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Abstract—A series of dealuminated Y-type zeolites was prepared by treating zeolites with SiCly, steam, and EDTA
at elevated temperatures. Y-type zeolites can be dealuminated by reaction with SiCly without collapse of the crystal
structure as compared with the treatment of steam and EDTA. Regardless of preparation method, the infrared absorp-
tion bands in frequency of the stretching O{Si, Al)}-O vibrations shifted in a linear manner as number of framework Al
atoms per unit cell. The high-frequency hydroxy band (3640 cm-!) decreased in wavenumber almost linearly with an
increasing Si/ Al ratio of the zeolite, but beyond a ratio close to 5, the frequency remained virtually unchanged. Upon
dealumination the ability of the zeolite to absorb water decreased due to the decrease of net electrostatic charge.
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Fig. 1. Apparatus for the dealumination of Y-type
zeolite by reacting with SiCl,.
A Quartz reactor, B: Electric furnace, C: Zeo-
lite sample, D: Liquid SiCly.
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Table 1. XRD data and aluminium contents for
dealuminated zeolites

Unitcell* Framework Total Framework

sample  constant Alper  Al**per  Si/Al
(A°) unit cell  unit cell ratios
NH NaY 24.746 54.2 54.2 2.5
2.5)
SDY(4.7)  24.556 34.1 54.1 4.7
SDY(5.1)  24.536 31.5 54.6 5.1
DY(4.8) 24.554 33.2 46.6 4.8
DY(12.9)  24.367 134 45.8 12.9
DY(16.0)  24.344 11.0 38.2 16.0
DY(24.6) 24.303 7.5 25.5 24.6
DY(38.2) 24.288 4.9 21.9 38.2
DY(48.2) 24.278 3.9 30.0 48.2
DY(173.5) 24.254 1.1 4.2 173.5
DY 24.241 0 7.4 ©
EDY(2.6) 24.735 53.1 53.1 2.6
EDY(2.9) 24.696 48.9 49.0 2.9
EDY(3.4) 24.652 44.2 44.6 3.4
EDY(4.9) 24.542 324 32.4 4.9
EDY(5.9) 24.498 27.7 27.8 59
EDY(8.3) 24.431 20.6 20.8 8.3

*Determined from X-ray diffraction data.
**Determined from atomic absorption.
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Fig. 2. X-ray powder diffraction patterns of: (a)
NH,NaY, unit cell parameter of 24.746 A
and (b) DY(173.5), until cell parameter of
24.254 A.
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Fig. 3. Infrared spectra of H-Y and dealuminated
zeolites in the OH stretching region: (a)
NH,Y(2.5), (b) DY(4.8), (c) DY(12.9), (d) DY
(16.0), (e) DY(38.2), (f) DY(48.2), (g) DY
(173.5), and (h) SDY(5.1).
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Fig. 4. Dependence of high frequency hydroxyl
vibration in HY and dealuminated Y zeo-
lites on framework Si/ Al ratio: @ , HY; o,
EDY series, and @ , DY series.
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Fig. 5. Infrared spectra of H-Y and zeolites dealu-
minated with EDTA in the OH stretching
region: (a) NH,Y(2.5), (b) EDY (2.6), (¢
EDY(2.9), (d) EDY(3.4), (¢) EDY(4.9), and (f)
EDY(8.3).
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Fig. 6. Infrared spectra of dealuminated zeolites.
Framework Si/ Al ratios are: (a) 2.5, (b) 5.1, (c)
12.9, (d) 24.6, (e) 38.2, and (f)co.

1090 9

L

1070}

—
<o
(S0
o

-

Wavenumber (cm-1)
p—
o
w
(==}
-

1010
840 4.

"l _\

800 |

0 10 20 30 40 50
Number of Al atoms per unit cell

Fig. 7. Frequencies of 0-T-0 stretch as a function
of framework Al atoms per unit cell.

780

HWAHAK KONGHAK Vol. 27, Ne. 2, April 1989



174 e ke - Has
Table 2. The amount of water adsorbed on dealu- Table 3. Measurement of the acid strength of zeo-
minated zeolites lites
zeolite amount of zeolite amount of Hammett pKavalueof HY SDY EDY DY
sample water(%) sample water(%) indicator indicator (2.5) (5.1) (5.0) (16.5)
NH,Y(2.5) 20.0 DY(16.8) 18 Dcinnamalacetone -3.0 + o+ o+ +
EDY(2.8) 18.4 DY(22.1) 134 Benzalacetophenone -5.6 + + + +
EDY(3.4) 16.7 DY(28.0) 13.0 Antraquinone -82 o+ o+ o+ 4
EDY(SQ) 15.9 DY(785) 10.4 Nitrobenzene -12.4 -~ + + +
EDY(83) 14.5 DY(4455) 8.8 2,4-Dinitroﬂuor0- -14.5 - + + +
DY(4.8) 20.0 benzene
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4% 248 Ael7el ool solzirh,

# A

¥ odte 1986 gEaehaAgt odele) A
Rlo} o fojxl Qgglyct, 7 Artell S =8Y
o},

REFERENCES

1. Turkevich, J. and Ono, Y.: Advan. Catal, 20,
135 (1969).
2. AgA, T87] . diEstes]=], 21, 89 (1977).
3. Bryant, D.E. and Kranich, W. L.: J. Catal, 8, 8
(1967).
4, =hagol AshA o oigkEkekE] A], 25, 979 (1981).
5. Venuto, P.B., Hamilton, L.A., Landis, P.S., and
Wise, JJ.: J. Catal, 3, 81 (1966).
6. Venuto, P.B., Hamilton, L.A., and Landis, P.S.: J.
Catal, 5, 484 (1966).
7. Csicsery, SM.: J. Catal, 19, 394 (1970); 23, 124
(1971).
8. Breck, D.W.: “Zeolite molecular sieves’, John
Wiley & Sons, New York (1974).
9, BE, SEE YA 54 RGBT, B
it (1968).
10. €% 54 b & 20 FAREREE "EA4 51 b &
Z O F) 7, ke (1967).
11. Jacobs, P.A.: “Carboniogenic Activity of Zeolites”,
Elsevier, Amsterdam, p. 58 (1977).
12. Tsutsumi, K. and Takahashi, H.: J. Catal, 24, 1
(1972).
13. Beaumont, R., Barthomeuf, D., and Trombouze,
Y.: “Molecular Sieve Zeolite II”, Adv. in Chem. Se-
ries 102, Am. Chem. Society p. 327 (1971).
14. Uytterhoeven, J.B., Christner, L.G., and Hall,
WK.: J Phys. Chem., 69, 2117 (1965).
15. Lohse, V.U., Alsdorf, E., and Starch, H.: Z. Anorg.
Allg. Chem., 447, 64 (1978).
15. Ward, JW.: J. Catal, 18, 348 (1970).
17. Topchieva, K.V. and Thuang, H.S.: Kinet. Catal,
11, 406 (1970).
18. McDaniel, C.V. and Maher, P.K.: Soc. Chem.
Ind.(London) 186 (1968).
19. Maher, P.K. and McDaniel, C.V.: US. Pat, 3,
293, 192 (1966).

20.
21.

22.
23.
24,
25.
26.
27.
28.
29.
30.
31
32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.
46.

47.

Kerr, G.T.: J. Phys. Chem., T2, 2594 (1968).
Chen, N.Y. and Smith, F.A.: Jnorg. Chem., 15,
295 (1976).

Scherzer, J.: J. Catal, 54, 285 (1978).

Kerr, G.T.: J. Phys. Chem., T1, 4155 (1967).
Fejies, P., Hannus, 1., and Kiricsi, 1.: Zeolites, 4,
73 (1984).

Argauer, RJ. and Landolt, G.R.: US. Pat., 3, 702
886 (1972).

Topchieva, K.V., Romanovsky, B.V., Pigusova,
L., Thuoang, H.S., and Birzreh, Y.W.: Fourth In-
ter. Congr. Catal., Moscow, 57 (1963).

Ward, J.W.: J. Catal, 17, 355 (1970).
Topchieva, K.V. and Thuang, H.S.: Kin. Katal.,
12, 1203 (1971).

Pickert, P.E.: Amer. Petroleum Institute, 33rd
Mid Year Meeting, Philadelphia, 26 (1968).
Abbas, S.H.: “Catalysis by Zeolites”, Elsevier,
Amsterdam, 127 (1980).

Scherzer, J.: “Catalytic Materials”, Amer. Chemn.
Soc., 157 (1984).

Sohn, J.R. and Lunsford, J.H.: J. Mol Catal, 32,
325 (1985).

Dwyer, J., Fitch, F.R., Machado, F., Qin, G,
Smyth, S.M., and Vickerman, J.C.: J. Chem. Soc.
Chem. Commun., 422 (1981).

Dwyer, J., Fitch, F.R., Quin, G., and Vickerman,
J.C.: J. Phys. Chem., 86, 4574 (1982).

Ward, M.B. and Lunsford, J.H.: J Catal, 87, 524
(1984).

Beaumont, R. and Barthomeuf, D.: J. Catal, 26,
218 (1972).

Beaumont, R. and Barthomeuf, D.: J. Catal, 27,
45 (1973).

Beaumont, R. and Barthomeuf, D.: J. Catal, 30,
288 (1973).

Wiecznikowski, A. and Rzepa, B.: Rocz. Chem.,
51, 1955 (1971).

Beyer, HK. and Belenykaya, K.: “Catalysis by
Zeolites”, Ed. B. Emelik et al. Elsevier, Amster-
dam, 203 (1980).

Ward, J.W.: US. Pat., 3, 929, 672 (1975).

Sohn, J.R., DeCanio, S.J., Lunsford, J.H., and
O'Donnell, D.J.: Zeolites, 6, 225 (1986).

Maher, P.K., Hunter, F.D.,and Scherzer, J.: Adv.
Chem. Ser., 101, 266 (1971).

Barrer, RM. and Klinowski, J.: J Chem. Soc.
Faraday Trans. 1, 71, 690 (1975).

Ward, J.W.: J. Catal, 9, 225 (1967).
Barthomeuf, D.: “Catalysis by Zeolites”, Elsevier,
Amsterdam,55 (1980).

Peri, J.B.: “Proceedings of the 5th Int. Congress of
Catalysis”, Miami Beach, Florida (1972).

HWAHAK KONGHAK Vol. 27, Ne. 2, April 1989



