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JE ) SBA-15 By RIEA, W FHHE3 h J5E T 80
CHYHERE 28 R LT, A, LL10
C/min HJHRTFE 550 °C, #584.5 h, 155 Ce 2L
PERY) SBA-15 43Fiifi, it Ce-SBA-15.
1.3 EUFIHRE
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Fig. 1 N, adsorption-desorption isotherms of
SBA-15 modified by Ce
M--SBA-15; O--10% Ce-SBA-15;

A --15% Ce-SBA-15; V --20% Ce-SBA-15

BHERLE(S). FER OS2 RO g 1 R, % 1 TR
PESRITRANE . Ce BRPEIR , EALALAO LR TTRY, TR, 1L 7%
= ;“’f x 100% P TR/ | ELBE 7 6 i (B, e 3T

* 1 BERTS SBA-15 HFIERN SR
Table 1 Textural property of SBA-15 modified by Ce
Sample A/ (m* + g™") D, /nm V/(em® - g™") Voe/ (em® = g™
SBA-15 942 5.6 1.13 0.056
10% Ce-SBA-15 886 5.5 0.98 0.048
15% Ce-SBA-15 793 5.4 0.91 0. 040
20% Ce-SBA-15 670 5.1 0.79 0.031
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2.1.2 AT B B2 SRS /N
XRD 3. K 2 ATLLE H, Ce-SBA-15 7F 260 K
0.9°, 1.6°F1 1. 9° B T 3 AT S, 43 5 Xt Ry
SBA-15 ¥ (100) . (110)F1(200) &t Té, BiBH/b 17
BRI EMA PN FLEE . B Ce gk
%, ATSTEsR RS, it 20 fk 80
A SBA-15 LIRS 2, B0 T L6 FH 230
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PR ARTVBE T ] P BB D (5 2R e
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Fig.2 XRD patterns of SBA-15 modified by Ce
a. SBA-15; b. 10% Ce-SBA-15; c. 15% Ce-SBA-15;
d. 20% Ce-SBA-15

&3 AL ) A XRD B, K3 aTLLE
W, R RRAT, XRD % B AR B4R A Ak
PR 15 BP0, DR CeO, LATEE T BAEAE T 31
. MR 20% B, 1E 28.5°, 47.5°F
56.4° LT B LAY CeO, T4 16 (PDF 43-1002) ,
UL BE R 3R R w0 R A R4, IR T HK
(AL, X SBA-15 F B Z5H 15 5 T 5.

m--CeO,

Relative intensity
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B3 FEAR YT A XRD 1515
Fig.3 XRD patterns of different samples
a. SBA-15; b. 10% Ce-SBA-15; c. 15% Ce-SBA-15;
d. 20% Ce-SBA-15

2.1.3 SEM-EDS P 4 SMEESL G SEM 148 BE .
M4 (a) TTLLE Y, 4kt SBA-15 S0 22 FOIR,
ERVEMT . REDEIT . Ce BPESE , HiYRh LI/ ING
RLIE I 5 1 o BCE 2 A R T, 758K B R0
YIEILER  IF R X SBA-15 i FL 45 # i il  IR 180
X5 XRD FAESE A —2L.

Fig. 4 SEM images of different SBA-15 catalyst samples
a. SBA-15(x10000) ; b. 15% Ce-SBA-15(x10000) ; c. 15% Ce-SBA-15(%x30000)

B 5 AEES Y EDS REIEE. RS nLLE
FES RS A Si. O Fl Ce 3 FioT 2, W] Ce Wy
b R Ty b £ R AE R IR SBA-15 T

2.1.4 NH;-TPD  F£A50AY NH,-TPD 3K an[&l 6 fir
. HE 6 TLLEH, 4ifEZ5 M1 SBA-15 JLT 1%
AIRPEHL, Ce BESS, #£40 NH,-TPD 3% EI7E 150
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ISE MAG: 100 x HV: 15.0 kV_WD: 20.0 mm

ap data 137
BE MAG: 100x HV: 15kV WD: 20mm
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Fig.5 EDS images of the 15% Ce-SBA-15 sample
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K 6 RIF Ce fg i H Ce-SBA-15 43T i i) NH,-TPD j%[&l
Fig. 6 NH,-TPD profiles of SBA-15 modified by Ce
a. SBA-15; b. 10% Ce-SBA-15; c. 20% Ce-SBA-15;
d. 15% Ce-SBA-15
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2.1.5 Py-FTIR &7 S dd St R e I,
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BTG A L 5 1 480 em™ &b i A77 56506 g L A1 B iR

0.6
il W
0.4 |

[

203 F\AS

=

2

S o2l
01 5
0'0 1 1 1 1 1 1
1350 1400 1450 1500 1550 1600 1650 1700

Wavenumber/cm™
7 AIF) Ce fidkik (1) Ce-SBA-15 43 Ty Py-FTIR j &l
Fig. 7 Py-FTIR spectra of SBA-15 modified by Ce
a. SBA-15; b. 10% Ce-SBA-15; c. 15% Ce-SBA-15USY
d. 20% Ce-SBA-15
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Fig. 8 TG-DTA curves of 15% Ce-SBA-15 zeolite sample
2.2 HEEHITIRENERER I
2.2.1 Ce B #k 5 X o Ak P 8 19 52 1) T i

J& 460 °C | A PR /REL 1 - 4 FiEASH 3.0 h™'
IS | BT IR 550 C | R5eRtEl 4.5 h
ALY Ce 4R B X BEIL L PERE M RZ R, 455
K9 FisR.

Ce Pl M J5 19 FE & 41 £k 1% BB 3 47 F SBA-15,
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BEHAC VAT, Ce BPESS , SRARFR MRS M
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Fig. 9 Effect of cerium content on alkylation of Ce-SBA-15
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Fig. 10 Effect of calcination temperature of 15% Ce-SBA-15

on alkylation
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PE. BT LI E , KrRRIR SN 550 CHE, Ce-SBA-
15 4TI A doe 3 A U R S5

2.2.3 JEBERT e fEERE R R R N IR
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mh b, BT AL K e I 1] e L Ak RE 1 B2
M, 255 11 s,

70 60
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Z 134 =
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Pl 11 R BER A% 159% Ce-SBA-15 ke HEALAERE A 5217
Fig. 11 Effect of calcination time of 15% Ce-SBA-15

on alkylation

Bl AR ][] PP B AR T 7 1 3 RN 00 Y Iy o
PESEHI NG R TR, K bend I, Al R fi oA
S, BARRIE [FIBHFELE CeO, F1 Ce(NO;),,
TP D KR RE T T], i R 4l 4k 2 40 i
MR BEnt R R 4.5 h B, AR Al CL 48 58 4 03 il
CeO, , FIRFEIGTE P ORI L, KL R 4R
P 3 VR BRI E SR B fie A AR A KA eIy [, K B s
FER AN Iy Ve PR PE AN & AR AR, R B R AE R e
AfEIA 4.5 h.

2.3 L FI B EaE

15% Ce-SBA-15 A2 By FH st do 3616 1 BB 1 2%
2 . H#E2 ATAL, 15% Ce-SBA-15 EA & (4
feidte, A B B 18 B M 8 31 55. 43% , ARV Bk
PEVE AR My FD 2, 6- FF I 0k R R 22 R Gk
92.72% , & — Fi B AR () 41 £k 2K By WY Je B Ak A
.

2.4 EHXFIHNERE R

SOV 460 C, n( KW)/n(HEL) H 1/4,
B s Mo 3.0 h', W R R N AT, dET
100 h AOMEAL IR PRI, S5 LI 12.

xR 2 EAFIREL R
Table 2 Alkylation performance of 15% Ce-SBA-15

Conversion of

Selectivity to alkylation products S/%

Catalyst
phenol x/%

o-cresol 2 ,6-xylenol

anisole p-cresol m-cresol 2 ,4-xylenol  others

15% Ce-SBA-15

66. 89 55.43 37.29

4.18 0.84 1.13 0.64 0.49

Reaction conditions: T=460 °C ; n(Phenol)/n(Methanol)=1/4; MHSV=3.0 h™"; m(Catalyst)=1.0 g

70
60 - Selectivity
50 -
S
S 40}
30 - Conversion
20
1 1 1 1 1
0 20 40 60 80 100

Reaction hour/h

Pl 12 Ce-SBA-15 4311 () S I A Pk
Fig. 12 Reaction stability of zeolite Ce-SBA-15
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I3 AE 64% F155% LA L5 ARSEGEK N s8] | A H
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Dy T B R R A H,, €O FERIR, 5
CeO, BAEMFIN , FEEMRR A RE IR, F
BTG R T R O3 — 7 E, Bl A RO HEAT,
SBA-15 ‘BAREEMYHS , SEOEREASRA, Nk
T HEARTE . A SR Wy e PR AT RE 4R R 7 5
FIKF, HE WA SR E L.

3 Rz

ERAFIERT, Ky 2 A4 C 3L O
YAl , PR30 A 2 Y I AN S H ek, 4B HH I at—
HRMA R 2, 6-—H . Velu 252 I\ M%)



%6

TRF: Ce-SBA-15 [l 8 B H Ay H A SEAL P BE 529

St R IR By oy e AR R 2 1 A HE S T 1) B2
Wi, FERRVER R A AR b, 1 PR B R AL
FIFRIE, CIeRAL R B, L5 Ak AT Y g A
T AR B AR L, PP AT IR A
AR, O Behkfb oy TN, DLse A ok i ik

Perpendicular dissociative adsorption.
Catalysts are ortho-selective.

i. o—cresol

ii. 2,6—xylenol

WA /D B Y i K HLTR) 43 SR AR

Ce BUPENT, SBA-15 43 i ¢ M FR VR 1S %, 15
PErfus 2 Rl EE kA C Be RN, st
ACAT A 2 ,6- - F .

-

Horizontal adsorption.
Catalysts show mixed selectivity.

i. Anisole

ii. Cresols (o, p and m)

iii. Xylenols

iv. Higher alkyl substituted products

Scheme 1

4 £

4.1 WIhHLHI4E T Ce Btk SBA-15 20 Fiiifi Ak
Al RAEGE R BN, Ce tit)G, HEMAIRMRTE T
SBA-15 (A FLA5 A, i Ak 7] 2 Ihi % ik J3E A i i #40
ARG, R R 3 B .

4.2 5 SBA-15 L, Ce BPEJn, FESFIH
TR IE M, B Ce TR OIS, A
LN SR I My R VR A i, a8l 15% I
fEALPERE AL, HEE, R LR85 66.89% , 4B
H e Bt iA 5 55. 43% . dE— gk, 1%
PELH P PR AR SR A TR AR, PR i AL R RN B H
TEREMEA PRI

4.3 i 30 h, #EALFUBIR PR T4
P, R AR AR B By e B I AR W 0 R R 4k
SIS W BT[], A A 03 A 2 43U 2 B 43 O i
2P, RBURILTE A AR

SE .
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Preparation of Ce-SBA-15 Catalyst and Its Performance
on Phenol Alkylation with Methanol

WANG Jun-feng', SHEN Jian', REN Tie-giang "
(College of Petrochemical Engineering, Liaoning Shihua University, Fushun 113001, China)

Abstract; Ce-SBA-15 catalysts were prepared through impregnation method with different content of Ce. The sam-
ples were characterized by XRD, nitrogen adsorption-desorption isotherms, SEM, EDS, NH,-TPD, Py-FTIR and
TG-DTA methods. The results showed that Ce-SBA-15 still maintained a highly ordered mesoporous structure of
SBA-15. The activity parts of CeO, had a highly dispersion on the surface of SBA-15. The catalytic activity of the
modified zeolite in the alkylation of phenol with methanol was evaluated. The influences of Ce content, catalyst cal-
cination temperature, and calcination time on the alkylation were studied. The optimal composition and preparation
conditions were obtained: Ce content was 15% in weight, catalyst calcination temperature was 550 °C , and calci-
nation time was 4.5 h. When reaction temperature was 460 “C, n( Phenol)/n( Methanol) was 1/4, MHSV was
3.0 h™",Ce-SBA-15 zeolite showed the best performance of alkylation. The conversion of phenol is 66.89% and
selectivity to o-cresol is 55.43%.

Key words: impregnation method; Ce-SBA-15; alkylation; o-cresol
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