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Absract
The synthesis of the materials in question is performed using two principal techniques. The
first technique entails the production of granules composed of 65-85% mayonnaise, with an
active zeolite base constituting 25-32% by weight, along with a binder material (natural clay
for adsorbents and y-Al,O, for catalysts). This method is primarily employed for obtaining the
predominant portion of donor zeolites. The second technique involves the synthesis of donor
zeolites without the use of binders. In this scenario, the granules are formed exclusively through
the mutual growth of zeolite crystals, which leads to superior values in terms of adsorption
capacity, concentration of catalytic active centers, and mechanical strength when compared to
zeolite materials containing binders.
Keywords: A and X zeolite, Na,0/ALO

0., aluminum oxide, kaolin, aluminosilicate

Introduction adjusted across a broad range to identify the

The formation method, chemical compo-
sition, porous structure, shape, and size of
amorphous aluminosilicate granules, which
vary and impact the crystallization of A and
X zeolites, have been thoroughly investigat-
ed in (KeltsevN. V., 1984; PavlovM. L., 1984;
Mirsky Ya.V. 1984; HamiltonK. E., 1993;
ChandrasekharS., 2008). In these investiga-
tions, the ratio of components that promote
crystallization in the reaction mixtures was

optimal compositional conditions that en-
sure the consistent production of LTA and
FAU-type zeolites with high adsorption and
stability properties. In the preliminary ex-
periments, the temperature conditions and
crystallization time for each composition of
the reaction mixture were selected, enabling
the synthesis of zeolite granules with the high-
est crystalline phase content. It was observed
that zeolite A formation occurred when the
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Na,0O/ALO, ratio in the reaction mixture
ranged from 1.0 to 2.63 and H,0/AL0O, = 50.
However, it was not possible to produce gran-
ules with a high zeolite phase at Na,0/ALO, =
1.0 (ImbertF. E., Moreno C., Montero A., Fon-
tal B., LujanoJ. 1994; Granizo M. L., Blanco-
VarelaM.T., PalomoA., 2000; DaviesT.W.
& HooperR.M., 1985; MeinholdR.H.,
Atakul H., DaviesT.W. & SladeR.C.T., 1992;
ChandrasekharS., 1996; Kovo A. S., 2008).

Objective: Kaolin is a crystalline natu-
ral aluminosilicate modification, with a ratio
of silicon to aluminum atoms that is large-
ly similar to zeolite A.Kaolin has a layered
structure, consisting of repeating layers of
silicon dioxide tetrahedra and aluminum ox-
ide octahedra (Figure 1).

Figure 1. Structure of kaolin
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When heated in air, kaolins undergo sev-
eral stages of transformation. At about 550 °C,
an endothermic dehydration process occurs,
leading to the formation of a disordered me-
takaolin phase (aluminum disilicate).

Subjects and Methods
Metakaolin underwent crystallization in
aqueous sodium hydroxide solutions with
Na,O concentrations ranging from 132 to
558 g/1. Some of the experiments were con-
ducted using a sodium aluminate solution
with Na,O = 132 g/l and AL O, = 26 g/1. The

Section 2. Chemistry

solution composition varied within the fol-
lowing ranges: Na,O (2.0-12.0), AL O,, SiO,
(2.0-2.4), and H,0 (60.0-252.0). Essential-
ly, the same compositions were utilized in the
synthesis of high-dispersity zeolite A from
sodium aluminate and silicate solutions.

Results and discussion. Zeolite A with
high dispersion is generally synthesized from
silica-alumino-hydrogel reaction mixtures,
which are formed by the reaction of sodium
aluminate and sodium silicate solutions. At
the same time, there is a limited body of lit-
erature on the synthesis of high-dispersity
zeolite A utilizing kaolin as a source of sili-
con and aluminum. Therefore, this section is
dedicated to the development of a method for
the synthesis and analysis of the mechanisms
underlying the formation of high-dispersity
NaA zeolite from ALSi,0..

Previous studies have shown that a prelim-
inary thermochemical treatment at low tem-
peratures (~30 °C) is crucial for the formation
of X-ray amorphous sodium aluminate in the
granules during the production of granulated
zeolite A from synthetic X-ray amorphous alu-
minosilicate granules. High phase purity and
crystallinity of zeolite granules were achieved
solely under these conditions during the sub-
sequent crystallization process conducted
at temperatures between 55 and 78 °C. This
research further explores the influence of the
duration of the initial exposure of highly dis-
persed metakaolin at 30 °C for periods of 1 to
6 hours. Crystallization was performed there-
after at temperatures between 60 and 80 °C
for a period of 6 to 24 hours.

The results of the investigation, as shown
in Table 1, examine the impact of the initial
activation time of metakaolin in a sodium hy-
droxide solution at 30 °C on both the crystalli-
zation degree and the water adsorption capac-
ity of the resulting crystallization products.

Table 1. Examined the influence of the duration of pre-treatment at 30 °C on the properties
of crystallization products formed in a hydroxide solution at 60 °C over a 20-hour period

Zeolite A content according

No Duration, h to X-ray phase analysis, % AE, e STC/8
1 0 91.5 0,23
2 1 96.1 0,25
3 4 96.1 0,25
4 6 96.1 0,25
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It is clear that a one-hour low-tempera-
ture treatment is adequate to yield zeolite
A with a high degree of crystallinity during
the subsequent crystallization. Prolonging
the duration of this process does not influ-
ence either the crystallinity or the adsorption
characteristics of the resulting product.

The presence of foreign chemical ele-
ments, constituting 2.0-3.0% by weight in
the Al2Si207 composition, prevents the at-
tainment of complete zeolite A formation.

Section 2. Chemistry

Figure 2 illustrates the kinetic curves for
the crystallization of metakaolin in sodium
hydroxide and aluminate solutions at tem-
peratures of 60 °C and 80 °C.

It is recognized that, during the crystalli-
zation of X-ray amorphous granules into ze-
olites of types A and X, the diffusion of crys-
tallizing components from the solution to the
surface and within the granules could repre-
sent the rate-limiting step.

Figure 2. Depicts the crystallization kinetics of metakaolin: curve 1 represents the
sodium hydroxide solution at 60 °C, curve 2 corresponds to the sodium hydroxide
solution at 80 °C, and curve 3 shows the sodium aluminate solution at 60 °C
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metakaolin powder particles, and therefore,
the effect of low-temperature treatment is
not significant (Figure 2., Curve 2).

In our case, it appears that the diffusion
stage is not limiting during the crystallization
of zeolite A due to the high dispersion of the

Table 2. Kinetics of crystallization of metakaolin at 60 °C
in hydroxide* and aluminate** solutions.

Duration of crystallization

Name of indicators Aluminate solution Alkaline solution

4h 8h 16h 24h 4h 8h 16h 24h
Zeolite A content according to
XRD data, % wt. 3 48 92 96 2 8 88 96
Cation exchange capacity of the
solid phase, mgCaO/g zeolite 82 137 138 8 15 131 138
AE sm’/g 0,01 0,12 0.23 0.25 0.01 0.02 0.22 0.25

*PC: 2,4 Na,0 + ALO,» 2,4 SiO,» 60 H,0; C(Na,0) = 132,0 g/I
** PC: 2,4 Na,0 » ALO « 3-2,0 Si0, » 60 H,0; C(Na,0) = 132,0 g/I; C(ALO,) = 26,0 2/1;
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It is apparent that with the rise in tempera-
ture from 60 °C to 80 °C, the crystallization
time reduces from 20 to 16 hours, and the syn-
thesis in the aluminate solution leads to a no-
table enhancement in the crystallization rate.

Table 2 provides information on the crys-
tallization kinetics of Prosyanovskiy metaka-
olin in both alkaline and aluminate solutions.

It is clear that the crystallization of me-
takaolin in the aluminate solution takes 16
hours. The formation stages of X-ray amor-
phous sodium aluminosilicate and crystal
nuclei proceed more quickly in the aluminate
solution compared to the alkaline solution,
with zeolite A achieving 48% of its weight af-
ter just 8 hours. This is further corroborated
by data on the adsorption capacity of con-
densed water vapor and the cation-exchange
properties of zeolites, particularly the substi-
tution of Na* cations with Ca*2.

Table 3 provides details on the composi-
tion of the reaction mixture and the influence
of sodium hydroxide concentration in the
solution on the characteristics of the metaka-
olin crystallization products.

Itis clear that zeolite A, exhibiting varying
crystallinity levels, can be synthesized from

Section 2. Chemistry

the reaction mixtures of all the compositions
analyzed. Additionally, a critical factor for
achieving phase-pure zeolite is maintaining
a Na20/H20 ratio between 0.03 and 0.04.
This corresponds to NaOH concentrations
ranging from 135 to 160 g/l in the crystalli-
zation solution. During crystallization in an
alkaline environment, the formation of zeo-
lite A is accompanied by the partial forma-
tion of a hydrosodalite phase mixture.

Thus, the most favorable compositions of
the reaction mixtures examined are as follows:
(2,0-2,4) Na,0*Al,0,*2,0Si0,(60,0-100,0)
H,0

Upon crystallization of these reaction
mixtures, zeolite A demonstrates a high lev-
el of crystallinity and AEVOD. Additionally,
both the NaOH consumption and the quan-
tity of mother liquor requiring disposal are
minimal.

Table 4 presents a comparison of the
properties of crystallization products derived
from metakaolins synthesized from clays un-
der identical conditions. The data indicate
that, in both instances, zeolite A is formed
with a high degree of crystallinity.

Table 4. Characteristics of crystallization products obtained from
metakaolins derived from deposits in an alkaline solution

Ne Name of kaolins

Zeolite A content according to

'water?

X-ray phase analysis, % by weight sm?/g
1 Angren kaolin 95,5 0,24
2 Pakhtachi kaolin 95,5 0,24

*CR: 2,4 Na,0 + AL, + 2,4 Si0,+ 60 H,0; C(Na,0) = 132,0 g/I, 30 °C (1 h) (20 h)

Conclusion
In our view, one of the contributing fac-
tors to the identified limitations is the rela-
tively low reactivity of metakaolin in compar-
ison to gels, leading to a slower crystallization
process. Additionally, granules derived from
kaolin, with a diameter of merely 2—4 mm,

experience either excessive or inadequate
conversion of hydroxide into the solution
after calcination at temperatures between 5
and 65 °C. As a result, the crystallization of
these granules occurs exclusively on the sur-
face, leaving the internal layers unaffected.
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