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The glasses of the composition LiO .n SiO; (where n = 2, 3, 4, §
and 6) with the additions of the amount of SnOz up to 30 %, were melted
in air at 1500—1600 °C. Their crystallization was studied by the gradient
method in ceramic boats and by the quenching method. The liquidus surface
of the portion of the diagram Li,O—SnO,—SiO, tested is characterized
by the fields of primary crystallization of cassiterite, tridymite, lithium
metasilicate and lithium disilicate. A ternary eutectic point was found
at the temperature 965 °C. Qlasses exhibit metastable liquid tmmaiscibility
which decreases with the raising amount of SnO2. Our results and the
comparison with the system NaO—SiO,—SnO, suggests that SnO, belongs
to network formers and it 18 copolymerized with silica tetrahedra in
the silicate network. The subsolidus part of the system showed at 880 C°
the phase of brennockite LisSn;Si1,030 which is formed in high silica runs
extremely slowly.

INTRODUCTION AND EARLIER STUDIES

The high silica portion of the system Li,0—Sn0,—Si0O, was studied to follow
the behaviour of tetravalent tin in a simple alkali silicate system. The smaller
ionic size of lithium (r = 0,06 nm) compared to Na (0,095 nm) and K (0,133 nm)
decreases the volume of alkali ions in the structure of a silicate melt and makes it
possible to follow more distinctly the bonding of tin with silicon.

The system Li,0—SiO, was studied in the thirties by Kracek [1] who found
two binary compounds, Li,SiO; with the melting point at 1201 °C and the lithium
disilicate Li,Si,Os with the melting point at 1033°C. A binary eutectic exists
between SiO, and Li,0.28i0, at 1028°C. A part of the ternary system
Li,0—AIl,0;—SiO, was studied by Krishna and Hummel [2]. No comprehensive
survey of the phase relations is recorded in the system SiO,—SnO; in the literature
[3] and the system Li;O—SnO, does not have binary compounds reported. There is
a single ternary phase in the system with K corresponding to the mineral bren-
nockite LizK8n,Si;,030 described from lithium-bearing pegmatites [4] and among
the products of experiments, in hydrothermal environment as the phase LisSn;Sii2030
(5). The properties of glasses in the system Li,0—S8iO,—SnO, were tested by
Vakhrameev and Evstrop’ev [6]. The role of tin dioxide as nucleation agent in
lithium disilicate glasses was studied by Thakur and Thiagarajan [7] and Thakur [8].
The influence of a small addition of Sn on the crystallization of glasses in the system
Li,0—Al,0;—Si0,—Ti0; was followed by Khodakovskaya et al. [9].-
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Phase Relations in the Silica Rich Area of the System Li;O—Sn0;—Si0,
METHODS OF INVESTIGATION

Glass preparation and methods of study

The mixture of the starting materials were prepared in the compositional
sections Li:O .2 SiO., Li,0 . 38Si0,, Li,0. 4 8i0;, Li,0 . 5 SiO, and Li,0 . 6 SiO,
with added SnO, from the following starting materials: SiO, — ground sand
Dorentrupp 99.83 mass. 9%, SiO., Li,O added in the form of lithium carbonate
(technical purity supplied by firma Kazn&jov) and SnO, (chemically pure from
Lachema in Brno) (Table I). The mixtures of the starting materials were sintered at
the temperature 800—900 °C and then melted in the Pt-Rh crucibles in the total
amount of about 0.5kg at the temperatures between 1500—1600°C in the
Kanthal-Super furnaces. The melts were stirred during melting by a Pt-Rh pro-
peller. Various amount of SiO, changed considerably the viscosity of the melts and
hence the time of melting was changed respecively. The melts of the composition
Li,0O. 1.5 8i0; had a very low viscosity on melting and could have been easily casted.
However, they easily crystallized on cooling and could not have been quenched to
glass. The mixtures of the composition Li;O . 2 SiO, to Li,O . 4 SiO, were quenchable
without crystallization, however the glasses after cooling showed various degree of
unmixing. The mixtures with the composition Li,O .5 S8iO; and Li,O . 6 SiO, were
highly viscous and hence the time of melting was extended from 5 to 10 hours
and the time of stirring was prolonged as well. The position of ternary invariant
points was followed by 2 experiments with 81 mass. %, SiO; and 5 mass. 9%,
SnO; and with 75 mass. 9, SiO, and 5 mass. %, SnO,. The survey of the melting
conditions is given in Table I. The resulting glasses were either completely
recrystalized glasses, or transparent glasses with a different degree of unmixing or
white glasses in which the starting material was not dissolved in the melt even in
extended time (cassiterite).

The areas occupied by individual glasses of this kind are given in the Fig. 1 where
the thick line represents the SnO, solvus in the melts at the temperatures between
1500—1600 °C.

23456
1 ©
2 +
3 x
4
5 &~
<A
T T L .
50 60 70 80 90 SIG
“’—Li20

Fig. 1. The area of transparent glasses in the high silica portion of the system Li;0—Si02—Sn0,

showing strong (A) and weak (B) metastable liguid immiscibility. It is separated from clouded

glasses with undissolved SnOz at 1600 °C which represents the tin dioxide solvus. The area of

clear glasses according to Vakhrameev and Evstrop’ev (6) t8 marked by the field D.

1 — glasses with admizture of SnOz, 2 — clear or opatescent glasses, 3 — unguenchable
glasses, 4 — field boundaries, 5 — boundary of the field D.

silikaty &. 1, 1987 5
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The samples of the glasses were tested by the gradient methods in ceramic
boats in the temperature interval 700—1300 °C. The details of the methods are
described in Kopecky and Voldan [10]. The accuracy for the determination of the
temperatures of crystallization is beleived to be 45 °C which includes the innaccu-
racies for the control of the temperature in runs and the accuracy of reading of
the beginning of crystallization. The time of the runs was 3 hours. Several selected
samples were tested by the quenching method using suspended platinum envelopes
with quenching on a metallic plate. The temperature of these runs was measured by
PtRh thermocouples calibrated against the melting points of gold and sodium
chloride, respectively.

The products of runs were studied by optical and X-ray studies. The optical
observations included the tests of phase transitions in ceramic boats which were
easily detected as the beginning of clouding in glass rods induced by melting or by
relatively sharp boundaries of crystallization at univariant or invariant equilibria.

The optical identification was done on a petrographic microscope or by X-ray
diffraction studies. These X-ray .studies were done in the laboratory of the
Geological Survey and in the laboratory of the State Glass Research Institute in
Hradec Kralové. The data obtained were compared with the data from ASTM
tables. Some selected samples were studied under the electron microscope. The
etching of fragment faces was done by 2 mass. 9%, HF or 5 mass. %, HNO; during
1s and after rinsing by distilled water. One step positive prints were made by
a contemporaneous evaporation of carbon and platinum under the angle 25°.
The photographs were taken on electron microscope Tesla BS 242 E on a photo-
graphic plate ORWO DU 25. The glasses prepared were also tested by the DTA
method on the apparatus Derivatograph type OD 102 (by MOM Budapest). The
runs were carried out at 6 °C/min., grain size of the sample was 0.1—0.063 mm, the
sensitivity 1 : 10, as standard heated Al,O; served.

RESULTS AND DISCUSSION
The phases identified in the studies

The solid phases which were identified during the phase equilibria studies include
cristobalite, tridymite, lithium disilicate, lithium metasilicate, cassiterite and
brennockite.

Lithium metasilicate Li,SiO;

White dense aggregates of prismatic crystals negatively elongated, with paralel

extinction; Np = 1589 and Ng = 1600.

Lithium disilicate Li;Si,Os

Dense, white-grey aggregates, under the microscope in the form of fibrous
crystals. It was identified by X-ray method (according to the ASTM table
17—447).
Tridymite SiO,

Megascopically greyish clouding in the glasses. Optically, it forms low birefrin-
gence basal plates with random orientation in glass.

Cristobalite SiO,

Disperse grey clouding. Identified by X-ray method as an admixture of some
runs with predominance of tridymite at low temperatures.

6 Silikaty & 1, 1987
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Cassiterite SnO,

A rose-white clouding. Under the microscope, short prismatic or acicular, high
birefringence crystals occassionally with well developed twinning on {101}.

Brennockite LisSn;Si;;03 (lithian variety)

Admixture of a high SnO, run at 920 °C identified by X-ray method according
to data by Nekrasov and Dadze (5).

The area of glasses

The melting at 1500—1600 °C in the system (see Fig. 1) differentiated the area of
translucent glasses showing metastable liquid immiscibility with various degree of
opalescence from clouded glasses containing undissolved SnO,. The high temperature
of experiments did not permit SiO, phases (tridymite or cristobalite) to crystallize as
a primary phase in the portion tested.

In the area of glasses with metastable liquid immiscibility there can be differed
the one showing a strong liquid immiscibility (A) and a weaker liquid immiscibility
(B). The weaker liquid immiscibility is in the compositions high in SnO, and
relatively poorer in SiO, as indicated in Fig. 1. Our results are comparable in the
silica poorer area with the results of Vakhrameev and Evstrop’ev [6] obtained at
lower temperatures (1300—1400 °C).

The liquidus surface of the diagram

The phase equlibria on the liquidus surface of the diagram were studied by
the tests in ceramic boats. The survey of the important results of runs used in the
construction of the diagram is given in Table IL.

The portion of the diagram studied is characterized by a steep slope of the
liquidus surface of the fields of SiO, and SnO, primary crystallization of which SiO,
has the melting points at 1713 and SnO, at 2300 °C [3]. These fields of primary
crystallization of tridymite and cassiterite occupy the predominant portion of the
diagram tested. The fields of primary crystallization of lithium metasilicate and
lithium di silicate are restricted to a very small area near the binary Li,0---SiO,
join. The liquidus temperatures drop from those along the Li,0O—-SiO, join towards
the SnO, apex and raise again in the area of about 7 to 10 mass. %, SnO,.
The position of the ternary eutectic in the portion of the diagram (Fig. 2) studied
has been extrapolated from the data between the 2 SiO, . Li;O and 3 SiO, . Li,O
sections of the diagram and an additional run at 81 mass. %, SiO; and 5 mass. %,
SnO,. Its temperature was determined to be equal to 965 °C +5°C at the compo-
sition at 78 mass. %, SiO, and 6 mass. % SnO, (41 mass. %,) (Table III).

The connection of this eutectic with the binary eutectic along the Li,O—SiO,
side at 82.2 mass. 9, SiO, gives a cotectic line between tridymite and lithium
disilicate fields as it has been indicated by a heavy line in Fig. 2.

The course of the cotectic line between the fields of primary crystallization of
tridymite and cassiterite could not have been determined within the interval tested in
ceramic boats. Therefore three runs were carried out at 1400 °C as given in Table IV.
These show that the composition 4 SiO, . Li,O . 10 SnO, produced a liquid whereas
the composition 5 and 6 SiO, . Li,O gave tridymite with some metastable cristobalite
as the primary crystailzation phases. Hence the course of the cotectic line is

Silikaty ¢. 1, 1987 7
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extrapolated to the 4 SiO;. Li,O.10Sn0; composition. The inferred course of
cotectic lines between the field of lithium metasilicate and disilicate is shown by
dashed line.

Table 11
Runs used for interpretation of the fields of primary crystallization
o,
Mass. % Beginning of Phase(s)
(°C) crystallization
Si0, LiO Sn0O,
66.73 16.60 16.67 > 1250 cas.
69.63 17.32 13.05 > 1253 cas.
71.48 11.85 16.67 > 1230 cas.
72.80 18.11 9.09 1085 cas.
74.12 9.22 16.66 > 1220 cas.
74.49 18.53 6.98 995 dis.
74.59 12.37 13.04 > 1225 cas.
75.00 20.00 5.00 1057 met.
75.79 7.54 16.67 > 1290 cas.
76.27 18.97 4.76 994 dis.
77.34 9.62 13.04 > 1220 cas.
717.98 12.93 9.09 1180 cas.
79.09 7.87 13.04 > 1290 cas.
79.79 13.23 6.98 1220 trid. 4+ cas.
80.30 6.66 '13.04 > 1290 trid. + cas.
80.86 10.05 9.09 > 1220 trid. 4+ cas.
81.00 14.00 5.00 > 1131 trid.
81.69 13.55 4.76 > 1230 trid.
82.69 8.22 9.09 > 1280 trid. + cas.
83.95 6.96 9.09 > 1290 trid.
84.70 10.53 4.77 > 1221 trid.
86.62 8.62 4.76 > 1290 trid.
Abbrevations: trid. = tridymite
cas. = cassiterite
crist. = cristobalite
dis. = lithium disilicate
met. = lithium metasilicate
Table 111
Runs used for the determination of the temperature of the eutectic point (E)
Mass. %
Temperature (:f the Phases
Si0, Li;0 Sn0, boundary (°C)
74.49 18.53 6.98 963 dis. + cas.
76.27 18.97 4.76 961 dis. + cas.
78.13 19.43 2.44 970 dis. + cas.
79.79 13.23 6.98 967 ] cas. + trid. + crist.
81.00 14.00 5.00 965 trid. + dis. + cas.
Abbrevations: trid. = tridymite
cas. = cassiterite
crist. = cristobalite
dis. = lithium disilicate

8 Silikaty ¢&. 1, 1987
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Si0,

E=965¢5°C

1
|

40

Fig. 2. Liguidus surface of the high silica portion of the system Li,0—SiO2—SnO; with eutectic

point (E) at 965 +5°C. Heavy lines indicate field boundaries established by experimental

data, the dashed lines are inferred from phase relations. For abbreviations see table 2.
The section LizO . 4 SiO; + n SnO; in fig. 4 i8 marked by 4.

Table IV
Crystallization of glasses at 1400 °C
Composition (mass. %)
Products Notes

SiO; Li,O SnO,
80.86 10.05 9.09 glass strong opalescence
82.69 8.22 9.09 crist. + trid.
83.95 6.96 9.09 crist. + trid.

The subsolidus section of the diagram

The subsolidus diagram was constructed on the basis of data in Table V and
shows the relationships of phases below the presence of liquids in the system as
given in Fig. 3 in the interval ~800—900°C. The diagram in the section
Sn0,—S8i0,—Li,O has a simple form characterized by four three phase triangles
giving the equilibrium of cassiterite-brennockite-tridymite, cassiterite-brennockite-
lithium disilicate, tridymite-brennockite-lithium disilicate and cassiterite-lithium
metasilicate and lithium disilicate. The appearence of brennockite in the high silica
runs has not been recorded and apparently due to sluggish reaction in dry systems in
this temperature interval and the equilibrium diagram is constructed from the data in
its higher SnO, portion.

Brennockite was reported by Nekrasov and Dadze (5) to form in a Li,O—
Si0,—Sn0,—H,0 system at the temperatures 500 and 650 °C and the water
pressure of Pp,0 108 Pa and it was noted in our experiment to exist below
881 °C.

silikaty &. 1, 1987 ’ 9



M. Stemprolc, J. Volddn:

cas. + bren.+ dis

30

Li»0.25n0, .12 Si0.
220 2 2

Lo 0 20 30 40 50 60 70 80 90 sio,
Liy0.8i0, Lp0.2Si0,
Fig. 4. Schematic cross section through the T-xz diagram at 4 SiO; . Li;O + n SnO, with two

snvariant points (@ and B). The section explains the coexistence of tridymite and cassiterite
in melts as found in a number of phase determinations.

Table V

Runs for the determination of subsolidus phase equilibria
1000 > T < 820°C

Mass. % Temperature | Duration
Product Methods
Si0, Li0 SnO, (°C) (hours)
65.98 10.94 23.08 920 20 cas. + dis. + trid. E
68.26 22.65 9.09 820 3 met. + cas. B
68.42 8.51 23.07 850—881 3 cas. + dis. + bren. B
+ crist. + (coesit?)
69.63 17.32 13.05 830—880 3 dis. + cas. B
72.80 18.11 9.09 873—912 3 dis. + cas. B
74.49 18.53 6.98 935—965 3 dis. + cas. B
74.59 12.37 13.04 920 20 dis. + cas. + trid. E
75.00 20.00 5.00 980—990 3 dis. + metas. + cas. B
76.27 18.97 4.76 924—961 3 dis. + cas. B
76.27 18.97 4.76 920 20 dis. + cas. E
77.34 9.62 13.04 900 20 trid. + cas. + dis. E
77.98 12.93 9.09 920 20 dis. + cas. + trid. E
78.13 19.43 2.44 940—960 3 dis. + cas. B
79.79 13.23 6.98 965—970 3 dis. + cas. + crist. B
81.00 14.00 5.00 930—940 3 dis. + cas. + trid. B
81.69 13.55 4.76 920 20 dis. + cas. + trid. E
Abbrevations: dis. = lithium disilicate

cas. = cassiterite

crist. = cristobalite

trid. = tridymite

met. = lithium metasilicate

bren. = brennockite

E = platinum envelope

B = ceramic boat (gradient crystallization)

10 Silikaty &. 1, 1987



Phase Relations in the Silica Rich Area of the System Li;0—Sn0,—Si0;

Sections through the portion of the system investigated

The sections of the diagram along the 3 SiO; . Li,0, 4 SiO; . Li,0, 5 SiO, . Li,O and
6 Si0, . Li;O 4+ = .Sn0O, compositions are characterized by two large fields of
primary tridymite (cristobalite) and cassiterite crystallization which are contacted
at an invariant point § with the field of cassiterite + tridymite +- liquid whose
existence has been confirmed by a number of phase determinations. The exact po-
sition of this point was not determined from the runs but in the 4 SiO,. Li,O +
+ n . Sn0; join it is close to 1400 °C at about 9 9, SnO, (Fig. 4).

1470

= B
400N yrig oL
cas+trid+ L
/"/’
995«
dis+trid+L | t(°C)
cas.(bren,)+ trid. + dis.

870

cas. (bren.)+qtz.+ dis

-— Sn02 szo.ltSiOz

Fig. 3. Subsolidus phase relations of the system Li;0—SiO,—SnO, at 880 °C showing three
phase triangles with the equilibria of cassiterite, tridymate, lithium disilicate and brennockite.
For abbreviations see table 5.

The position of the second invariant point e with the equilibrium of lithium
disilicate, tridymite, cassiterite and liquid was deduced from the literature data
and supported by some results of our runs.

Metastable liquid immiscibility

In the samples prepared from the starting materials the metastable liquid
immiscibility was observed. The immiscibility appears as a bluish-white cloudint of
various intensity. There is a marked decrease in the intensity of clouding with
raising amount of SnO,. The decrease of metastable liquid immiscibility was well
observed on the microphotographs taken under the electron microscope where the
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pictures of glasses containing 16.67 mass. % SnO; in the section with Li,O . 5 SiO,
showed abundant oval admixtures (fig. 5) within the matrix whereas the glass
with 1.57 mass. 9% SnO, in the section with Li,O .2 Si0, was devoid of them
(Fig. 6).

Our data confirm that metastable liquid immiscibility known from the data by
Marinov and Radenkova-Yaneva (11) exists also into the ternary system
Li0,—Si0,—SnO0; in which the presence of SnO, tends to decrease the intensity of
immiscibility but it does not eliminate it completely.

DTA measurements

The DTA measurements determined the nucleation in the glasses of the sections
studied (12, 13). The end members of the sections (Li;O .2 SiO,, Li,O . 3 8SiO;,
Li;0 . 4 8i0,, Li,0 . 5 Si0O,, Li,0 . 6 Si0;) in the system Li,0—SiO, (without SnQ;)
gave exothermic peaks at the temperatures from 600 to 610°C in the sections
studied. The addition of 5 mass. 9%, of SnO, gave exothermic peaks at the tempera-
tures 610, 640, 670, 700 and 750 °C respectively which indicates a general tem-
perature increase for the beginning of crystallization as compared with pure
systems. The addition of 10 mass. % SnO, caused the appearence of exothermic
peaks of the crystallization at 690 °C in all series of glasses tested.

The influence of raising amount of SnO, on the DTA curves of the glasses in
the series Li,O . 2 8iO, + # SnO; is shown in Fig. 7.

The curve of the sample without SnO, shows one sharp peak at 600°C
indicating the crystallization of Li,Si;Os. By the addition of 5 mass. 9, SnO:
and more to the glass of this composition, the start of the crystallization of
Li,8i,0 is gradually shifted towards higher temperatures. This is related to the
raised viscosity caused by the addition of tin dioxide.

At the same time another peak at about 900 °C appears which corresponds to
the crystallization of SnO,. This peak gradually grows with the raising amount
of SIl02 .

At about 20 mass. %, of SnO, added to the glass this peak exceeds that of the
lithium disilicate and is becoming sharper. This testifies to a more rapid crystal-
lization of SnO, compared to that of LiSi;Os. The runs in the section
Li;0.38i0; + »Sn0, are analogous exept that with the raising amount of
SnO; the peaks of SnO, and Li;Si,Os crystallization start to coincide and at 25
mass. %, SnO, there exists a single peak (Fig. 8).

In most of the runs there is an endothermic reaction apparently corresponding to
the temperature of melting of lithium disilicate which melts at 1033 °C according
to Kracek [1].

Thakur and Thiagarajan [7] studied the nuleaction behaviour of glasses of
the composition Li,O . 28i0, with the admixture of SnO, by DTA and found
that SnO, in the amount of about 18 mass. %, does not produce heterogenous
nucleation and it makes the glasses more stable. The addition of about 24 %, SnO,
by mass gave opaque glasses already on casting at 1440 °C caused by the crystalliza-
tion of SnO, during melting. Our data confirm the increases stability of glasses
with the raising amount of SnO, as compared with pure systems (without SnO.)
in all the sections studied.
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Structural position of SnO,

The equilibria studies have shown that cassiterite SnO, is the typical liquidus
phase crystallizing from Li,0—SiO,—Sn0, system over about 7.5 mass. 9%, SnO, in
melts having approximately lithium disilicate composition. Tetravalent tin with 4 d1o
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configuration is more stable then divalent tin in glasses and thus it is present in
glasses in high proportion [14]. Tin dioxide belongs to the networkforming oxides
and similarly asit was shown in the sodium-silicate system [15] it can be accom-
modated into thesilica network in alimited amount. Its amount dissolved in sodium
silicate liquid ranges from 18 to 20 mass. 9j, by mass at 1500—1600 °C and it is very
similar to that observed in the Li,0—SiO.,—SnO, system tested in the present study.

Approximately a very similar solubility limit of SnO, in the system
Na,0—Si0,—Sn0, (15) compared to that of Li,0—SiO,—SnO, suggests that the
solubility of tin dioxide in the melts is not dependent on the nature of alkali
oxide but it is primarily determined by the competence of tin to be copolymerized
with silica tetrahedra.

Tin (Sn**) can be coordinated also with silica and lithium oxide to form a ter-
nary compound (brennockite) at lower temperatures but this reaction is very
sluggish in dry system and in most runs in high SiO, portion of the diagram SnO,
appears as a metastable phase. The formation of brennockite is accelerated by the
presence of water as shown by Nekrasov and Dadze [5]. The coordination of tetrava-
lent tin in silicate glasses differs from that of divalent tin. SnO can be dissolved in
SiO, glasses in the amount up to 75.9 mass. 9, [16].

CONCLUSIONS

The solubility of SnO, in high silica lithium silicate glasses at 1600°C is up
to about 18 mass. 9,. The glasses of such compositions show a metastable liquid
immiscibility which is decreased with the raising amount of SnO,. The portion of
the system studied is occupied by the fields of primary crystallization of cassiterite,
lithium disilicate, lithium metasilicate, and of tridymite. The cotectic lines of
these fields form a ternary eutectic point at 965 °C.

Our data show the ranges of SnO, solubility are similar to the system
Na,0—Si0,—Sn0O, which suggest that its extent is not dependent on the
nature of the alkali ion. Hence, tin (Sn4*) is probably copolymerized with silicon
tetrahedra in alkali glasses and it belongs in silicate melts to network forming
oxides.
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FAZOVE VZTAHY V CASTI SOUSTAVY Li,0—Sn0,—Si0, BOHATE SiO,

Miroslav Stemprok, Jan Vold4n¥*)

Ustfedni dstav geologicky, 118 21 Praha
*) Stdtni vyzkumny dstav skldarsky, 501 92 Hradec Kradlové

Byla utavena skla o slozeni Li,O . n SiO; (kde n =2, 3, 4, 5 a 6) s pridavkem SnO,
az do mnozstvi 30 ¢, (hmot.) pfi teplotd 1500—1600 °C. Byla uréena oblast existence skel
obsahujicich rozpustédny SnO., kterd jsou charakterizovédna metastabilni likvaci, jejiz podil
se zmensSuje s priddénim SnO,. Krystalizace takto pripravenych skel byla sledovéana gradien-
tovou metodou a v zavésenych platinovych obalkach. Byla uréena pole primérni krystalizace
kasiteritu, tridymitu, lithného disilikdtu, kterd vytvareji eutekticky bod s teplotou 965 °C.
V oblasti subsolidu byla potvrzena existence faze LisSn,Si;;Os0, kterd odpovidé lithné
variet& mineralu brennockitu. Tato fdze vzniké pfi experimentech jenom velmi pomalu a v&t-
Sina pokusii v &asti bohaté SiO; poskytuje nerovnovéiny SnO,. Nase vysledky a srovnéni
s dfive studovanou soustavou Na,0—SiO,—SnO; ukazuji na to, Ze kysli¢nik cini¢ity v jedno-
duchych alkalickych silikdtovych sklech patii sitotvori¢im a je véazdn pravddpodobnd na
tetraedry SiO,.

Obr. 1. Oblast prahlednych skel v édstr soustavy Li,0—SiO,—SnO, bohaté oxidem kfemiku se
silnou (A) a slabou (B) metastabilni Ukvaci. Oblast je oddélena hranici od zakale-
nych skel s SnO; nerozpusténym pfi 1600 °C, kterd pfedstavuje solvus oxidu cinu.
Oblast &irych skel podle Vachramejeva a Jevstropéva (6) je oznalena pismenem D.
1 — skla s prfimési SnO,, 2 — &ird nebo opalizujici skla, 3 — nezchladitelnd skla,
4 — hranice poli, 5 — hranice pole D.

Obr. 2. Poloha lLikvidu édsti soustavy Li,O —Si0,—SnO, bohaté SiO, s eutektickym bodem (E)
pFi teploté 965 °C 45 °C. Silné édry oznaluji hranice poli uréenych podle experiments,
ébrkované jsou odvozeny z fdzovych vztahi. Zkratky jsou v tab. II. Rez LiO . 4 SiO; + n
SnO; je v obr. 4 oznaéen é&islici 4.

Obr. 3. Fdzové vztahy v oblasti subsolidu soustavy Li,0—SiO,—SnO. pFi teploté 880 °C
ukazujici tfifdzové trojuhelniky s rovnovdhami kasiteritu, tridymitu, lithného
disilikdtu a brennockitu. Zkratky v tab. V.

Obr. 4. Schematicky fez diagramem T'-z o slofeni 4 SiO; . Li2O + n SnO; se dvéma invariantnimi
body (« a P). Rez vysvétluje koexistenci tridymitu a kasiteritu v tavenindch, jak bylo
zjisténo v fadé fdzovych stanoveni.

Obr. 5. Obraz z elektronového mikroskopu skla o slofeni 75,79 % hmot. SiO; a 16,67 %, hmot.
SnO; ukazujici hojné projevy metastabilni likvace.

Obr. 6. Obraz z elektronového mikroskopu skla o slofeni 62,81 %, hmot. SiO, a 21,57 %, hmot.
Sn0, bez projevu likvace.

Obr. 7. Kf¥wky DTA vzorke v fezu Li O . 2 SiO,; + n SnO;.

Obr. 8. Ki#wky DT A vzorkd v fezu LiO . 3 SiO; + n SnO;.
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®A30BLIE POBHOBECHA B YACTU CUCTEMBI
Li,0—Sn0,—Si0,, BOTATO SiO,

Mupocnas Ilremnpox, fIn Bomlan

Ilenmpanavnbiii 2eonozuneckuti uncrnumym, 11821 Ilpaza 1

I'ocydapemeennpili Hayuro-uccaedosameabckuti uncmumym cmexaa,
501 92 I'padey Kpanose

Bruna npurorosiieRa cteriya coctaBom LiO;.n SiO: (rae n = 2, 3, 4, 5 1 6) ¢ noGaBkoi
SnO; go koamgectBa 30 % mo Becy npu Temnepatype 1600—1500 °C. Bruia ycraBOBJIeHA
067acTs cymecTBOBaHHS CTEKOJ, cOfiep;KaluX pacTBopeBHHN SnO:, XapaKTepusyemast
MeTacTabmiIbHOM JIMKBalleH, 0J1s KOTOpPO# yMeHbINaeTcsl ¢ HapacTalolleit Kob6aBkoi SnO:.
Kpucrasmusanus mojriyyeHHEBX TaKUM 00pa3oM ¢TEKOJI HCCJICMOBAJNAC ¢ IIOMONIBIO I'DaIMCHT-
HOIO METOAAa H MeTOoJa OXJaKAeHUA. YCTaHOBJIEHBI 110JIA NePBMYHOM KPHCTAINIM3AMUH KacH-
TepuTa, Tgmmmrra, JIITHEBOI'O JUCMIIMKATa, 00pasyomuX IBTEKTHUECKYIO TOUKY C TeMIepa-
Typoit 965 °C. B obmactu c¢y6Gcoanayca Guiito Jloka3aRo cyllecTBoBaHue (a3l LicSneSiz0so,
oTBevalollell JIUTHEBOM pa3HOBMIHOCTH MuHepaia OpeHHOkHTa. PaccMaTpueBaemas ¢asa
obpa3yeTcs npu 3KcIIepEMeHTaX BecbMa MEj(JIeEHO M B 00JIBLITHHCTBE 9KCIIEPHMEHTOB B 9acTI,
Goratoit SiO, mosiygaercss HepaBHOBecHHli SnO,. Haile pe3ys;ILTaThl B ¢ONOCTaBiIeHHH C J(O
cHX mop ucciegoBaHHOH cucTemoit Na;U—SiO,—Sn(): mokaswBaioT, 4To oKuch oJioBa (IV)
B IPOCTHIX INEJIOYHBIX CHIIMKATHBIX (TEKJIaX OTHOCMTCA K pemeTKoo0pasoBaTelIAM M Bepo-
ATHO CBA3LIBaeTcA ¢ TeTpasnpamu SiOs.

Puc. 1. O6aacmb npospaunvix cmekoa 6 wacmu cucmemvt Li0—Si02—S8n0z, 6ozamoit orucsio
kpemnur co cuavkoii (A) u caaboir (B) memacmabuabnoli aureayueti. Obaacmo
paadeaera npedeaom om eaywenvix cmexoa ¢ SnO2 Hepacmeopennvim npu 1600 °C
npedcmasasowull coboti coavsyc oxucu oaosa. Obaacmbv npospauHblr cmexoa no
Baxpameesy u Ecmponvesy (6) o6oanauera D: 1 — cmekaa c npumecvio SnO2z, 2 — npo-
3paukble uau onaausupylouiue cmekaa, 3 — Heoxaaxclaembie cmexaa, 4 — 2panuyu
noaeit, 5§ — eparnuya noas D.

Puc. 2. Mosepzrocmev aukeudyca wacmu cucmemdt 1.i,0—S8i02—Sn032, 6o02amoii SiOz2 ¢ s6-
mexmuueckoti moukoi (E) npu memnepamype 965 + — 5 °C. Toacmule aunuu 06o-
anauaiom npedeabl noaei, YCMAHOBAEHHBIT HA OCHOBE IKCNEPUMEIHIMOE, ULMPUTOLHLE
aunuu us gazosvix pasrosecuti. Coxpawgerun cm. maba. 2. Cewenue LizO . & SiO2 +
+ » SnO; naxodumca ra puc. 4 u oboanauero uepes 4.

Puc. 3. Dazosvie pasnosecur ¢ obaacmu cybeoaudyca cucmemvt Liz0—SiO2—SnO; npu mem-
nepamype 880 °C, nokaswieaiowgue mpergazrbie mpeyzoibHUKU C DAGHOGECUEM KACU-
mepuma, mpudumuma, ducusurama aumus u 6penroxuma. Coxpawerus cm. maba. 5.

Puc. 4. Cxemamuuecroe cevernue duazpammoti T-x cocmagom 4 SiO; . LizO + n SnO2 ¢ deyma
uneapuanmuvimu moukamu (« u' f). Ceuenue ob6vacnsem cocyusecmosanue mpudu-
Muma u kacumepuma ¢ pacnaagar, Kak Mo 6blao YcmaHoeAeHO HA 0CHOBE IKCNEPU-
MEHMO6.

Puc. 5. Saermponmukpockonuneckue cHumku cmeraa cocmagom 76,79 % SiO2, u 16,67 %,
SnO: (no secy) nokasviearwwue memacmaburdbhy1o AuUKEAYUUIO.

Puc. 6. Saexmponmurpockonuveckue crumku cmexaa cocmasom 62,81 % SiOz, u 21,57 %
SnO; (ro eecy) 6ea asnoit aukeayuu.

Puc. 7. Kpusvie JTA o6pasyos ¢ cevenuu LizO . 2 SiO2 + n SnOa.

Puc. 8. Kpuewe JTA ob6pasyoe ¢ cewernuu Li0 . 3 SiO; + n SnO,.

NOVY SPOSOB ZISKAVANIA VZACNYCH MINERALNYCH LATOK

Z MORSKEJ VODY navrhli sovietski vyskumnici. Metéda vyuziva obrovské siete filtraé-

nych zariadeni so §pecidlnymi sorbentami ponorené v miestach silnych morskych pradov,

ktoré zabezpetujui samoc¢inne dynamické aspekty filtrdcie. Vypodty ukézali, Ze ekonomika

tohoto postupu (napr. pri ziskavani urdnu) je zrovnatelnd s ekonomikou banskej tazby (Sput-
nik 12, 1985, 107).

1. Horvdth
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