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hexane #3HEE Eolel B4 AEE AT AYHLLT o143tk £4¢ Fehiolst 2T} BuE o)F Be
o sl A8 WS vehiA Eadont, Hehy % AZ2F G ALels Sohe T gl :ﬂs}oq 38 5o
B ngrh olF 3009 FHE AL §909 TR dal 2 JFE dgon), AREL ALolE 39 Heby)
AzzE G 3ok chiel F7sen.

Abstract: Titanium and zirconium-containing MFI type zeolites have been prepared hydrothermally. Incorporation of
titanium or zirconium into the framework of zeolite has been demonstrated by XRD, FT-IR, #Si MAS NMR analysis,
and the catalytic benzene hydroxylation or n-hexane oxidation was used for checking the properties of catalysts. Pure
titania and zirconia powder showed no catalytic activity at all for these reactions, but Ti and Zr modified zeolite had the
high activities in both reactions. The catalytic activity strongly depended on the kind of solvents, and the conversion of
benzene or n-hexane increased with the increasing content of Ti and Zr in zeolites.
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Fig. 1. X-ray diffractogram of hydrothermally syn-
thesized Silicalite-1 (A), TS-1 (B) and ZrS-
1 (C). substrate composition
Silicalite-1: 0.13 Na,0-Si0-52 H,0-0.13
TPACH
TS-1: Si0,-0.03 TiO-52H,0-1.95 TPACH
ZrS-1: Si0,-0.03 ZrO-52H,0-1.95 TPACH
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Table 1. Unit Cell Parameters of Silicalite-1, Titani-
um Silicates and Zirconium Silicates

Sample  Si/Al  Si/Me  Unit Cell Parameter(nm)
(Me=Ti, Zr) a b c

Silicalite-1 >1000 [ 2.007 1988 1.338
ZSM-5 20 00 2012 2001 1.349
TS-1 oo 27 2010 1997 1347
TS-1 0o 78 2.008 1992 1.341
Al-TS-1 29 61 2010 2002 1.348
ZrS-1 o) 32 2009 1995 1.346
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Fig. 2. Scanning electron microscope photograph of
hydrothermally synthesized TS-1 (A) and
ZrS-1 (B).
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Fig. 3. Effect of SiO,/TiO, on TS-1 crystallization.
Substrate composition; H,0/Si0,=52, TPA-
OH/Si0,=1.95, Si0,/Ti0,=30( <), 100(O),
200(01), SiO/Zr0,=100( @®).
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Fig. 4. FT-IR spectra of Silicalite-1 (A), TS-1 (B)
and ZrS-1 (C).
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Fig. 5. *Si MAS NMR spectra of calcined Silicalite-
1(A), ZrS-1 (B) and TS-1 (C).
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Fig. 6. UV-Vis diffuse reflectance spectra of Tita-
nia { A), Silicalite-1 (B), ZrS-1 (C) and TS
-1(D).
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Table 2. Benzene Hydroxylation and n-Hexane Oxi-
dation with Hydrogen Peroxide over Vari-

ous Catalysts
Conversion( % )

Catalyst Benzene'®  n-hexane®
H-ZSM-5(Si/Al=21) 45 n.r.
Na-ZSM-5(Si/Al=21) nr. nr.
Silicalite( Si/ A1>10000) nr nr.
TiOA JRC-TiO-5) nr. nr.
710, nr nr.
TS-1(Si/Ti=27) 19.1¢@ 15.3@
TS-1(Si/Ti=128) 4.8 4.2
ZrS-1(Si/Zr=32) 10.7¢ 9.1
ZrS-1(Si/Zr=110) 4,00 3.1@

n. I.: no reaction

Reaction conditions

(a) Benzene/H;0, mole ratio=1/3, temperature=
313K, no solvent, 0.07mole H,0,/g-zeolite

(b) n-hexane/H;0, mole ration=1, temperature=
323K, no solvent, 0.07mole n-hexane/g-zeolite

(¢) Benzene/H.0, mole ratio=5, temperature=2333K,
methanol solvent, 0.07mole benzene/g-zeolite, sol-
vent concent; 70v/v%

(d) n-hexane/H;0, mole ratio=1, temperature=
333K, methanol solvent, 0.07mole n-hexane/g-ze-
olite, solvent concent; 70v/v%

Fig 7¢ W40 238 s FHs: Ayus
& TS1 Zohaely Saam, Agetole 2 ¢
Sy @ 2700 B2 WA dese) Wske dehy
Aseleh. Eebirolt A2zwe) Fopo] eSS
WA v ks B Skl A i
2 4 otk TS-19) A$7} Z6S- 107 & WA
%% dehlle Ao uRo] nol, FUg I
A AR AzzFe Heppel A9uc A
Aolzel A2 297 gz %7} o)A
WHEE EASHE Ao AR Hehfo} Ha
AAY Alesl 2 HY ZSM5 Al Hebre 97
2 2447 NS glob 2o Aspge] Ay
B4¢ JehiA 2= Aoz wol, Fig 79 Ashi
Elehire] Algetolze] FaFe EART oA
L E 02 342 479
Fig 8& Eehire] 4Fulyst ¢ 228 o9
HEAS HZSM-59 wlslr) s Ao se9
% AYe Fste] A Asbolrh. Aesteboln}
Eepjo} o] TPD TAAA: sele D3t

m}o oi: rﬁ ru
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Fig. 7. Benzene conversion after 4 h vs. Ti or Zr
content in zeolite catalyst. Same reaction
conditions as shown in Table 2-c.
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Fig. 8. Temperature programmed desorption of pyri-
dine from HZSM-5( A, Si/Al=20), Silicalite
-1 (B), TS-1 (C, Si/Ti=27) and AI-TS-1
(D, Si/Al=29, Si/Ti=61).
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Table 3. Conversions of Toluene in the Reaction
with Methanol over Al-TS-1 and Al-ZrS-

1 Catalyst
Catalyst Reaction temp. Toluene conversion ~ p-xylene
(SI/AL Si/Me) (K) (%) selectivity( % )
AFTS-1{29, 61) 623 28 47
723 36 43
Al-ZrS-1(25, 93) 623 29 40
723 38 33
HZSM-5(20, ) 623 35 35
723 4 29

toluene/methanol=2, WHSV=8.7h"!, Data at a process
timeof 1 h
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