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The glasses of the composition Li20 . n Si02 (where n = 2, 3, 4, 5 
and 6) with the additions of the amount of Sn02 up to 30 % were melted 
in air at 1500-1600 °0. 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 Lh0-Sn02-Si02 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 °0. Glasses exhibit metastable liquid immiscibility
which decreases with the raising amount of Sn02 • Our results and the
comparison with the system Na20-Si02-Sn02 suggests that Sn02 belongs
to network formers and it is copolymerized with silica tetrahedra in
the silicate network. The subsolidus part of the system showed at 880 0° 

the phase of brennockite Li4Sn2Si12030 which is formed in high silica runs 
extremely slowly.

INTRODUCTION AND EARLIER STUDIES 

The high silica portion of the system Lh O-SnO2-SiO2 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 Li2O-SiO2 was studied in the thirties by Kracek [l] who found 
two binary compounds, LhSiO3 with the melting point at 1201 °C and the lithium 
disilicate LhSi2O5 with the melting point at 1033 °C. A binary eutectic exists 
between SiO2 and Li2O . 2 SiO2 at 1028 °C. A part of the ternary system 
Li2O-AhO3 -SiO2 was studied by Krishna and Hummel [2]. No comprehensive 
survey of the phase relations is recorded in the system SiO2 -SnO2 in the literature 
[3] and the system Li2O-SnO2 does not have binary compounds reported. There is
a single ternary phase in the system with K corresponding to the mineral bren
nockite Li3KSn2Si12O30 described from lithium-bearing pegmatites [4] and among
the products of experiments, in hydrothermal environment as the phase Li4Sn2Si12O30 

(5). The properties of glasses in the system Li2O-SiO2 -SnO2 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
Li2O-AhO3 -SiO2 -TiO2 was followed by Khodakovskaya et al. [9].·
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Phase Rdations in the Silica Rich Area of the System Li20-Sn02-Si02 

METHODS OF INVESTIGATION 

Glass  preparat ion  and methods  of  s tudy 

The mixture of the starting materials were prepared in the compositional 
sections Li"O. 2 Si02 , LizO. 3 Si02 , Li20. 4 Si02 , LizO. 5 Si02 and Li20 . 6 SiO.z 

with added Sn02 from the following starting materials: Si02 - ground sand 
Dorentrupp 99.83 mass. % Si02 , Li20 added in the form of lithium carbonate 
(technical purity supplied by :firma Kaznejov) and Sn02 (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 0.5 kg 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 Si02 changed considerably the viscosity of the melts and 
hence the time of melting was changed respecively. The melts of the composition 
LhO. 1.5 Si02 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 Li20 . 2 Si02 to LizO . 4 Si02 were quenchable 
without crystallization, however the glasses after cooling showed various degree of 
unmixing. The mixtures with the composition Li20 . 5 Si02 and Li20 . 6 Si02 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. %- Si02 and 5 mass. % 
Sn02 and with 75 mass. % Si02 and 5 mass. % Sn02 • The survey of the melting 
conditions is given in Table I. The resulting glasses were either completely 
recryatalized 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 Sn02 solvus in the melts at the temperatures between 
1500-1600 °C. 

0 

2 + 

3 X 

4 ....-

5 .... -

Fig. 1. The area of transparent glasses in the high silica portion of the system Li20-Si02-Sn02 
ahou:ing strong (A) and weak (B) metastable liquid immiscibility. It is separated from clouded 
glasses with undissolved Sn02 at 1600 °0 which represents the tin dioxide solvus. The area of 
clear glasses according to Vakhrameev and Evstrop'ev (6) is marked by the field D. 
1 - glasses with admixture of Sn02 , 2 - clear or opalescent glasses, 3 - unquenchable 

glasses, 4 - field boundaries, 5 - boundary of the field D.
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The samples of the glasses were tested by the gradient methods in ceramic 
boats in the temperature interval 700--1300 °0. 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 ±5 °0 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 Kralove. 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. % HF or 5 mass. % HNO3 during 
1 s 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 °O/min., grain size of the sample was 0.1-0.063 mm, the 
sensitivity 1 : 10, as standard heated AhO3 served. 

RESULTS AND DISCUSSION 

The phases  identif ied 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 Li2SiO3 

White dense aggregates of prismatic crystals negatively elongated, with paralel 
extinction; Np= 1589 and Ng= 1600. 

Lithium disilicate Li2Si2Os 

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 SiO2 

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

Cristobalite SiO2 

Disperse grey clouding. Identified by X-ray method as an admixture of some 
runs with predominance of tridymite at low temperatures. 
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Phase Relations in the Silica Rich Area of the System Li20-Sn02-Si02 

Cassiterite Sn02 

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

Brennockite Li4Sn2Si12030 (lithian variety) 

Admixture of a high Sn02 run at 920 °C identified by X-ray method according 
to data by Nekrasov and Dadze (5). 

The  a rea  o f  g las ses  

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 Sn02 . The high temperature 
of experiments did not permit Si02 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 Sn02 and 
relatively poorer in Si02 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). 

T he l iquidus surface o f  the  diag r a m  

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 II.

The portion of the diagram studied is characterized by a steep slope of the
liquidus surface of the fields of Si02 and Sn02 primary crystallization of which Si02 

has the melting points at 1713 and Sn02 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 Li20--Si02 

join. The liquidus temperatures drop from those along the Li20--Si02 join towards
the Sn02 apex and raise again in the area of about 7 to 10 mass. % Sn02 .
The position of the ternary eutectic in the portion of the diagram (Fig. 2) studied
has been extrapolated from the data between the 2 Si02 . Li20 and 3 Si02 • LhO
sections of the diagram and an additional run at 81 mass. % Si02 and 5 mass. %
Sn02• Its temperature was determined to be equal to 965 °C ±5 °Cat the compo
sition at 78 mass. % Si02 and 6 mass. % Sn02 (±1 mass. %) (Table III).

The connection of this eutectic with the binary eutectic along the Lh0-Si02 

side at 82.2 mass. % Si02 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 Si02 • Li20 . 10 Sn02 produced a liquid whereas
the composition 5 and 6 Si02 • Li20 gave tridymite with some metastable cristobalite
as the primary crystailzation phases. Hence the course of the cotectic line is
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extrapolated to the 4 Si02 • Li20. 10 Sn02 composition. The inferred course of
cotectic lines between the field of lithium metasilicate and disilicate is shown by
dashed line.

Table II 

Runs used for interpretation of the fields of primary crystallization 

Mass.% 

Si02 I Li20 I Sn02 

66.73 16.60 16.67 

69.63 17.32 13.05 

71.48 11.85 16.67 

72.80 IS.II 9.09 

74.12 9.22 16.66 

74.49 18.53 6.98 

74.59 12.37 13.04 

75.00 20.00 5.00 

75.79 7.54 16.67 

76.27 18.97 4.76 

77.34 9.62 13.04 

77.98 12.93 9.09 

79.09 7.87 13.04 

79.79 13.23 6.98 

80.30 6.66 ·13.04 

80.86 10.05 

81.00 14.00 

81.69 13.55 

82.69 8.22 

83.95 6.96 

84.70 10.53 

86.62 8.62 

Abbrevations: trid. = tridymite 
cas. = cassiterite 
crist. = cristobalite 

9.09 

5.00 

4.76 

9.09 

9.09 

4.77 

4.76 

dis. = lithium disilicate 
met. = lithium mete.silicate 

Beginning of 
(°C) crystallization 

> 1250 

> 1253 

> 1230 

1085 

> 1220 

995 

> 1225 

1057 

> 1290 

994 

> 1220 

USO 

> 1290 

1220 

> 1290 

> 1220 

> ll31 

> 1230 

> 1280 

> 1290 

> 1221 

> 1290 

Table Ill 

Phase(s) 

cas. 
cas. 
cas. 
cas. 
cas. 
dis. 
cas. 
met. 
cas. 

dis. 
cas. 
cas. 
cas. 
trid. + cas. 
trid. + cas. 
trid. + cas. 
trid. 
trid. 
trid. + cas. 
trid. 
trid. 
trid. 

Runs used for the determination of the temperature of the eutectic point (E) 

Mass.% 

Si02 I 
74.49 

76.27 

78.13 

79.79 

81.00 

Abbrevations: trid. 

8 

cas. 

crist. 
dis. 

Li20 I 
18.53 

18.97 

19.43 

13.23 

14.00 

= tridymite 
= cassiterite 
= cristobalite 

Sn02 

6.98 

4.76 

2.44 

6.98 

5.00 

= lithium disilicate 

Temperature of the 

I Phases boundary (°C) 

963 dis. + cas.

961 dis. + cas. 

970 dis. + cas. 
967 cas. + trid. + crist. 
965 trid. + dis. + cas. 
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/ 
/ 

/ 

/
/ 

/
/ 

/ 

40 ____ /_· ---------------> 60 

Fig. 2. Liquidus surface of the high silica portion of the system Li2O-SiO2-SnO2 with eutectic 
point (E) at 965 ±5 °0. Heavy lines indicate field boundaries established by experimental 
data, the dashed lines are inferred from phase relations. For abbreviations see table 2. 

SiO2 

80.86 

82.69 

83.95 

The section Li2O . 4 SiO2 + n SnO2 in fig. 4 is marked by 4. 

Ta.ble IV 
Crystallization of glaases at 1400 °C 

Composition (mass. %) 

I I 
Products 

Li2O SnO2 

Notes 

10.05 9.09 glass strong opalescence 
8.22 9.09 crist. + trid. 
6.96 9.09 crist. + trid. 

The  subso lidus sect ion o f  the  diagram 

I 

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 
SnO2-SiO2-LbO 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 SnO2 portion. 

Brennockite was reported by Nekrasov and Dadze (5) to form in a Li20-
SiO2-SnO2-H2O system at the temperatures 500 and 650 °0 and the water

pressure of PH2o 108 Pa and it was noted in our experiment to exist below 
881 °0. 
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L�O 10 20 30 40 50 60 70 80 90 s;o2 
Li20.Si02 L1;p2Si02 

Fig. 4. Schematic cross section through the T-x diagram at 4 SiO2 . Li2O + n SnO2 with two 
invariant points (a: and /J). The section explains the coexistence of tridymite and casaiterite

in melts as found in a number of phase determinations. 

Table V 
Runs for the determination of BUbsolidus phase equilibria. 

1 000 > T < 820 °C 

Mass.% Temperature I Duration I

I I 
I

SiO2 Li2O Sn02 (°C) I (hours) I

65.98 10.94 23.08 920 20 
68.26 22.65 9.09 820 3 
68.42 8.51 23.07 850--881 3 

69.63 17.32 13.05 830-880 3 
72.80 18.ll 9.09 873-912 3 
74.49 18.53 6.98 935-965 3 
74.59 12.37 13.04 920 20 
75.00 20.00 5.00 980-990 3 
76.27 18.97 4.76 924-961 3 

76.27 18.97 4.76 920 20 
77.34 9.62 13.04 900 20 
77.98 12.93 9.09 920 20 
78.13 19.43 2.44 940--960 3 
79.79 13.23 6.98 965-970 3 
81.00 14.00 5.00 930-940 3 
81.69 13.55 4.76 920 20 

Abbrevations: dis. = lithium disilicate 
cas. = cassiterite 
crist. = cristo be.Ii te 
trid. = tridymite 
met. = lithium meta.silicate 
bren. = brennockite 
E = platinum envelope 
B = ceramic boat (gradient crystallization) 

Product 

cas. + dis. + trid. 
met. + cas. 
cas. + dis. + bren. 
+ crist. + (coesit?) 
dis. + cas.
dis. + ce.s.
dis. + ca.s. 
dis. + cas. + trid.
dis. + mete.a. + ce.s.
dis. + ce.s.
dis. + ce.s. 
trid. + cas. + dis.
dis. + ce.s. + trid. 
dis. + ce.s. 
dis. + cas. + crist. 
dis. + ce.s. + trid. 
dis. + cas. + trid. 

Methods 

E 

B 
B 

B 

B 

B 

E 

B 

B 

E 

E 

E 

B 

B 

B 

E 
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Phase Relalions in the Silica Rich Area of the System Li20-Sn02-Si02 

Sect ions  through  t h e  por t io n  of  t h e  system invest igated 

The sections of the diagram along the 3 Si02 • LhO, 4 Si02 • Li20, 5 Si02 • LizO and 
6 Si02 • LhO + n . Sn02 compositions are characterized by two large fields of
primary tridymite (cristobalite) and cassiterite crystallization which are contacted
at an invariant point {3 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 Si02 • LiiO +
+ n . Sn02 join it is close to 1400 °C at about 9 % Sn02 (Fig. 4).

cas. + L 

cas+trid. + L 

l 
dis.+ trid. + L t(°C) 

cas.(bren.)+ trid. + dis. 
870 

cas. (bren.)-:-qtz. + dis. 

-SnCJ.? 

Fig. 3. Subsolidus phase relationa of the system Li20-Si02-Sn02 at 880 °0 ahowing three 
phase trianglea with the equilibria of caasiterite, tridymite, lithium disilicate and brennockite. 

For abbreviations see table 5. 

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

Metastab le  l iquid  immisc ibi l i ty  

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 Sn02 • 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. % SnO2 in the section with Li2O . 5 SiO2 

showed abundant oval admixtures (fig. 5) within the matrix whereas the glass 
with 1.57 mass. % SnO2 in the section with Li2O . 2 SiO2 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 
LiOr-SiO2-SnO2 in which the presence of SnO2 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 (Li2O . 2 SiO2 , Li2O . 3 SiO2 , 

Li2O .  4 SiO2 , Li2O .  5 SiO2 , Li2O .  6 SiO2) in the system Li2O-SiO2 (without SnO2 ) 
gave exothermic peaks at the temperatures from 600 to 610 °C in the sections 
studied. The addition of 5 mass. % of SnO2 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. % SnO2 caused the appearence of exothermic 
peaks of the crystallization at 690 °C in all series of glasses tested. 

The influence of raising amount of SnO2 on the DTA curves of the glasses in 
the series Li20. 2 SiO2 + n SnO2 is shown in Fig. 7. 

The curve of the sample without SnO2 shows one sharp peak at 600 °C 
indicating the crystallization of Li2Si2O5 • By the addition of 5 mass. % SnO2 

and more to the glass of this composition, the start of the crystallization of  
Li2Si20 i s  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 SnO2 • This peak gradually grows with the raising amount
of SnO2 . 

At about 20 mass. % of SnO2 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 SnO2 compared to that of Li2Si2O5• The runs in the section 
Li20 . 3 SiO2 + n SnO2 are analogous exept that with the raising amount of 
SnO2 the peaks of SnO2 and LizSi2O5 crystallization start to coincide and at 25 
mass. % SnO2 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 [l]. 

Thakur and Thiagarajan [7] studied the nuleaction behaviour of glasses of 
the composition Li2O . 2 SiO2 with the admixture of SnO2 by DTA and found 
that SnO2 in the amount of about 18 mass. % does not produce heterogenous 
nucleation and it makes the glasses more stable. The addition of about 24 °/

9 
SnO2 

by mass gave opaque glasses already on casting at 1440 °C caused by the crystalliza
tion of SnO2 during melting. Our data confirm the increases stability of glasses 
with the raising amount of SnO2 as compared with pure systems (without SnO2) 
in all the sections studied. 
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Fig. 7. DT A curves of the samples in the 
8ection Li20 . 2 Si02 + n Sn02 • 

3Slq,.L,j0 

3 510,,. L,jO + 15 Snq, 

3 s;q,.L,j0+30Snq, 

400 600 

Fig. 8. DTA curvea of the sample8 in the 
8ection Li20 . 3 Si02 + n Sn02• 

S tructura l  pos i t ion  of Sn0 2 

The equilibria studies have shown that cassiterite Sn02 is the typical liquidus 
phase crystallizing from Liz0-Si02-Sn02 system over ab out 7.5 mass. % Sn02 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 as it was shown in the sodium-silicate system [15] it can be accom
modated into the silica network in a limited amount. Its amount dissolved in sodium 
silicate liquid ranges from 18 to 20 mass. % by mass at 1500-1600 °0 and it is very 
similar to that observed in the Lii0-Si02-Sn02 system tested in the present study. 

Approximately a very similar solubility limit of Sn02 in the system 
Na20-Si02-Sn02 (15) compared to that of Li20-Si02-Sn02 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 (Sn4+) 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 Si02 portion of the diagram Sn02 

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 
Si02 glasses in the amount up to 75.9 mass. % [16]. 

CONCLUSION S 

The solubility of Sn02 in high silica lithium silicate glasses at 1600 °0 is up 
to about 18 mass. % . The glasses of such compositions show a metastable liquid 
immiscibility which is decreased with the raising amount of Sn02• 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 °0. 

Our data show the ranges of Sn02 solubility are similar to the system 
Na20-Si02-Sn02 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 Li2O-SnO2-SiO2 BORATE SiO2 

Miroslav Stemprok, Jan Voldan*) 

Ostfedni ustav geologicky, 118 21 Praha 
*) Statni vyzkumny ustav sklafsky, 501 92 Hradec Kralove 

Byla utavena skla o slozeni Li2O . n SiO2 (kde n = 2, 3, 4, 5 a 6) s pridavkem SnO2 

az do mnozstvi 30 �� (hmot.) p:i'i teplote 1500-1600 °C. Byla urcena oblast existence skel 
obsahujicich rozpusteny SnO2 , ktera jsou charakterizovana metastabilni likvaci, jejiz podil 
se zmensuje s p:i'idanim SnO2• Krystalizace takto p:i'ipravenych skel byla sledovana gradien
tovou metodou a v zavesenych platinovych obalkach. Byla urcena pole primarni krystalizace 
kasiteritu, tridymitu, Iithneho disilikatu, ktera vytvafeji eutekticky bod s teplotou 965 °C. 
V oblasti subsolidu byla potvrzena existence faze Li4Sn2Si12O30 , ktera odpovida lithne 
variete mineralu brennockitu. Tato faze vznika p:i'i experimentech jenom velmi pomalu a vet
sine. pokusu v casti bohate SiO2 poskytuje nerovnovazny SnO2 • Nase vysledky a srovnani 
s drive studove.nou soustavou Na.2O-SiO2-SnO2 ukazuji na to, ze kyslicnik cinicity v jedno
duchych alkalickych silikatovych sklech patri sitotvoricum a je vazan pravdepodobne na 
tetre.edry SiO4 • 

Obr. 1. Oblast pruhlednych skel v casti soustavy Li2O-SiO2-SnO2 bohate oxidem kfemiku se 
silnou (A) a slabou (B) metastabilni likvaci. Oblast je oddelena hranici od zakale
nych skel s SnO2 nerozpustenym pfi 1600 °C, ktera pfedstavuje solvus oxidu cinu. 
Oblast cirych skPl podle Vachramejeva a Jevstropeva (6) je oznai!ena pismenem D. 
1 - skla s pfimesi SnO2 , 2 - i!ira nebo opalizujici skla, 3 - nezchladitelna skla, 
4 - hranice poli, 5 - hranice pole D. 

Obr. 2. Poloha likvidu casti soustavy Li2O �SiO2-SnO2 bohate SiO2 s eutektickym bodem (E) 
pfi teplote 965 °C ± 5 °C. Silne cary oznai!uji hranice poli uri!enych podle experimentu, 
i!arkovanejsou odvozeny z Jazovych vztahu. Zkratky jsou v tab. II. Rez Li2O. 4 SiO2 + n 
SnO2 je v obr. 4 oznacen cislici 4. 

Obr. 3. Fazove vztahy v oblasti subsolidu soustavy Li2O-SiO2-SnO2 pfi teplote 880 °C 
ukazujici tfijazove trojuhelniky s rovnovahami kasiteritu, tridymitu, lithneho 
diailikatu a brennockitu. Zkratky v tab. V. 

Obr. 4. Schematicky fez diagramem T-x o slozeni 4 SiO2 • Li2O + n SnO2 se dvema invariantnimi 
body (ex a {J). Rez vysvetluje koexistenci tridymitu a kasiteritu v taveninach, jak bylo 
zjisteno V fade jazovych stanoveni. 

Obr. 5. Obraz z elektronoveho mikroskopu skla o slozeni 75,79 % hmot. SiO2 a 16,67 % hmot. 
SnO2 ukazujici hojne projevy metastabilni likvace. 

Obr. 6. Obraz z elektronoveho mikroskopu skla o slozeni 62,81 % hmot. SiO2 a 21,57 % hmot. 
SnO2 bez projevu likvace. 

Obr. 7. Kfivky DTA vzorku v fezu Li2O .  2 SiO2 + n SnO2 • 

Obr. 8. Kfivky DTA vzorku v fezu Li2O .  3 SiO2 + n SnO2 • 
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M. Stemprok, J. Voldan:

<DA30BbIE POBHOBECI1H B l!ACTI1 Cl1CTEMbI 
Li,O-SnO2-SiO2, BOrATOfl SiO2 

I.(eHmpa.abHb!U 2eo.11,02u1tec1,uu UHcmumym, 118 21 Ilprzaa 1 
I'ocyoapcmeeHHbiu Hay1tHo-ucc.aeooeame.abcr.uii UHcmumym cmer..aa, 

501 92 I'paoe!.f Kpa.aoee 

Bwm npnroTOBJieHa CTeKJia C0CTaB0M LiO2 . n SiO2 (r.n:e n = 2, 3, 4, 5 H 6) C .n:o6aBKOH 
SnO2 .n:o K0Jill'lecTBa 30 % no Becy rrpH TeMnepaType 1600-1500 °C. BLIJia ycTaH0BJiena 
o6nacTh cym:ecTB0Banm1 cTeK0JI, co.n:epmam:nx pacTBopeHHbIH SnO2, xapaKTepn3yeMarr 
MeTacTa6llJihHOH JillKBaueii:, .n:oJIH 1wTopoii yMeHblllaeTrrr c napacTaromeii .n:o6aBKoii: SnO2. 
KpHcTaJIJill3aD;mI noJiy11eHHhlX TaJrnM o6pa30M CTeK0JI llCCJIC.O:0BaJiac C II0MOlllhlO rpa.n:11cHT
noro MeTo.n:a ll MeTo.n:a 0XJiam,n:eHllH. }' CTaH0BJieHbl ll0JIH nepBll'IHOH KpllcTaJIJIH3aD;HH KHCII
TepnTa, TPll.O:llMllTa, Jll!TlleB0J'0 JJ:l!CllJIHKaTa, 06pa3yrom:ux :rnTeKTII'leCKYJO T0'IKY C TeMnepa
Typoii 965 °C. B o6nacTn ry6com1.n:yca 6u:10 .n:oKa3ano cyn-1ecTB0Baane cf>a3bI Li4Sn2Si12O30, 
OTBe'!aJOm:e.ii Jll!TlleBOH pa3H0BIIJl:H0('Tll Ml:IHCpana 6peHHOKllTa. PaccMaTpHeBaeMaH qiaaa 
o6pa3yeTCH npH [)KCllepHMeHTaX BeChMa MC/_\.leHH0 II B 60Jihllll!HCTBe 3KCnepnMeHT0B B '!aCTII, 
6oraToH SiO2 noJiyqaeTcrr nepaBHOBecm,1ii SnO2 . Hallie pe3yJILTUThI B conocTaBJieHHH c no 
cnx nop nccJieJl:OBaanoii: cncTeMOH Na ,O-SiO,-SnO, noKa3bJBaJOT, 11To OKHCh 0JI0Ba (IV) 
B npoCTbIX m:eJI011HbIX CllJlllKaTHbIX CTeKJiaX 0TH0CHTCH K pemeTK006paaoBaTeJIHM H Bepo
HTH0 CBH3hlBaeTCH C TeTpa3.n;paMll Sio •. 

Puc. 1. O6.aacmb npoapa1tHb!X cmer.0.11, 1J ttacmu cuc11ieMbl Li ,O-SiO2 -SnO2 , 6oaamou or.ucb10 
r.peMHUJI, co cu.abHoii (A) u c.aa6ou (B) Memacma6u.abHoi1 .au1,ea!.fueu. O6.aacmb 
paaoe.aeHa npeoe.aoM om 2.11,ymeHbtx cme,.o.a c SnO2 HepacmeopeHHblM npu 1 600 °C 
npeocmae.11,J1,,014uu co6oii co.ab6yc or.ucu o.aoea. O6.aacmb npoapa1t1tb1x cmer.o.a no 
Baxpa.Meeey u Ecmpon1,e1Jy (6) 06oaHa1tena D: 1 - cme1,.11,a c npu.nec1,10 SnO2, 2 - npo
apa1tHbte u.au ona.auaupy10U/ue cmer..aa, 3 - Heox.aa;,,coae.Mb1e cmer..aa, 4 - apaHu!.fu 
no.aeu, 5 - apaHU!.fa no.M£ D. 

Puc. 2. Iloeepx1tocm1, .aur.euoyca 1tacmu cuwieMbl Li2 O-SiO2-SnO2, 6oaamoii SiO2 c :Je
mer.mu1tecr.oii mo1tr.ou (E) npu me�tnepamype 965 ± - 5 °C. To.acmbie .au1tuu 060-
a1ta1ta10m npeoe.ab1 no.aeii, ycmaHoe.fleHHb!X Ha ocHo/Je ar.cnepuMenmoe, wmpuxo11b1e 
.auHuu ua !fiaaoebix pa1moeecuu. Co1ipa14e,.tuJ1, cM. ma6.a. 2. Ce1teHue Li2 O . 4 SiO2 + 
+ n SnO2 HaxooumcJ1, Ha puc. 4 u 06oaHa1teHo 1tepea 4. 

Puc. 3. <I>aaoebie paeHoeeCUJ/, e 06.aacmu cy6co.auoyca cucmeMbl Li,O-SiO2 -SnO2 npu IIU'M
nepamype 880 °C, nor.aa1>1ea1014ue mpex!fiaaHbie mpeyeo.abHUKU c paeHoeecueM 1.acu
mepuma, mpuouMuma, oucu.11,u,.ama .aumuJ/, u 6peHHor.uma. Co1ipa14e11,uJ1, CM. ma6.a. 5. 

Puc. 4. Cxe..wamu1tec1ioe ce1teHue ouaepaM.Moii T-x cocmaeoM 4 SiO2 . Li2 O + n SnO2 c oey.�u, 
u11,eapua11,mHb1Mu mo1tr.aMu ( oc u' {J). Ce1teHue o6'bJl,CH.nem cocyU/ecmoeaHue mpuou
.Muma u liacumepuma a pacn.aaeax, liar. ;;,no 6bwo ycmmwe.11,e1w nrz ocHoee ar.cnepu
MeHmoe. 

Puc. 5. 9.ae,.mpoHMur.pocr.onuttecr.ue CHllMKU cmeli.aa cocmaeo.M 75,79 % SiO2, u 16,67 %
SnO2 (no eecy) nor.aab1ea10Ufue Memacma6u.abHYIO .aur.ea!.fUUIO. 

Puc. 6. 9.aer.mpoHMUr.pocr.onu1tecr.ue CHUMr.u cme,..11,a cocmaeoM 62,81 % SiO2 , u 21,57 %
SnO2 (no eecy) 6ea J/,BHoii .aur.ea4uu. 

Puc. 7. Kpuebie /(TA o6paa!.foe e ce1teHUlL Li 2O. 2 SiO2 + n SnO2. 
Puc. 8. Kpucbie /(TA 06paa4oe e re1teHuu Li2 O. 3 SiO2 + n SnO2 . 

NOVY SPOSOB ZfSKAVANIA VZACNYCH MINERALNYCH LATOK 
Z MORSKEJ VODY navrhli sovietski vyskumnici. Met6da vyuziva obrovske siete filtrac
nych zariadeni so specialnymi sorbentami ponorene v miestach silnych morskych prudov, 
ktore zabezpecuju samocinne dynamicke aspekty filtracie. Vypocty ukazali, ze ekonomika 
tohoto postupu (napr. pri ziskavani uranu) je zrovnatefna s ekonomikou banskej tazby (Sput
nik 12, 1985, 107). 

I. Horvath 
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