 g TEOS, JRIZU4E+: 20 h. Bl 4% A EAFLIRIE
R KNG T AE 120 CF fhfk 24 h. g s Bk
PFEE 120 CF T4 1 h, G LA 1 C/min (T
RIHE A 550 CREBE6 h, MBI EYURY), BR%
AREH.
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1.3 RTINS &
1301 Ak XAk LR G A A
SEFEREOSCER (9] th iy B R AT, JF BAEAE T B
BRI : K 0.5 g SBA-15 73 % 20 mL EC
irp, SRBEFE3 h, I EIF A, F2.43 g Ce
(NO,), - 6H,0 Fi10.407 g Co(NO,), - 6H,0 ¥fi#t
fEid & LB K, BJaEA N 10 mL, C TR
B. A B HhIH S mL JEAAEREINABIER A, 4l
PR TEER MERZT. BT S
HLPL T C/min [ FHEH A EE 380 ChEBES h el
AR R, b5 H 2 mol/L ) NaOH ¥ 53 1Y
WPE WA AR, B H & 10 mL, Pk B B[] 2
15 min, el 5 5 LB 1K L oK S BE& VR
“WwEHE, REHFRATRIRY 60 CHAE TG
F550 CRR ke 4 h, 15 2| 86 &, ¥ HUFETY
. KBS Co/Ce =1:4, i/ Meso-Co,0,-Ce0,.
1.3.2 By FREL4.516 g Ce(NO,), - 6H,0
(10.4 mmol) A G #h4rHr, 7E 550 C A5 4 h
1531 Ce0,. #0.754 g Co(NO;), + 6H,0 FF5 mL
TR, IR Bk CeO, 43 BB IZIE W P HEFE
F£100 CF T, 550 C Rk 4 h, BETFH. #
i Co/Ce =1:4, 32} IM-Co,0,-Ce0,.
1.3.3 L33 6 6.774 ¢ Ce(NO,), - 6H,0
F1.131 g Co(NO,), » 6H,0 T 150 mL 285 F-7k
o, TEEFE R TP SR A 0.5 mol/L Na, CO, %
W, V75 pHTE9 ~ 10 Z[H]. Fifi J5 76 % i 4k S P
2 h, #rEEAEA. A BT, AR KRR
2k, U8 KUEDHE 550 C TR 4 h, R HIbE
JES . KRS Co/Ce =1:4, i02} CP-Co,0,-Ce0,.
1.4 ELFIRIE

K HAEFRE A w] A2 7= ) X/MPD ) X528 177 4
IX(Cu B85 2o FIE S HAHAR0.02 °/s, 5
HLHs 50 V) X A i W0 AH 45 A 04T 4 A s SR T 36
Micromeritics ASAP 2020 Xt4E 5 FL 45 44 M 32 10 A2 9
70 B, FE & BUSETE 200 °C F1 18 Pa LU T i <
1.5 h, NOWZRhse, e B - 196 °C, Jf BET
NGB R T AR, ARYE BIH J5 7% H W M fff
£ A B S TSR L AR 4 Al 5 H,-TPR 35 E 52
B B R B A B A B E , SR AT TCD A5
D % A S2E A7 R I, A AE R (20 mg) 7E He
(30 mL/min) 540 F 200 °C FAf4F 1.5 h DR JK
g7, W BRER, VI 5% H,95% Ar A5 S
(30 mL/min) , FERLFE G L 10 C/min (153 5

THif 28 800 °C 5 SR A& LT W45 (JEOL 2010) ,
Jni L Ry 200 KV, BRSPS A &l PO S
30 min, FifiJ FHASOME G B0 B TR ), FF QO REHE K
58 SE AR B ST S S ).
1.5 EEFIFEETEGR

FREAR TR RE PAN 76 T3 [ 58 PR B 0y g Y 2R A T
KOs A 10 mm, Foi & HES, 2
HEN0.2 g JFUBRMRUL N 60% H, , 1% CO F12%
0,, P He NS, SR 4F: 2585000 h', #
JE, R FEE 20 C ~ 250 °C; R A A5
(GC789011, |- ifF RIFERF2AALEA R W) TEL 5Bt
SN HiJE & 53 e, ] TDX-01 584 A1 TCD £
MESHEATRI, LL CO ML R R AL R 16 1,
N-2000 3 TAf sl A T8 R A FNAL#E. LRt
B CO AL 3R A ROR 2
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X = % x 100%
Cco
1 G - G
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o CMHI C I A AR R T AR CO B O, iy JEE
IRURE .
2 R 51E
2.1 N, W st it

J T RAERHR SBA-15 55 HAR ™= Py b Z%1mi LA
MALGERSH, STRER AT T N, W BRI, N, i
B BRI R LA I M LR 2R L e £L ) &5 48 2 5
B 1 & SBA-15 {1y N, W B B S i i £8. IR el &
th, SBA-15 SR MZAE p/py =0. 7 [ A W1 my s
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Fig. 1 Nitrogen-sorption isotherms and pore-size distribution

curves (inset) of SBA-15
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MIFR, J&F TUPAC BLE M55 PUTRAR,, 8 ii iy 4
FLESH . a5 550 CHEEbs, SBA-15 iy b 3 1fi B
J5819 m*/g, LA N 1.13 em’/g, i BJH J7iEfLEE
A2 (1 i) ATA5H SBA-15 B34 4L48 R
6.8 nm.

& 2 iy Coy0,-Ce0, 52 15 LM N, W It B <5 I
£k, T Meso-Co, 0,-CeO, 1M 5, TEAHX Ky p/
p, =0.7 T BB 7 ¥ R, ARPE IUPAC e 5
V20 S il 281, A% T B A fLAs
XU IE A B H ] 45 T AL Co;0,-CeO,
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Fig. 2 Nitrogen-sorption isotherms of Co,0,-CeQ, and

pore-size distribution curves (inset) of Meso-Co,0,-CeO,
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BEEMY. R, XFRR 25K T T Meso-
Co,0,-CeO, 3 I LR BL(164.9 m*/g) , FLAH
0.294 cm’/g. H1 BIH #:fLA% 43 #i 46 n] 75 F- 35 4L
24 6.0 nm( & 2 k). 1A TR0 2 AR T TE
B, HIRR 2RI N, 20 F I 2 )20, IF
R BB S AT LR, R A8 1 Cos0,-CeO, %
N, 1 W B 6 T AL 00 kL b 2T B4 B R
55 m’/gf125.8 m’/g.
2.2 YIRS

T FRAE T A A R FLAR A FLE A
PE, XS IEAT T S A XRD PRI/ B XRD
W, ForbNA B XRD I 5 B2 s A FLI B A
FPPERAE S, T 58 A1 XRD I 52 e bA Rk i) e 2
AIFPERRAE. B 3b Bk AR 1A FL Co, 0,-CeO,
A ARG E XRD &%, 0.9, 1.5°, 1.8°
S AVAJE R 2D 55 A5 9 (100) , (110) F1(200)
WA ST AL XU TR A R R LR —, AL
BRI AAFLG. HEEH SBA-15 A% A FBE A7 5 i
(I 3a) tHELEL, S 4L Co,0,-CeO, 117 5 15 58 FE 55,
DU AR A8 R A R AR T SRR, X AT RE A
THE G SR pe B A A 1Y 3 B2 v, NaOH X SBA-15 1y
Ji oty B 3 KM s ke 1 LB N LA H B3R RGBT
DAVE MR () 3 A rh T B AE S R AR A AT, DA
fift NaOH X A5 AR A3 DR e, DT B2 5 A FL &5 #A 1
AIFPE.
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Fig. 3 Powder low-angle XRD patterns of (a) SBA-15 and (b) mesoporous Co,0,-CeO,

Bl 4 AT D i il 45 1 Co, 0,-Ce0, & R Ak
W B XRD 3% &, & 20 = 28. 5°, 33. 1°,
47.5°.56.3°, 69.4° 76.7°F179. 1°0] 457 J&@ Fy
CeO, ffg (111), (200) . (220) . (311). (400) .

(331) F1(420) & T 9 15 5T U CRY AR TS R - G5
81-0792) ; 20 =36. 5°, 58. 7°Fl 64. 5° Wiz )& g
Coy O,/ (311) | (S11) FI(440) iy I 1 e (R AATT
SRR 4’5 80-1545). MEIFRILIE , AR5 %
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il #1% Co, 0,-Ce0, 5 A LW XRD 3% K4 fif A
[F]. B, R A0 7L & 1A fL Co, O,-
CeO, 5 A5 AW A R TR BUE AL DITER:, X
Al T UTTE s 5 R Bk RS R B 5 T XU
FIEAE S TSR R B B iR, BT AL Co, O, -
CeO, 5 G A RIS AR 45 & B %51\, CeO,
5 Co, 0,4 B BN I A KB, XU &
FEBA KA AR H AR IO S AT fh, RUITE
JEAT AL Co, 0,-CeO, 25 S8 AL N Wi AL P 1) TR
GB4e. [AEE, CoyO, 1Y b AT SR BEALES , XUk
] Co, O, 7Er fLEE M rh oy WPty LUl ik HiR
?ﬁ‘%*ﬁttﬁ, R e ) A = W i = e s =P 3c

ILVTVEL AR B AN B 1A B R 4 &, it
5[\ JIT A 15 P v TG R A A S e 1 B, 15 T
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Fig. 4 Powder XRD patterns of Co,0,-Ce0O, mixed oxides

using different synthetic methods
(A Co,0,, @ CeO,)

2.3 RO

K5 A[A T i 45 1) Co, 0,-Ce0, A ALY
(1) TEM R, EIrpa] DUE B R itk A e v i &
1) Co,0,-Ce0, F 5 A I A ¥ — MBS, J35
SEATRAR AR EURE R, 1 A R 7R 5 1 Meso-
C030 -CeO, EHRIM 4580, I Sc g A

SUWTERER 6 ~7 nm, 5 SBA-15 AR (1) FL42 K/
*HJ&, X ] SBA-15 #5521 REBAR 9/, il
TR AR RS AT SR E A 2] SBA-15 FLiE N 43 ff A
KA fL Co;0,-Ce0,. F34h, MR TEM B -, AT LA
RIENE L AR % B 2 520 Co, 0,-Ce0, B &

FATRL TR RN, LS F]%1 IM-Co, 0,-CeO, , CP-
Co,0,-Ce0, Fl Meso-Co,0,-CeO, & & EALWI IR T K
/N5 6 ~10 nm, 15 ~28 nm A4 ~8 nm 5 [FH P,
15 XRD R4 (e ). S ORI R
BFAIUT, TSR] CoO, HORTSIIR, %
SEIR. R P MRS B Cog O, AT 5758 750
mi, B Co, O, 1135 D IAANE SAED FAS FR 2k
H Co, O, 73 8. ILAh, Il 5d Meso-Co, O, -
CeO, 1) EDX {5 K AR K BUA KR Si JTCRAFLE, B
] SBA-15 H5iif O 2 PRI 1.

K5 (a)IM-Co;0,-Ce0, . (b)CP-Co,0,-Ce0, F(c)Me-
$0-Co,0,-Ce0, 5 E ALY 1y TEM | SAED ( i) B
L% (d) Meso-Co, 0, -CeO, (5 EDX J%[&]

Fig. 5 TEM, SAED (inset) images of (a) IM-Co, O,-
Ce0,, (b) CP-Co, 0,-Ce0, and (¢) Meso-Co, 0,-CeO,
and (d) EDX pattern of Meso-Co,0,-Ce0,
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&1 6 S} R R[] J5 1 46 1 Co, 0,-Ce0, AR
R4 H,-TPR 3418, [l rh =ASRE 572 820 °C Y
anﬁw;ﬁmﬁwm@omLﬁw“ ﬁ?u
WREEZ F T4 4 AR E R B A R
(240°C VAT ) kg 2 T W o 1 420 40 b 28 J?mw, B Bt
(240 °C-340 °C) Ky Co,0, 5%k fA CeO,3EFLALY Co’*
A5y Co® (IR JELI ; C BE(340°C 480 C ) JAHIfY
Co, O, % 75 g 4 J& Co I ik JE W, D BE (480 C-
700 °C ) J& Sk CeO, HITLAE F S8R I Co®* 725
Sy 4 J Co 11 76 JE 11T K] Ay C 3L FEE B M0 36 52 06 3
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CeO, BH AW TE C il BE X Bt 13 J5 e 73 1) 2y
372 C #1408 C, Xy IM-Co, 0,-Ce0, % CP-Co,
0,-Ce0, 1L, TM-Co,0,-CeO, TG P T 5 ik 2
] BA KSR AR T g, 38 D it B2 $2 . Meso-Co,
0,-Ce0, Z BE ALY AE C I X BOR H Bk J5ig,
el DR EE X BN, bk 556 C, XK
Meso-Co,0,-Ce0, H1 Co, 0, 53 {& CeO, Z [A] A AH H.
YEFI I3 MO Aeaim , DT A7 30 D 06 1] g di B DX B 7%

F4b, 18 B {EE X 8] Meso-Co, 0,-CeO, 110
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WS PR Ik A7 B AR A e P s, X UCHER] T Me-
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Fig.7 Catalytic performance of catalysts on the oxidation of CO
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i1 H,-TPR FAES H Co, 0,43 8 A Meso-Co,
0,-Ce0, > IM-Co,0,-Ce0, > CP-Co,0,-Ce0,, X5
PR A3 1 A R S A 28OR 3 I — 3, X it
BBt 1 1 2H 73 Co, O, 70 BIURE Y 1S R A AL 7] %) CO
P18 S I 335 P AR AR A ORI T 3 i g . SR [ 13 ] 4l
T CO M5 AL AL YEAE Cos O, FI CeO, P 5 AL
11, Co, O U My, IXFMEFALUMZ , T2
5 1 CO 4 ML RE.

HE— 25X =B i 0 LR RIS A TR AE,
By TR 1t fE 1 ATH, Meso-Co, 0,-Ce0, 1Y
Sy A b IM-Co,0,-Ce0, F1 CP-Co,0,-CeO, ¥ i 5
67 % 1 84 % , [6]E}t IM-Co, 0,-CeO, L E H & T
CP-Co,0,-Ce0, , X 547 19 16 MESOEA G
Ab, Meso-Co, 0,-Ce0, & & H ALY R A2t /N F 3
PR 25 07 15 1) w6 A AR ), XL J2 Meso-Co, O,-
CeO, 2 &AW R TEPER) — DI

2 FRTiR, Meso-Co, 0,-Ce0, E G E MY F &
LB SE AR T 1 % RHA e ) b 2R T AR 3 0 HIC
RS PELL Sy, (45 Meso-Co, 0,-Ce0, &2 45 % 1L
YA 55 W7 i 45 19 Co, 0,-CeO, HH L BE Ry 1
B CO AT T FIE £

R 1 EAFERSEN T, &

Table 1 Physical properties and Ts, value of catalysts

] S o o
(m™/g.) (nm) ()

Meso-Co, 0, -Ce0, 164.9 6.9 101
IM-Co, 0, -CeO0, 55 10.9 124
CP-Co,0,-Ce0, 25.8 13.7 182

“From XRD data using Sherrer equation

3 #

=H

ARSORNE PR BUGATRE” , DAGEEREH RIS B A i
Y54y, A SBA-15 W BERIAR , il % i 4 £L Co, 0,-
CeO, Z G M. SrfL Co,0,-CeO, AN HA
BISI LA, PRRESH I TEZ N 6 ~7 nm, 5
TR SBA-15 #L42(6. 8 nm) AL o FIHEA K

4 Fe i A K s o0 B PR 2 0, 78 CO AL Bk
FCREH, 5 MR UL AL TR A L HA B Y
FNALER

B3k
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Fabrication of Mesoporous Co, O, -CeO, and their
Application in Selective Oxidation of CO

LIU Hua'*, XU Shan', WANG Xiao-lai' "
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics ,
Chinese Academy of Sciences, Lanzhou, 730000, P R China;
2. Graduate University of Chinese Academy of Sciences, Beijing, 100039, P. R. China)

Abstract: Mesoporous Co;0,-Ce0, mixed oxides was synthesized by a bi-solvent method in which SBA-15 was in-
troduced as the hard template and cerium nitrate and cobalt nitrate were wed as precursors. The active composite
and support were characterized by techniques of X-ray powder diffraction, nitrogen adsorption/desorption, tempera-
ture programmed reduction and transmission electron microscopy. The experimental results show that the catalyst
prepared by the bi-solvent method displayed the uniform mesoporous structure, the smaller particle size, the higher
surface area and the high dispersion of active composites compared with the catalysts prepared by impregnation and
co-precipitation methods. In addition, the as-prepared mesoporous Co,0,-Ce0, showed a superior performance of
CO oxidation over catalysts prepared by traditional preparation protocols of impregnation method and coprecipitation
method, which can be ascribed to the high surface area and high dispersion of the catalyst.

Key words: bi-solvent method ; mesoporous Co,0,-Ce0, ; nanomaterials; CO oxidation



