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Synthesis and Characteristic Properties of Zeolites

Keiji ITABASHI
Kazushige IGAWA

Zeolite has excellent properties as adsorbents, ion exchangers, and catalysts for wide industrial uses.

The fundamental properties of zeolites attributed to the structural characteristics of aluminosilicate frame-

works are described. Synthetic methods of zeoljtes are summarized and the TSK method for producing

TSZ series of siliceous zeolites are outlined.
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Fig. 1 Representation of SiO, or AlQ, tetrahedron
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Fig. 2 Secondary building units (SBU)-(a) single
four-ring (S4R); (b) single six-ring (S6
R); (c) single eight-ring (S8R); (d) dou-
ble four-ring (D4R); (e) double six-ring
(D6R); (f) complex 4-1 (T30, unit) ;(g)
complex 5-1 (TgO unit); (h) complex
4-4-1 (T140y unit)
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(a) Zeolite A

(b) Faujasite (X,Y) framework
Fig. 3 Structure of zeolites A, X and Y
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Table 1 Classification of Zeolites by SBU and Examples
Group Secondary Building Unit (SBU) Zeolite Typical Unit Cell Contents
1 Single 4-ring, S4R Analcime Na;s [AlO,)16 (Si0y)5,] - 16H,0
2 Single 6-ring, S6R Offretite (Ky, Ca),.q[(AlOy)5.4(Si0p)1,.6]-15H,0
3 Double 4-ring, D4R A Nay,[ (AlO,),(Si0,]-27H,0
4 Double 6-ring, D6R X Nag[ (AlO,),(S10,) 06] - 264H,0
5 Complex 4-1, T, Oy, unit Edingtonite Ba,[ (AlO,),(Si0,)s]-8H,0
6 Complex 5-1, TgO,4 unit Mordenite Nag[ (A10,)4(Si0,)4]-24H,0
7 Complex 4-4-1, T,,0,, unit Clinoptilolite  Nag[ (A10,)4(Si0,)50]-24H,0
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Fig. 5 Distribution of pore sizes in microporous
adsorbents. (a) Dehydrated zeolite, e. g., type
A (b) typical silica gel; (c) activated carbon
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Table 2 Free dimension of n-rings
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Fig. 7 Ion exchange rate of Toyobuilder for Ca?t
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Fig. 8 (a)-Change in wavenumber of the hydroxyl vibrating in the large cavities as a function of

Si/Al ratio. From left to right: A, GeX, X, Y, chabazite, L, 2, dealuminated Y, dealu-
minated Y, offretite, mordenite, clinoptilolite, dealuminated Y, dealuminated mordenite,

ZSM-5.

(b)-Turnover number (N) at 100°C for isopropanol dehydration as a function of hydroxyl

wavenumber.
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Table 3 Zeolite syntheses in relation to cation environments!?

Zeolite Cations in reaction mixture Preferred cations
Faujasite type Na, (Na, Li), (Na, Ba), (Na, NMe,) Na
Zeolite A tpe Na, (Na, K), (Na, Ba), (Na, NMe,), etc Na

Offretite type

(Na, Ba), (Na, K, NMe,), (Na, Ba, NMe,) etc

(Na, K,NMe,)

Mordenite Na, Ca, Sr Na, alkaline earth ions
Chabazite type K, Sr, (K, Na), (K, Li), (K, Ba) K

Zeolite L (K, Na), K, Ba, (Ba, K), (Na, Ba) K, Ba

Ferrierte type Sr Sr

Zeolite ZK-5 type Ba, (Na, Ba), (K, Ba), (Li, Cs, NMe,) Ba

Zeolite ZSM-2 type (Li, Cs, NMey) Li
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Table 4 Zeolite products of TSK

Grade Z::}c])ll)iete Chemical composition* poreEdfifaer(I:ltér:r (A) use
A—3 (Na, K),0- AL,0,-28i0, 3 -
A—14 } A Na,0.AlO,-25i0, 4
Zeolum A—5 (Na, Ca)0- AlL0,-2Si0, 5 Adsorbent
F—9 X Na,0-Al,0,-2. 55i0, 8
Toyobuilder gowder A } Na,0-Al,0,-2Si0, }?tfitféfgf“‘
300 Y Na,0- Al,0,-5~6Si0, 8
J 400 Offretite/Erionite (Na, K):0-Al,0,-~7Si0, 4
TSZ 500 L K;0-ALO;-~6Si0, 8 éziz(l);s::nt
600 Mordenite Na;0-Al,05- Al,0,. 10~20Si0, 7
l 700 Ferrierite (Na, K)ZO-A1203-12~ZOSiOz 4 J

*Chemical composition is based on unhydrous base.
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