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ABSTRACT

"

The counter:'d iffus ion of a ser i es of tow mo Iecu Iar we i ght. permanent'
, \

gas sorbate pairs on synthetic zeol ites of vprious pore-geometries and
,

-dimeQsions. was in~estigated in a semi-automatic flow system. Results of

the binary d{ffusion studies were,compared to the single compo~~t kinetics

of the same species ~o determine the effect of the adsorbate/desorbate

interactions a~ well as the

and molecular size and the
(

relationship bet~een the zeolitic pore dimension

respective contribut~ons t;; tQe binary

diffusion\rates.,

--- '

Equilibrium studies of the individual sorbate molecules were carried

out in a conventional BET volumetric apparatus. The experimental isotherms

were correlated to ~ two-dimensional analog of a three-dimensional virial

equation with good results.

Existing diffusion models applicable to the binary sorption system were

investigated. Also."a novel kinetic model for diffusion in zeolites based on
•

the principle of random walk has been developed. Qualitatively. the model

produces many of the pertinent features observed in t~e experimental

studies.

.- '
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CHAPTER I

MOLECULAR SIEVES

1.1 INTRODUCTION

enclosing cavities occupied by

Zeol ites
. ,

are crysta II ine aluminosilicates with a framework structure
) .

large cations and water molecules. Both have

considerable freedom of movement, thus-permlt~ing cation exchange and •

reversible dehydration.

Natural occurring zeolite minerals are found in basaltic rocks of

volcanl~rigln as well as in ocean and

mention of zeo: e as a distinct new class of

lake sediments. The~jest

mineral was in 175q- with the

discovery of stilbite. Since then, about 37 different natural species have

been found, the mas recent one being merllnofte, discovered fn)197G. Table

1.1 lists the na es of all natural zeolite minerals in a chronological

order.

In 1840, Damour [IGJ observed that zeolite ~Inerals can undergo

reversible dehydration without causing any apparent structural change. The

sorption property of the dehydrated zeol ites" was further investigated by
'v

~randJean In 1909 [23J; air, ammonia, hydrogen, carbon disulfide were

rapidly adsorbed. Additional sorption experiments involving chabazite were

conducted by Weigel and Steinhoff In 1925 [55J; water vapour, methanol,

~ ethanol and formic acid were sorbed but acetone. ether and benzene were

excluded. Based on these observations. McBain deduced the pore opening of

chabazite to'be about 5 A. ' This is a first description of the phenomenon of

selective sorption at a molecular scale by these zeolIte minerals ?nd he

introduced the name "molecular sieve". The molecular sieving properties of

1



TABLE 1.1 Dates of discovery of Natural Zeolites [4] ,

2

Zeolite

Stilbite
Natro lite
Chabazite
Harmotome
Analcime
Laumontit:e
Thomsonite.
Scolecite
Heulandite
Gmel inite
Mesol ite
Gismondine
Brewsterite
Episti Ibite
Ph i I lips ite
Levynite
Herschel ite
Edingtonite
Faujasite

Date

1756
175B
1772
1775
17B4
17B5
IBOI
lBDI
180 I
1807
1813
1816
1822
1823
1824
1825
1825
1825
IB42

Zeolite

Hordenite
CI inopt I I 0 lite
Offretite
Erionite
Kihoeite
Gonnardite
Dachiardite
Stellerite
Ferrierite
Viseite
Yugawara lite
Wairakite
Bikitaite
Paul ingite
Garronite
Hazzite
Barrerite
Herl inoite

Date

1864
1890
1890
IB90
1893
1896
1905
1909
1918
1942
1952
1955
1957
1960
1962
1972
1974
1976

. ~.

--------------------------7-----------------------------

- .'
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zeolites were rigorously investIgated by Barrer and co-workers In the 40s;

a~ng his many contributions is a first definitive experiment on separation. ,
of hydrocarbon mixtures Involving zeolite mInerai chabazite, normal

,

paratflns such as propane, n-butane, n-pentane and n-heptane were separated '

from branched chaIn molecules of isobutane and isooctane. The Increased

size of branched paraffins prevented them from entering the pores and thus

effecting the separation.[3]

Prior to ,1950, zeolites were mostly used as dessicants. In 1956, Reed

and Breck [II] of Union CarbIde corporation successfully manufactured the

synthetic zeolite A, other synthetic zeolites soon followed, some of them do

not appear to have counterparts In nature. These new synthetic zeolites,

with precisely known crystal structure, uniform' chemical compositions and

high purity, exhibit high thermal stability as well as activity/selectivity'

for certain reac~fons,
~were soon employed as catalysts. One example that

Illustrates the exploltatl9n of both selectIve "sorption and catalytic

properties Is the preferential hydrogenation of n-oleflns In mixtures

containing branched chain oleflns. Synthetic zeollt~ containing transItion

metal I?ns have also been roun~o be active for oxidation of HZ' CO, CZH4

and NH3• [37]

Today, one finds zeolites an ,Integral componen~n many Industrial

processes. Among them; as a catalysts In many hydrocarbon conversion

processes including" the famous Mobil methanol to gasoline process using a

shape selective zeolite ZSM5. [53, Z,38] other Industrial appl ications
•

Include the drying of refrigerant, air, industrial and natural gases, and

the separations of air components, hydrogen isotopes, as well as the

oseparations of Z,6- and Z,7-dfmethynaphthalenes with NaY,[Z5] and p-xYlene
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In mixtures contalnlng,xylenes and ethybenzenes on fauJasi(te.[3Z] Further

Important examples are the recoveries of radioactive Ions from radioactive

waste solution, of carbon dioxide and sulfur compounds from natural gas.

I.Z STRUCTURE OF TYPE A ZEOLITE

The structure of all zeolites c6nslst of a three dimensional framework

of SI0
4

and AI04 tetrahedra, usual.lY In simple arrangemeQ~

Each polyhedron Itself Is a three-dimensional array

of a polyhedron.

of sl~ca-alumlna

tetrahedra In a definite geometric form. For type A zeollte.[IZ] the basic

sodallte group has the tetrahedra arranged at corners of a truncated

octehedron and these octahedra are linked In a cubic array by Joining them

In cubes on the square face, Fig. 1.la. The pocket or cavity thus formed Is '

called theO{-cage with a free diameter of 11.4 A that Is entered through six

• cIrcular apertures formed by a nearly circular ring of eight oxygen 'atoms

with a free diameter of 4.Z A. These"Pockets and the connecting passageways

give rise to a system of undulo!d-Ilke channels with a maximum and minimum

diameters of 11.4 and 4.Z A. respectively. The truncated octahedra

themselves enclose a second set of pockets. each having a free diameter of

6.6 A C~-cages). The smaller cavities are connected to the largerc(-cages

through a distorted six-membered oxygen ring of Z.Z A free diameter. The

narrow' aperture size of the #-cages rendered It Inaccessible to most

molecules with the possible exception of He and HZ'

The unit cell of zeolite A contains Z4 tetrahedra. Its Ideal chemical

formula Is

NaIZ(CAIOZ)IZ·CSIOZ)IZ}·Z7HZO

Since the oxidation number of AI Is +3 and that of the SI Is +4, Glne




































































































































































































































































































































































