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IONICALLY CONDUCTIVE GLASSES
IN THE SYSTEM Li,Cl,—Li,0—B,0;

Part I. Changes in the composition of glasses on melting
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Considerable vaporization of Li;Cl; and B,0; takes place tn the course of
melting of glasses in the system Li;Cl;—Li;O—B,0; at 950 °C. The vaporsza-
tion of Li;0 8 negligible compared to that of Li;,Cl, and B;0s, and the relative
representation of Li;O in the glasses prepared s therefore relatively increased.

INTRODUCTION

(Glasses in the system Li,Cl,—Li,0—B,0; exhibit excellent ionically conductive
properties and can therefore be ranked among glassy electrolytes. Their ionic
conductivity depends for the most part on their content of Li,Cl, and Li,O [1].
However, vaporization in the course of melting brings about changes in the rela-
tive representation of the individual components in the glasses. The problem has
been dealt with by several authors, but the results published show considerable
differences. The most significant differences arise in assessing the loss of lithium
chloride. Two extremes are represented by the study by Button et al. [2] and by
Soppe et al. [3). Using chemical analyses, Button found a satisfactory agreement
between the chemical composition of the glasses prepared and their nominal ini-
tial chemical composition. On the other hand, Soppe mentions a loss of chloride
of up to 809, due to vaporization, while the contents of Li,O and B,0; did not
differ from the nominal intial composition.

EXPERIMENTAL

The initial chemical composition of the raw material mixtures can be exprressed

as follows:
X Li,Cl,—Y Li;0—7 B,0;3 (mol) — abbreviated record X—Y—7. The glasses

of the following compositions were studied:
X—3—7 X =0;3.0>
2—Y—7; 25—Y—17:3—Y—7 ¥ = (3.0; 4.5)
The glasses were prepared from standard commercial reagents of A. R. purity
(Lachema). The boric oxide was prepared by melting boric acid H3;BOj3, lithium

oxide was introduced into the raw material mixture in the form of lithium carbo-
nate Li,COj3, lithium chloride Li,Cl, was treated by drying at 110 °C.
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The raw material mixtures 20 g in weight were homogenized, and the glasses
melted in a covered platinum crucible at 950 °C with isothermal holding for 15 mi-
nutes. The melting was effected in air atmosphere. The melted glass was cooled
by immersing the crucible in a water bath. The samples obtained were further
tempered at 300—320°C for 15 hours to eliminate undesirable stresses. After
cooling, the samples were kept in a desiccator to rule out effects of atmospherical
humidity. The glagses prepared were clear, colourless in the system Li,O—B,0s;,
and those containing chloride showed orange to pink colour.

The chemical composition of the glasses allowed them to be decomposed in
water at elevated temperature and pressure, so that the chemical analyses were
simplified to those of solutions. The samples were decomposed in an autoclave
for 6—12 hours at 120 °C. Samples of about 2 g in weight were analyzed. The
content of boric oxide was determined by alkalimetric titration of manitoboric
acid. Lithium was determined by flame photometry (Varian Techtron). The con-
tent of chlorides was determined by two volumetric methods: (i) argentometric
and (ii) mercurometric. The content of lithium oxide was established from the
known total content of lithium in the samples and from the calculated content
of lithium chloride.

EXPERIMENTAL RESULTS AND DISCUSSION

The losses of Li,Cl, established varied over the interval of 20—30 mol. Y,
which represents a decrease of relative chloride content in the glasses by 2.5 to
6 mol. 9,. The B,0 contcnt also decreases considerably. The loss of 14 to 26 mol.
9%, represents a relative decrease of B,O; content in glasses by 10 to 14 mol. %,
Determination of Li,O content showed the relative content of Li,O in glasses
increased by 12 to 20 mol. 9, with respect to the decreased contents of Li,Cl,
and B,0;.

The vapour pressure of components present in the melt at the melting tempe-
rature is one of the parameters determining the changes in chemical composition.
Lithium chloride exhibits the highest vapour pressure among all the other compo-
nents. At 950 °C it is about 2 000 Pa [5]. The vapour pressures of the other compo-
nents are negligible at the melting temperature. Vaporization of B,0; is signi-
ficantly affected by the presence of moisture. The vaporization is the more inten-
sive, the higher the concentration of water vapour. At lower concentrations of water
vapour, B,0s vaporizes in the form of metaboric acid HBQO,, while as at lower
temperatures and higher water vapour pressures the B,0; vaporizes in the form
of boric acid H3;BOj; [6]. It is also necessary to consider chemical reactions between
the individual components in melt and the associated formation of chemical
compounds, where each exhibits its own pressure of saturated vapours (borates
are formed by reaction of Li,O with B,0j3).

Lithium chloride does not probably react with the other components present
in the melt, and its loss can be associated with the high vapour pressure at the
melting temperature. The loss of boric oxide is strongly affected by moisture
(melting was carried out in the presznce of atmospherical humidity). At the melting
temperature, Li;O combines with B,0; forming borates, whose vapour pressures
are somewhat higher than thos= of the pure components. Li,O therefore vaporizes
from the melt in the form of borates; however, its loss is negligible compared to
that of Li,Cl, and B,0;.
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CONCLUSION

The results of this study indicate considerable differences between the chemical
composition of the initial raw material mixtures and the final glasses. In the course
of melting, Li,Cl, is lost owing to its high vapour pressure at the melting tempe-
rature, and the decrease of the content of B,O; results from the presence of atmo-
spherical humidity. Compared to the losses of Li;Cl, and B,0s, that of Li,O is
negligible, so that its relative content in glass increases. A -comparison of the re-
sults obtained with the data by other authors indicates that the changes in che-
mical composition of glasses due to melting depend strongly on the actual expe-
rimental conditions.
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IONOVE SKLA V SUSTAVE Li,Cl,—Li,0—B;0s.
CAST 1: ZMENY ZLOZENIA SKIEL PRI TAVENT

Peter Znasik*, Ladislav Sagek, Veronika Ka&parova

Vysokd &kola chemicko-technologickd, katedra technologie silikdti, Suchbétarova 1905/5,
166 28 Praha 6

*SVST, Chemickotechnologickd fakulta, katedra chemickej technoldgie silikdtov.
Radlinského 9, 812 39 Bratislava

I6énova vodivost skiel zloZzenia Li;Cl,—Li,O—B,0; je rozhodujiicou mierou ovplyviievana
obsahom Li,Cl, a Li,O. Pomerné zastupenie tychto zloZiek sa viak po&as tavenia skiel pri teplote
950 °C vplyvom vyparovania jednotlivych zloZiek meni. Analytické stanovenia ukézali znané
zniZenie obsahov Li;Cl, a B,0;. Vyparovanie Li,O je v porovnani s vyparovanfm Li;Cl, a B,0;
zanedbateIné, v désledku &oho sa pomerné zastupenie Li;O v pripravenych sklach zvysuje.
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HOHHBIE CTERJIA B CUCTEME Li,Cl,—Li:0—B,0s
I. ISBMEHEHHWE COCTABA CTEKOIJI INIPU BAPKE

Ilerep 3namnx*, JlagucnaB lllamek, Bepornka Kammnaposa

Xumuro-mexrnosozunecsuii uxcmumym, xagedpa mexrorozuu cusuxamos,
Cyxz6amapoea 6, 166 28 IIpaza 6
*Cr08ayKUl ROAUMETHUNECKUL UHCMUMYM, TUMUKO-METHOAOZUNECKUL aryabmem, kadedpa
TUMUYECKOLL mexHoaozuu cuausamos, Padauyxezo 9, 812 39 B pamucaasa

Homrasa mpoBopmEMocTh crexosn cocraBoM Li;Cl,—LizO—B:0; aBnserca cymecTBeBHO
nop BiamsgHEEeM cofepskaHEA LiCl; B Li;O. OpHako KoNH9ecTBeHHHH COCT3B MPHBOAHMEIX
KOMIIOHEeHTOB BO BpeMA BapKH cTeKia mpH Temmepatrype 950 °C mop BIEAHHEM HCIIAapDeHHS
OTAEeJLHBIX KOMIOHEHTOB M3MeHsAeTCA. AHAJHTHYECKOE ONpesie/ieHAe IIOKA3KBaeT 3HaTHTEIb-
HOe IOHHKeHHe cofep:annaA Li,Cl; 1 B20;. Hcmapernem LiaO mo cpaBEeHHIO ¢ HcllapeHEEM
Li,Cl; m B;03; Mo)xHO mpeHeGperaTh, B peayJibTaTe Yero OTHOCHTENBHHI KOJIMYeCTBEHHBIH
cocraB Li;O B mosTy9eHHHX CTeK/1aX MOBHIIAETCA.
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