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9 30% (1 Si0,-AL0,, F£7E 500, 700, 900 C 3
AMEE Bt T b 3, % %% Si0,-AL 0, 1 Si—0—
AL B ) e AR A S HOO SR AT BT 2 ). X I &
WK (THF) FF3R Ak — R % 8% Si0,-AL 0,
JORG 14T A ot LA A i ) S

1 SLIRERSY

1.1 EEFIH &

PRI L) ALCNO;, ) 5 + 9H, 0 FIERERR £ Fid
(TEOS) # T 60 mL Jo/K L&, F 80 C/KiEHi+E .
Bl 1 h, A — 7 & & K5 pH {HAE 6.0 ~
7.0 Z I8, A B FE TEAR TR BE N 24k 24 h. BERE
2280 C T 12 h, L2 C/min #RTHE 2 it il
JE, Ribe 3 h, BN E A E Y, iC4E xSA-T.
x fGF ALO, JiiE |4 & i, T AR MA IR
JE(C).
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-2 (TG-DTA) 43 #7751 |5 NETZSCH
3w 1) STA449 ¢ BRI BT, 2= UR, i
FEVE R = R ~900 °C, FHEE AN 10 °C/min. T
it (FT-IR) 43 EFEE Bruker 23 W] ) Tensor
27 BT AN G AL i Ay, KBr JE fr, B
400 ~4 000 cm™", ZpHEE 4 em™; BESIOZE FARAS
175 [E Bruker 227711 D8 Advance I X 2% fi7 Y%
AT, X, Cu K o, TAEHE40 kV, T
YEHLUE 40 mA, G E 10° ~80°, A F N
5°/min.  HE R AR AAL 70 A1 1990 7€ 7 3¢ [ Microme-
ritics 23 F] ASAP 2020 7Yy BRI B FBEAT, FESL
FE 150 CREZS FAEES h, SRIG7E-196 CHRET
TR BET 15 R, BIH kit
FLAR. MEALFRE S A FR PR T 43 1R I NH, R
FHEMEHS (NH,-TPD) Finge £ 4h (Py-IR) %
T EE . AF3E B Micromeritics 2\ 7] Autochem 11
2920 AUk 27 0 B A 1 i 4T NH,-TPD il 5E : FR X
0.1 g #fhh, RS 300 CRIA AR, 100 C
M B A NH, Ji5 L 10 °C/min F35 3 2R A ff NH, ,
Ff TCD A A5 A6 0 J50 BiE NH, S5 np I W Bi 14 2141
ST % 7E 7% & Bruker 23 7] ) Tensor 27 BT 4R
T AT, FEARZ 150 °C, 6.0x107° Pa 45 T 5
PLART Ak, 2 T I R i 0E ZR R B OF T, A
200 C Yl HE LB 25 2. 0%107° Pa J5 Ml 1% 4.
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1 J2: 80 C TG Si0,-AL 0, &L TG-
DTA k. "JLIFEH, Si0,-AL O, 7E TG 4 17
WA B RE SR, 30 ~180 CEAKREL N
6.84% , XN T DTA £k b B i, HE A
Py BRI K AR, 180 ~ 350 °C i il 1N 46. 87% 1
RAJEH T NO, ™ 1 7 i S35 & A HLAL 53 i Bk e
FEC XF TG bax — B VB Bl M 2k, DTA
MR AE 270 °C BB RIE , Uil &R T AL
PkEE !, B KGR, TG 128 350 ~ 900
CHITEEHN , FEMANAFETE 2.20% By, HE A
SEABIERT . BRI IX A DTA #iZk b 3A &
A B S AR
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Fig. 1 TG-DTA curve of SiO,-Al, O, before calcination
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23 AN TR ARAE BRI Si0,-AL, 0, RIZUESHL
FITFFR 1. 500 CAEHS, Ff df b 3 i LAl ik 459
m*/g, FHFLIEK 6.3 nm, FLIEFLN 0.76 cm’/g,
W TARSLRR LS LRI ST R, &AL
MEZHRT 2 nm B4 FLBTER, A R RS A
(AL LA B BAT BOR BTk, ik Bl T =
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700 Ci, b R TR A DN, LA AL
RBIE A G, RAFRT 10 nm (LT FLAAFR Y 5T
BRASRAT I, SRR 22 700 °C HAAE BES RALAH
AXm, HIEAGRE T EAMLES . THEE

900 “C I, A fi i b 2w AR AN FLAFR sl R R, AL
O3 s RSF KT 10 nm (L BB @ 38, 15 5
900 CARALHfE Si0,-ALO; HFLET IR B, X AT fiE
Je il N AORUBURL B2 BT 5 R ).

% 1 8i0,-AL,0, HAKSH
Table 1 Textural parameters of SiO,-Al, O,

Sample Aper” D’ Vv, Vo' Vi / % V! % V! % V! %
/(m* - g™") /nm /(em® - ") /(em® - g')  (<2nm)  (2~5nmm) (5~10nm) (>10 nm)
30SA-500 459 6.3 0.76 0.73 2.0 32.6 24.5 40.9
30SA-700 425 6.4 0.83 0.82 2.1 31.6 19.9 46.3
30SA-900 153 9.4 0.43 0.43 0.3 14.1 20.0 65.6

a. Aggy: the specific surface area; b. D,: average pore diameter; c. V,: total pore volume; d. Vg, : pore volume between

1.7 nm and 300 nm calculated according to BJH method; e. Vg, x . : pore volume located in the pore size range of X nm cal-

culated according to BJH method ;% Vi x wuy = Vit (x wm)” Vi X100%

2.3 FTIR $4F

’l 2 R Zead AN FRLE b BLS 19 Si0,-AL 0, (1)
FTIR 3% &, o T F i, Bhyld 74k Sio, iy
FTIR 3%, fE AT AL, 4l Si0, A4 AE i i i = B2
f045 3 340 em™ Kb - OH i 475 ik Zh W e, 1 100
em™ Kb B T4k Si—O—Si S X FR 1 45 IR Bl
808 cm™ [ff T ) Si—O 5 X} R 1 455 I 3h Wz e A S
475 em™ Abiy Si—O G iR .

54l Si0, AL, Si0,-Al, O Ak MRS ) fie K
AAACTET 1100 em™ AbfY) Si—O—Si 5 FR i 45 i
FHg . 28 500 C . 700 °C, 900 C iy kb5,
Si0,-Al, 05 2 X I ) 21 A e 0 73 S 2085 %2 1 071
em™ 1081 em™ J 1095 em™. BFFEEIZ2, 4
MO, (M Jyid ¥4 g ) #EA SiO, W% 25 Fy It 2 3R
Si—O0—Si 4, Bk Si—O0—M 4, S5 1 100 cm™
ARSI () T Ak Te 2T F. £1 RS WO R B S T
Si—O0—M #E 1) £ . X F Si0,-ALO, &A%
LY, 1 100 em™ 4b Si—O0—Si fi 45 i 35 T i
WL R 5 Si—O0—Al S A 6. 500 C
PACFRS A S, Si—O—Si fift 45 4 20 W W5 e 1Y
LIRS, RIFES IR R T R Si—0—
AL, FEAALE IR FE () T, 20RO FR BE s , 1
] Si—O—Al S5 i/, fhepd kA TR =
900 C Hf, Si—O—Si i 4 4 3y WL i 06g ) 21 7% 2 Jig
sy, FEWT I R EB 4y Si—O—Al #E B & A W e,
Si—O—Al {2 R T . BT LVE N, BEE

PAALFEIRFE A TH R 3 440 em™ b (1R HE I i e 58k i
W55, JAN T i TR AR, X5 TG
£k 1 350 ~900 °C 1) Fil P4 A 1 Ok ORI T2
BB 4t —2.
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Fig.2 FTIR spectra of Si0O,-Al, 0O,
(a) 30SA-500, (b) 30SA-700, (c) 30SA-900
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Fig. 3 XRD patterns of SiO,-Al,O;
(a) 30SA-500, (b) 30SA-700, (c) 30SA-900

2.5 NH,-TPD #0 Py-IR 447

Kl 4 Sk 22 A [A) i B2 #A 4 Y Si0,-AL 0, 1Y
NH,-TPD #%[&]. 500 CALH 5, #EMAE 160 ~600 °C
B N AATE— B S5 A 1 NH [ RF0de e Tt i
1350 CZcty. VEHIAE SR R MO LA s iR
T, [INAELE D B SRR AR IR 0 70 B2 700
C . 900 CAEH5, NH, it B0 i) i B YE Ly 160 ~
450 C, smERHLIH K.

NH; Desorption/a.u.

(@)
(b) ™~
(c) 7

1 1 1 1
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Temperature /°C

& 4 Si0,-Al, 0, f{) NH,-TPD %%
Fig.4 NH,-TPD profiles of Si0,-Al, 0O,
(a) 30SA-500, (b) 30SA-700, (c) 30SA-900

HRHEFE i NH, 5 B ode 1 AR K bb 3R T AR T 5315
FNAAE LRI SR B MR LS RS TR 2. Bk
HEE AT DL Y, Si0,-AL Oy 1 B0 i FH R %5 4 35
i 2 B B BE 1) T 5 1 1 s /L. Si0,-AL 0,4 iR
PERTE R B T Si—O0—Al S AL, | FTIR 43
Brmg i, Bl FAAb B B2 10 Ty, Si—O—AlL B &
W, AT LI SR X — SRR R T Si0,-AL O 1y
SR R R s

% 2 Si0,-Al,0, BIESTER
Table 2 Acidity properties of SiO,-Al, 0,

Total acidity/ Acidity density/ L acidity/ B acidity/
Sample . 5 . .
(mmol - g7) (mmol/g + em”™) (mmol - g7) (mmol - g7)
30SA-500 0.82 17.8 0.30 0.52
30SA-700 0.52 12.3 0.14 0.38
30SA-900 0.17 11.0 0.17 0

K5y Si0,-Al, 0, 525 E ALY Zoad A [R] il B2 4K
REBRIS (Y Py-IR $% &), 1 454 em™ Jz 1 545 em™ [ff
AT 0 0 VA S E 7 T 5 LR O 48 AR
FEARAEM WO DL S 5 B R O AR R JS0n e 25
TR I, 1491 em™ FYARAESEHE U 2 L iR
HL A B R G K [ PR A AR W 2T SR
Hernandez %527 ) J7 $h T B RE S 9 B R AN L i o
ORCE, S5RP T2, 500 CHAEHS, A i [F IS
FETE B RN L RN, FH2 700 “CH, PP AIER

DD, 900 CHf, B IR0 HS, 30 L
Ry, HACRS 700 CHEFEA 8. B @i
B Si—O—Al §gt /Ry Mz B faf 19 T, 11 22 8 7E
FIMBCAA 1 AL WJE KT Si0,-AL0, FHiY L
R, EEF, Si0,-AL O, £EMiK, B BRG]
AR LERrp 7). 454 FTIR 437 )2 TG-DTA 4y
BT A5 21 14 B A Ak BR EE (W T, Si0,-AL O, 135
TR A LS, DL BRPERAE 1 B R L
RO R T L RGO RS SR T, Rl A B
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FERTHE B R oL k2 2 Si—O—AL Bty /b Al
Si0,-AL 0, F SR B B LR HLiX
WG L VE R A DR DR . X A B T 900 °C
BF, BERHULIEAR, LR D AR RTINS

1547 em™ 1491 em™ 1456 cm™
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1
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Fig.5 Py-IR spectra of Si0,-Al, 0,
(a) 30SA-500, (b) 30SA-700, (c) 30SA-900

2.6 {4t THF B &K 14#E

23 AR EE AL BEAE i 1 THF R4 M RE.
R EER AT, BA ROV ICR S ™ o 5 2 bl
AU PR BE B T S L TR 900 C 4B S #E
mn IR AR R, k847% , /pFah 17100 i
WIRFFE A0, THF B84 R 10 7 il e 3 45 4
R BRI B B DA OC. RO 2, ™
W . TEARMSE T, Si0,-AL 05 R iy 2
1 500 “CHF 0. 82 mmol/g F[EZ 900 °C ) 0. 17
mmol/g, (HRGWCRHNIN T —FfF. 456 RIS R
HEM Si0,-Al, Oy A S I i 1 bifi P A PR BE 1 7
TG0 AT G Py T R« — TR T o iR vl
FIE K. THE B9 R A RO 5 HG0 sy (fif 2R [ )
[BIFEAE O . o, s R O A 1 T i 2R SO
AT ). Si0,-Al, 0, K # AL FEIE B i 500 °C T
2900 CH, sRERH LR, RIS, &
B B SCER B S 3E. 5y— 5 T A SRR AT R AE T AL
rEgsEm. fERM AR, BRARKRSTLIESA
FITRAFr- oL sy 8, #5 7 is kT oA
FAZE, AN FLE A BEAS A% By i %, 1 5
DK T EE FE, RO AR IE M o0 i )
FIPTRL 900 CCARBERRE By BA BRI B LA,
JEH KT 10 nm LT FLIAFR A DT Mk B, REAE A 4K

ek BN H A il Bl
.

Wit b B L E T v R W 1 03 e Y
K, X AREd TR R InA AT R R 5/
PHONI 8T RA T 0r Fpsgm

i, IIMTRAS TR R G

%3 REIEEHAE Si0,-AL O, i) THF B4 ks
Table 3 Catalytic performance of Si0,-Al, O, treated at

different temperatures

Sample Yield /% Mn
30SA-500 23 1344
30SA-700 43 1 548
30SA-900 47 1710

3 & it

LB RN Si0,-AL O5 HYZR T TER XIS
BORA BRI, Si—O—AL H 7 P Ak I 2 T =
M R A T, BRI D, R B
Si0,-AL, 0 R 5 FIR %5 KL 1 Uk /b, [7) IR 1R 5% J3€ Dk
59, %700 CHEERPOH K. FLARREIAAE FR /Y
THEHER, JUHAE 900 C A A T ZRIsgm.
TR O A TH SR RE G 1 3R S SORLi SO, (k2R
FORE) BYHEAT , TRIIFLAR B4 48 R REAS i E B0 i 1
JRY B RE, BRA S T 1 il B Ak B L JRE B T e
17 52 B HE ORI Ry
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Evolution of Acidity Properties and Catalytic Performance for
Tetrahydrofuran Polymerization of SiO, -Al, O, during
Heat Treatment Process

GE Yuan-yuan', JIA Zhi-qi', ZHAO Li-li"**, ZHAO Yong-xiang'***
(1. College of Chemistry and Chemical Engineering, Shanxi University, Taiyuan 030006, China;
2. Research Center for Fine Chemicals Engineering, Taiyuan 030006, China)

Abstract: Si0,-Al, O, with 30% Al,O, content has been synthesized via sol-gel procedures. The evolution of their
surface properties during the heat treatment process from 500 ~900 °C has been characterized by Thermal gravity-
Differential thermal analysis (TG-DTA) , N, adsorption, X-ray diffraction (XRD) , Fourier transform infrared ( FT-
IR) spectroscopy, FTIR spectroscopy of adsorbed Pyridine ( Py-IR), and temperature programmed desorption of
NH,(NH,-TPD). The catalytic performances were examined for the polymerization of tetrahydrofuran (THF). The
experimental results indicated that high specific surface area, numerous Si—O-—Al bonds and abundant acid sites
were obtained at 500 °C. As the temperature of heat treatment increased to 700 °C , the textural parameters of SiO,-
Al, O, did not exhibit obvious change, while the amount of Si—O0-—Al bonds, total acid sites and acid density de-
creased. The strong acid sites became absent at this temperature. At 900 °C | the specific surface area and pore
volume decreased sharply and the pore size increased significantly. The amount of Si—O-—Al bonds, total acid
sites and acid density further decreased. The evaluation results showed that the yield and molecular weight (Mn) of
the polytetrahydrofuran ( PTHF ) increased as the temperature increased. At 900 °C, Si0,-Al, 0O, displayed the
highest acidity (47% ) and the largest Mn (1710).

Key words: SiO,-Al, O, heat treatment; acidity; texture; THF polymerization



