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Fig. 1 Channel Structure of ZSM-5
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Table 1. Structural parameters of B-ZSM-5, Al-ZSM-5, Silicalite

Zeolite SiO, Space group Paroameters Ofo the unit cgll
X404 a(A) b (A) c (A)
B901 28 D} - Pnma 19.983 19.773 13.303
ZSM-5(4)*46 Dji - Pnma 20.16 19.97 13.44
Silicalite (5)* Cs,-Pn2,a 20.06 19.80 13.36
X : B or Al ( )* denotes ref. No.
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Table 2. Effect of the kind of hetero atoms on the structural
parametets of M-ZSM-5

unit cell parameters

unit cell volume

M-ZSM-5 ad) A R VA
B 19.983 19773 13.303 5256.3
Al 20.16 19.97 1344 5410.9
Ga 20.21 20.04 1347 54555
Table 3. Effect of the oxidation state of vanadium on the
structural parameters of V-ZSM-5
B unit cell parameters unit cell volume
V-ZSM-5 d(B) b (h ) V(A
VD 20.22 20.09 13.50 5484.0
V) 20.18 20.05 1346 5446.0
Vv 20.13 19.98 1345 5409.6
Table 4. Effect of Ti content on the structural parameters
of Ti-ZSM-5
. . . . unit cell parameters unit cell volume
- - T + o o o o
Ti-ZSM-5 nTi/(nTi+nSi) dA) bR o (R) V(Aa)
No. 1 0.040 19925 20024 13529 5397.8
No. 2 0.023 20.107 19912 13444 5382.6
No. 3 0.009 20.067 19876 13429 5352.6
No. 4 0.000 20.06 19.80 13.36 5306.4
Table 5. Molar ratio of SiO, to TiO, in various Ti-ZSM-5
samples
No. Sample Si0Q, / TiO, No. Sample Si0, / TiO,
0 Silicalite 3 Ti-ZSM-5 433
1 Ti-ZSM-5 93.0 4 Ti~-ZSM-5 24.0
2 Ti-ZSM-5 66.4 NJ  TiO,~SiOy~ Gel 18.0

+nSi)) DFEE (Ti- ZSM-5)% Tabled i
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LT, Ti*"%2Ti* ~EBTUA%, TI"OESR
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Fig. 3 The IR-spectra of Ti-ZSM-5 Fig. 4 The Laser Raman
Table 6. ESR spectra of Ti*? in the framework of Ti-ZSM-5
. «+8
Sample Si0, / TiO, Data for the signals of Ti Environment
g1 g2 g3
Ti-ZSM-5 24 1.991 1.976 1919
Ti-ZSM-5 43.3 1.989 1.975 1.920
TiO,- SiO, 30 © 1.995 1.975 1915 distorted TiO,
glass tetrahedron
Ti
2P3/2
Ti
2P1/2

L1 =
472 468 464 460 456

Jd 1 1 1 1 ] 1 1

540 536 532 528 110 106 102 98
Binding Energy /eV Binding Energy /eV
Fig. 5 The XPS pattern of Tizp in the Fig. 6 The XPS pattern of Sizp and O;g in the

framework of Ti-ZSM-5 framework of Ti-ZSM-5
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Table 7. XPS data of Ti-ZSM-5

Electron binding energy (e.v.)

No. Sample $10:/Ti0: i op1ay  Ty(2p*%)  Si(2P) O(1S)
0 Silicalite 1040 5335
1 Ti- ZSM-5 93.0 4653 4594 1040 5333
2 Ti- ZSM-5 664 4653 4594 1040 5333
3 Ti-ZSM-5 43.3 465.2 4592 104.0 533.3
4 Ti-ZSM-5 240 1645 4589 1039 5332
NJ TiO,- Si0; 180 4653 4595 103.5 533.1
gel
. TiO, 0 5307
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DILEMEEE LT B,

B. X#&EEHEE SEMAMA LT ZSM-5 #5
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500°C THE X i EHTET H- ZSM-5 w5 #l
ElL1 BIEY ARE YT A 2 —IEETHEER
THiZL A EE S (Table 9),



(6) Vol.3 No.3(1986)
Table 8. Relation between broken angle of zigzag channel
and preparation method
in parallel (010) channel parallel with (100) channel
N templating ; ; ) ; ; )
0. molecule opening Sllameter angle opening cdlameter angle
(A ) (A) )
1 H,N-CH,~CH,- NH, major 5.80 180
minor 4.80 180 5.30 156
2 Na(@0" major 5.80 180
minor 4.78 180 5.30 156
3 TPA™ 5.30 180 5.30 152

Table 9. The structure of HZSM-5

sample treated with

parallel (010) channel

parallel (100) channel

opening diameter  angle opening diameter broken angle
500°C-cooling-R.T. 2 _1ane 2 °
(treated with steam) 520 (A) 180 520 (A) 147
heated to 500C 530 (A) ~180° 526 (A) 148°
Table 10. Structural parameters of B-ZSM-5 (B901), ZSM-5 and
Silicalite
S | Si0, /%.0 parameter of the unit T-O T-T
ampie 1 space grou o S S o o
2/ RO ad) A D A &)
B-ZSM-5 28 D}} - Pnma 19983 19773 13303 1.58 308
ZSM-5 46 D35 - Pnma 2016  19.97 1344 162 313
silicalite-1 — Ci,—Pn2,a 2016 1980 1336
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B-ZSM-5 O#&EA T~ 1z (Table 10),
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