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Table 1 Degrees of dealumination of thermally and
hydrothermally dealuminated HZSM-5 zeolites®

Treatment conditions

. Degree of
Z?(l)l.te Surrounding Water vapor Treatment dealumoination
gas pressure/atm  time/h %
1 Nitrogen 0 24 0
2 Nitrogen 0 72 0
3 Air — 6 37
4 Air — 24 53
5 Air — 49 64
6 Air — 72 71
7 Steam 0.1 2 4
8 Steam 0.1 4 54
9 Steam 0.1 6 61
10 Steam 0.1 24 77
11 Steam 0.1 72 88
12 Steam 0.25 24 89
13 Steam 0.5 6 85
14 Steam 0.5 24 94
15 Steam 0.5 72 97
16 Steam 1 24 96
a) Si0z/Al;0; ratio of HZSM-5 zeolite before dealumination treat-
ment: 63.

Treatment temperature: 600 °C.
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Fig. 1 FT-IR spectra of HZSM-5 zeolites before and after
various dealumination treatments.
Dealumination conditions: 600 °C, 24 h.
(4) Before dealumination treatment. (8) Thermal treat-
ment under nitrogen atmosphere. (C) Steaming at Py,
of 0.1 atm. () Steaming at Py, of 0.25 atm. (E) Steam-
ing at Py of 0.5 atm. (F) Steaming at Py, of 1 atm.
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Fig. 2 FT-IR spectra of HZSM-5 zeolites steamed at 600
°C and Py, of 0.1 atm.
Steaming time (h): (A) 0, ®) 2, (C) 6, (D) 24, () 72.
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Fig. 3 FT-IR spectra of HZSM-5 zeolites steamed at 600
°C and Py of 0.5 atm.
Steaming time (h): (A) 0, (B) 6, (C) 24, (D) 72.
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Fig. 4 FT-IR spectra of HZSM-5 zeolites treated at 600 °C
in air.
Thermal treatment time (h) : (a) 0, (B) 6, (C) 24, (D)
49, (8) 72.
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Fig. 5 FT-IR spectra of various ZSM-5 zeolites.
(4) ZSM-5 zeolite steamed at 600 °C and Py, of 0.1
atm for 24 h. (B) After NH; adsorption on the steamed
zeolite. (C) K+ ion-exchanged zeolite after steaming.
(D) (©) was treated with 0.6 M HCI.
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Fig. 6 Adsorption isotherms of water vapor at 25 °C (4) and their Dubinin-Radushkevich plots (B) for various HZSM-5 zeolites.
M : Before dealumination treatment. @ : Steaming at Py of 0.1 atm for 2 h. A : Steaming at Pyp of 0.1 atm for 4h. @ :
Steaming at Py of 0.1 atm for 24 h. [J: Steaming at Py, of 0.5 atm for 6 h. O : Steaming at Py of 0.5atm for 24 h. &
Steaming at Py, of 0.5 atm for 72 h. V/ : Thermal treatment in air for 72 h.
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Fig. 7 Micropore volumes (W,(H,0) and W,(N,)) of vari-

ous HZSM-5 zeolites estimated by adsorption of water
vapor (25 °C) and nitrogen (—196 °C).
M, [ : Before dealumination treatment. @, O : After
dealumination treatment at 600 °C. (A) Untreated
HZSM-5 zeolite with SiO,/Al,0; ratio of 63. (B) (4)
was steamed at Pgp of 0.1atm for 2h. (C) (A) was
steamed at Py of 0.1 atm for 4 h. (D) (4) was steamed
at Pyyp of 0.1 atm for 24 h. (E) (A) was steamed at Pyp
of 0.5 atm for 6 h. (F) (A) was steamed at Py of 0.5
atm for 24 h. (G) (A) was steamed at Py of 0.5 atm for
72 h. M) (A) was treated for 72 h in air.
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Fig. 8 Micropore volumes (W, (H,0) and W, (N,)) of silica-
lites steamed at 600 °C.
W, [ : Before steaming. @, O : Steaming at Py, of
0.1 atm. 4, < : Steaming at Py of 0.5 atm.
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Fig. 9 FT-IR spectra of silicalites before and after steam-
ing at 600 °C.
(4) Before steaming. (B) Steaming at Pyg of 0.1 atm
for 2 h. (C) Steaming at Py, of 0.5 atm for 24 h.
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Studies on the Dealumination Behavior of HZSM-5 Zeolite by FT-IR
and Water Vapor Adsorption

Yoshihiro IWAMI, Yusuke NAKAJIMA, Tsuneji SANO* and Yusuke KAWAKAMI

Japan Advanced Institute of Science and Technology;
Tatsunokuchi, Ishikawa 923-12 Japan

To clarify the dealumination behavior of zeolite during steaming, HZSM-5 zeolites with various
degrees of dealumination were prepared by steaming and thermal treatment. The dealuminated zeolites
were characterized by using FT-IR and water vapor adsorption. It was found that the dealumination
rate is strongly dependent on the water vapor pressure. It was also found that the dealumination of
HZSM-5 zeolite by steaming consists of two steps at least; the first step is a partial hydrolysis of four
Al-O bonds of the framework aluminum, and the second step is a complete release of the aluminum
from the zeolite framework.

Adsorption of nitrogen and water vapor was also studied to evaluate the state of nonframework alumi-
num in the zeolitic pore. The micropore volumes Wy (N3) of the dealuminated zeolites calculated by the
D-R plot of the adsorption isotherms of nitrogen hardly depended upon the degree of dealumination, in-
dicating that the dealuminated zeolites maintain their framework structure. However, the micropore
volumes Wy (H,0) from the adsorption isotherms of water vapor depended on the dealumination condi-
tion. In the case of the zeolites dealuminated by mild steaming or thermal treatment, the micropore
volumes W (H;0) were consistent with those of untreated zeolites with the same concentration of
framework aluminums. In the case of zeolites dealuminated by severe steaming, however, the micro-
pore volumes Wo(Hz0) were smaller than those expected from the concentration of framework alumi-
nums. This suggests that the nonframework aluminum species released completely from the zeolite
framework suppress strongly the adsorption of water molecules into the zeolitic pores.




