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Complete catalytic oxidation of benzene on Co,0, catalysts
supported on mesoporous molecular sieves
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Abstract Co,0, catalysts supported on various mesoporous molecular sieves, including MCM-41, MCM48
and SBA-15, were prepared by incipient wetness impregnation method, and these catalysts were characterized by
Nitrogen adsorption-desorption, XRD and TPR techniques. Then the influences of cobalt loading and mesoporous
molecular sieves on the catalytic activity of catalysts in the complete oxidation of benzene were investigated. The
results show that the activity of the catalyst with 20% Co,0, loading was the best. Besides, the pore diameter of
the supports and the reducibility of the catalysts play a key role, and the activity of the cobalt catalysts on differ-

ent supports is in the following order; Co;0,/SBA-15 > Co,0,/MCM-41 > Co,0,/MCM-48.
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1.1 #REFE

MCM-41:2.70 ¢ NaOH % A 150 mL H,0 , 7¢
FEFE R A 30 mL IE R £ FF (TEOS) #1 31.80 g
ToNpE AL = AL B (CTAB) , SR J5 AT I TR
HUMA 1.49 g NaF, i % i v 490 5 (1 BE 7R HE oA
1Si0,: 0. 25Na,0: 0. 65CTAB: 62H,0: 0. 30NaF, 4k
SefitFE 30 min JF, 7 AR &, F 110 C R ik
10 ho =P 2ead i PEidk)E T 100 C R LT 24 h, 755
By 550 CRrbe 6 h, 1F2IFL5r T MCM41,

MCM-48 ; 22.40 g CTAB ¥ A 150 g H,0 1 i
A 2.91 g NaOH, F- i A TEOS, {5 %5 i rh 4 it e Hy
1Si0,: 0. 48NaOH: 0. 40CTAB: 48H,0, 4k & it £ 30
min J5, 5 A RN EH, F 110 °CF ik 48 h, /=4
2098 PRRIE T 100 °C FHEF 24 b, 7E D 3R
550 “CH5be 6 h f3EIAFL 4> T MCM48,,

SBA-15. fit 4 400 mL pH Jy 0 {1y HCl 759, T
JA0. 125 ¢ NH,F 5 10 g =ik B Wy mivd 1
| P123 (EO0, PO, EO,, ) , Z R i, SR S5 A 23
mL TEOS, {3 2 h,35 C 44k 24 h 5, B AR N &
H1,100 °C F 1k 48 h, =W 2t ik Wik JE T 100 C
THET 24 b FES IR 550 CRiBE 6 h, 1524 1L
43T SBA-15,

PEALT 1 4 < SR S AR BUR Wit i, 4% 1R Co, 0,
SEMARN TR L, S & Co(NOy ), - 6 H,0 35 A—
S JCIK 2P ) R T, 40 R B —
MCM-41,MCM-48 Fl SBA-15 . 60 C T4 24 h,
550 °C T Eqbe 6 h, filFHEAL
1.2 fEAFIRRAE

N, W% Bt R I NOVA-1200 55 3 44 0% B 4330
S5 X P ATST (XRD) SR Siemens D5005 $53 A Ai
SHASCI 52, SR AR AR PR R OB TR, DR TR K N =
0. 1540560 nm, &7 TR E (TPR) Jl7E F 4
SE AT AR A Varian Model 3700 “<0AH (443
AXTC A5 B PTG 285 , 1 SR AR SR HT N2000 435 T
VESG . FF 5 i 30 mg, i JE SR 4L A : 8% H, +
92%N, , Hi & 40 mL/min, FHE#E %X 10 °C/min, H%E
IRTFZ 900 C
1.3 AT EEEIEMR

PEALFTTAN 72 [ 8 IR A 3248 RO g v EA T, IR

WA N AR 6 mm, AT 25 AR G A 40 ~ 60
H BTl 300 mg, 23 73 25 20 000 h ™", DAy
RFTGPA) AL RIELY 1 000 g/m’ T3
JRE P A RO 3 R I (B 5t 23 A A48 T SQ-
206, FID, PEG6000 3 75 4% ) . P4 15 & M 120 ~
450 °C , 725 S AR I, 78 R 2 v H N R g AR AR
AR AL AT LA

2 HRMTR

2.1 EUEFINFLEN

AL R R FLESF B dn 3¢ 1 s, nlLAE
MCM-41 Fi1 MCM-48 HATR KM FLFR AL ( > 1 100
m’/g) , fLEZ) 3.5 nm ZE 47, SBA-15 1 b 3% 1 U
BN 2y 640 m*/g) (HFLAE AR (9.4 nm) , it
FEALES 5, LA T 0 04 e 2 i BRI LR R A
—iE W MR 0 00 3R R, S 2 LA I
N IR R SR AR A A FLIE TS (H B R AL
T I — A3, S LR 2R, vT e
Shyad e B AR A Al HE RRUZE A R ETTE R T 22 1 HE AR
flo 4 Cos0, figki A 20% I, MCM-41 1y b &1
U4 T 50. 18% , i MCM-48 FiI SBA-15 H43545t
27 32.39% F1 27.16% , Xl fie & T ENMTHFL
LN 2E TG ). MCM41 J& —4e 4540, fL1%
BN, Sk R 2 T i LA b 5 (AT N, BT
O3 ME LA Sl ) PR R T AR, DA Y L R TR R K.
MCM48 i SR FLAR 55 /N, (H AL TE HA = 24 11
SE, R R BN 25 5 Wit 3 . SBA-15 (i fL
R, FLIE R T b 2 , PR EG 3R TR 2/

®1 EUFIBALEHSH

Table 1 Textural properties of catalysts

oo O TG
" (m/g)  (em’/g) (nm)
MCM41 1 286 1.12 3.46
MCM-48 1 194 0.90 3.67
SBA-15 642. 1 1.27 9.39
5% Co;0,/MCM-41 785.4 0.64 3.24
10% Co;0,/MCM41 705.6 0.57 3.35
20% Co, 0,/MCM-41 640. 6 0.55 3.43
35% Co, 0,/MCM41 603.2 0.52 3.43
50% Co;0,/MCM41 556.2 0.50 3.46
20% Co; 0,/ MCM-48 807.2 0.74 3.04
20% Co40,/SBA-15 467.6 0.63 5.13
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2.2 fEWLFA XRD RIE

B L g3t 1A fLor T /A XRD 35, AT
Ll PUFE i, MCM41 JA7 SR i) —2E N7 254
MCM48 HA =45y J5 4f5#, SBA-15 HA it 7 — 4k
ANTTER S ICHRI12 ~ 14 ] R I B — 28

MCM-41
SBA-15
S S R S T
20(°)
K1 MCM41,MCM48 il SBA-15 f{) XRD j%[&]
Fig. 1 XRD profiles of MCM-41,MCM-48 and SBA-15

B2 2515 THE MCM41 8o ) & A AL Bl
i) XRD §5 18 . WAH o A 2 B S AL Sl i W0 AR O 7. 05
REEATHE Coy 0,1 o M5y 5% 1 10% I, B
T(311) fpsphgesh , HAt I AN 2, KB40 B L3
Bj5) . (HBEAE CosO, & & AYSE I, HXT R ) 25 AT
SFPUEE TR Y SR U0 I RORE AT R AR AR 2 . R
#i Scherrer J7 AR ITIAAS EN Y Co, 0, FhRLK /N3] I
(1)4.25 nm;(2)5.04 nm; (3)5.44 nm; (4)6.12;
(5)10. 06 nm,

(1)5% Co,0,/MCM41;(2)10% Co,0,/MCM-41 ;
(3)20% Co;0,/MCM-41; (4)35% Co,0,/MCM-41 ;
(5) 50% Co,0,/MCM41
2 MCMA1 FRF G Coy0, AL XRD i
Fig.2 XRD profiles of MCM-41 supported Co, 0,

catalysts with various loading
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il TFLIEN Coy0, FRLAIK K,

8y

(3)
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20()
(1) 20% Co,0,/SBA-15;(2) 20% Co,0,/MCM-48;
(3) 20% Co;0,/MCM-41
R [ A 171 2% 20% Co, O, fALFIY XRD 1 (%]
Fig.3

&l 3
XRD profiles of Co,0, catalysts with

a loading of 20% on various supports
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TEMRIR B — B Al AR Co, O, 138 JEFNTE =
TR 5 AR AR B AR % 2R T A B R R
Horr, Co, 0, Myt 285 Ry 20% I, 38 J5E WA IR B Fe 1K

&l 5 %Kﬁﬁﬁiﬁﬁ 20% C03 04 1’%’”3%‘] E/‘J H,-
TPR #%[&], 7] LLE i Co,0,/SBA-15 fi# 4L 7 1Y ik J5
U TRTBRAE T 500 °C LA, 600 ~ 800 °C 1% 3 Ji g ]
FRECEUIN, R BTR 2 BUA AR W Fh 7 AR B2 4k
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(5) 50% Co,0,/MCM-41
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Fig.4 H,-TPR profiles of Co,0,/MCM41 catalysts Table 2 Reaction temperature for achieving
50% and 99 % conversion
50% AL 100% L%
o c*‘?1{f$fEJ§ Cﬁffﬁﬁfﬁﬁi
() (°C)
5% Coy0,/MCM41 361 418
M 10% Co, 0,/MCM41 321 375
o 20% Coy0,/MCM41 298 345
G),/\'V—/\ 35% Coy 0,/MCM41 305 345
0 200 400 600 800 1000 50% Co3 0,/ MCM41 330 400
IREECC)
100 - 209C0,0,/ MCM-41 -
(1) 20% Co;0,/SBA-15;(2) 20% Co,0,/MCM-438; == 20%Co0,0,/ MCM-48 i
s 8T ~ 20%C0,0,/ SBA-15
(3) 20% Co,0,/MCM-41 7 ‘
E5 AIFERIK G 20% Co, O, ALY H,-TPR [ .l
Fig.5 H,-TPR profiles of Co;0, catalysts #j% 2ol
with 20% loading on various supports
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50% Lk L HFEALER  7E 340 C I, 564650 99. 55% .
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HIORE N B, R EUR PR B F . 33X — I T
A FLERE B R A 0 A 0 RE MR BLHE ko Xt T MCM-
41,Co,0, MRy 20% I 14995 1 foc b, MIET 3
HR] DLE Y SR 20% B 1 Ji UG 3 B AT, AT
SR ] R SR B — A

B 7 43 T 20% Coy0, fEA Al 28 A L X A2
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Fig.7 Benzene oxidation activities of Co;0,

catalysts with a loading of 20% on various support
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