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The effect of 2M Rolulions of alkali hydroxide., and rarbonates on vanadium 
glasses at 90 °C and under hydrothermal condition., at 180 °C were 11tudied. 
X-ray analysis and scanning electron microscopy 8hou·ed that i1i dependen,.e 
on the composition of the glasses and the solutions, the hydrotherma: decompo-

sition at 180 °C yields analcime,felds]Jars,foid.s, clay minerals and rancrinite 
The reactions at lou·er tem71erature (90 'C) produced, apart from sodalite,
above all the zeolitic phCkses phyllipsite, chabazite, analcime and 11ynthetic zeo-

lites Pc, A, KH and/<'. The crystales of the products insofar as they were wet 
identifiable by electron microscopy, were analyzed for the content for vanadium: 
the highest content u·asfound in analcime (3--10%), zeolites A and H (1-2%)
and virtually no vanadium wa.s determined in phlillipsite and synthetic eeolite 
Pc(< 1%), 

INTRODFCTION 

The present study is a part of an extensive programme [1] whose aim was to in
,estigate 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 subjed of 
considerable interest because of their wide application possibilitie8 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 pent,avalent vanadium cat.ion conforms to Pauling's criterium 
for isomorphous substitution of silicon cations in mutation. 

The present ant.hors started to deal with the introduction of transient metal 
atoms into lattice of the zeolites in the early seventie [21. 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 zcolites 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. In t,he 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 8trncture 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 ea
talytical effects it is irrelevant whether the transient metal atom has snbstitueut 
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 effect 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 Yalency, 
regardless of its position. 

EXPERIMENTAL 

Vanadium glasses were melted at 1500-1700 °Cat the State Glass Research 
Institute in Hradec Kralove, from batches prepared by mixing the compounds 
Ali03 (chromatography grade, Real Budapest), Si02 (high-purity synthetic cryH
tal), NH4V03 A.R. and Na2C03 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 I 

Calculated content of A}i03, Si02 and V20, in the glasses 
[N�O content not included] 

Glass 

Va-I 20 

Va-3 20 

Va-5 20 

Va-7 30 

Va-9 30 

Va-ll 30 

Va-13 40 

Va-15 40 

Va-17 40 

Va-19 50 

Va-21 50 

Va-23 50 

--

Si02 

% 

80 

60 

40 

70 

50 

30 

60 

40 

20 

50 

30 

IO 

v,o, 

% 

0 

20 

40 

0 

20 

40 

0 

20 

40 

0 

20 

40 

The glasses were trcat,ed hydrothermally for 4 days, in agitated glass flasks pla
ced in a water thermostat at 00 °C and under atmospherical pressure, or in steel 
autoclavm, at 180 °C under the pressure of saturated vapours (at 70 % 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 II 

Chemical composition of the glasses 
-· 

Na20 (wt.%) Al,03 (wr. %) Si02 (wt.%) V20, (wt.%) 
Glass --- --- --�-·--

Edax [ calc. Edax i calc. Edax [ calc. Edax I cale. 
I i 

Va-1 13.0 16.84 16.9 16.63 70.l 
I 

66.53 0 0 

Va-3 15.4 16.99 14.7 16.78 54.2 50.34 15.7 15.89 
Va-5 15.0 17.08 14.0 16.87 39.6 33.74 31.3 32.32 
Va-7 14.3 16.84 25,5 24.94 60.35 58.21 0 0 
Va-9 14.9 16.99 25.7 25.17 43.6 41.95 15.8 15.89 
Va-11 15.l 17.08 23.2 25.3 28.9 25.3 32.8 32.32 
Va-13 14.8 16.84 30.2 33.27 55.0 49.90 0 () 

Va-15 14.2 16.99 30.l 33.56 36.1 33.56 15.7 15.89 
Va-17 15.9 17.08 31.7 33.74 21.4 16.87 31.1 32.32 
Va-19 13.9 16.84 39.7 41.58 46.4 41.58 0 () 
Va-21 14.2 16.99 38.5 41.95 30.8 25.17 16.5 15.89 
Va-23 15.3 17.08 39.0 42.17 14.2 8.43 31.2 32.32 

--

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

Total
0/ 
;o 

100 
100 
100.01 
lOO
100
100 
IO(Ull
100 
1()0.l 
JOO 
100
100 

The glasses were decomposed at 180 °C in a medium of 2 M solutions of Na2C03, 

K2C03 nad NaOH, respectively and at 90 °C, addition to these, in a mixed 2.M 
solution of NaOH + KOH (molar ratio 1: 1). 

After removal from the reaction vessels, the reaction products were repeatedly 
decanted with 1 M hydrochloric acid a,nd 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 ideu
tified by X-ray analysis and by scanning electron microscopy (Tables III and IV). 
The former were carried out on the Chirana diffractograph (CuK11 radiation, Ni 
filter). The phases were identified by means of X-ray diffraction tables [23, 24J 
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 microprohe 
method for the content of Al, Si, Na, K and V (Table 5). 

DISCFSSION OF THE RESULTS 

Decompositi  t o n  o f  vanadium g lasses  at  90 ° C  

At 90 °C, the vanadium glasses were always treated fo r  a period of 4 days in 
4 M solutions of Na2C03, NaOH, K2C03 and a mixed NaOR + KOH solution 
(molar ratio 1 : 1 ). 
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Table III 
The products of hydrothermal treatment of vanadium glasses at 90 °C 

----

I Medium 

,----�-2MNa2��-l_ I 

2 M K2C03 2 M NaOH i2MNaOH + KOH 
I 

zeol. Pc leucite 

natrolifr, zeol. Pc leucite 

natrolito, zPol. l' c K-sodalito,
leucite

zeol. Pc leuite, cristo-
halite 

zeol. Pc K-sodalite

�odalite K-sodalite,
phillipsite

zeol. Pc phillipsite 

analeime, zeol. Pc K-sodalite, 
phillipsite

socialite K-sodalite,
phillipsite

zeol. Pc, chabazitc K-sodalite, 
phillipsite 

sodalite K-sodalite

socialite zeol. F 

---------- -- -------- -------

zeol. Pc philli psi te, 
chabazite 

zeol. Pc phillipsite 

zeol. Pc phillipsite 

zeol. Pc chabazite, 
nepheline 

zeol. Pc phillipsite 

zeol. Pc phillipsite, 
zeol. F 

zeol. Pc chabazite, 
phillipsite 

1.eol. Pc phillipsite, 
zeol. KH 

zeol. Pc, zeal. A zeol. F 

zeol. Pc, chabazite phillipsite, 
chabazite 

zeal. Pc, hydroxy- philli psi te, 
socialite zeol. KEI

hydroxysodalite hydroxysodalite, 
zeal. F 

The minerals found in the productes of the individual experiments are listed in 
Table III and plotted in the tree-component system Al203-Si02-V205 (the 
content of Na20 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 products indicated 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 Al203/Si02 > 1, and in the presence of V205 in the glass, the decomposi
tion yielded mostly sodalite, white at Al203/Si02 < 1 it was jointly with natrolite 
[24] at the lowest Alz03 content, chabasite [24] (with glasses free of V209) or anal
cime [24].

In the medium of 2 M NaOH solution, zeolite Pc 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 in the products of hysrothermal 
decomposition vs. the content of Si02, Al203 and V205 in the glasses. 

90 °C, 2 M N�CO, 
----- - zeolite Pc 

-
- - - sodalile 

. - natrolite. 

50 50 

Al20:J 10 20 30 40 50 GO 10 80 90 Si02 

Fig. 2. Three-component diagram. Occure1u:e of mineral phases in the products 
of hydrothermal decomposition v.,. the content of Si02, A'203 a11d V205 i11 the glas8e.<. 
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Alf)] 10 20 30 40 50 60 10 80 90 SiOz 

Fig. 3. Three-component diagram. Occurence of mineral phases in the products of hydrothermal 
decomposition vs. the content of Si02, Al,03 and V205 in the glai,se.�. 

90 °0, 2 M (NaON + KOH)
- --- -- phillipsite 
-- -- -- chabazite 
- - . -- zeolite KH 
---- . .  ---- zeolite F. 

50 50 

Fig. 4. Tree-component diagram. Occurence of mineral vhases in the products of hydrothermal 
decompo�ition vs. the content of Si02, Al103 and V205 on the glasses. 

00 °C, 2 MK CO,

phillipsite 
- - - - K sodalite 

--- leucite 
-:t zeolite F. 
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compostiton for glasses with a lower Si02 content yielded zeolite Pc and chabazite 
[24] (in the absence of vanadium), and zeolite A [23] (from glasses with the highest
content of V205). 

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 Si02 and V205 to synthetic zeolite KH [23]. In some cases, nepheline and sodalite 
also found jointly with phillipsite (Fig. 3). Decomposition of glasses with the hig
hest V205 content and a medium to low Si02 content yielded synthetic potassium 
zeolite F [23]. 

Decomposition of vanadium glasses in 2 M K2C03 solution at 90 °C yielded 
leucite [27], phillipsite, K-sodalite and zeolite F as the main products (Fig. 4). 
Glasses with higher Si02 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 Si02 content and a high Al203 and V205 con
tent, similary to the case of the mixed NaOH + KOH solution. 

Convers ion  o f  vanadium g lasses  a t  180 °C 

As follows from the three-component diagram in Fig. 5, decomposition of  the 
glasses with higher Si 02 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 Si02 : Al203 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 K2C03) from glasses with a low Si02 : Al203 ratio. Those with the medium 
ratio produced calsilite or tricalsilite. Glasses with the highest Si02 content yielded 
potassium feldspars, mostly jointly with another mineral phase (nepheline from 
glasses containing V205, leucite from glasses free of vanadium). 

Phillipsite (or zeolite Pc}, 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 phasea in the products of hydrothermal 
decomposition vs. the content of Si02, Ah03 and V205 in the glasses. 

180 °G, 2 M Na2V03 

clay mineral 
-- --- . .  cancrinite 

analcime. 

FiJ, 6. Three-component diagram. Occurence of mineral phases in the product.s of hydrothermal 
decomposition vs. the content of Si02, Ah03 and V205 in the glassea. 

180 °G, 2 M K2C03 

---------- clay mineral 
- - --- . . cancrinite 

. analcime. 
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Va-7 
Va-9 
Va-11 
Va-13 

Va-15 
Va-17 

Va-19 
Va-21 

Va-23 

Hydrothermal Decomposition of Vanadium Glasses 

Table IV 

The products of hydrothermal treatment of vanadium glasses at 180 °C 

Medium 

2 M Na2C03 I
2 M K2C03 

analcime K-feldspar
analcime K-feldspar
analcime calsilite 
analcime lencite, K-feldspar
analcime tricalsili te
cancrinite cabilite
analcime, cancrinite leucite, K-feldspar
analcime, cancrinite calsilite
cancrinite, clay mineral clay mineral
clay mineral 
clay mineral 
clay mineral 

]eL1cite, calsilite 
clay mineral 
clay mineral 

50 --, 50 

(](: o'� 
I 

I 
I 
I 

I
I 

-· : 0 o, .... 0 '·, 
I 1-" 

\ 
' ,, 
' ,; ' 
I .,.. •• � .. -··-··,. • 

I 2 M NaOH 

analcime 
analcime 
analcime 
analicime, cancrini 
analcime, cancrinit 
cancrinite 
cancrinite 
cancrinite 
cancrinite 
clay mineral 
clay mineral 
clay mineral 

t,1 

e 

Fig. 7. Three-component diagram. Occurence of mineral phases in the products of hydrothermal 
decomposition v,1, the content of Si02, Al213 and V205 1·n the glasses, 

180 °C, 2 M K2CO, 

- - - - -- clay mineral 
- - - - calsilite (tricalsilite) 
-- .. ----- leucite 
- -- . --· Kfeldspar.

of phillipsite and zeolite Pc where only tenths of a percent were determined. Ava
nadium content of about 1% was found in synthetic zeolites A and F. Quite high 
vanadium concentrations were established in samples of sodalite (2-14%) and 
analcime (3-10%), 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 hydrothermaltreatnH'nt of vanadium glasses 

Mineral Conditions of treatment 

socialite Va-17, Na2C03, 90 °C 
Va-21, Na2C03, 90 °c 
Va-23, Na2C03, 90 °C 

hydroxy- Va-23, NaOH, 90 °C socialite Va-23, NaOH + KOH, 90 °C 
K-8odalite 

zeolite Pc 

phillipsite 

anaicime 

zeolite F 

zeolite A 

Va- I 5, K2C03, 90 °C 
Va-21, K2CO_,. 90 °v 
Va-9, NaOH, 90 °C 
Va-15, NaOH, 90 °C 
Va-19, NaOH, 90 °C 
Va-5, NaOH + KOH, 90 °C 
Va-9, NaOH + KOH, 90 °C 
Va-rn, NaOH + KOH, !JO °C 
Va-I 5, N a2C03, 90 °CVa-5, Na2C03, 180 °C 
Va-7, Na2C03, 180 °C 

Va-23, K2CO_,. 90"C 
Va-17, NaOH, 90 °C 

Content of the element 
in the mineral (wt. %) 

1 -;:-T;,. -�;--,- Si 1-\-Y -

; I , _ _  I _ _

20 
17 
17 
18 
13 
14 
15 
17 
16 
20 

7 
8 

12 
13 
13 15 
3 
7 
5 

19 

3 
4 

15 
16 
8 

29 
26 
25 

32 I 43 
28 45 
31 44 
32 
32 
26 
30 
32 
3326
27 
27 
29 
16 
21 
23 
25 
28 
24 
32 

45 
46 
47 
39 
51 
51 
53 
50 
49 
50 
58 63 
55 
42 
37 
45 
45 

4 
IO 
8 
5 
9 

14 
11 
<J / I

l 
l 

(1 
0 

10 
3 7
1 
2 
l 

1-2 J
, Va-11, NaOH + KOH, 90 °C 
Va-17, NaOH + KOH, 90 °C 

- ----- - -- --- - - - - - -�- ------

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, day 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 (> 10%) 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. 

C ONCLUSION 
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 (90 °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, zeolit,es F and KH. 
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The vanadium originally contained in the glasses passed most quantitatively 
into analcime (up to 10%) and sodalite (up to 14%), less into zeolite KF (2%) 
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 NaCl04• Vanadium was not identified in the decomposition 
products in the form of any compound by X-ray analysis. 
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HYDROTERMALNf ROZKLAD VAN ADOVYCH SKEL 

Vera DubaBska 

Oeologirky ·11.stav GSA V, Uozvojo1Hi 13.5, 16.5 00 Praha 6 

Bylo utaveno 12 vanadov.fch skel s promenlivyrn obsahem oxidu Si02 (10-70%), Al203 

(16--42%) a V105 (0-33%) a kollstantnhn obsahem Na20(17%). Tato skla byla alterovana pi·i 
teplotach 90 a 180 °C v prostI·edi zasaditych roztokt1 sodnych a draselnych anorg. louhu a kar
bonatu. Byla sledovana zavislost vyskytu jedBotliv,j"ch mineralnich fazi, predevllim zeolitt1, 
v alteracnich produktech skel na promerech obsaht1 oxidi, Al203-Si02-V205 ve sklech, teplotll 
a na slozeni hydrotermalnich roztoku. Oblasti vzniku mineralnich fazi v provedenych experi
mentech jsou zrejme z diagramu trojslozkove soustavy na obr. 1-7. Pfi vyslif teplotll (180 °C) 
byly produkty reakci pfodevs!m zivce, foidy, jilove mineraly, citncrinit; ze zeolitli pfi teto teplote 
vznikal pouze analcim. Teplota 90 °C byla pro vznik zeoliti, mnohem pfiznivlljsf. V zavislosti 
Ila sledovanych podminkach v techto experimentech krome sodalitu vznikaly phlillipsit, natro
lit, chabazit, analcim a synteticke zeolity l'r, A, KH a F. 

Ve vzorcich vznikajfclch zeolit11 by] sledovan obsah vanadu. Nejvyslii jeho hodnoty byly 
llalezeny ,. analcimn (3- -10%), nfzke ( 1-- 2%) u zeoliti"1 A a Fa prakticky nulove v phillipsitu 
a zeolitu l'c. 

Obr. 1. Troj8lozkoi>y diagram. Zavi.•lo.st v.�skytu mineralnich fazt v produktech hydrotermtHnich 
rozkladli, na ob.sazich Si02, Al,03 a V205 t>e sklech. 

90 °0, 2 M Na2CO, 
�-- zeolit l'c 

- sodalit 
--·- natrolit. 

Obr. 2. Troj.•lozkov.(1 diagram. Zavi,•lo.•t vyskytu minerlllnich fazi v produktech hydrotermalnlch 
rozkladu na obsazich Si02, Al203 a V10, ve sk/ech. 

90 °0, 2M NaOH 
-------- -- zeolit Pc 

. - -- -- sodalit 
zeolit A. 
chabazit. 

Obr. 3. Trojslozkovy diagram. Zavislost vyskytu miner1iln{ch fazt v produktech hydrotermalnich 
rozkladu na obsazich Si01, Al,03 a V10, -ve sl.:lecJ1. 

90 °0, 2 M (NaOH + KOH) 
- - - -- phillipsit

---- -- -- chabazit 
--�� . -- zeolit KH 
- -- .. -- zeolit F. 

Obr. 4. Trojslozkovy diagram. Zavislo.<t v.�skytu mineralnich fazt u produktech hydrotermalncich 
rozkladu na obsazich Si,O, Al203 a V10, ue sklech. 

90 °0, 2 M K2C0.1 

- ---- -- phillipsit
--- -- -- K soda/it
----- .. -- leucit
() zeolit F. 

Obr. 5. Troj8lozkovy diaqram. Za11i.,lost vyskytit mineralnfoh fazi 11 produktech hydrotermalnich 
rozkladu na ob,rnzich Si02, Al203 a V205 ve sklech. 

180 °0, 2 M Na2CO, 
-�--- jilovy mineral 

. cancrinit 
. analcim. 
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Obr. G. Trojalozkovy diagram. Z,ivialost vyskytu mineralnfch fazi v produktech hydrotermalnfoh 
rozkladit na obsazi<'h 8i02, A'203 a V20, ve sklecl1. 

180 °C, 2 M K2C03 
- - --- jilovy minertil

. cancrinit 
. analc·im. 

Obr. 7. Trojslozkovy diagram. Z,ivislost vy.skytu mineralnich fJzi ,, produktech hydrotermalnich 
rozkladit na obsazfrh 8i02, Al,03 a V 20, ve 8k/ech. 

180 °C', 2 M K2C03 

� - jitovy mineral 
--- -- -- kalsilit (trikal8i/it) 

-�-· leucit
---- K-zivec

Obr. 8. lfydro:risodalit, Va-21 NaOH, 91) '(',

Obr. 9. K-.�odalit, Va-11, K 2C03, 90 °C. 

Obr. JO. Zeolit F', Va-11, NaON + KOH, 90 "C. 

Obr. 11. Phillipsite, Va-13 K0C03, 90°0. 

Obr. 12. Zeolit Pel 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-I, NaOH + KOH, 90 °C. 

I'll ,Jl, POTE P i\lll 'lfE CI� 0 E PA ;1,;1 0 ,I, E IJ II E lL\ IL\ j� 11 EH Ll X CT E 1; U. I 

Hepa J(y6aHCm1 

I'eo/low,11er1mu wtcmumym l/CAH, Poafloeea 135, 11;,; 0/J llpr1?11 tJ 

11 pttroTOBll:IH 12 BaHal{HCBhlX CTCKOJI C H3MCHHKlll\llMCfl ('OAepmaHl!CM OW'll/(OB :,i02 ( I u 
70 %), AhOJ (16-42 %) 11 V20, (0-33 %) c uo1·.TOHHHhlM coi-(epmam1eM Na,O (17 %). 
IlpHBO)],HMhlC CTCKJia a:11,Tepm1poBaJIH rrpH TCMrrepaTypax 90 H '180 °C B cpe;1e me;rro•JHI,JX 
pacTBOpOB HaTpHCBhlX II KaJIHCBhlX HeopraHH'ICCKHX meJIO•Ieii: H m1pooH aTOB. lkc;IOi-\OBU.'lll 
3aBllCHMOCTh IIOHBJICHHfl OTACJII.HhlX MHHepaJII.HhlX qiaa, rrpem11e BCC!'O 11eo;rnTOB, B am,Te
pa[\HOHHhlX npOAYKTax B aaBHCllMOCTII OT 11:lMCHHKllllHXCH CfqepmaH11ii ow·n;\OB 
Ah03-Si02-V20, B CTCKJiax, TCMnepaTypu II l'OCTaBa rll;(pOTCPMll'ICCKIIX pacTBOpon. 
06JiaCTll o6pa30BaHl!H MIIHepaJihHh!X qia:i B rrpOBOi(HMhlX 3Ji!'11Cp11MCHTHX Bll/\HI,I 11:l ;i,narpaMM 
TPCXKOMIIOHCHTHOH l'lll'TCMhl, HaXO)],flll.\llXCH HI.I pm·_ 1-7. llp11 UOJiee Bh!COKOU TPMnepaType 
(180 °C) IIPOAYKTaMH peaK[\HH HBllJ!ll('I, npem;1e Bl'el'O UO,ICBUC IIIIlUTt,J, qio11;�1,1, llJIIICTI,Je 
M.11HepaJih1, I(aHKpllHIIT; ll3 llCOJlllTOB npu JJ,aHHOJf TeMrrepaType o6pa30B/IJI('fl TOJlhJ,() ana."J-
1.\IIM. TeMrrepaTypa 90 °C OJW3h!BRCTCH l(Jlfl o6pa30BaHllfl llCO:lHTOB 60:we npuro;\Hoii. Il :ia
B.IICIIMOCTH OT HCl':JC;\reMJ,IX ycJIOBIIU B npnBO)\IIMh!X 3KCnep11MCHTax i;pOMC ('0�11."JIITa oopa-
30BaJIJ!Ch l\COJIHTI,[, qi11."J;rnnn1T, Hl\TPOJIHT, xa6aanT, auaJII\HM u CJIHTPTll'ICl'nlle llt'O.-IJITl,I 
Pc, A, KH n F. 

B npo6ax o6pa3yIOIIlHXCH l(l'O.'IIITOB llCC.T:IC/\OBamr co;�epmamie BaHa;�uH. Ero HUIIOOJiee 
BhlCOKllC BCJIHql!HW Oh!JIH HllU)\CHbl B aH/1:II\JIMC (3-10 %) 11 Hanoo:iee HIJ:IR.IIC B HCOJIIITaX 
A H F H npanTll'll'CJm Hy."leDOl' l'O/\Cp1murne ycTaHOBIIJIII B qiml."lllllCIITI' II lll'O."IIITe pc.

Puc. 1. Tpex1,o_uno1teHm1ta.'1 Dna2pa.u.ua. 3ae11r11.11ormb 11n.q.e,ze1t1u1 .111utPpn.11>1tbi:r fpaa e 11110-
Dy,mwx cuopomep.u.u'iFrlio,w paa.10J1cemu1 om ,·oUPJ>JKa1111.<i Si02, ,\],(>, 11 ,-20, 
11 cme1,.1ax; 90 °C, 2 JI Ha2C03 , -�·-- 11eo:111T Pc, -- ,·ofln.111111, ,_ ... -- .--
Hampo-ium. 
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Puc. 2. Tpe.n·o.11110He1u1111n.<i iJiw,0pa .. w..11a. 3aetU'll.\lOl'lllb 1w.<i11JU'IIIIR .11u111'JHt.H,111,1x ¢aa e 11pu
oy1mwx ;,uiJpo1t11'p.1m�f'Ch'1lX paa,WJICf'ftllit 0/11 (OOCf'JK/l/lLl/1 Siu, • .  \1,U, II ,·,o,

6 cme,r,iax: 90 °C,:? M NaOII, - ---- JleO.ntT Pc, - -- ro;w.-iwr, it 4eo.111111 A, 
� xa6aaum. 

Put. 3. Tpl'Xh'O,lll!OHeHtn/ta.R oiw2pa,\l.\l(/, 3n1mrt1.11or1111, llO.<i6.ll'llU,'I .HUHepa.tl,/l>,/.l' rfilla fl 11pu
iJy1mzax euiJpomep.uu�ech·ux paa:t0J1Ce1tuti 0111 rniJepJKa1tui1 S102 , Al 203 u V 20 5 

e cme1,.riax: 90 °C, 2 M (NaOH + KOH), --- ¢1u.11uu·11n1, - xa6aaw11, 
- .--- .--- 11eo.tUm, KB, - .. ---- tfeo,ium F. 

1'111·. 4. Tpe:rh'o.1inone111rut11.<i iJua2p11.1uta. 3aeucu.wu1·1111, 110.<ie.1e1111.<1 .11111iepa.11,1tur rjia:1 e npo
iJyi;nw:r 2uiJpomep.«u�r1,ux paa.io:>1Ce11u11 0111 t'0(1f'JJ:HCll1ttti1 Si 02 , Al2( )3 11 \'20,

8 cmeH.iax: 90 °C, 2 M K,co,, - -- ¢u.i.11111c1tlll, ----- K cuiJn.,1w11, ---- .. - :1ey-
11um, � 11eo.iwn F. 

P11c . .:i. Tpt'Xh'0.1111011e11.m11a.n iJua2pa,1t.1rn. Ba1111c1t.wocm1, 110.n11.1eH11.R .11 1u1epa.1.1,111,1x tfiaa ,3ucJpo
mep.1tu�c1,ux paa.rio:HCe1tu11 om cooep:HCa1wit Si02 , Al203 u \' 20, 11 cmeH.rn�·: 180 °C, 
2 1'1,/ Na,CO,, - -- u.riucmb1ii .111wepa.1, --- .. Ha11i;p1111U111, .... a11fu4u.w. 

Pu1:. 6. Tpex1,o.«nv1tef tm1tafl iJua2pa,w.1ra. 3a6uCuMoCmh tWR61te1tUJJ .11wtepa.ii1-1b1X rj!a.J e npo
iJynnax cuiJpomepMU'l£Ch'UX paa,io:HCe11uii om coiJep;,ca11ui1 Si02, .-\1,03 11 \',O,: 
18() °C, 2 M K 2C03, --- u.turmuii MU11epa.i, - - --- .. i;aHKJJIIHlllll, ... 111rn.111u.u. 

Puc. 7. Tpe:ci;o.tt1w1teumua.n iJua2paM.wa. Baeucu.1wcmb 110.neJte11u.<i .111t1tepa<tbllb!X ljiaa II npo
iJyr.rrwx 2uiJpomepMu11ec1,ux paa.in.HCnwit om coiJep:11ca11111'til Si02, Al 20, 11 V,06 
e cmex:.riax: 180 °C, 2 ill K2C03, --- u.1.ucmb1it .Mu1tepa11, ----- i;a.icu.ium 
(111pux:a.icu.rium), - .. - ,iey1+w11, - .--- If -- 110.aeeoii urnam. 

Puc. 8. J'uiJpoh'CllCOOa.rium, Va-21, NaOII, 90 °c.

Puc. 9. K-coiJa.rium, Va-11, K2C03 , 90 °C. 

Puc. 10. �eo.rium F, Va-I 1, NaOH + KOH, 90 °C. 

Puc. 11. <!>uJl.,1/lllCUm, Va-13, K,co,, 90 °c. 

Puc. 12. I.(eo.rium Pc, Va-13, Na0II, 90 °C. 

Puc. 1,1. I.(eo.rium A, Va-17, NaOH, 90 °C. 

Puc. 14. �eo.rium A, Va-17, NaOH, 90 °C. 

Puc. 1.:i. Xa6aaum, Va-1, NaOH + KOH, 90 °C. 
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