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Synthesis and Characterization of Titanoalumino Silicalite
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ABSTRACT

Titanoalumino silicalite (TAS) was prepared hydrothermally, and the effects of synthesis
parameters such as silica/alumina sources, $i0»/TiO: ratio, and aging treatment were investigated.
The structure, crystal size, and shape were examined by XRD and SEM, and the extent of
titanium incorporation into the zeolite framework was examined using UV-vis DRS spectroscopy.
For TAS preparation, aging of ca. 24h was essential, and the faster crystallization rates were
achieved with Cab-O-Sil than with Ludox or TEOS as a silica source. In addition, the higher

crystallinity and faster crystallization rate were obtained using sodium aluminate as an aluminum
source.

M B FH, AgTolEE Foleg AHTIAU AA
7z Yo EASE Si' =8 APTSE U2 94
HfaegEdold HEWar ZA FUhe 2 el FozA ARFFxY FH R ASA
Qe AedelE Eohe Azd frlagEs g 0 & 2L FE sled, olw ARAR A2
A =W AT dud Fed d¥g FdEn S40 wet B Qe ¥ AR ¥4 R
QrH1] AgdoEe 7z W EAMdE e Aage 34 82 F A
23 d2uES O d45E AT A7 & Ezda dgge 4N ozRY TG
ALelol e TN wWS Ful YE FA 38 Z A< p-ethyl toluene (PETIS R4S
o ERo Fad ALPolES Fujy FA4 date] &5 ZSM-5 s A g B A
e 72E Ao EZAS AnHH, 4FI B A7) A toluene disproportionation, hydrodealkyl-
FHESo] AAEG FAAYFo ¥ ALl ation 2 7)El isomerization %9 F¥&ol U
E Zul¢ ez As BAHUG. SFvx gtk o)® AAE7) 9sal ZSM-5 Fuldl
ZAClE AgoolE ZujbE nFe AT AA Mg, B, Si, P $& @dAA S8 ¥3de ¥
£2 8 2o B4S vHlE 542 afs  Hel ARHel $3, PET i HeA£E Fol
T oy AR Zujurgd ol ddA & 7l 98k AlgetelE Euje MY EEE £

¥ ang Jeyrlse dyg Ag st e Ao deid gn2l

Az Aateld: 34 FHY sl we
*Corresponding author : Yong-Sig Ko, Department para AEYES Hole R R S e
of Advanced Material Chemistry, Shinsung College, Jehe 94 S JHA S Q8B 2 para A I o)
49, Duckma-Ri, Jungmi-Myun, Dangjin-Gun, Chungnam, zZ7mu ojyel e AL YEHHE metallo-
343-861 Korea silicate 8 FAe2 & A77 sl

E-mail : <ysko@shinsung.ac.kr.>



54 s
g5l i3], Metallosilicate vl A= &3
gdzojroz olFoxy Y ALHolE ZHvufd

T4 Qe $AE Fua7) skl ALl

B9 Fz Yo Fe, Ga, B, Zr, In, Cr, T1 &
=918 ZolzA AgHolE Fojrt JhA= 7 E
Aol AML g FAFE FTA Foe 4
A7 Ade £2 A I F Ude 54S
A3 k. Borade $[4]& o8 7tA 85 &
©913 metallosilicate ZejdolA EF A9 ¢4
gyt Fysded, $4a4 *‘°] Tz e
=" EHeje A Fvle "“1]7] ZHA o
o)A ul e S AAANDeZA &FF} ZSM-5 F
uf Bt} =& para AHAYE L}E}‘;Ha B3

Titanium silicalite-1 (TS-1) &wl¥ MFI 7%
9] Agsteto|E-1 ALelolE AT WA H
BES 72 W =gA0 F@iRA 198393
Taramasso $(5] o 93 &8¢ ¥l A5
g9, agn HZ s LE FEAE o
%5" 0431 AR 7 EAe AgE qbsintgol 4
B33 Aoz BruHAoH6-8]
g AsdAg AgdE TS-19 Abshg
259 TEAHQA EAL TS-19 F& ol A
Blelgo] HAtsteash wgEte] mHol A
ARA wkgo] 3l

3

B
2
o
<
[

3=
A ¥ peroxy-titanate TAE
P Aoz WolA Ut
Titanium silicalite-1 (TS-1) &} AAH o=

ok e veEd, AP, Fe'', Ga¥T 59 37}
F&olee TS-19 72 ol AN 45 A
T8 Wet B A AVEEE W
NAZFoZA ZFAFdAM F2 APgses Fibs
& JAANZE By ol 5 AL E B A
g4e =9 F AE Aoz gHA v A

FlebolE-19] 72 ol Si'" diA Ti"g AP

g FA =Y HExgTox AzsteolE
(TAS)Y @& A 20 715¢ 2A 4 29
shue FAQWYI LA WNEE FHE 4

Atk EHAA o5 SEYAE U

‘ZJ_ T 9&1?} Hli E‘E}HJ’} dF0F

B A= MFI +28
-19] 7z W Ti''g AP
TASE F9gA st en, 243

ix

ol

] H2 T A
uxE Aedd, ¢FuEd, SiOYTiO; &4,
&34 =1 2o I FHAAREY 9F L
AARow AESAG X-A FHAEM, FAA
Ao 7, Held 23R UV-vis DRS %
TPD 2A% ol43ta Az% TAS e &4
14& ‘E<2iH,1V+%.M“ olgEol B
= Aedole 72 o 2AFTE FAdGA

4 #

1. TASe| g4

TAS Zwe Ao A&=
©2 tetraethylorthosilicate (Aldrich, 98%6)s}
Ludox AS-40 (Dupont, 40% SiO2) Fused
silicaq! Cab-O-Silg A&34 3, ¢Fulw
2 NaAlO2 (Junsei Co., 326% NaxO, 35.7%
ALO3S AKNO3)z - 9H0 (Merck, 985%)2 Ab
g8t BeE Qo2 E tetracthylortho titanate
(Aldrich,~20% Ti)E At&39 . MFI FZxul g
A2 tetrapropylammonium hydroxide (Aldrich,
20%)e AHestgct. gAY FHFF A 3
= wo]Ael titanium ethoxideE L ytstw =3}
3o A A Fejol suspensions & 5C
2 YAz

ojg] 5CE WZA7l H0, £9& #3tatd]
QA A ool AW 241 wWEF F tetra-
propylammonium hydroxide (TPAOH) & 94&
AA3 FLs Ade @ 1IN §¢

wukgk ¥ Ludox colloidal silica solel NaAlOz&
Sk s A% mwdc. zAT A
70~80Col A Iurete 6A17 A=
AP HA e FA FLH
542 BEsr.
gherale HEE £7)d "o} 2H

Qo] 175ColA 543 FE§/4
2% 2552 o AHE
10C A Az3 F 550CAA 647
o}‘}iu}. 4% Na-TAS ZW & IM¢ A4
-Lva‘o"ﬁ Wol A 397 ol 2mBst] Na'ol2

Hitolgoz up¥d F 110CoHA 12X A=
3}1 520Col A 6A 7 A48 H-TASS =
2 Azt

=27

ARE 2979

ol
>

Ao

3
e

gt o
e

w1

I

T

2=
LN

L o o

2

ol

Mo b col i

ﬂlo WO 2 ode & ot 2

N ¢y oo M

ro

=)
T
T
olo
L
2

2L

o
_R ¢
&3
olo
[

A4

Rk

o5

4

to a2



Vol. 11, No. 1 (2005) HElx ¢F

2. ool SMEA

AZF Eofe] X-A FAFAML X-ray diffracto-
meter (Phillips, PW 1710, Target : CuKa, Filter
Ni)E A&l Fastct 249 Jefg 27]
= FAAAErE (SEM, Hitachi X-650)2 &
Ad ks, IR spectrum (Bruker IFS 48)& A
2% KBrol ¢2A17l waferg "HE0] 400~ 1400
cm™! WYdA FAREE AU T. UV-vis
diffuse reflectance spectroscopy (Varian, Cary-
3E)E 200-500nm<] < oA FAstH .

dn ¢ o

1. TAS Erddelxtel I8

Fig. 1& Agsde z}zt Cab-0O-Sil,
Ludox, TEOSE At&3to] 3443 TASY ZAs
Aol AHAFFLFOoE Cab-0-SilE A& 7
S0l W AZte] HE dEFHU oW, Ludox %
TEOSE Al£3% A$ds Ho =38 A48 &
& Jehyd.

100 | | —m—cCab-0-sil e A
--® - Ludox .
- TEOS
80 /
3
S ;
2 60 | 2
g
® 40 Sooa
© -
SA
20 /.’
0 L S S .
0 1 2 3 4 5 6

Reaction time (day)

Fig. 1. Effect of silica source on the crystalli-
zation rates of TAS. SiO2/Ti02=99, Si0./Al:03
=150, TPA*/Si0.=0.89, H0/Si0>=41.7.
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Fig. 2. Effect of SiO2/TiO. on the crystallization
rates of TAS. SiO2/Al203=150, TPA*/SiO;=
0.89, H.0/Si02=41.7.
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Fig. 3. Effect of aluminum source on the crystalli—
zation rates of TAS. SiO2/Ti02=99, Si02/Al203
=150, TPA*/Si0.,=0.89, H.0/Si0.=41.7.
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Fig. 4. XRD patterns of (a) silicalite—1, (b)
ZSM-5, (C) TS-1, and (d) TAS.
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Fig. 5. Infrared spectrum of TAS.
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Fig. 6. UV—vis diffuse reflectance spectra of TAS
synthesized with different titanium content in
the mixture : (@) Ti=2mol%, (b) Ti=1mol%,
(c) TS-1 (Ti=0.5mol%), and (d) ZSM-5.
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Fig. 7. UV—vis diffuse reflectance spectra of TAS
synthesized with/without aging treatment : (a)
no aging and (b)aging.
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Fig. 8. UV—vis diffuse reflectance spectra of TAS
synthesized with different silica source : (a)
TEOS, (b) Ludox AS—40 and (c) Cab-0-Sil.
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