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Table 1 TS-1 zeolites prepared with different n(H,0)/n(SiO,)

ratios in pre-crystallized gel

T(pre- Relative
n(H,0)/ n(TPAOH)/ o
Sample . . crystallization) crystallinity
n(Si0,)  n(Si0,)
/°C 1%
TS-1-C - - 100.0
TS-1-50.85 50.85 0.15 100 100.0
TS-1-33.63 33.63 0.15 100 99.8
TS-1-21.91 2191 0.15 100 99.1
TS-1-15.97 15.97 0.15 100 100.0

%539 %

AA . e TS-1-15.97

_ AA . A TS-1-21.91
3
&

-y L N ™ TS-1-33.63
2
2
=

" e TS-1-50.85

h " A TS-1-C

10 15 20 25 30 35 40 45 50
20/°)
Bl 1 FEBIES B AN ] n(H,0)/n(Si0,) & U
TS-1 WA FESERY TS-1-C iy XRD &
Fig.1 XRD patterns of TS-1 zeolites with different

wn

n(H,0)/n(Si0,) ratios in pre-crystallized gel and

conventional TS-1-C
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Fig.2 SEM images of TS-1 zeolites with different n(H,0)/n(Si0,) ratios in pre-crystallized gel and conventional TS-1-C
(a) TS-1-C, (b) TS-1-50.85, (c) TS-1-33.63, (d) TS-1-21.91, (e) TS-1-15.97
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Fig.3 Crystal size distributions of TS-1 zeolites prepared with different n(H,0)/n(Si0,) ratios in pre-crystallized gel and conventional
TS-1-C. (a) TS-1-C, (b) TS-1-50.85, (c) TS-1-33.63, (d) TS-1-21.91, (e) TS-1-15.97
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Table 2 Different synthesis methods and crystal sizes of TS-1 zeolite
Entry Synthesis method Crystal References
size/nm

1 Using two templates of TPAOH and Triton X-100 200~250 [20]

2 Using TBAOH template to achieve two-steps crystallization 200 [21]

3 Using TPAOH template to achieve three-steps crystallization, followed by alkali treatment 80 [22]

TS-1-CO, was synthesized by confined crystallization in a CO,-induced hydrogel, and combined with

alkali treatment at high temperature

200~500  [23]

5 Use TPAOH as template and treating with organic alkali 400~500 [24]
6  Using PVA solution for high-temperature treatment 200 [25]
7  Using two templates of Tween 20 and TPAOH 200~300 [26]
8  S-1 seed was prepared by TPAOH and then the TS-1 was synthesized by TPABr 100~250 [28]
9  Using TPAOH template and (NH,),CO; for crystallization 185 [29]
10 Using TPAOH template and PEG for crystallization 230 [31]
11 Using organic alkali for treatment at high temperature 200~250 [32]
12 Using two templates of polyacrylamide and TPABr 400~500 [37]
13 The synthesis employed TPAOH under conventional conditions 750 This work
14 Using TPAOH and adding silicon source and water into a pre-crystallization solution 200 This work

TS-1-50.85. TS-1-33.63 Fl TS-1-21.94 = Fh ik 47 7¢
320 nm I EAL A — 1~ B S8 0 IR AT I, 2 Y B
FOARE S AR AR B AR BUERAT (TIO,), 1 BH I s
A EA DRI TiO,. TiO, BIFEAESAEI A AL R
HAME Hy0,, RIEE S TiO, 5 s, MR FF
WEACR N B, AT LA BN, B 5 K 2 Bk
71>, 320 nm Ab A ISR FE ZEZ T/, PIIE AT LIAS
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200 250 300 350 400 450 500
Wavelength/nm
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Fig.4 UV-Vis spectra of TS-1 zeolites prepared with different
n(H,0)/n(Si0,) ratios in pre-crystallized gel and

conventional TS-1-C

F/N, A BEE S R TiO, ik,

LS SR AN R 300 Ak 7K A B TS-1 FlfL 42
WA TS-1-C /9 FT-IR SGi. MEIHH AT LA ), TS-1
B Si—O B LR RSNIGIKU H BLAE 795 cm
1105 cm ' 1 1222 em ' Ak, Si—O—Ti 145 3% )
Wt BAE 960 cm ' Ab. MIFT 25 44 14 45 41k i 1 0 7
550 cm |, FA FORE SRR L B T SR TS-1 4319
FIRRAEIG, R LB 430 T, BRI TR A A O A
2320 TS-1 400 #4544 . FT-IR 63 960
1550 em ' A UG FRRE X KN (Togo/Lsso) T I BT TS-1
I A AR T BAR R L THEAS AL, TS-1-C
TS-1-50.85, TS-1-33.63. TS-1-21.91 #l TS-1-15.97
BX— (50 1,11, 113, 1.15, 1.15, 1.16.

&l 6(a) NSRS AL K A R0 TS-1 FifE 5
AT TS-1-C 11 N, W52 i A I oy 28 S LA oA . 4an (5]
FE7s, AE 580 TS-1-C 5 1 BYZEIR 28 60 il A rh 77
FER L. TSR AMEE RN KA B TS-1 RS
ST RVARIR AR, (A AE WL (R I 3, R A
FLAYTE B, Rl LUFE i S R 78 5 1R X
(p/ps>0.8) ATE BLIY), IX UL A FLIIE B2 FR TN
R AR A Y b R AL, Bl T A EE I n(HL,0)/
n(Si0,) AYYak/IN, Hir Jo P A TR R K, 3 1hd Bl it b IR
sEE—2 N, PR AR T L2 R RIELFL. LA 6(b) B
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Fig.5 FT-IR spectra of TS-1 zeolites prepared with different

400

n(H,0)/n(Si0,) ratios in pre-crystallized gel and conventional
TS-1-C. a: TS-1-C; b: TS-1-50.85; ¢: TS-1-33.63; d TS-1-
21.91; e: TS-1-15.97
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Fig.6 (a) N, adsorption-desorption isotherms and (b) pore size distributions of TS-1 zeolites with
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A1 TS-1-C WL HEFEdE. NEH T LIE H, TAFE
i, B4 TS-1-C 1 b 3 T BURLE LR R B /)N,
MR 426 cm’ g ', BTN 0223 em™ g
FEA TUASAE S Y B L R T FR 5 F) 450 em® g ' L
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HTS-1-15.97 Fdh, AFUAEL CEFLAF-RELIAED)
it T 235 Fh BRI n(H,0)/n(S10,) e ABL b U /N 1 1 K
454 SEM [ (1) 43 B FURLEE G it il i, 8 b 3R AR
AL FLAAFR A3 2 p AR B2 9 N TS Y.
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various n(H,0)/n(Si0,) ratios in pre-crystallized gel and conventional TS-1-C

&3 WmUERARE n(H,0)/n(Si0,) tb & RHHY TS-1 7k
% TS-1-C BRI
Table 3 Textural properties of TS-1 zeolites prepared with

different n(H,0)/n(Si0,) ratios in pre-crystallized gel and

conventional TS-1-C

SBET Smicro Smeso Vtolal Vmicro
CatalYSt 2 -1 2 -1 2 -1 3 -1 3 -1
[(m™g ) (m™g ) /(m" -g ") /(em'-g ) /cm™-g )
TS-1-C 426 292 134 0.223 0.149
TS-1-50.85 459 289 170 0.305 0.141
TS-1-33.63 452 284 168 0.320 0.139
TS-1-21.91 460 281 179 0.405 0.138
TS-1-15.97 459 282 177 0.461 0.136

() A X 43 07 S FL RN A FLES A8 A i, e r A
M UEAT T TEM RAE. & 7 0 T 5 Ak 58 e b A TR
n(H,0)/n(Si0,) & 1Y TS-1 FifE4: TS-1-C B TEM
K4 75 TEM B, (£ 5814 TS-1-C ki A 5%
& JB TS R 45 R, TS-1-50.85 il TS-
1-33.63 WA i i se A, XORH TAE7ED i i i
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Fig.7 TEM images of TS-1 zeolites prepared with different n(H,0)/n(Si0O,) ratios in pre-crystallized gel and
conventional TS-1-C. (a) TS-1-C, (b) TS-1-50.85, (c) TS-1-33.63, (d) TS-1-21.91, (e) TS-1-15.97
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Table 4 TS-1 zeolites prepared at different pre-crystallization temperature

Sample n(H,0)/n(Si0,) n(TPAOH)/n(SiO,) Temperature of pre-crystallization/C Relative crystallinity/%
TS-1-80 15.97 0.15 80 100.0
TS-1-100 15.97 0.15 100 99.8
TS-1-120 15.97 0.15 120 99.7
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Fig.9 SEM images and crystal size distributions of TS-1 zeolites at different pre-crystallizationtemperature
(a, d) TS-1-80, (b, €) TS-1-100, (c, f) TS-1-120
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Fig.10 FT-IR spectra of TS-1 zeolites at different pre-
crystallization temperature
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Fig.11 (a) N, adsorption-desorption isotherms and (b) pore size distributions of TS-1 zeolites at

different pre-crystallization temperatures

R 5 AEMERBETHEH TS-1 REAMFE
Table 5 Textural properties of TS-1 prepared at different pre-crystallization temperature

Sample Seer/m®g ) Spe/mig)  Sp/mig)  Vealem'g)  Vielem'g)  Vilem®g )
TS-1-80 439 281 158 0.427 0.138 0.289
TS-1-100 459 282 177 0.461 0.136 0.325
TS-1-120 457 280 177 0.515 0.137 0.378

a. Vineso™ Viowr™Vinicro-

AL S AT AN AT DL H, TS AL IR
JE A 120 °C B G RLAY TS-1-120 43 (1 A FLIAFR
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Table 6 Epoxidation of 1-hexene over TS-1 samples

Epoxide
Crystal Conv. Sel. )
Sample ) formation rate
size/nm 1% 1% o4
/(mol-h kg )
TS-1-C 750 50.0 34.0 1.42
TS-1-50.85 330 62.3 36.9 1.91
TS-1-33.63 290 59.2 48.0 2.36
TS-1-21.91 250 63.5 58.8 3.11
TS-1-15.97 200 62.8 61.4 3.21
TS-1-80 245 479 42.8 1.70
TS-1-100 200 49.7 45.8 1.89
TS-1-120 210 67.4 62.0 3.47

REAS P DA AL FLIE R, bt T RN, M
TR T ek
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Effect of Crystal Size of TS-1 Zeolite on 1-Hexene Epoxidation

REN Shenyong*, ZHANG Min, CHEN Yao, ZHANG Yugqi, SHEN Baojian, XU Chunming
(State Key Laboratory of Heavy Oil Processing, the Key Laboratory of Catalysis of CNPC, College of Chemical
Engineering and Environment, China University of Petroleum, Beijing 102249, China)

Abstract: Due to diffusion limitation in zeolite catalyst pores, epoxidation reaction of high carbon olefins often
has lower activity. This article adopted a method to add silicon source and water into a pre-crystallization solution
to synthesize small grain TS-1 zeolite, which reduced the amount of template agent and thus lowered the synthesis
cost. The catalytic diffusion path of small grain TS-1 zeolite was significantly shortened, and at the same time, an
intergranular mesoporous structure was formed between its grains, which was conducive to the mass transfer of
reactant molecules and greatly improved its performance in catalyzing the epoxidation of high carbon olefins. The
small grain TS-1 zeolite exhibited good conversion rate and selectivity for epoxyhexane in catalyzing epoxidation
reaction of 1-hexene with H,O,. It was found that with the decrease of n(H,0)/n(Si0,) ratio in the pre-crystallizing
gel and the increase of pre-crystallizing temperature, the crystal size of TS-1 zeolite also decreased.

Key words: TS-1 zeolite; small grain; pre-crystallization; 1-hexene; epoxidation
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