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Abstract

The new version of practical realization of zeolite 'm' from the mixture of
metakaoline and obsidian has been given. Formation of initial samples-tablets
was proceeded by the dry pressing. The synthesis was realized by hydrothermal
crystallization in Na,0-AlLO;-SiO,-H,O system at 150 °C. The samples were

Keywords:

Zeolite «m»;
Hypothetical structure;
Hydrothermal synthesis;
Kinetics.

crystallized in NaOH medium. The study of kinetics and elucidation of

mechanism of zeolite 'm' crystallization has been carried out.

Phase and

chemical composition of crystallization products have been determined by the

methods of X-Ray phase, thermographic and X Ray - spectral.

Introduction

Various structurally possible hypothetical
zeolite frameworks were suggested recently
[1-3]. However the number of practically realized
zeolite frameworks is insignificant in compare
with the amount of hypothetical structures.
The forecasting of hypothetical structure of
zeolites by taking into account of the size of
zeolite forming cations with the hydrate cover,
the amounts and locations of the pores of the

Na,Al;(Si;;,0,5 - 64H,0
Fig.1. Hypothetical structure of zeolite «m»
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bulk, Si/Al correlation in elementary cell and
the conditions of their practical realization
stimulate the activities to look for new zeolites
in corresponding alumosilicate systems.

One of the forecasting structurally-possible and
practically realized zeolite is the zeolite «m» [4, 5].
Its hypothetical structures with cubic symmetry
and parameter of elementary cell a=19.5+0.54,
has the chemical formula Na,,Al,Si;;,0,5,-64H,0.
This structure was presented in the figure 1.

Experimental

The synthesis was realized by hydrothermal
crystallization in Na,0-Al,0;-5i0,-H,0 system
at 150°C treated with dilute HCI natural glass
of kaoline composition and synthetic oxides
mixture corresponding to the composition of
treated kaolinite.

Initial reaction masses have the following
compositions: Na,O / ALLO;=5.5 - 6.5;

Si0,/Al,0,=21-27;
H,0/Al,0,= 60-120.

Phase and chemical composition of
crystallization products have been determined
by the methods of X-Ray phase (DRON-2.5;
CuKa-radiation;  Ni-filtr), thermographic
(Derivatograph Q-1500D, Poulic- Poulic-Ardey)
and X Ray - spectral (SRM-18).

Results and Discussions

In this paper the new version of practical
realization of zeolite «m» has been given. The
purpose of this research is to study kinetics
and elucidation of mechanism of zeolite «m»
crystallization from the mixture of metakaoline
and obsidian. Unlike the earlier work [5] this
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Table

The amount of oxides mol for 1 mol AL,O, in reaction mass and products,
phase composition of synthezed crystals

Composition of initial reaction mass

Product composition  Phase composition of

Na,O SiO, H,0 Na,0 SiO, H,0 obtained products
1 4.8 22 60 - - - -
2 5.4 21.5 60 1 16 8 «m»
3 6.0 23 60 1 16.2 81 «m»
4 6.6 25 60 1 15.9 8 «m»
5 7.4 24 60 - - - -

synthesis was carried out in the presence of
zeolite forming agent- metakaoline as an etching
agent which was added to the initial mass-treated
with HCI obsidian. In this case the synthesis
also was carried out at the 150 °C in the NaOH
solution of various concentrations. The chemical
compositions of initial reaction masses, the
products and phase compositions of obtained
crystals are given at the table.

The compositions of the initial reaction masses
were prepared in accordance with the method
worked out before [5]. The conditions of zeolite
«m» synthesis on the base of obsidian in the
presence of metakaoline etching were chosen to
take into account of the nature and concentration
of thermal solution, SiO,/Al,O, correlation in
initial reaction mass and structural feature of
expected product.

(Table) the comparably weak crystallizations
proceed at Na,O/AlL,O; = 4.8 and 7.4; beyond
of these scopes zeolite «m» crystallized feebly.
However between above said correlation, zeolite
«m» undergoes crystallization with a high degree
of crystalline.

The kinetics of zeolite «m» crystallization has
been studied. Z% - conversion degree of initial
reaction mass into zeolite «m» in a time - T,
hour, was controlled by the method of X Ray -
phase analysis and by determination of moisture
capacity of samples at the standard conditions.

The kinetic curves of zeolite « m» crystallization
from shown at the Table compositions have been
drawn up (fig.2). The drawn before kinetic curve
[5] of zeolite « m» crystallization also has been
presented at figure 2.

The comparison of this curve with other
ones has revealed the rate of crystallization of
mass with etching twice as much the rate of
crystallization of mass without the kaoline at the
same concentrations of thermal solutions (curves
III and VT).

The analysis of kinetic curves shows:

1. reaction masses 1 and 5 convert into
zeolite «m» approximately at 15 and 30%
accordingly;

2. therate of zeolite «m» crystallization from
reaction masses 2-4 considerably increases

with the small increasing of Na,O amount
in initial reaction mass;

3. zeolite «m» from reaction masses 2-4
crystallizes with the high degree of
crystalline;

4. the rate of crystallization of zeolite «m»
from reaction masses 2-4 containing
metakaoline etching considerably higher
than the rate of its formation from same
reaction mass without etching.

It will be noted that the reaction mass, without
etching as in previously published work [5]
crystallization was realized after the stage of
«aging» at the room temperature. Zeolites of
mordenite and analsime types form from the
same reaction mass without of stage of «aging».

Revealed kinetic regularities of crystallization
from above mentioned reaction mass are very
interesting for elucidation of zeolite « m»
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Fig.2. Kinetic curves of zeolite «m»
crystallization from reaction mass
with following composition:

I - 4.8Na,O x ALO,x 225i0,x 60H,0
II - 5.4Na,0 x AL,O, x 21.5Si0, x 60H,0
III - 6.0Na,O x ALO, x 235i0, x 60H,0
IV- 6.6Na,0 x AL,O,x 255i0, x 60H,0
V - 7.4Na,0 x ALO, x 24Si0, x 60H,0
VI - 6.0Na,0 x ALO, x 265i0, x 60H,0
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crystallization mechanism.

The initial samples were prepared from the
metakaoline and obsidian mixture as a tablets
with diameter — 8 mm and this — 3-4 mm, in which
the metakaoline also was added to obsidian as
etching. Formation of initial samples-tablets was
proceeded by the dry pressing. The samples were
crystallized in NaOH medium.

The time of full crystallization was determined
by investigation of process kinetics. It was
shown the samples after crystallization preserve
their forms. X Ray - patterns show the full
crystallization process of zeolite «m» proceed
in form of tablets as it is also in the case of
powdery initial samples conversion into zeolite.
The parameters of cubic elementary cell obtained
crystals: a = 19.60 + 0.2A were determined. These
data are consistent well with the parameters of
hypothetical variation and known before real
crystals of zeolite «m».

As stated above the reaction masses containing
metakaoline in comparison with the kaoline free
mass convert into zeolite «m» with the high rate.
Their kinetic curves of crystallization testify
about it (fig.2). It means that the increasing
of crystallization rate was connected with the
presence in reaction mass of metakaoline being
the centre of crystallization.

Apparently, the zeolite «m» crystals origins
have been formed around the metakaoline. After
this process oktaedric groups [AIO,] in layers
turn into tetraedric units [AlO,]:

AL[S1,0,] - [(ALS0),0,]

Coupling with (ALSi)O, tetraedrs in glass
these structural units form around the cations of
thermal solution the silica — alumina — oxygen
skeleton: [(Al,S1)O, +(ALSi),0,]. The schematic
picture of this process is given at figure 3.

Namely these discrete chains form eight
numerated rings. In this case Si** ions were
substituted in tetraedrs by Al** ions statistically
files of discrete diortogroups Si,O, convert into
chain of [5i,0;,] (fig.3.). Diortogroups in this
simplest metasilicate chains couple and form
batisite chain:

(51,0, + 5i,07) — [Si,+20,,] = [Si,O,,]..

It is to be noted that abovementioned
chain was found in batisite mineral. «Pure»
batisite chain contains only silica tetraedrs and
the period of repetition along the chain axis
equal to two diortogroups. The four numerated
rings [(AlSi),0;,] have been formed from this
association. By coupling with side oxygen atoms
these four numerated rings form eight numerated
rings which connect with each other via four
numerated rings of silica — alumina - oxygen
tetraedrs and form the frameworks of zeolite
«m» (fig.3). Hydrated sodium cations are situated
into the pores of balk. Elementary cell contains

16 sodium ions and 128 tetraedric units (Al,Si)O,.

The structural features of proposed
hypothetical framework, X Ray — data practically
realized zeolite «m» and kinetic regularities of its
crystallization, preservation of geometric forms
of samples allow us to elucidate the mechanism
of whole crystallization process of the zeolite
under consideration.

Scheme (fig.3) allows us to express an opinion
about the mechanism of zeolite crystallization.
Apparently, crystallization of zeolite from
investigated reaction mass proceeds in
consequence of regrouping of structural elements
of reaction mass solid phase on the boundary of
solid phase — solution.
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Fig.3. Schematic picture of zeolite «m»
crystallization mechanism

It should be noted that after crystallization
the forms of initial samples have been preserved
i.e. they have the tablet forms. In other words,
crystallization proceeds in solid phase by
diffusion of hydrated cations inside. In the
proposed scheme of mechanizm hydrated cation
acts as pattern in consequence of regulation of
alumosilicate grating. This mechanizm has been
testified by series of observations and date on
investigation of zeolite crystallization.
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IIpakTyeckas peaamnsarnys ITMIOTETNIECKOM
CTPYKTYPBI Ie0ANTa «m»

C.B.AAueea', I. M.AAruesa?
HUTIN «Hedreras», SOCAR, baky, Asep0OaiiaxaH;
MHcTUTYT KaTaansa u Heopranmdeckoi xumun um.M.®.Harnesa
HAH Asepb0aitaxana, baky, Azep0OaiigxaH

Pedepar

IIpuBesen HOBLIM BapMaHT NPaKTUYECKON peaaM3aluyl LeOAUTa «M» U3 CMeCH MeTa-
KaoAuHa 1 obcmamana. PopMupoBaHUE MCXOAHBIX 00pas3IloB-TabAeTOK ITPOM3BOAMAOCH
MeTOo40M cyxoro mpeccosanma. CHHTe3 OCylIecTBA€H MeTOA0M IMAPOTepMaAbHON KpU-
craaansanun B cucreMe Na,O-AlO,-S5i0,-H,0 npu 150 °C. O6pasusl KpucTaaamu3oBaan B
cpeae NaOH. IlposeaeHo nccaegoBaHmne KMHETUKY U BBHISCHEHME MeXaHU3Ma KpUCTaAAu-
3aluu 1jeoanTa «m». Pa3oBbIil U XMMUIECKUII COCTaB MPOAYKTOB KPUCTAaAAU3aL I OIIpe-
JAeleH MeToAaMI peHTreHo(da3oBOro, TepMorpadpuieckoro u peHTTeHOCIeKTPaabHOTO.

Katouesvie caosa: neoAanTa «Im»; TUIIoTeTu4YecKasl CTpyKTypa, FMAPOTepMaAbeIiI CIH-
Te3, KMHeTIUKa.

«m» seolitinin hipotetik qurulusunun
praktiki reallasdirilmasi

S.B.Oliyeva’, Q.M.Oliyeva’
1«Neftqazelmitadqgiqatlayihe» Institutu, SOCAR, Baki, Azarbaycan;
?Azarbaycan MEA M.F.Nagiyev adina Kataliz vo
Qeyri-tizvi Kimya Institutu, Baki, Azarbaycan

Xiilasa

Metakaolin vo obsidian qarisigindan «m» seolitinin praktik olaraq reallasdirilmasinin
yenitiisuluverilmigdir. Ilkin niimunalar-tabletlar quru pressloma{isuluils hazirlanmigdir.
Seolitin sintezi Na,0-Al,0;-5i0,-H,O sistemds 150 °C temperaturda hidrotermal
kristallasma metodu ile aparilmisdir. Niimunoalar goalovi miihitde kristallasdirilmisdir.
«m» seolitinin kristallasma kinetikas1 ve kristallasma mexanizminin tadqiqi verilmisdir.
Kristallasma moahsullarinin faza ve kimyoevi terkibi rentgenfaza, termoqrafik vo
rentgenspektral analiz tisullar: ils tadqiq edilmigdir.

Acgar sézlar: «m» seoliti; hipotetik qurulus; hidrotermal sintez; kinetika.
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