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Abstract: Al-containing titanium silicalite-1 ([Al}-TS-1) catalyst was prepared hydrothermally, and the effects of synthesis parameters such as
silica/alumina sources, SiO»TiOz 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 [All-TS-1 catalyst preparation,
aging of ca. 24 h was essential, and the faster crystallization rates were achieved with Cab-O-Sil than with Ludox or TEQOS as a silica source. In
addition, the higher crystallinity and faster crystallization rate were obtained using sodium aluminate as an aluminum source. 2-butanol oxidation using
Hx0: as an oxidant was carried out to confirm the redox property of the [All-TS-1. Acid sites catalyzed toluene alkylation study indicated that lattice
titanium species in [Al]-TS-1 weakened the acid strength, and the para-ethyltoluene selectivity was enhanced as a result.
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Figure 1. Schematic diagram for the preparation of Al-TS- 1
using tetrapropylammonium peroxytitanate as the titanium
source.
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Figure 2. Effect of silica source on the crystallization rates of
Al-TS-1. Si0;/Ti0: =99, Si0:/ALO; =150, TPA'/Si0; =
0.89, H:0/Si0; = 41.7.
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Figure 3. SEM photographs of AI-TS-1 synthesized with
different silica source : (a) TEOS, (b) Ludox AS-40, and (c)
Cab-0O-Sil.

33 AANAE 2& MFI 728 2= ZSM-

5 Zue] A9 19
Aeo] A e A T2y Helgol AfY HodlE B4

J. of Korean Ind. & Eng. Chemistry, Vol.9, No.5, 1998



642 2EA - 3N

—M— Ti=0.5 mol%

1001 _g_ Ti=i mol% /. /. /

—A— Ti=2 mol%

T

Crystallinity(%o)
°
»

Reaction time (day)

Figure 4. Effect of SiOy/TiO; on the crystallization rates of
AlI-TS-1. Si0:/ALOs = 150, TPA" /SiO; = 0.89, H:0/Si0; =
41.7.
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Figure 5. SEM photographs of Al-TS-1 synthesized with
different SiO»/TiO; molar ratios : (a) SiOy/Ti0»=198, (b) SiOy
Ti0;=99, and (c) SiO¥/Ti0:=49.
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Figure 6. Effect of aluminum source on the crystallization rates
of AI-TS-1. SiO:/ Ti0: = 99, Si0z/ AlOs = 150, TPA" /Si0, =
0.89, H:O/Si0: = 41.7.
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Figure 7. SEM photographs of Al-TS-1 synthesized with
different aluminum source : (a) sodium aluminate and (b)
aluminum nitrate.
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Figure 8. Effect of aging treatment on the crystallization rates
of Al-TS-1. Si0z2/ Ti0; = 99, SiO;/ Al:Os = 150, TPA™ /Si0, =
0.89, H:O/Si0; = 41.7.
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Figure 9. SEM photographs of AI-TS-1 synthesized with/
without aging treatment :
(a) 1 day aging and (b) no aging.
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Figure 10. XRD patterns of (a) silicalite-1, (b) ZSM-5, (C)
TS-1, and (d) AI-TS-1.
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Figure 11. Infrared spectrum of Al-TS-1.
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Figure 12. UV-vis diffuse reflectance spectra of Al-TS-1 syn-
thesized with different titanium content in the mixture : (a)
Al-TS-1 (Ti=2 mol %), (b) AI-TS-1 (Ti=1 mol %), (c)
AlI-TS-1 (Ti = 05 mol %), and (d) ZSM-5.
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Figure 13. UV-vis diffuse reflectance spectra of Al-TS-1
synthesized with/without aging treatment : (a) no aging and (b)
aging.
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Figure 14. UV-vis diffuse reflectance spectra of Al-TS-1
synthesized with different silica source : (a) TEOS, (b) Ludox
AS-40, and (c) Cab-O-Sil.
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Figure 15. UV-vis diffuse reflectance spectra of Al-TS-1
synthesized with different aluminum source : (a) sodium
aluminate and (b) alumunum nitrate.
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Figure 16. Ammonia—TPD profiles as a function of tempera-
tures for various catalysts.
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Table 1. Oxidation of 2-butanol with Hydrogen Peroxide over
Various Catalysts

Samples re(j;rt?:r?n:il:t(tiie Conversion (%)
H-ZSM-5 SI/AI=T5 No reaction
TS-1 (TEOS) TY(Si+Ti)=2 mol % 302
AI-TS-1 (TEOS)  SVAI=75, Ti=2 mol % 138
Al-TS-1 (Ludox)  SI/Al=T75, Ti=05 mol % 6.2
AlI-TS-1 (Ludox)  SVAI=75, Ti=1 mol % 112
Al-TS-1 (Ludox)  SVAI=T5, Ti=2 mol % 125
Al-TS-1 (Cabosil) ~ SI/AI=T75, Ti=1 mol % 45
?Al-TS-1 (Ludox)  Si/Al=75, Ti=1 mol % 33

Reaction conditions : 2-butanol : 10 mL; H:O: : 10 mL; catalyst: 0.1 g
reaction temp. : 50 C; reaction time : 3 hours
? ! no aging

H-ZSM-5(S/AlI=55) Zull& A9 ool A ZAastded, okt
Aol thh ¥&FoZ o]FdS & 4 AUTh Bronsted A S A
A48 & gle TS-1 Euje o] Ay #2sx @ty [All-TS-1
(Ti=1mol %) Fvle 723 AA ol A #Hasyey o3
AR AT Aol BE B 2x EoR oFsAEd, oE
Chen 5{23]¢] <& Q7€ Elgby &4 Zvj9) 2o}l TPD £
A Axtel A3 ElebE o) 2 mol %Y EujE 7#E A
o] &Hd A2EHNT, A AHE Y 2EFor olFd AL

pe4

=2
e EF EQ¥ B¢ A9 gol #asy gyl AvdsHe
AL F3eHA 228 F YUk

3.3. 2-butanol MgjElg EX

TYF kg2 A (50 T, 3 hAA Figer g AstAl g Abgat
o] 2-butanol®] A+shits- A}E Table 19| Yehl Uk H-ZSM-5
Zuj= 2-butanol®] Ashibgel A A3 #A4E vehiz 2oy
Elebgol AlgtolE 72 UE TYE FuEL 2-butanold] AH3t
ghgolA 24& Jehddd. [Al-TS-1 Zuie 42058 34
31 A2 & TS-1 Zvjo vl3le] vuz ¥ A4S UYelyg
<, ol [Al-TS-1 £v19] Bronsted AtE A Zatslaio] B
37t dojuy] ez AZH10] TEOSS dgstgdes At
&te] A3 [A-TS-1 Zuvi= Ludoxt}t Cab-O-Silg& AM&3}e] &
4% Zojdl st 22 4§ Jehidd ol TEOSE A7t
o7 ALY AS dolA AT ulel 2ol ARl A)F
o2 243 T2 UE Z9AE + Ik Helge & A 2o
W, A4 g E whe-Bo] Zuje] AT Wid EAEtE 84
AAA G kol gL no] $23 9L nxEg AR 37
7b 32 [A-TS-U(TEOS) %vi7} £& H#eL vehd oz
AzZtdr} LudoxE Ae7lgez Algslo Azg Zu: ey
ol 1 mol %7HAE d#gol MEHez Zrlstg ot 2 mol
%2 Aol Aol 1 mol % B4 FAtstdh ol EE
w01 2 mol %742 T=94¥ FulE UV-vis DRS 24 A+ %
uehd vkl Zol 32 9o EAstE TiO7t Hatgs4Ae B}
7] MEQ A2 4ZH. olst 2& Az u]Fo] [Al-TS-1
Zdio] 72 U2 ZYE & 9= "Hebge AL o | mol %
e & Atk [A-TS-1 Eoie TS-1 Zajob= 2] )
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Table 2. Activity for the Alkylation of Toluene with Ethanol

Caas ST TSNS AT
(Ti=2%) (SVAl =T5) (SVAl =175, Ti = 1%)
Conversion (mol %) 113 36.55 3042
Product distribution (mol %)
benzene+Cs 2.3 361 1.25
ethyl benzene 381 113 1.74
xylene 10.08 9.66 1428
ethyl toluene 7819 74.46 78.08
trimethylbenzene 297 591 191
diethylbenzene 265 523 2.74
Ethyltoluene isomer selectivity (mol %)
ortho 7.01 337 0
meta 5253 47.03 26.17
para 40.46 4958 73.83
Reaction conditions : temp.; 623 K, WHSV = 10, toluene/ ethanol
=2 TOS 2 h.
golE-19] F2 vo HeEd g4FuEe FAA YA Fof

24, F 4ol 72 W2 B9 4%§°ﬂ/‘1 Az ABHA B4
of sick mebd [A-TS-1 Fvhel 49 Eebgel 72 Wz =9
)- ol‘—— 5‘5}]2}:0 /\*'o‘]» TS-1 &u]] _);_\:} A}D}al Z—h:}.—y B
AQEAN0), olAe B e d¥dss @ AU 9
(AD-TS-18] $A34F Sa2iele @ 2900 vkl 24¢ o
Age EdhE o 2 ABEE dehigEd, ot UV-vis
DRS 2BEHAAE Flstgdzel 72 9ol EAsE Tiool 9
3 Sasteart 2as7) BEels, mebd [AD-TS-19) 4ol
A R 4R B2AYE ¢ 4+ AT
. BT wsug sS4
s T, WHSV =10 gfeed/gcat, TOS =2 h)el
TS-1, H-ZSM-5 2 H-[Al]-TS-1 Zvjo] dj3t EFd9 &z
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CTPD #4 23278 & 4 950 W4o] AY EAaA) @
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Figure 17. TGA profiles of coke deposited catalysts.
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