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Preparation and Characterization of Al-pillared Clay Supported
SO,*/TiO, Solid Superacid

. . * . . . .
Jiang Yuexiu, Tong Zhangfa’, Mo Yunfen, Chen Jinmei, Chen Xiaomei
(School of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004)

Abstract SO,*/TiO,/A1-PILC (SO,*/TiO,/A1-pillared clay) solid superacid was prepared by loading
active component SO,*/TiO, on Al-pillared clay. The texture structure and surface properties of SO,
/TiO,/A1-PILC were studied by means of X-ray powder diffraction (XRD),the adsorption of N,, Hammett
indicator method, X-ray photoelectron spectroscopy (XPS) and FT-IR spectra of absorbed pyridine technique
respectively. The results indicated that Al-PILC carrier can inhibit the formation of anatase TiO, and the
transformation of anatase TiO, into rutile TiO,. Compared to SO,*/TiO,, SO,*/TiO,/ A1-PILC has larger
surface area, more acid sites and lower acid strength.
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1.1
111 B AT RN T (A1-PILC) il ¢ SR I GBI £ SR A R I 1o fEsm 2B R ok
0.25mol/L NaOH ¥k 22 1 i 111 5] 0.2mol/L A 1CL IEW 1, 75 n(OH)/n(AL*)=2, T 55 4} 10min
R G R SR AC A . AR LR I B IR TR 10% 1A T8l h AT A L AL
42 Wl Smmol/g 1), T 80°C FHiH: 3h. Hiiksr & AW, LLAZEBI/KR B IE
PR ClJG, T 110CHAT, 300 CR 5.

1.1.2 SO*/TiO/A1-PILC Wifil#¢  FREC—E =PI SALER, HZMKMBE R LS, fHinA—
SE B AR 1 AL-PILC, JIZABEHE R IR Z/K R pH=8~9. VLIELHIEIH R EH]
AMKESRETLEE T, 1N0CHT 5T 300°C FEATHURERE, BB, FELL 1.0mol/L [¥(NH,),SO,
WG ARG HhE. M, TR RS 3h, B TR

12

1.2.1 FE5 ) XRD 78 H A Rigaku D/MAX 2500V 4 X-ray f7HHMCGIEATRE S A9 XRD 1% &0 &,
NSEIE N CuK B8, ASFK R 1.54178A, HiTK 40kV, HLJL 120mA, F###% 2°/min.
1.2.2 ¥ 1) BET EER AR K ALE I ZHUNIE K] Micromeritics ASAP2010 7R B A HEATAIR
N PO BR - PR S5, LA BET WA REM IO LL R TR, BIH AR e FE S AL S 5. il
SERTRE R AE 200°C R AT 2h, ARG LEMEGRE N BEA TR

1.2.3 FESPIRRSREM E SR Hammett Fa7R A0 E fEAL IR R . RS TE 250°C FHhITs
AbEE 30min, VAHI A SIS SRR AR, ARSI AR U DU T IR R

1.2.4 FEG) XPS  XPS 40#i7E VG ESCALAB MK I HiL T-AEAY FHEAT, SR IR Ay B (0, 2% 1)
AIK, #i(hv=1486.6eV), RFEEAEN 10°Pa, LLVT Y C ¢=284.6eV N IEHER IE LT 455 ko
1.2.5 FEAIRIEREMR B 2L A0 7R3 [ PE 2 H]1F] Spectrum2000 S AT I B 21 4R 3%
W5E . MCT-B Krll#%, /HE% dem’, F94 32 Ko HFET A BN AMCBFE bR, 761X
102Pa, 250°C N4bFE 2h, fE 100°C TR FHIERE 257 15min, FEC4¥ 0.5h, SRS THl i b I .

2

2.1

Kl 1 4 SO/TiO,/A1-PILC Ff#1(SO,*/TiO, T gk &4 29.5%)EAN [FHIE FK54% 3h [ XRD
W HEIRTAL, FERAE 300°CRTBERT TiO, Ab T JoE EIRAS: 400°CI G4 TiO, BT i
FIERG: 500°CIFHIVELERET TiO, M ARHERTSIE, B 4R mIE 700 C Ea 4440 Tio,
(RJRFAEAT S B . 8 T 2R, X SO,>/TiO, 7 300°C I TiO, BLERE SAIT IR, 1M
S TiO, FFAERTHIEAE 665 CRIHIL. b mT WL, #ifk A1-PILC [lnN, ff TiO, MBIEKH"
AT 8 ) < £ A0 AR AR TR BE 4 v, RV S8 AT T THO, PR R A PR T 1 A it AR IR B A
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Fig.1 XRD patternsof SO,2/TiO,/A1-PILC calcined at different t emperatures
(a)300°C, (b)400°C, (c)500C, (d) 700°C

2.2

R 1A T SOMTIO, Mg B i (1 LR TAR K M . &bl WL, B SO /Tio, 112
RN, AR TR R RS PITAT FOEUR E A K BRI N AR I PR, HEE
SOS/TiO, MM T V2 o IXRWIEARITIN, WA K SO, /TiO, MHARME, Mt it
FR 2 T P RE -

1
Tab.1 Thesurfacearea of different samples
FEfh LLR A (m? - g7)
10.0%S0,*/TiO,/A1-PILC 190.2
20.5%S0,*/Ti0,/A1-PILC 171.3
29.5%S0,*/Ti0,/A1-PILC 149.0
40.0%S0,*/TiO,/A1-PILC 127.7
60.0%S0,%/TiO,/A1-PILC 101.5
SO,>/TiO, 97.7
A1-PILC 215.0

REBEIRLE 500°C
22 NREFER X FE S LR . LA AL AR . 3R 2 ATA, B KRR T

s FEATECRIIAU T B e UL 600°C AL, A 5l L& i A AL B 2k, FLAR At
WS BE A . 3R 2 IS R il B 2k A1-PILC [RHE 7 FLIE SR LA

2 SOZ/TiO,/A1-PILC

Tab.2 BET surfacearea, porevolume and poresizedistribution of SO,*/TiO,/A1-PILC calcined at different temperatures
Rkl C LR IR/ (m? - g) FL4%/(mL - g") I r] JUAL A S /nm

300 189.5 0.252 2.4~3.8

400 171.3 0.254 2.4~3.9

500 149.0 0.258 2.5~4.2

600 124.2 0.229 2.7~4.6

700 81.5 0.194 2.7~5.3

SO,/TiO, M E N 29.5%

23
AR 3 & SO,Z/TiO, HIAFE SR L WK 3. 138 3 ul40, 4 SO,>/TiO, I 7 &1k T 29.5%
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Tab.3 Acid strengths of various samples
PR AR (1 L

R AL 2,4- i IR

SO,*/TiO, + +

20.5%S0,*/Ti0,/A1-PILC - -
25.0%S0,*/Ti0,/A1-PILC
29.5%S0,*/Ti0,/A1-PILC
40.0%S0,*/TiO,/A1-PILC
60.0%S0,%/Ti0,/A1-PILC

FEbh

o+ o+ W
|

RAHFE AR (pK=—12.44), 24- A R (pK,=—13.75); +IEnFIRERHE; 48R EAREE; — R eE;
Rl 2 500°C

REBEIRLEENS SO /TiO/A1-PILC HEALFIR IR KIS MT LA 4, 45 RKW], AEALTIAE 500°C LA
EREBEA BATRBIRIRYE . Ut n] WL, R L S M A R SRR TR IR S A 3R
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Tab.4 Theeffect of calcination temperature on the acid strengths
K beli g/ C 300 400 500 600 700
PORIEE S TR EAPS - + + + -

SO /TiO, M BN 29.5%. +HRALEYIR; 3R OAYE; - $RrA LD

2.4

Kl 2 24 SO,*/TiO,/A1-PILC(SO,>/TiO, M #kE N 29.5%) )% SO/TiO, HINEHE W Bt 21 4h 6 1%
Kl Bt 1400~ 1700cm™ 6 I H I T RE il W BEIERE f5 7= 2R 1) C—C i 4adishoficieg, 1447~
1449cm" R IERE W B AE Lewis RO EPT A HRHIEE, 1T 1544~1545cm™ [ U6 A L E
Bt7E Bronsted 2O AR MRIRFAEDE o H TR il (1R et 5 LM IR PR 21 A0 5wl 1] v g T AR ) R
MNEIEHEER, B, K2 s SO,2/TiO/A1-PILC MR & L 7 T SO,2/TiO, I P
e X ABEAE T AL-PILC X} SO2/TiO, IS, (AR B 2 iR 0.
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Fig.2 Py-IR spectra of different samples
(a) SO,*/TiO,/A1-PILC;  (b) SO,*/TiO,
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25 XPS

5 M TAFERBERE T SO,2/TiO,/A1-PILC #£51(SO,2/TIO, M E A 29.5%) I E
S/Ti JCEMHAE. NE 5 hal%n, ZEIKT 500°CRBEN, FESLRIN S/Ti 70 & 1 LA B R T
TR/ AN, A T 500°C LG, FE SR S/Ti ELEIRIE TR, 600°CRERE )G 54 i
F o XK B LT e 2 AR S SR T IR A B O S B B, DR 2 5 BORE i 2R 1 PR IR v B 1 ik
Ao B, R SR R RR R, RS TREZ R L, R NAER T 600°C
(il B2 R R e o

5 SITi
Tab.5 Theeffect of calcination temperature on the surface SITi
SRR/ C 300 400 500 600 700
S/Ti 0.96 0.90 0.83 0.68 0.24

(DEAAREEAZ R 1) 5 | NAEFE 5 b TiO, 16 d Ak 2 AH 3 AR v o

Q)FEHIEAE S SO2/TIO, FIELE], AR M IR IREE, 4 SO/TIO, Mk fik 29.5%H,
FE i BA @B RIR 1 o

QVHEAMAIIGIN, TR SO2/TIO, FIHRMIAR . RSPl g = T 600°C, £ 1 LL R A
KA R E TR, LRt 2 oeit.

(OHTEAMET S00CHATREFEACBERT, A f A BAE I, (R bel)Em T 600°C R4 1f
PRI R .
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