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Abstract

The results obtained during the thermal (thermogravimetry, TG, and differential thermal gravimetry, DTG) and the
hydrothermal (heating at 80°C for appropriate time) treatment of the gels prepared at different batch concentrations [Al,O3],y
and different batch molar ratios [SiO,/Al, O3]y, are presented. The presence of structurally ordered subunits (quasicrystalline
zeolite phase) formed in the gel matrix during its precipitation, causes the appearance of higher-temperature minimum (peak-
2) in the DTG curves of the precipitated solids. The intensity of the higher-temperature minimum increases with increasing
concentration of structurally ordered subunits (quasicrystalline zeolite phase) in the gel matrix. The increase in concentration
of structurally ordered subunits in the solids precipitated at increased batch concentration [Al,O3]py is caused rather by the
increase in batch alkalinity than by the increase in concentration of the aluminosilicate part of the system. The influence of
alkalinity on the formation of structurally ordered subunits in the gel matrix is explained by the ‘olation’ condensation
mechanism. © 1998 Elsevier Science B.V.

Keywords: Aluminosilicate gels; Chemical composition; Thermal analysis; Hydrothermal treatment; Phase analysis; Particle-
size distribution

1. Introduction

Thermal analysis has frequently been used for the
characterization of different kinds of minerals, includ-
ing zeolites and clays [1-3]. The results of simulta-
neous thermal analysis can give useful quantitative
and/or semi-quantitative information on the process of
dehydration and thermal stability of different types of
zeolites [4-7]. Studying the cited papers, it may be
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concluded that the results of thermal analysis are very
sensitive to the nature of cations present in the alu-
minosilicate environment and to the interactions of
cations with the zeolite framework. Consequently, the
results of thermal analysis can give useful information
on the pore structure, catalytic activity, degree of
hydration of cations in the structure of zeolites and
amorphous aluminosilicates, interactions of hydrated
cations with aluminosilicate matrix, etc.

In addition, thermal analysis is a very sensitive
method for the detection of very small structurally
ordered units having a zeolite structure, distributed
through the matrix of aluminosilicate gels [8—10]. For
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instance, the differential thermogravimetry (DTG)
curve of the gel prepared by potassium aluminate
and potassium silicate have only one minimum below
100°C. This minimum corresponds to the removal of
loosely held moisture from within the solid micro-
structure of the gel. An increase of the fraction fy, of
the ‘structure-forming’ sodium ions in the gels formed
from mixed Na, K-silicates and aluminates causes the
appearance of an additional minimum in their DTG
curves. The position of the additional minimum is the
same as the position of the minimum in the DTG curve
of the crystalline phase (mixture of zeolites A and X)
obtained by the hydrothermal treatment of the gels
[9,10]. Based on the earlier electron diffraction [11]
and IR spectroscopy [12] studies of aluminosilicate
gels, it was concluded that the appearance of the
higher-temperature minimum is caused by the forma-
tion of ordered structural subunits or even more
complex structures inside the gel matrix during its
precipitation in the sodium or mixed sodium-lithium
environment [9,10]. Pursuing the concept of the for-
mation of structurally ordered subunits inside the
amorphous gel [13] and their role in nucleation of
zeolites [13—15], the influence of the fine structure of
aluminosilicate gels (presence of structurally ordered
subunits) on the rate of water desorption from the gels
and profile of their DTG curves was indicated by the
results of the hydrothermal treatment of the gels in
2 M NaOH solution at 80°C [16]: the specific number
of crystals of zeolite A obtained by the hydrothermal
treatment of sodium and sodium-lithium gel is con-
siderably larger (5.45x10'° crystals/g and 5.57x 10"
crystals/g, respectively) than the specific number of
crystals (3.19x 10'° crystals/g) obtained by the hydro-
thermal treatment of potassium gel, i.e. sodium and
sodium-lithium gels contain much more particles of
ordered structural subunits (potential nuclei) than
potassium gel.

Based on the above mentioned findings, the subject
of this paper is an analysis of the results obtained
during the thermal (differential thermogravimetry)
and hydrothermal treatments of the gels prepared at
different batch concentrations and different molar
ratios Si0,/Al,0Os3, in order to define the influence
of the mentioned factors on the water content, struc-
tural properties of the gels and type(s) and particulate
properties of the zeolite(s) obtained by the hydrother-
mal treatment.

2. Experimental

Amorphous aluminosilicate hydrogels having the
batch  compositions:  System  (hydrogels) I:
3Na,0-Al,0528510,-Z;H,0, System (hydrogels) II:
4.15Na,0-Al1,05-3.47Si0,-ZyH,0, System (hydro-
gels) I1I: 9.06Na,0-Al,05-8.05510,-Z;;H,0, and Sys-
tem (hydrogels) IV: Xy Nay,0-Al,03-2S10,-Z;vH,0
were prepared as described earlier [17], by pipetting
50 ml of sodium silicate solution of appropriate con-
centration with respect to Na,O and SiO, into a plastic
beaker containing 50 ml of stirred (by a propeller)
sodium aluminate solution of appropriate concentra-
tion with respect to Na,O and Al,O3. Sodium alumi-
nate solutions (0.025-0.4 M in Al,05) were prepared
by dissolution of anhydrous NaAlO, (54% Al,O5 and
41% Na,0) in distilled water. Sodium silicate solu-
tions were prepared by dilution of water-glass solution
(9.086% Na,0, 26.832% Si0,) in sodium hydroxide
solutions of appropriate concentrations. The solutions
were thermostated to 25°C prior to mixing together.
The molar ratios, X;v=[Na,O/Al,O3lu1v, Zi=[H,O/
ALOslpr, Zu=[H,0/ALOslpn, Zin=[H>O0/ALO3]bm,
and Zpy=[H,O/Al,Os]ypy, are listed in Table 1 as a
functions of the concentrations [Al,O3]y;, [ALO3]em,
[AL,O3]pm, and [AlLOs]prys of Al,Oj3 in the systems 1,
II, III and IV.

Each of the prepared hydrogel was divided in two
portions: one portion was put into plastic cuvettes of
50 ml and the other portion was put into PTFE vessels
of 50 ml. Both the cuvettes and the PTFE vessels with
hydrogels were sealed and kept in a water bath
thermostated at 25°C for 48 h.

The hydrogels ‘aged’ in the cuvettes were centri-
fuged to separate the solid from the liquid phase. After
removal of the supernatant, the solid phase was redis-
persed in distilled water and centrifuged repeatedly.
The procedure was repeated until the pH value of the
liquid phase above the sediment was 9. The wet
washed solids were dried overnight at 105°C and
cooled in a desiccator over silicagel. The dry solids
were pulverized in an agate mortar. The pulverized
solid samples were kept in a desiccator with saturated
NaCl solution for 96 h. Such prepared solids were
used for powder X-ray diffractometry and differential
thermal gravimetry. A part of each sample was cal-
cined at 800°C for 2 h. After cooling to ambient
temperature (in a desiccator over dry silicagel), a
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Table 1

Values of Xy=[Na,O/Al,O3],y and Zy=[H,0/Al,05],y presented as functions of the concentrations [Al,Os],y of Al,O3 in batches (batch
concentrations of aluminosilicate) of systems (hydrogels) I, II, III and IV (=N)

System-batch [ALO;]n/(mol kg ™)

Xon=[NayO/ALO3]en Zon=[H,0/ALO3]py

I-1 0.0249
I-2 0.0734
I-3 0.1193
1-4 0.1640
1I-1 0.02623
1I-2 0.05008
1I-3 0.07230
11-4 0.09358
III-1 0.01234
I11-2 0.02433
111-3 0.03598
111-4 0.04735
IvV-1 0.0242
Iv-2 0.0721
Iv-3 0.1181
Iv-4 0.1640

3.00 2206.60
3.00 734.21
3.00 443.00
3.00 316.08
4.15 2086.47
4.15 1077.79
4.15 736.86
4.15 561.12
9.06 4438.33
9.06 2219.68
9.06 1480.33
9.06 1109.96
21.00 2211.00
7.00 734.52
4.20 443.60
3.00 316.08

given amount of each of the calcined samples was
dissolved in 1:1 HCI solution. The obtained solutions
were diluted with distilled water to the concentration
ranges available for measuring the concentrations of
sodium, aluminium and silicon by atomic absorption
spectroscopy.

The PTFE vessels with the ‘aged’ hydrogels were
sealed in stainless-steel reaction vessels, put into
preheated oven, and heated under static conditions
at 80°C until amorphous aluminosilicate was comple-
tely transformed to the crystalline phase(s). There-
after, the reactors were cooled with cold water and the
crystalline products were centrifuged to separate from
the liquid phase, washed with cold distilled water, and
dried overnight at 105°C. The dry crystalline solids
were used for powder X-ray diffractometry, scanning-
electron microscopy, and determination of particle-
size distribution.

Thermogravimetric (TG) and differential thermo-
gravimetric (DTG) analyses of the amorphous solids
were performed using a TA 4000 System (Mettler—
Toledo) apparatus. The heating rate was 10 K min~"
in nitrogen atmosphere.

The X-ray spectra of all samples (washed precipi-
tated solids and the solid phases obtained by the
hydrothermal treatment of hydrogels) were taken by

a Philips PW 1820 Vertical goniometer mounted on a
Philips PW 1300 X-ray generator (Cu K,, radiation) in
the corresponding region of Braggs’s angles. The
weigh fractions of crystalline phases in the powdered
samples were calculated by the mixing method [18],
using the integral value of the broad amorphous peak
and the corresponding sharp peaks of crystalline
phase(s).

Scanning-electron micrographs of the crystalline
end products obtained by the hydrothermal treatment
of hydrogels were taken by a SEM 515 (Philips)
scanning-electron microscope.

Particle-size distribution curves of the crystalline
end products were determined by a Disc Centrifuge
with a photosedimentometer Mark-III (Joyce—Loebl).
The mean hydrodynamic particle diameter D and the
specific number of particles (particles/g) Ng were
calculated from the corresponding particle size dis-
tribution curves as

> ¢iD;
b= > ¢ W
> bi
Ny = =9 )
S oy aiD)

where ¢; is the number frequency of the particles
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having the hydrodynamic diameter between D and
AD, D; = D + AD/2 and p is the density of the solid
phase. The corresponding values of Y _ ¢,, > ¢;D; and
> qbi(D,»)3 were calculated from the particle size
distribution curves using the procedures described
earlier [19,20].The concentrations of sodium, alumi-
num, and silicon in solutions were measured by a
Perkin—Elmer 3030B atomic absorption spectrometer.

The chemical composition of the solids were cal-
culated from the measured concentrations of Na, Al,
and Si in the solutions obtained by dissolution of
known quantities of the calcined solid samples in a
known volume of the acidified water.

3. Results and Discussion

Powder X-ray diffraction analysis has revealed that,
all the solid aluminosilicates separated from systems
(hydrogels) I-IV are X-ray amorphous. The results of
the chemical analysis of the solids are presented in
Table 2. They show that the molar ratio [SiO,/Al,03]s
in the precipitated solids increases with increasing
molar ratio [SiO,/Al,O5],y of the system (hydrogel).
However, the values of [SiO,/Al,O3]g in the solid
phases precipitated at constant molar ratio [SiO,/
Al,03]n do not depend on the batch molar concen-

Table 2

tration of aluminosilicate [Al,Os],n. The values of the
molar ratio [Na;O/Al,03]s>1, determined by the che-
mical analysis of the amorphous solids are somewhat
higher than the values, [Na,O/Al,03]s~1, determined
by chemical analysis of supernatants (see Tables 6-8
in [17]). The excess of Na,O in the solid samples
follows from the residual (unwashed) Na,O [17]. The
data presented in the last column of Table 2 show that
the content of water in the precipitated solids is not
considerably influenced by the chemical composition
of the system (hydrogel). The slight simultaneous
decrease of the molar ratio [Na,O/Al,0s]s (see the
third column in Table 2) and water content (see the
last column in Table 2) with increasing batch concen-
tration [Al,Oslyy, indicates that part of water mole-
cules arises from the hydration shell of Na™ ions from
residual (unwashed) NaOH in the solid samples
[9,17].

Figs. 1-3 shows, the DTG curves of the solid phases
(SN-1-SN-4) precipitated in batches 1 (A), 2 (B), 3
(C), and 4 (D) of systems I (Fig. 1), II (Fig. 2) and III
(Fig. 3). The sharp, low-temperature minima (peaks-
1) at ca. 60°C in the DTG curves of the solids SI-1
(Fig. 1A), SII-1 (Fig. 2A) and SIII-1 (Fig. 3A) pre-
cipitated at the lowest batch concentration of systems
I, IT and, III correspond to the removal (desorption) of
loosely held moisture. The moisture arises mostly

Molar ratios [Na,O/Al,03]s, [Si0,/Al,03]s and content of water, (H,O)s, in the solid samples precipitated from the different batches (1, 2, 3
and 4) of systems (hydrogels) I, I, IIT and IV. [Al,O3],y is the total amount of Al,O3 in the batches of systems I, II and III (=N)

Solid [A1203]bN/(mol kg7 ! ) [NaQO/Al203]S [SIOQ/A1203]S (Hzo)s/(Wt %)
SI-1 0.0249 1.416 2.622 26.77
SI-2 0.0734 1.287 2.643 2533
SI-3 0.1193 1.176 2.660 23.85
SI-4 0.1640 1.096 2.636 21.32
SII-1 0.0262 1.276 2.932 26.75
SII-2 0.0501 1.203 2.924 25.65
SII-3 0.0723 1.103 2.990 23.41
SII-4 0.0936 1.076 2918 22.08
SIHI-1 0.0123 1.342 4.036 25.50
SHI-2 0.0243 1.334 3.973 23.53
SII-3 0.0360 1.235 4.002 22.11
SII-4 0.0474 1.268 4.054 22.73
SIV-1 0.0242 1.367 2.628 25.44
SIV-2 0.0721 1.353 2.614 25.14
SVI-3 0.1181 1.145 2.654 22.96
SVI-4=SI-4 0.1640 1.096 2.636 21.32
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Fig. 1. DTG curves of solids SI-1 (A), SI-2 (B), SI-3 (C) and SI-4
(D) precipitated from batches 1, 2, 3 and 4 of system 1.

from the water absorbed at outer and inner surfaces of
the gels, and/or from dehydration of Na™ ions from
residual (unwashed) NaOH in the solid samples
[9,17]. On the other hand, the appearance of the
higher-temperature minima (peaks-2) in the DTG
curves of the solids precipitated at increased batch
concentration [Al,Os]yy is caused by the formation of
ordered structural subunits, or even more complex
structures (e.g. particles of quasicrystalline zeolite
phase) [9-12,14-16,21] inside the matrix of the solid
aluminosilicate during its formation in more concen-
trated sodium—aluminosilicate systems. The position
of peak-1 varies between ca. 50°C and 60°C, while the
position of the peak-2 varies between ca. 120°C and
150°C (see Table 3). The peak positions do not
depend, in an ordered way, either on the batch molar
ratio [SiO,/Al,O3],x (system), or on the batch molar
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Fig. 2. DTG curves of solids SII-1 (A), SII-2 (B), SII-3 (C) and
SII-4 (D) precipitated from batches 1, 2, 3 and 4 of system II.

Table 3

Temperatures of peaks (minimums) in the DTG curves of solids
SN-1, SN-2, SN-3, and SN-4, precipitated in different batches (1, 2,
3, and 4) of systems I, II and III (=N)

Solid Peak-1/(°C) Peak-2/(°C)
SI-1 58.5 —

SI-2 485 1232
SI-3 54.7 141.8
SI-4 51.8 129.0
SII-1 58.5 ca. 140
SII-2 48.5 1205
SII-3 529 122.6
SII-4 55.3 119.3
SIII-1 60.3 ca. 165"
SHI-2 60.3 132.0
SIII-3 54.2 139.3
SHI-4 50.3 1472
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Fig. 3. DTG curves of solids SIII-1 (A), SIII-2 (B), SIII-3 (C) and
SII-4 (D) precipitated from batches 1, 2, 3 and 4 of system III.

concentration [Al,Os],y of a given system. Based on
the earlier results of a thermal analysis of the alumi-
nosilicate gels prepared in the presence of ‘structure-
forming’ Li* and Na™ ions as well as ‘structure-
breaking’ K' ions [9], one can postulate that the
decrease in relative intensity of peak-1 and the simul-
taneous increase in intensity of peak-2 in the DTG
curves of amorphous aluminosilicates is a conse-
quence of the increase in concentration of the quasi-
crystalline phase in their matrices. [10]. Fig. 4 shows
that the rate of water desorption from the gels
decreases with increasing batch concentration
[AL,Os]l,n, and thus with increasing concentration
of structured subunits (quasicrystalline zeolite phase)
in the gel matrix. This may be readily explained by the
fact that, the energy needed for release of water
molecules desorbed from the Na® ions positioned

100
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s0f
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0
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100 200 300 400

Fig. 4. Percentage of total water, desorbed from solids SI-1, SII-1,
SIII-1 (dotted curves), SI-2, SII-2, SIII-2 (dotted-dashed curves),
SI-3, SII-3, SIII-3 (dashed curves) and SI-4, SII-4, SIII-4 (solid
curves) precipitated from batches 1, 2, 3, and 4 systems I (A), IT (B)
and III (C), during the controlled heating at a rate of 10 K/min.

in the structured subunits having the channel/void
system similar to that of zeolites [22] is higher than
the energy needed for release of water molecules
desorbed from the Na™ ions positioned in the amor-
phous matrix [9]. The consequence is that the desorp-
tion of water from the structured subunits occurs at
higher temperatures (peaks-2 in the DTG curves
shown in Figs. 1-3) than the desorption moisture
(peaks-1 in the DTG curves shown in Figs. 1-3).
Pursuing the concept of the formation of structu-
rally ordered subunits inside the amorphous alumino-
silicate phase [13] and their role in the nucleation of
zeolites [9,10,12—16], one can assume that an increase
in concentration of the quasicrystalline phase (poten-
tial nuclei) in the aluminosilicate matrix would result
in an increasing specific number of zeolite(s) crystals
in the final product of the hydrothermal treatment of
hydrogels. To prove or disapprove such an assump-
tion, some of selected batches (1, 2, 3, and 4 of system
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Table 4

Products obtained by hydrothermal treatment (heating at 80°C for
appropriate time) of the selected batches (1, 2, 3 and 4) of systems
(hydrogels) I, II, and IIT

System-batch Time of Product(s)
heating/h

I-1 720 Amorphous

1-2 480 Zeolite A (100%)
1-3 120 Zeolite A (100%)
14 48 Zeolite A (100%)
1I-1, 1I-2, II-3 720 Amorphous

1I-4 192 Faujasite (83%) +

Zeolite P (17%)

1I1-1, 1II1-2,111-3 720 Amorphous

111-4 216 Faujasite (67%) +

Zeolite P (33%)

I, and 4 of systems II and III) were heated until the
solid part of hydrogel (X-ray amorphous alumino-
silicate) was completely transformed to the crystalline
zeolite phase(s). Table 4 shows that heating of hydro-
gels I-2, I-3 and I-4 resulted in crystallization of pure
zeolite A (see also the scanning-electron micrographs
in Fig. 5), and that the time needed for complete
transformation increases considerably with decreasing
batch molar ratio [Al,O3]p;. The heating of hydrogel
II-4 for 192 h and hydrogel III-4 for 216 h resulted in
crystallization of mixtures of faujasite and zeolite P
(see Table 4 and the scanning-electron micrographs in
Fig. 6). Hydrogels I-1, II-1, 1I-2, TI-3, III-1, III-2 and,
II1-3 remained amorphous, even after heating at 80°C
for 720 h. Since, the alkalinity of batches in a given
system decreases proportionally with decreasing batch
concentration [Al,O3],x (see Table 5 and [17]), the
increase in time of crystallization with decreasing
batch concentration was expected. On the other hand,
Fig. 5, Fig. 7 and, Table 5 show that the size of zeolite
A crystals decreases, and their specific number (num-
ber of crystals per gram of product) considerably
increases with increasing batch concentration
[Al,O3]yr. These results lead to the conclusion that
the concentration of structurally ordered subunits, and
hence the specific number of particles of the quasi-
crystalline phase increases with increasing batch con-
centration [Al,O3],;. At the same time, these results
reveal the postulation that an increase in intensity of
peak-2 and a simultaneous decrease in intensity of

a

leuymZB80 kY 181E

Fig. 5. Scanning-electron micrographs of the crystalline end
products (zeolite A microcrystals) obtained by the hydrothermal
treatment (heating at 80°C for appropriate time) of batches 2 (A), 3
(B) and, 4 (C) of system (hydrogel) 1.
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INA-MAF

Fig. 6. Scanning-electron micrographs of the crystalline end
products (mixture of synthetic faujasite and zeolite P) obtained
by the hydrothermal treatment (heating at 80°C for appropriate
time) of batches 4 of systems (hydrogels) II (A) and III (B).

Table 5
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Fig. 7. Particle-size distribution curves of the crystalline end
products (zeolite A microcrystals) obtained by the hydrothermal
treatment (heating at 80°C for appropriate time) of batches 2 (A), 3
(B), and 4 (C) of system (hydrogel) I. Np is a number percent of
particles with size D.

peak-1 in the DTG curves of the gels is caused by the
increase in concentration of the quasicrystalline phase
in the gel matrix. However, knowing that alkalinity
during the gel preparation has a considerable influence

Average size D and specific number of crystals Ng of the crystalline end products (zeolite A) obtained by the hydrothermal treatment (heating
at 80°C for appropriate time) of the selected batches (hydrogels), characterized by the batch concentrations [Al,Oz]py and [Na,Olyy of

systems I and IV

System-batch [Al,O3]pa/(mol kgfl) [Na,OJpa/(mol kgfl) D/um Ns/g71

I-2 0.0734 0.2202 20.12 9.73x107
I-3 0.1193 0.3579 13.70 3.19x10°
1-4 0.1640 0.4920 7.67 1.61x10°
Iv-1 0.0242 0.5082 6.30 3.15x10°
Iv-2 0.0721 0.5047 6.64 3.06x10°
Iv-3 0.1181 0.4995 8.65 1.08x10°
VI-4=I-4 0.1640 0.4930 7.67 1.61x10°
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on the kinetics of nucleation of zeolites, [23] one
cannot conclude from these results which of the
factors, the concentration of aluminosilicate in the
batch or its alkalinity determines the concentration of
nuclei in the precipitated amorphous aluminosilicate
solid. To clarify this dilemma, the bathes of system I
were modified by addition of appropriate amounts of
NaOH to aluminate solutions, so that all hydrogels of
system I had the same content of Na,O same as
hydrogel I-4 (see Tables 1 and 5). The modified
system was designated as system IV. Fig. 8 shows
that the addition of NaOH to the batches of system I
causes the appearance of a higher-temperature mini-
mum (peak-2) in the DTG curve of solid SIV-1 (see
Fig. 8(a)) as well as a decrease in intensity of peak-1
and a simultaneous increase in intensity of peak-2 in
the DTG curves of solids SIV-2 and, SIV-3, relative to
solids SI-2 and SI-3 (compare Figs. 1 and 8). At the
same time, the rate of water desorption is almost the
same for all the solids precipitated in system IV and
identical to the rate of water desorption from solid SI-
4=SIV-4 (see Fig. 9). This leads to an assumption that
an increase in batch alkalinity favors the formation of
structurally ordered subunits (quasicrystalline zeolite
phase) in the aluminosilicate matrix. The results of the
hydrothermal treatment of hydrogels IV-1, IV-2, IV-3,
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SVI-4 (D) precipitated from batches 1, 2, 3 and 4 of system

(hydrogel) VI. electron micrographs (see Fig. 10), particle-size dis-

100+

80

60

40}

water loss/%

20

FURT ST [O0% TN T SN S TS T T T I T S S D TS U U N S T S T T S T Y Y S S R S
0 50 100 150 200 250 300 350 400 450 500
T/°C
Fig. 9. Percentage of total water, desorbed from solids SVI-1 (dotted curve), SVI-2 (dotted-dashed curve), SVI-3 (dashed curve) and SVI-4

(solid curves) precipitated from bathes 1, 2, 3, and 4 of system VI, during controlled heating at a rate of 10 K/min.
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Fig. 10. Scanning-electron micrographs of the crystalline end products (zeolite A microcrystals) obtained by the hydrothermal treatment
(heating at 80°C for appropriate time) of batches 1 (A), 2 (B), 3 (C), and 4 (D) of system (hydrogel) IV.

tribution curves (see Fig. 11), average size D of
crystals (see Table 5), and the specific number Ng
of crystals (see Table 5) of the crystalline end products
show that, the particulate properties of zeolite A
formed by the hydrothermal treatment of hydrogels
IV-1, VI-2 and VI-3 are comparable with the particu-
late properties of zeolite A formed by the hydrother-
mal treatment of hydrogel I-4=IV-4. This indicates
that the equalization of alkalinity in different batches
of system I (system I = system IV) causes the
equalization in concentration of structurally ordered
subunits (quasicrystalline zeolite phase) in the pre-
cipitated amorphous aluminosilicates (gels). Knowing
the stabilization role of the ‘structure-forming’ Na™
ions in the formation of the subunits which are pre-

cursors or nucleation species in zeolite crystallization
[24], the influence of alkalinity on the formation of the
structurally ordered phase in the gel matrix may be
explained as follows: the mechanism of condensation
(called ‘olation’ [25]) requires the presence of nega-
tively charged OH groups for the nucleophilic addition
onto a positively charged hydrated metal cation (Na™).
Increasing pH increases the number of negatively
charged OH groups in the coordination spheres of
Si and Al [25], and thus enhances the reaction of Na™
ions with aluminate, silicate and/or aluminosilicate
species, the formation of structurally ordered phase
and its stabilization in the matrix of the precipitated
aluminosilicate. However, although alkalinity is a
governing factor that controls the structural properties
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Fig. 11. Particle-size distribution curves of the crystalline end
products (zeolite A microcrystals) obtained by the hydrothermal
treatment (heating at 80°C for appropriate time) of batches 1 (A),
2 (B), 3 (C), and 4 (D) of system IV. Np is a number percent of
particles with size D.

of the precipitated X-ray amorphous solids, the differ-
ences in the particulate properties of the crystalline
end products obtained by the hydrothermal treatment
of the batches of system IV (see Table 5, and Figs. 9
and 10) indicate that the influence of concentration of
the aluminosilicate part of system must not be
neglected. The relative influence of the batch concen-
tration [Al,Os],y, the alkalinity of the batches and
other relevant factors on the specific number of par-
ticles of the quasicrystalline phase, their distribution in
the aluminosilicate matrix of the precipitated amor-
phous aluminosilicates, and the influence of the struc-
tural properties on the results of the hydrothermal

treatment of X-ray amorphous aluminosilicates will
be the subject of our further study.

4. Conclusions

Analysis of the results obtained during the thermal
(differential thermal gravimetry, DTG) and hydrother-
mal (heating at 80°C for appropriate time) treatments
of X-ray amorphous aluminosilicates prepared at dif-
ferent batch concentrations [Al,Oz],y and different
batch molar ratios [SiO,/Al,Os]y,y, have shown the
following:

e The sharp, low-temperature minima (peaks-1) at
ca. 60°C in the DTG curves of the solids precipi-
tated at the lowest batch concentrations correspond
to the removal (desorption) of loosely held moist-
ure. The appearance of the higher-temperature
minima (peaks-2) in the DTG curves of the solids
precipitated at increased batch concentration
[AL,Os]py is caused by the formation of the qua-
sicrystalline zeolite phase inside the matrix of the
solid aluminosilicate during its formation in more
concentrated sodium—aluminosilicate systems.

e The concentration of the quasicrystalline zeolite
phase in the aluminosilicate matrix increases with
increasing batch concentration [Al,Ozlpy, as
revealed by the results of the hydrothermal treat-
ment of hydrogels, e.g. the specific number of
zeolite A crystals (number of crystals per gram
of crystallized zeolite A) in the crystalline end
products of the hydrothermal treatment increases
and their size decreases with increasing batch
concentration [Al,O3],y- The analysis of the results
of the thermal and hydrothermal treatments of
hydrogels prepared at different batch concentra-
tions [Al,Oslyy, and different batch alkalinities
have shown that the increase in concentration of
the quasicrystalline phase is caused rather by the
increase in batch alkalinity than by the increase in
concentration of the aluminosilicate part of the
system. This has been explained by the fact that
the nucleophilic addition of aluminate, silicate, and
aluminosilicate species onto Na™ ions requires the
presence of negatively charged OH groups, the
concentration of which in the coordination spheres
of Al and Si increases with increasing alkalinity of
the system.
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