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NM/NazZSM-5 for HDS of thiophene at 400°C.
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modified MCM-41 for thiophene HDS at 350°C.
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Table 1 Epoxidation of cycloalkene over Ti-Y and TS-1.

Catalyst Si/Al, Si/Ti Substrate C/(:;)V' ES;cIJQ/i(?e
Ti-Y 393 59 cyclohexene  21.8 69.8
Ti-Y 393 59 cyclooctene 17.2 95.7
Ti-Y 393 59  cyclododecene 3.7 825
TS-1 — 35 cyclohexene 9.7 33.6
TS-1 — 35 cyclooctene 1.1 72.0
TS-1 — 35 cyclododecene 0.8 26.1

Reaction conditions: Cycloalkene, 10 mmol; H,0,, 0.2ml;
Catalyst, 50 mg; Solvent, 10 ml; Temp., 50 °C; Time, 5 h.

1)Y. Oumi et al., Micropor.Mesopor.Mater., 66 (2003) 109.
2)Y. Oumi et al., J. Porous Mater., 14 (2007) 19.
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Fig. 1 XRD patterns of (a)Ti-MCM-68,
(b)Ti-MCM-68-cal-400, (c)Ti-MCM-68-cal-500,
and (d)Ti-MCM-68-cal-600. Ti was introduced at 600°C.

Table 1 Effect of calcination on hydrophobicity after T-insertion.

Catalyst Calcination Weight loss due toa

temp. (°C)  adsorbed water (%)
Ti-MCM-68 - 2.7
Ti-MCM-68-cal-400 400 15
Ti-MCM-68-cal-500 500 0.8
Ti-MCM-68-cal-600 600 0.6

a. Determined by TGA (<150°C).

Table 2 The oxidation of phenol with H,O, over

various titanosilicates®

- Yield c H,0,
Catalyst Si/Ti TON % )b p/o eff. (% )d
Ti-MCM-68 70 235 519 21 58.0
Ti-MCM-68-cal-400 73 271 584 35 62.0
Ti-MCM-68-cal-500 74 294 626 3.8 66.6
Ti-MCM-68-cal-600 73 316 680 3.8 715
TS-1 51 150 542 12 66.6
Ti-Beta 32 6 2.9 227 4.0

a. Reaction conditions: phenol, 21.25 mmol; H,0,, 4.25 mmol;
catalyst, 40 mg; temperature, 100°C; reaction time, 10 min.

b. Yields of hydroquinone and catechol based on H,O,.

c. Para/ortho ratio.

d. 100><[moles of products]/[mole of converted H,0,]

1) D. L. Dorset et al., J. Phys. Chem. B, 110, 2045-2050 (2006).
2) Y. Kubota et al, Chem. Commun., 2008, DOI: 10.1039/b814286f.
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SP-MCAox  91%
TOF MCA
TOF
Table 1

Dihydroxylation of cyclohexene with H,O, over various solid catalysts®

SP content®

Catalyst 4 Yield® (%) TOF/h*
/mmol (g-cat)

SP-MCAox 1.0 91 4.7
SP-MCAex 0.7 78 4.2
MCAo0x 0.6 72 35
Amberlyst 15 4.8 81 0.6
Nafion NR50 0.8 22 0.7
Nafion SAC-13 0.8 25 0.8

# Reaction conditions: cyclohexene, 5 mmol; 31%H,0,, 10 mmol;
catalyst, 100 mg; temperature, 70°C; time, 20 h.

® Determined by titration,  © Determined by GC.

4 Moles o products per moles of acid per hour.

1 Y. Usui, K. Sato, M Tanaka, Angew. Chem. Int. Ed., 42, 5623 (2003).
2 Y. Kubota, C. Jin, T. Tatsumi, Catal. Today, 132, 75 (2008).
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Si-Nb-x mE‘E.Tl nm)  Conversion  Consumption
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x=0.5 626 2.7 47 45
x=0.25 548 2.3 51 55

# o
AWFTRIE, SCHBLEE B AT JE 2 Al B & Tt
%2 (B) (19760539) DI 42 T 1= b DT 5.

X M

1) M. Sasidharan, P. Wu, T. Tatsumi, J. Catal., 205, 332
(2002).

2) M. Ziolek, I. Sobczak, I. Nowak, P. Decyk, A.
Lewandowska, J. Kujawa, Micropor. Mesopor.
Mater., 35-36, 195 (2000).

3) M. Ogasawara, S. Kato, H. Tsukidate, T. Akaogi, Y.
Moriya, S. Nakata, Chem. Lett., 34, 208 (2005).
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Silicalite-1

NaOH ag.

Fig. 2
p/po = 0.5 0.9

NaOH ag.

NH; ag.

FT-IR

NaOH ag.

NaOH ag.

Tablel silicaite-1

HCl-treated NH; NaOH TMAOH

Rate constant / s*

0.0036 0.0076 0.0087 0.0057

20 nm

Fig.l NaOH

NaOH-treated

HCl-treated

00 02 04 06 08 10
Relative pressure, p/p,

Fig.2
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Volume of adsorbed N,/ cm? (S.T.P) g*

5h TEM

COE

1) H. Ichihashi, M. Ishida, A. Shiga, M. Kitamura, T.

( A )
1
Silicalite-1 2
Silicalite-1
Silicalite-1
2
Silicalite-1 TEOS: TPABr: H,O:
NaOH = 1.00: 1.00: 200: 0.500
1 200°C Microwave
10
520°C 3 h
TMAOH, NH; NaOH
pH=12.7 200 cm®
Silicalite-1 2.00 g
(TMAOH ag., NaOH aq.)
(NHzaq.) 60 1h,3h 5h
0.1M
=0.375g9 WHSV =8h* 380
/ =18
42 L ht
XRD ICP
SEM TEM FT-IR
3
XRD
MFI
FE-SEM
Si
TMAOH aq.
NaOH ag. TEM
Fig. 1 NH3 aqg.
NaOH ag.
Table 1 *
0.125 h NaOH aq.

95%

Suzuki, K. Suenobu and K. Sugita, Catalysis Surveys
from Asia, 7 (2003) 261
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SR DB Z L EEoTEL.
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20, BRIREENIR RBIXT TH BN, aDHENR
FEATHIIESIO@AINK D LA LR EIND La
IS, BRREITR 7o D DITHREL, 00BN
BRI CHIITIR SN D L0/ NS L, FRIREIXTIL< 72
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ZOEMBETClIaM R EIC Lo THII STV S
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—J7, SiO(@AIDAMANCFES LTc AT 10
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1. K. Suzuki, G. Sastre, N. Katada and M. Niwa, Chem.
Lett., 36,1034 (2007).

2. #1z1X, H. Kawakami, S. Yoshida and T. Yonezawa,
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BETEME DR 24T - 7.
2. R
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fib D (BN S 2 d ¥ TRISIEE & i A I & %
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Fig. 1 Specific surface areas of catalysts.

S st

Benzylalcohol toluene Benzyltoluene
Table 1 Catalytic results of Friedel-Crafts benzylation.
BzOH BT Rate constant
Conversion / % Selectivity/% /h”-ZrO,-g"

Catalysts x

0.09 100 65 32
S/ xZr-SBA15D 0.06 94 46 45
0.03 82 35 43
......................... ST s
S/xZr-SBA151 0.06 45 18 10
......................... 003 LAz LB
S/ Zr (Mel) - 85 42 2.5

All reactions were performed using BzOH (9.2 mmol) and
toluene (192 mmol) in the presence of catalysts (10 mg).
a) Benzyltoluene

HiEE

ARWFFEO—HEIL, GRS 7 v —/ 3L COE 7'u 7
Z 5 TEERAICFHEBEMIEERS ] OXEIZE > TT
b,
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3) L.Fuxiang et al., M.Mater., 101(2007) 251.
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