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The effect of 2M aolutions of alkali hydroxides and carbonates on vanadium
glasses at 90 °C and under hydrothermal conditions at 180 °C were studied.
X-ray analysis and scanning electron maicroscopy showed that vn dependence
on the composition of the glasses and the solutions, the hydrothermai decompo-

sition at 180 °C' yields analcime, feldspars, foids, clay minerals and cancrinite
The reactions at lower temperature (90 C) produced, apart from sodalite,
above all the zeolitic phases phyllipsite, chabazite, analcime and synthetic zeo-

lites Pc, A, KH and F. The crystales of the products insofar as they were wel
identifiable by clectron microscopy, were analyzed for the content for vanadium:
the highest content was found in analcime (3-—-10%,), zeolites A and H (1— 2%)
and virtually no vanadium was determined in phlillipsite and synthetic zeolite
P C ( < 1 %).

INTRODUCTION

The present study is a part of an extensive programmie [1] whose aim was to in-
vestigate the possibility of preparing zeolites containing a vanadium heteroatom
in their structure (3rd generation zeolites) by means of hydrothermal conversion
of vanadium glasses. Zeolites of the third generation are at present subject of
considerable interest because of their wide application possibilities in technolo-
gical practice, first of all as catalysts for organic and inorganic syntheses and redox
reactions. Some inorganic vanadium compounds are known to exhibit efficient cata-
lytic properties, particularly with respect to oxidative and reduction reactions.
The radius of the pentavalent vanadium cation conforms to Pauling’s criterium
for isomorphous substitution of silicon cations in mutation.

The present authors started to deal with the introduction of transient metal
atoms into lattice of the zeolites in the early seventie [2]. The existing met-
hods used in the preparation of this type of catalyst can be divided into the fo-
llowing three groups:

1. Impregnation and ionic exchange [3, 4, 5, 6, 7].

2. Melting the zeolite with compounds of transient elements [8, 9].

3. Preparation of the zeolites from gels or sols of oxides or other inorganic com-
pounds of the basic elements (including transient metals [ 10—16]).

In the first case, the active component is allowed to combine with a natural or
synthetic zeolite. Tn the other two instances the oxides or other inorganic com-
pounds are introduced directly into the reaction mixture prior to the actual pre-
paration of the zeolite.

The pisitions of the transient metal atoms in the structure of the zeolites were
mostly no determined by the respective authors, owing to the difficulties involved
in the experimental works. Levina et al. [17] point out that with respect on the ca-
talytical effects it is irrelevant whether the transient metal atom has substituent
an aluminum or a silicon atom in the zeolitic structure, or whether it is built in
ionic position or in a structural void. The same catalytic cffect is exhibited,
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according to the authors, by zeolites in which the respective transient metal
atom is only adsorbed in the surface of the zeolite in the form of an inorganic
salt. Similarly, Habesberger et al. [18] say that a metal built into the silicon posi-
ton has a positive effect on acidobasic catalysis whereas oxidation-reduction
reactions require the presence of an ion occurring in more than one valency,
regardless of its position.

EXPERIMENTAL

Vanadium glasses were melted at 1500—1700 °C at the State (Glass Research
Institute in Hradec Kralové, from batches prepared by mixing the compounds
AL O; (chromatography grade, Real Budapest), SiO, (high-purity synthetic crys-
tal), NH;VO; A.R. and Na,CO; A.R. (Lachema Brno). The proportions of the
oxides percent by weight were varied according to Table I. Soda was added in a con-
stant amount as flux. The glasses obtained were ground to analytical finesess
(200 mesh) and analyzed for the content of Al, Si, Na nad V (the EDAX method,
auxiliary device for the JXA-50 A microprobe by Jeol). The results and the cal-
culated contents of the given oxides are listed in Table II. X-ray analyses of the
glasses showed them to be amorphous in character.

Table 1

Calculated content of A1;0s, SiO; and V,0s in the glasses
[Na,0 content not included)

ALO, Si0, V,0s

Glass A % o
Va-1 20 80 (]
Va-3 20 80 20
Va-5 20 40 40
Va-7 30 70 0
Va-9 30 50 20
Va-11 30 30 40
Va-13 40 60 0
Va-15 40 40 20
Va-17 40 20 40
Va-19 50 50 0
Va-21 50 30 20
Va-23 50 10 40

The glasses were treated hydrothermally for 4 days, in agitated glass flasks pla-
ced in a water thermostat at 80 °C and under atmospherical pressure, or in steel
autoclaves at 180 °C under the pressure of saturated vapours (at 70 9, autoclave
capacity, this amoundted to approx. 0.99 MPa). The internal pressure was calcu-
lated from the P—V—T thermodynamic relationship of the given system. In the
calculations, use was made of values for pure water (19) which correspond, with
satisfactory accuracy, to dilute solutions of inogranic compounds. The deviations
from the absolute value amount to the orede of several percent and are well i-thin
the range of experimental errors [20, 21]. The design of the autoclaves employed
is described in detail in {22]. The capacity of the autocalves was about 20 ml.
The autoclaves were filled at a constant solid to liquid ratio of 1 : 6.
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Table 11
Chemical conposition of the glasses
Na,O (wt. %) Al,O; (wr. %) Si0; (wt. 9%) V.05 (wt. %) Tots
otal
Glass - o/
Edax | calc. Edax :‘ calc. Edax | calc. Edax cale. 0
1
Va-1 13.0 16.84 16.9 16.63 70.1 66.53 0 0 100
Va-3 15.4 16.99 14.7 16.78 54.2 50.34 15.7 15.89 100
Va-5 15.0 17.08 14.0 16.87 39.6 33.74 31.3 32.32 100.01
Va-7 14.3 16.84 256.6 24.94 60.35 58.21 0 0 100
Va-9 14.9 16.99 25.7 25.17 43.6 41.95 15.8 15.89 100
Va-11 15.1 17.08 23.2 25.3 28.9 25.3 32.8 32.32 100
Va-13 14.8 16.84 30.2 33.27 55.0 49.90 0 0 100.01
Va-15 14.2 16.99 30.1 33.56 | 36.1 33.56 15.7 15.89 100
Va-17 15.9 17.08 31.7 33.74 21.4 16.87 31.1 32.32 100.1
Va-19 13.9 16.84 39.7 41.58 46.4 41.58 0 0 100
Va-21 14.2 16.99 38.5 41.95 30.8 25.17 16.5 15.89 100
Va-23 15.3 17.08 39.0 42.17 14.2 8.43 31.2 32.32 100

Explanatory notes:

Edax — values determined analytically by means of electron microprobe
calc. — values calculated from the weighed-in amounts of the individual oxides

The glasses were decomposed at 180 °C in a medium of 2 M solutions of Na,COj,
K,CO;3; nad NaOH, respectively and at 90 °C, addition to these, in a mixed 2M
solution of NaOH 4+ KOH (molar ratio 1: 1).

After removal from the reaction vessels, the reaction products were repeatedly
decanted with 1 M hydrochloric acid and 1 M solution of sodium perchlorate to eli-
minate the vanadium absorbed in the surface ot the products, then with distilled
water, and finally dried at room temperature.

The individual phases of the hydrothermal decomposition products were iden-
tified by X-ray analysis and by scanning electron microscopy (Tables IIT and IV).
The former were carried out on the Chirana diffractograph (CuK, radiation, Ni
filter). The phases were identified by means of X-ray diffraction tables [23, 24|
and the database for zeolite X-ray patterns (Institute of Mineral Raw Materials,
Kutna Hora); The latter analyses made use of the secondary electron method and
the JXA — 50 A Jeol scanning electron microscope. The micrographs of the crys-
talline phases at 600—5000 x magnification are shown in Figs. 8—15. The micro-
graphs were also compared with those of zeolitic crystals published in [23, 25].
The identified zeolites were also analyzed by the EDAX electron microprobe
method for the content of Al, Si, Na, K and V (Table 5).

DISCUSSION OF THE RESULTS

Decomposititon of vanadium glasses at 90 °C

At 90 °C, the vanadium glasses were always treated for a period of 4 days in
4 M solutions of Na;CO;, NaOH, K,CO; and a mixed NaOM + KOH solution
(molar ratio 1 : 1).
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Table 111
The products of hydrothermal treatment of vanadium glasses at 90 °C
Medium
Glass }
2 M Na,CO; 2 M K,CO, 2 M NaOH |2 M NaOH + KOH
— 1
Va-1 zeol. P¢ leucite zeol. Pe phillipsite,
chabazite
Va-3 natrolite, zeol. P¢ | leucite zeol. P¢ phillipsite
Va-5 natrolite, zeol. P | K-sodalite, zeol. P¢ phillipsite
leucite
Va-7 zeol. P¢ leuite, cristo- zeol. P¢ chabazite,
balite nepheline
Va-9 zeol. P¢ K-sodalite zeol. P¢ phillipsite
Va-11 sodalite K-sodalite, zeol. P¢ phillipsite,
phillipsite zeol. F'
Va-13 zeol. P¢ phillipsite zeol. P¢ chabazite,
phillipsite
Va-15 analeime, zeol. P¢ | K-sodalite, zeol. P¢ phillipsite,
phillipsite zeol. KH
Va-17 sodalite K-sodalite, zeol. P, zeol. A zeol. V¥
phillipsite
Va-19 zeol. P¢, chabazite | K-sodalite, zeol. P¢, chabazite | phillipsite,
phillipsite chabazite
Va-21 sodalite K-sodalite zeol. P¢, hydroxy- | phillipsite,
sodalite zeol. KH
Va-23 sodalite zeol. ¥ hydroxysodalite hydroxysodalite,
zeol. F

The minerals found in the productes of the individual experiments are listed in
Table IIT and plotted in the tree-component system Al,0;—Si0,—V,0;5 (the
content of Na,0 was identical in all of the glasses). The respective diagrams expre-
ssing the occurence regions of the individual mineral phasses in the decomposition
products in terms of the initial composition of the vanadium glasses, are shown
in Figs 1—4. The boundaries of the same decomposition productsindicated by the
lines in the diagrams cannot be regarded as regions of kinetic stability of the in-
dividual phases (insufficient data available for such a purpose); they only dema-
cate the occurence of the mineral phases in the experiments in a comprehensive
way.

Under the given experimental conditions, for the 2 M soda solution and glasses
with Al,05/8i0; > 1, and in the presence of V,0s in the glass, the decomposi-
tion yielded mostly sodalite, white at Al;03/SiO;, < 1 it was jointly with natrolite
[24] at the lowest Al,O; content, chabasite [24] (with glasses free of V,0y) or anal-
cime [24].

In the medium of 2 M NaOH solution, zeolite P¢ was formed almost all over
the concentration range studied (Fig. 2). Hydroxysodalite resulted from the de-
eomposition of only two vanadium glasses with the highest alumina content. De-
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Fig. 1. Three-component diagram. Occurence of mineral phases tn the products of hysrothermal
decomposition vs. the content of Si0;, Al;03 and V,0s in the glasses.
90°C, 2 M Na,CO4
————— zeolite P
— — — — 3sodalste
—— , — . — natrolite.
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Fig. 2. Three-component diagram. Occurence of mineral phases in the products
of hydrothermul decomposition vs. the content of Si0;, Al;03 and V205 in the glasses.
90°C, 2 M NaOH
- zeolite P

—— —--— —— sodalite
N} zeolite A
- chabazite.
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Fig. 3. Three-component diagram. Occurence of mineral phases in the products of hydrothermal
decomposition vs. the content of SiOz, Al;O3 and V,Os in the glasses.
90°C, 2 M (NaON + KOH)
phillipsite
—— ——— —— chabazite
—— . —— zeolite KH
- ..-—— zeolite V.
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Fig. 4. Tree-component diagram. Occurence of mineral phases in the products of hydrothermal
decomposition vs. the content of SiO,, Al,0; and V,05 on the glasses.
90°C, 2 M K CO;
————— phallipsite
— — — — K sodalite
—- . ——- leucite
D zeolite F.
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compostiton for glasses with a lower SiO, content yielded zeolite P¢ and chabazite
[24] (in the absence of vanadium), and zeolite 4 [23] (from glasses with the highest
content of V,0s).

Phillipsite was formed in almost all instances in the medium of the mixed NaOH
and KOH solution and in that of sodium hydroxide alone [24]. The vanadium-free
glasses were converted to phillipsite and chabazite, and those with a medium content
fo Si0, and V,0; to synthetic zeolite K H [23]. In some cases, nepheline and sodalite
also found jointly with phillipsite (Fig. 3). Decomposition of glasses with the hig-
hest V,0;5 content and a medium to low SiO, content yielded synthetic potassium
zeolite F' [23].

Decomposition of vanadium glasses in 2 M K,CO; solution at 90 °C yielded
leucite [27], phillipsite, K-sodalite and zeolite F as the main products (Fig. 4).
Glasses with higher SiO, contents were converted to the potassium analogue of
analcime- leucite, and the range of phillipsite formation was thus shifted towards
higher alumina content in the glasses and virtually joined the sodalite occurence
range (unlike the case of solutions with sodium ions, sodium-potassium sodalite
was formed, further on designated K-sodalite), and both mineral phases were
mostly produced at the same time. Synthetic zeolite F was the main product of
decomposition of glasses with a low SiO, content and a high Al;O; and V,0s con-
tent, similary to the case of the mixed NaOH + KOH solution.

Conversion of vanadium glasses at 180 °C

As follows from the three-component diagram in Fig. 5, decomposition of the
glasses with higher SiO, content yields analcime, that of glasses with a lower con-
tent producing clay minerals (montmorillonite or kaolinite) regardless of the vana-
dium content in the glasses. Roughly at the center of the field, the middle ratio
of the SiO, : Al,0; oxides, cancrinite is also present apart from the phases men-
tioned.

The hydrothermal treatment in 2 M NaOH solution produced similar results
except that the regions of the individual mineral phases were somewhat shifted
(Fig. 6).

Clay minerals are again formed in the medium containing the potassium ion
(2 M K,CO;) from glasses with a low SiO, : Al,O; ratio. Those with the medium
ratio produced calsilite or tricalsilite. Glasses with the highest SiO, content yielded
potassium feldspars, mostly jointly with another mineral phase (nepheline from
glasses containing V,0s, leucite from glasses free of vanadium).

Phillipsite (or zeolite P¢), sodalite and analcime (in potassium media its K de-
rivative, leucite) were the most frequent products of hydrothermal treatment of
glasses at 90 °C. In sodium-containing media, also natrolite, chabazite, and syn-
thetic zeolite A were formed; in the potassium-contaning media, nepheline, cha-
bazite and synthetic zeolites KH and F were produced. Hydrothermal treatment
at 90 °C therefore yielded above all zeolites. These were analyzed for their vana-
dium content (Table V) in order to study the possibility of preparation of vana-
dium zeolites by hydrothermal decomposition of vanadium glasses. The content
of Al, Si, Na and K, and particularly that of V was determined in selected samples
containing well identifiable zeolitic crystals. The values listed in Table V are me-
ans of at least 6 analyses and have been corrected by means of a standard (jadei-
te). The analyses showed that vanadium was virtually not bound in the structure
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Fig. 5. Three-component diagram. Occurence of mineral phases tn the products of hydrothermal
decomposition vs. the content of SiO;, Al03 and V,Os tn the glasses.
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Fig. 6. Three-component diagram. Occurence of mineral phases in the products of hydrothermal
decomposition vs. the content of Si0,, Al,03 and V,0s in the glasses.
180°C, 2 M K,CO,
——e—————— clay mineral
e ——— .. Cancrinite
analcime.
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Table 1V
The products of hydrothermal treatment of vanadium glasses at 180 °C
Medium
Glass
2 M Na,CO, 2 M K,CO; 2 M NaOH
Va-1 analcime K-feldspar analcime
Va-3 analcime K-feldspar analcime
Va-5 analcime calsilite analcime
Va-7 analcime leucite, K-feldspar analicime, cancrinite
Va-9 analcime tricalsilite analcime, cancrinite
Va-11 cancrinite calsilite cancrinite
Va-13 analcime, cancrinite leucite, K-feldspar cancrinite
Va-15 analcime, cancrinite calsilite cancrinite
Va-17 cancrinite, clay mineral clay mineral cancrinite
Va-19 clay mineral leucite, calsilite clay mineral
Va-21 clay mineral clay mineral clay mineral
Va-23 clay mineral clay mineral clay mineral

M
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Fig. 7. Three-component diagram. Occurence of mineral phases in the products of hydrothermal
decomposition vs. the content of SiO,, All; and V05 1n the glasses.

180°C, 2 M K,CO;

— — — — calsilite (tricalsilite)

clay mineral

. ——— leucite

— - . —— K feldspar.

of phillipsite and zeolite P¢ where only tenths of a percent were determined. A va-
nadium content of about 1%, was found in synthetic zeolites 4 and F. Quite high
vanadium concentrations were established in samples of sodalite (2—149%,) and
analcime (3—109,). No distinct shift in the d values in the diffraction patterns
was observed.
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Table V

Content of Na, K, Al, Si and V in the products of hydrothermal
treatment of vanadium glasses

Content of the element
: : o
Mineral Conditions of treatment in the mineral (wt. %)
[ T

! Na |l K | at !l si| v

- L o . .
sodalite Va-17, Na,COj3, 90 °C 20 — 32 43 4
Va-21, Na,CO;, 90 °C 17 — 28 45 10
Va-23, Na,CO;, 90 °C 17 — 31 44 8
hydroxy- Va-23, NaOH, 90 °C 18 —_— 32 45 5
sodalite Va-23, NaOH + KOH, 90 °C 13 — 32 46 9
K-sodalite Va-15, K,CO;3, 90 °C 14 3 26 47 14
Va-21, K,CO;, 90 °V 15 4 30 39 11
zeolite P Va-9, NaOH, 90 °C 17 — 32 51 1
Va-15, NaOH, 90 °C 16 — 33 51 /1
Va-19, NaOH, 90 °C 20 — 26 53 1
phillipsite Va-5, NaOH + KOH, 90 °C 7 15 27 50 1
Va-9, NaOH + KOH, 90 °C 8 16 27 49 (1
Va-19, NaOH + KOH, 90 °C 12 8 29 50 0
analcime Va-15, Na,CO;, 90 °C 13 — 16 58 10
Va-5, Na;CO,, 180 °C 13 | — | 21 63 3
Va-7, Na,CO;, 180 °C 15 - 23 55 7
zeolite F " Va-11, NaOH + KOH, 90 °C 3 29 25 42 1
Va-17, NaOH + KOH, 90 °C 7 26 24 317 2
Va-23, K,C0,, 90°C 5 25 24 45 1

zeolite 4 Va-17, NaOH, 90 °C 19 — 1 32 I 45 1—2
] |

The temperature of 180 °C was proved excessively high for hydrothermal pre-
paration of zeolites (with the exception of analcime). The sodium media produ-
ced above all analcime, cancrinite, clay minerals and nehpeline, the potassium
ones calsilite and potassium feldspars.

Glasses generally can be suitable materials for the preparation of zeolites by
hydrothermal decomposition at lower temperatures. The transient element (va-
nadium) present in glass in higher concentration (> 109,) passes more readily
into the structure of some zeolites than by other methods of preparation mentio-
ned in the theoretical part of the present paper.

CONCLUSION

Hydrothermal decomposition of vanadium glasses on basic media at the hig-
her temperature employed (180 °C) yielded analcime, feldspars, feldspatoids
and clay minerals. The same treatment at lower temperature (80 °C) produced
mainly sodalite and zeolites. In the medium of NA+* ions it was mostly zeoli-
te Pc, less frequently natrolite, chabazite nad zeolite A. The medium of K+ ions
that of mixed Na* -- K+ ions gave rise to phillipsite, to a lesser degree to chaba-
zite, zeolites F' and KH.
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The vanadium originally contained in the glasses passed most quantitatively
into analcime (up to 109%,) and sodalite (up to 149%,), less into zeolite KF (29%,)
and zeolites A and F' (1%,).

With respect to their composition, structure and high degree of homogenitu,
glasses are suitable materials for hydrothermal preparation of some synthetic
minerals. Hydrothermal treatment at lower temperature (about 100 °C) in basic
media can be used to produce synthetic zeolites which are nowdays in high de-
mand. Promising results have been obtained in the preparation of zeolites con-
taining vanadium, even though the present authors were unable to determine the
position taken up by the vanadium atoms in the structure. However, the vanadium
was not merely absorbed in the zeolite surface, as proved by the multiple decan-
tation with HCl and NaClO4. Vanadium was not identified in the decomposition
products in the form of any compound by X-ray analysis.
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HYDROTERMALNI ROZKLAD VANADOVYCH SKEL

Véra Dubanska
teologicky ustav CSAV, Rozvojovd 135, 165 00 Praha 6

Bylo utaveno 12 vanadovych skel s proménlivym obsahem oxida 8iO, (10—709%), Al,O,
(16—429) a V,05 (0—339%) a konstantnim obsahem Na,O(179). Tato skla byla alterovana pfi
teplotach 90 a 180 °C v prostfedi zdsaditych roztoku sodnych a draselnych anorg. louhu a kar-
bonati. Byla sledovana zavislost vyskytu jednotlivych mineralnich fazi, pfedevadim zeolitu,
v alteraénich produktech skel na promérech obsahu oxidti A;03;—S8i0,—V,05 ve sklech, teploté
a na sloZeni hydrotermélnich roztoku. Oblasti vzniku mineralnich fazi v provedenych experi-
mentech jsou zFejmé z diagramu trojslozkové soustavy na obr. 1-7. PF vyss{ teplotd (180 °C)
byly produkty reakci ptedevaim Zivce, foidy, jilové mineraly, cancrinit; ze zeolita pFi této teploté
vznikal pouze analcim. Teplota 90 °C byla pro vznik zeolitii mnohem priznivéjsf. V zdvislosti
na sledovanych podminkéich v t&chto experimentech kromé sodalitu vznikaly phlillipsit, natro-
lit, chabazit, analcim a syntetické zeolity P¢, 4, KH a F.

Ve vzorcich vznikajicich zeoliti byl sledovan obsah vanadu. Nejvyssi jeho hodnoty byly
nalezeny v analcimu (3--109%,), nfzké (1---29,) u zcelitii A a F' a prakticky nulové v phillipsitu
a zeolitu Pg.

Obr. 1. Trojslotkovy diagram. Zdvislost vyskytu mainerdlnich fdzi v produktech hydrotermdlnich
rozkladu na obsazich Si0,, Al;05 a V,0s ve sklech.
9000, 2 M N&2003
— - —— zeolit P¢
e en oo — sodalit
-— . ——— natrolit.

Obr. 2. Trojslotkovy diagram. Zdvislost vyskytu minerdlnich fdzi v produktech hydrotermalnich
rozkladu na obsazich SiO;, Al,;O; a V,054 ve sklech.

90°C, 2M NaOH

e —— zeolit Pc
e —— ——— godalit

p zeolit A.
- chabazit.

Obr. 3. Trojslotkovy diagram. Zdvislost vyskytu minerdilnich fdzi v produktech hydrotermalnich
rozkladu na obsazich Si0;, Al;0;3 a V;05 ve sklech.

90°C, 2 M (NaOH + KOH)
——————— phallipsit
' —— —— chabazit
——— . ——— zeolit KH
—— .. ——— zeolit F.

Obr. 4. Trojslotkovy diagram. Zadvislost vyskytu minerdlnich fazi v produktech hydrotermdincich
rozkladd na obsazich Si0, Al,0; a V,0; ve sklech.

90°C, 2 M K,CO;

— phillipsit
~-—— —— —— K sodalit
leucit

1) zeolit F.

Obr. 5. Trojslokkovy diagram. Zadwislost vyskyte minerdlnich fdzi» produktech hydrotermalnich
rozkladu na obsazich SiO;, Al;O; a V,05 ve sklech.

180 °C, 2 M Na,CO;
- jilovy minerdl
————— —— . . cancrinit

. analcim.
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Obr. 6. Trojslofkovy diagram. Zdvislost vyskytu minerdlnich fdazi v produktech hydrotermdinich
rozkladw na obsazich SiQ,, Al,03 a V04 ve sklech.

180 °C, 2 M K,COs
—————— jilovy minerel
———— —— ., . cancrinit

. analcim.

Obr. 7. Trojslotkovy diagram. Zdivislost vyskytw minerdlnich fdazi » produktech hydrotermdinich
rozkladi na obsazich SiQ,, AL,03 a V, 0 ve sklech.
180°C, 2 M K,CO,
_ jilovy minerdl
—— —— - kalsulat (trokalsilit)
—e o —— leucit
fffff K-%vec

Obr. 8. Hydroxisodalit, Va-21 NaOH, 90°(C'.
Obr. 9. K-sodalit, Va-11, K;CO;3, 99+C.

Obr. 10. Zeolit F, Va-11, NaON 4 KOH, 90°C.
Obr. 11. Phillipsite, Va-13 K,CO;, 90°C.

Obr. 12. Zeolit Pcl Va-13, NaOH, 90°C.

Obr. 13. Zeolit A, Va-17, NaOH, 90 °C.

Obr. 14. Zeolit A, Va-17, NaOH, 90 °C.

Obr. 15. Chabazit, Va-1, NaOH + KOH, 90 °C.

''MAPOTEPMHUYECROLE PASJONRENIE BAHAANEBDLIN CTERO.!

Bepa Jlyoancka

Teonoeuveckuii uncmumym YCAH, Poascesa 135, 165 00 Hpaca 6

ITpuroroBu:n 12 BaHa/IMEBBIX CTEKOJ ¢ M3MEHAIONHMMCA COflepHaHIeM Okeit10B Si0; (10 —
70 %), Al:0s (16—42 %) u V,0s (0—33 %) ¢ uocTosiHHEIM cojep:aAneM NaO (17 %).
ITpnBojuMble cTeKIa aibTepHHPOBaJIM npu Temmeparypax 90 u 180 °C B cpejle MeTOUHLIX
PacTBOPOB HATPHEBRIX M KaJlMeBHIX HEOPraHMUeCKMX Miejioued M kapOoHaroB. llecsenoBamn
3aBHCHMOCTh [IOABJICHNMS OT/IEIIBHEIX MHHEPAJILHBIX ¢a3, mpesie Beero 1EO;INTOB, B alhTe-
pPaNMOHHKEIX NPOAYKTAX B 3aBUCMMOCTH OT H3MEHAIONMXCA COJCDMKAHMI  OKCHI0B
Al203—S8i0,—V;0s B cTekJIaX, TeMOEPATYpLl I COCTABA I'M;IPOTEPMIYECKIX PAcTBOPOB.
OGiacTin 00pa3oBaHUA MHHEPAJILHLIX a3 B IPOBO;(uMBIX K 1€ PIMEHTA X BIIHBI H3 ANATPAMM
TPEXKOMIIOHEHTHOII ¢ ivTeMbl, HaxojAmnxcs Ha puc. 1—7. llpu Gostee BiicoKroii TeMieparype
(180 °C) npojyxTaMu peakiun ABIIHCH MPexsie Beero LoJieBble Mmarul, Gouin, siuieTe
MuHepaJibl, KAHKPHHAT; 13 1[€0JIMTOB IPH NAHHOW TeMmepaType OOPa30B:ICH TONLRO AHAI-
unaM. Temnepatypa 90 °C oxaspiBaeTcs J1iiA 0Opa3oBaHus [0 tMTOB 0o:1ee mpiro;Hoi. B 3a-
BHCUMOCTH OT MCcI€(VeMLIX YCJIOBHI B MPHBO/MMEIX SKCIEPHMEHTaX KPOMe COa.IHTa 0bpa-
30BaJIMCh IEOJIMTLI, (QMIILIMIICMT, HATPOJIMT, Xa0asnt, aHAJINUM H CHHTETHUCCKHE €0 UITH
Pe, A, KH un P.

B npobax obpaayonmxcst 1eo.IMTOB Hcclej0Balll co;iep:KaHue BaBa;uii. Ero nandoiee
BLICOKME BeSIMYMHL OblIIM HalijleHsl B aHaTinMe (3—10 %) n Haudo lee HHAKHE B MEOJINTAX
A n F n nopakTHUCCKH HV.IeBoe cojiepaMite YCTaHOBWI B guuInncure i ieomre Pe.

Puc. 1. Tpexnosnonenmuas duazpammd. 3agucmMocms noge1eHUR MILHEPAIBHLLE (fad 6 npo-
dyrmazx eudpomepmunecrozo pazaoxcenus om codepxcanua SiOz, A0y n Va0Os
g cmeraazx; 90 °C, 2 M Ha,COs, — —_ neoant Pe, — - - codaaum, - .~ .~ .~
rampoaum.
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Puc. 2.
Pue. 3.
Pue. 4.
Pue. 3.
Puc. 6.
Pue. 7.
Puc. §.
Puc. 9.
Puc. 10.
Puc. 11.
Puc. 12
Puc. 13
Puc. 14.
Puc. 15.
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V. Dubanska:

T pexrosnonenmnas Ouazpansia. 3a6ucustocmb HOREACHIUR MUNEDUALHLIL a3 8 Npo-
Oyrmazx eudpomepmuneckur pazaoxcenulc om codepucanwte SiQOz, Al;O3 w VO
6 cmexaax: 90 *C, 2 M NaOll, - neo.mnt Pe, —--— coja’ T, P yeoaum A,
- rabasum.

T pexromnonenmuas duazpasma. 3acucumocmns NOIEACHUL MUHEDUALIKL (a3 8 NPo-
oyrmax eudpomepmuveckur pazaoxrceniic om codepacanuie $102, AlOs u Va0s
¢ cmenaax: 90 °C, 2 M (NaOH -+ KOH), — Qwrauncum, ---——- radasum,
— . — .— yeoaum, KH, — .. yeoaum F.

T pexromnonenmnas 0Uazpamsta. 3asucumocms NOSBIENUIL MUNEPALLHEIL §iad & Npo-
dykmax eudpomepmuneckux paaaoxcenuit om codepyearic Si0Oy, ALO; u VaOs
¢ cmeraax: 90 °C, 2 M K,CO;, — Surauncum, ——---—- K codaaum, — . .— aey-
yum, (P yeoaum F.

T pexrosnonenmuas ouazpamma. 3asuciocns NOAGIEHUR MWILEePAALHBLL fiad eudpo-
mepmuneckux pazaoxceruti om codepacanuie Silz, AL2Os u VaQs 6 cmesaax: 180 °C,
2 M NaCO;, — UAUCIBLIE MUHEPAL, —— .. KAHEDUHWMN, . ... AHAAYUM.

T pexkomnornenmnar duazpamma. 3a6UcumMocms NOKEAEHUS MUNEPAILHOT (fad & NPo-
Oyrkmax eulpomepmuveckuxr paaaoxcenuii om codepucanuic SiOz, Al203 w VaOs:
180 °C, 2 M KCOs, —— wauemsiii munepaa, — .. RAHKPURIIM, . .. QHAAYUM.

T peckosnonenmuas duazpammna. 3a6uUcusocmy NOKLACHUS MUHEPALLILLE a3 & Npo-
Oyxmax 2udpomepmuveckux pazaoxcenuit om codepucannivii SiOz2, AlOs 1w V204
¢ cmexaax: 180 °C, 2 M K,COs, —— waucmwtic munepas, --—— kaacuaum
(mpurascuaum), — ..— aeyyum, — .— K — noaesoii wnam.

TI'udporcucodaaum, Va-21, NaOH, 90 °C.
K-codaaum, Va-11, K,CO3;, 90 °C.
Ieoaum F, Va-11, NaOH + KOH, 90 °C.
@uaanncum, Va-13, K2:C0;, 90 °C.
Ifeoaum P¢, Va-13, NaOH, 90 °C.
I[eoaum A, Va-17, NaOH, 90 °C.
Ieoaum A, Va-17, NaOH, 90 °C.
Xa6azum, Va-1, NaOH + KOH, 90 °C.
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Fig. 8. Hydrosodalite, Va-21, NaOH, 90 °C.

Fig. 9. K-sodalite, Va-11, KX ,CO;, 90 °C.
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V. Dubanskad:

Fig. 10. Zeolite F, Va-11, NaOH + KOH, 90 °C.

Fig. 11. Phillipsite, Va-13, NaCOj3, 90 °C.
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Fig. 12. Zeolite P¢, Va-13, NaOH, 90 °C.

LN

Fig. 13. Zeolite, A Va-17, NaOH, 90 °C.
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V. Dubanska:

Fig. 15. Chabazite, Va-1, NaOH + KOH, 90 °C.
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