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SBA-15 il &« #BESCHR[6] ik, L 2.0 ¢
EO0,,PO,,E0,, (P123 AR, Aldrich) /A f#7E 15 mL 7K
W SRS TR 55 mLL 2 mol/L #h R , T %2 40 C 2= /b
PEFE2 ~3 h, N 4. 24 ¢ IERERR VY OHE (TEOS, AR,
2545 HL =GR A IR A R L 78 40 CTF [y 24
h, SR A% KIS 48, 78 100 C i 24 h, ]
P F il K e 2= v, R A S5 7E 60 CTR
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Fig. 1 The FT-IR spectra of support. (a) SBA-15;
(B)SBA-15/NH,
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em AR PRRAE I LT RS 3 947 em AR S AN A A
HPW/SBA-15 #£ /i 76 892 cm ™' &b 4 B 38 BE A 5] 1)
Wi , o 30% -HPW/SBA-15 A i 1Y) W g e e
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Fig.2 The FT-IR spectra of different samples
(a)50% -HPW/NH,/SBA-15(b)30% -HPW/SBA-15
(¢)50% -HPW/SBA-15(d)80% -HPW/SBA-15 (e) HPW

N TN HPW 7EEUA FORFF keggin B
LERA S, E T 50% -HPW/NH,/SBA-15 f# 1L 71
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Fig. 3 The Raman spectra of samples
50% -HPW/NH,/SBA-15 AL ER L AE 1 045 em ™',
985 ecm ™', 859 em ™', 502 em ™' F1 221 em "' AbH IR
FHAEW S, 1 HPW (1) keggin HU 45 F4 FFAEIE , {H
Je i T HPW 57545 SBA-15/NH, 1Y%k 2 [a] 35 21
AL 2EAE I HPW HRAE G & A5 55 K A 5.
2.1.2 TEM %34 Kl 4 v(a), (b) & SBA-15 #f
BEAS R J7 18] B TEM BR J5, ) DL H SBA-15 %% 1



556 1 SRLLARAE . SBA-15 [ ARBHA IR AHE AL 0 ) ] 28 M AL 1R fiE 499
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Fig. 4 TEM images of SBA-15 (a,b), 50% -HPW/NH,/SBA-15
(¢)and 50% -HPW/SBA-15(d)
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Fig. 5 N, adsorption-desorption isotherms (a) and pore size distribution(b) of different samples
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Table 1 Nitrogen physisorption parameters of the samples

Materials Sper(m® + g™") V(em® - g™") Dy ( nm)
SBA-15 721 1.096 9.5
SBA-15/NH, 579 0.919 7.5
50% -HPW/NH,/SBA-15 264 0.395 6.1
30% -HPW/SBA-15 451 0.755 7.2
50% -HPW/SBA-15 163 0.204 5.2
80% -HPW/SBA-15 98 0.079 4.0

2 1 G T 2R AAR DL K 45 i [ 28 A A AL RUAE &, R T HPW 5 SBA-15 (%A1 H.4E F ¢
R, FLERFLASIE. hR 1 BUET LR 59, ML SBA-15/NH, bR &R}, 50% [& 45 & 1)
HH 25 R AR R A i B bE 3R T AR K F 4l HPW (1) FEFIRE S R A R T 54. 4% , M X F 50% -
FEERA( <10 m*/g) , 6] HPW B AL#s2aT L HPW/SBA-15 (4 He R T AU [ 77. 4% Sk 6 T B
P A AL R N AL TG . FE DL SBA-15 SR AL, Ui SBA-15 AT A S /5 HPW 5314k
PRI B B2 e, e R A JLAERFLEIE ZEfEE s /R, HPW 72304k sy &), %
WS, B Y [ ARl 80% B, L R AL R BT HREMSZ R,

86.4% , [AlW}, FLAFFLAR R HUR /N, DA 2k &5 2.1.4 XRD 434 A N A 1B R RE S /N A
B, HPW 7£ SBA-15 fLiE N &R R4E, B fLiEYE  XRDATH B WK 6(a) , B H1 AT LA H SBA-15 1 3

—_~
=
=

80%-HPW/SBA-15
50%-HPW/SBA-15

iy

50%-HPW/SBA-1

Intensity
Intensity

30%-HPW/SBA-15
S BA-15-NH/HPW

50%-HPW/NH,/SBA-15
V\’\—X4 SBA-15NH, W

SBA-15

30%-HPW/SBA-1

SBA-15

; 2l 3: :l ; 6 110 115 210 215 310 315 40
26/(%) 26/(°)
€l 6 XRD 177 5T I FE
Fig. 6 XRD patterns of different samples. (a) Small angles; (b) Wide angles
AMFRFAE ST (100) | (110), (200),SBA-15/NH, W& B:AC 2 3 HPW A4 AR . {H 2, 50% -
FARFNE 2 HPW LUS #6109 (100) FRAERT 5% HPW/NH,/SBA-15 #1745 H 3 HPW [ & AH 04 , 7
FEA g 55 , R FE 0k K HPW DUJS fft WRUiEH , HPW 7F SBA-15/NH, i FAEAEfLA8 5
FEGh B FPEA B TR . (HASTE e, 80% - AEFIN & BEAM8E, X SR T 19 24518 & — 50U,
HPW/SBA-15 [ (100 ) 177 S W A B K W BE B 9855, 2. 1.5 NH,-TPD J3#fr Oy FEAS PRI AS [m] 8 44 i 4
VLA LA B 213 2R, tesh, 18 6 (b) Hr] LA PIHEAL 7 2 1 A2 4k, I 2 T 50% -HPW/SBA-15 il
E i, UL SBA-15 Ry R M AL R BE & B 4 3 50% -HPW/NH,/SBA-15 fiLFIFE 5 ) NH,-TPD f
P EE T HPW (YRR &7 A 06, >4 [ 48 35 31 80% 2, DLIEL T, PR AR TR Y 55 R O I R L BE $A AR
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105 “CZcAy, i R v i B RE 40 A7 e R A A

50%-HPW/sBA-1s ~_— 500C

50%-HPW/NH:/SBA-15

105°C

1 1 1 1 1 1 1
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Temperature (C )
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Fig. 7 NH;-TPD profiles of samples

50% -HPW/NH,/SBA-15 58 i Ff .0 Jii B 9 BE AR T
50% -HPW/SBA-15, HL.7E 300 °C 22 47 HUBL T vp i ik
4 RE BP0 , 2 BH 22 R BE PR S, AR A R 1 A
AR PR UEEA DL SBA-15/NH, fy k{4 [ 2k HPW
i, HPW (it 5-NH, &4 TA2=ERT, D2 T
AR 1A TR B Ay B[R] HPW (4 R 5% J3E -t A5 i i
55, H HLH LT S5 B R oL
2.2 EUEELER

50% -HPW/SBA-15 il 50% -HPW,/NH,/SBA-15
PR AL RIS R R G W, S R LR Ak
RBYE UL IR 8. 2% IR SBA-15 3L A 1 A )52 I 3% M, T

90
soF § 272 50%-HPW/NH2/SBA-15
NI 50%-HPW/SBA-15
70 = §
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£ sor 7 %
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H
o 30r
20
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0
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Fig. 8 Catalytic activity of catalysts
TEEE HPW LUS 2B R4 f9 S R k. 18] v al
LA H,50% -HPW/SBA-15 5 — YK IR % AL R Hy
88.7% fH2H K 3 YLAG R AR, 25 6 YAl
FALRAEN 10% , R W2 AT 1 5 52 6 FTORAR
7%. 50% -HPW/NH,/SBA-15 & — K [ i 5 {6 R H

54.73% (H T Z M 6 U LAG Fe AL AR AT 45 7
50% Ay IR, HPW [ 28 T SBA-15, F2 8 &
W BT SBA-15 IYSLIE H , A7 £ R Ak AR 55 , 1h
HPW [T SBA-15/NH, M RH, i T77 £ 555 1
PR 51 P JFL I 3 B RO vy, A0 ) B
SR IPERERF RO . (R Tz Ae R P iy
Ji¥-5-NH, O, S B0 58 KA BT AR, B IR
MEALTE TEA TR, BART S, SBA-15 &Lk A
e SEA R T A 0 ) R A o T R iR R A
PR LS S B A A (A

348 R’

DL SBA-15 FI 3ok iy SBA-15/NH, Rk,
TR A T 2 HPW ik ), F85 3 T
PATF 458 DL SBA-15 R #dk, [E 2 AF & i HPW
Bf, HPW 1) Keggin 7 25 b4 JE A AN A | #5AIK ] 48 i
BF, SBA-15 (A Jy P A WA S 502 5 (F 2 oo [ 2 o
T, SBA-15 {4 Ptk & AE—E iR, B HPW 7E 3 {4
I B JOREHE AR, It [ 28 R 4, AR Y L
Fm, FLAEMILEA ARFIFLE /DN, DL SBA-
15/NH, 2k {4k, HPW [¥) Keggin 454 AR AR
H. SBA-15 #RHA 1 BB 5 304 B A, HPW 7
AR B AR R Ay domn EAFAE AL s A R . A TR
TR T IR ) e m A, LA AL AR U
NG BEA TR 2. RSEREER A B AL PERB I 98 3R
B, 128 HPW i £k 77 FL A5 AR & 1 i 644, DL SBA-
15/NH, #8441 [ 28 HPW ik 7] B SR 0 1 BT
REAR, H 2 75 A2 0 1k BB R 4, H A AR K g
MrA.
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Preparation of Heterogeneous Mesoporous Silica-Supported

12-Tungstophosphoric Acid Catalyst and Its Catalytic Performance

GUO Hong-qi,MAO Ming-fu,NI Zhong-bin, CHEN Ming-qing, LIU Shi-rong"
(School of Chemical and Material Engineering, Jiangnan University, Wuxi 214122, China)

Abstract; 12-tungstophosphoric acid was supported on SBA-15 and amine-modified SBA-15 by impregnation. The

structure and properties of the catalyst were characterized by FT-IR spectroscopy, X-ray diffraction, N, adsorption-

desorption, TEM ,Raman spectra and NH;-TPD technology. The result confirmed the mesostructure for SBA-15 and

the Keggin structure of the heteropolyanions was preserved. However, aggregation occured in the high loading, and

because of the pore blockage, the BET surface area, pore volume and pore diameter decreased obviously. The

tungstophosphoric acid can disperse in the pore of the support SBA-15/NH,, but the acidity of the catalyst re-

duced. The catalytic activities of the catalysts were evaluated for the esterification reaction of ethyl acetoacetate and

ethylene glycol . and the catalysts supported on amine-modified SBA-15 show excellent reusability and selectivity.

Key words: SBA-15; amino modification; 12-Tungstophosphoric Acid; supported catalyst; ethyl acetoacetate

ethylene glycol ketal



