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Abstract

The kinetics of the interaction between lithium carbonate and silica with various degrees
of dispersion was investigated by TG and DTA methods. It was found that the utilization of py-
rogenic silica with a specific surface area of about 300 m® g™ instcad of aerosil with one of
175 m? g leads to an increase of the reaction rate betwecen lithium carbonate and silica, which
depends on the formation and growth of lithium orthosilicate crystals in the first stage, and is
conditioned by the diffusion of lithium and oxygen tons through the lithium orthosilicate layer
formed at temperatures above 800 K. This supposition is supported by the kinctic analysis re-
sults obtained with the use of the different models. The optimal regime of heating is recom-
mended.

Keywords: interaction in solid phase, lithium carbonate, lithium orthosilicate, kinetics, solid
electrolytes

Introduction

Flectrochemical devices for the solution of scientific and technological tasks
can be designed on the basis of solid electrolytes, and this undoubtedly stimu-
lates interest in investigations of materials of this nature. They are of particular
importance in numerous practical situations where liquid electrolytes cannot be
used, e.g. at high temperature or low pressure.

The potential of new batteries based on solid electrolytes is a stimulus for the
investigation of these materials. The rapid progress in electronics has led to the
creation of a great variety of battery-powered portable devices. Small devices
such as hearing aids or heart stimulators demand miniature batteries. The possi-
bilities for decreasing the dimensions of traditional batteries with liquid electro-
lytes are limited by the technological conditions of manufacturing. One of the
most perspective methods for the solution of this task is the utilization of solid
electrolytes which can be prepared as thin films and which ensure 1onic conduc-
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tivity and separation of the electrodes without separators. The physical require-
ments for these batteries are essentially lower than those involving liquid elec-
trolytes, which may leak or dry out if the battery is broken. .

No gas is formed in solid batteries and there is no self-discharge. Moreover,
solid batteries may be operated at temperatures up to 373 K and pressures lower

1 atm
l.ll(LJJ 4 LhLilin.

Batteries with lithium anodes have the highest specific characteristics. The
efforts of many investigators are therefore directed to the search for solid electro-
lytes with high conductivity based on the lithium ion. Among the best are the
solid solutions based on lithium orthosilicate.

LisSi1Qs has moderate conductivity (10* ohm™ ¢m™ in the temperature range
700-800 K). Its structure is built up of isolated SiOy tetrahedra connected in a
network with polyhedral sites with common facets, inside which Li" is situated;
this is a convenient matrix for the insertion of different ions.

Li45i04 is prepared by heating a mixture of Li»COs and 810, powders. A con-
siderable number of papers have been devoted to investigations of the conductiv-
ity of LisS104 [1-9], but papers relating to investigations of the kinetics of the in-

[eractlon Detween 50110 L;l'z\_;U? dﬂ(l DlU’) were not lUUilU lIl l[lU IILCI ature acces-
sible to us. The purpose of the present paper is to fill this gap.

Experimental

For sample preparation, fine powders of Li2COj3 and SiO; in stoichiometric
proportion were pounded in an agate mortar to obtain a homogeneous mixture,
and then pressed at 300 MPa. Pyrogenic SiO; samples with specific surface areas
of 175 and 300 m” g ' were taken. After this, the samples were again pounded in
a mortar and pressed once more. Samples of 230-250 mg were taken in a plati-
num crucible. The reaction was carried out in the isothermal regime at a heating
rate of 10 K min~" up to the set temperature. The degree of conversion was deter-
mined via the mass loss of the sample with a Q-1500 D derivatograph (Hungary).

X-ray spectra were recorded with a DRON-3M diffractometer.

Results and discussion

The example of a thermoanalytical curve obtained by heating a pressed mix-
ture of Li»COs and dispersed Si0; is shown in Fig, 1.

The reaction can be seen to begin at 373 K. A correction of 30 min was there-
fore made when the calculations were carried out.

The DTA curves revealed an endothermal effect at 800 K, which may be con-

nected with the appearance of liquid phase in the reaction zone [10]. However,
investigations of the systems Li,CO3—11,510, and Li,810,—810, did not confirm

i1l SLigpanitiing UL VLe SY SWLIls A2 A3 TLA4NINAG Qe La i 4R H UL S S NS S

this supposition: the l’l’ldgnltudeb of the endothermal effect were practically the
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Fig. 1 Thermoanalytical curve of a mixture of the pressed powders 2Li,CO;-8i0,

same and did not depend on the composition. This endothermal effect must
therefore be attributed to the polymorphous transformation of Li;Si04 which oc-
curs at 883 K [1].

The dependences of the degree of conversion () on time are typical for solid-
phase reactions, with sigmoidal curves. At higher temperatures, a degree of con-
version of 1 was achieved more rapidly, but at temperatures higher than 1000 K
(the melting point of Li;COs) a sharp decrease in reaction rate occurred. This is
connected with exfoliation of the system and flotation of the SiO; particles on the
surface of melted Li»COs, with the evolution of CO», and as result the area of
contact of the interacting particles decreases.

Reactions of the type A;+B,=C; can involve the following processes:

a) A reaction product can be formed on the surface of the particles and sepa-
rate the initial substances. After that, further reaction may be achieved by diffu-
sion of one or both initial substances through the layer of the reaction product
only.

b) Growth of the crystals of the reaction product into the volume of the parti-
cles of the initial substances, and an unbroken layer is not formed.

The complicated character of the conversion rate dependence do/dt against
time (or against o) (Fig. 2) points to the reaction rate being determined by differ-
ent processes in the initial and final stages.

In the initial stage (20—30 min), the reaction rate increase is connected with
the temperature rise, On heating, an unbroken layer of product is formed and the

reaction rate decreases, being governed by the diffusion rate.

On the basis of the ideas of Wagner [10] concerning the dep

solid-phase reaction rate on the ionic conductivities of the initial substances and
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Fig, 2 Dependence of reaction rate on time: a — 2Li,C0,-8i0, (A-175),
b - 3Li,C0O,—Si0, (A-175); ¢ — 2Li,CO,~Si0, (A- 300) d — 2Na,C0,-8i0, (A-175)

the products, the appearance of the second peak in the curves at temperatures up
to 800 K can be explained. At this temperature, the polymorphous transforma-
tion of Li4Si0: and an essential rise in conductivity occur [1]. The reaction rate
then decreases monotonously at constant temperature in consequence of the in-
crease in the layer thickness of the LisSiQ., which must be crossed by the lithium
and oxygen ions. This supposition is confirmed by the results of the interaction
between highly dispersed Si0; and Na,CO; (Fig. 2d). Accordingly, the polymor-
phous transformation does not occur in NasSiQy; the second peak is absent from
the curve. Replacement of Li* by the larger and less mobile Na' leads to a regular
decrease in the reaction rate in the stage where it is determined by diffusion.

Utilization of more dispersed silica leads to a 1.2-fold rise in the reaction rate
in the initial stage, and 1.4-fold rise in the final stage, due to the increase in con-
tact surface arca of the reagents (Fig. 2¢).

Comparison of the results obtained when a surplus of Li,COj; was introduced
inte the initial mixture (Fig. 2b) and when more dispersed S10; was utilized
(Fig. 2¢) leads to the conclusion that LisS104 crystals grow deep into the SiO;
particles, and not into the LisSi104 particles, because the Li,COj; surplus has prac-
tically no influence on the reaction rate, but decrease of the Si0; particle dimen-

gions leads to a rice in the rate
uuuuuuuuuuuuuuuuuuuuu fhe rate.

This reasoning is confirmed by comparing the e¢xperimental data with
Avrami-Erofeev equation:
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o =1—exp(—kt") (b

where o is the degree of conversion, k is a constant, n is the kinetic parameter, and
118 time.
Taking the logarithm of this equation gives

—In(1 ~ o) = k1" (1a)
Repetition of this operation yields the equation
In(=In(1 — 1)) = Ink + nint (Ih)

which in the coordinates In(—in(1 — o)) vs. InT is the equation of a straight line
with slope n.

The magnitude of n provides information on the reaction rate [11-13]. If n>1,
the reaction rate is controlled by the rate of formation and growth of the reaction
product crystals. If n~0.5, the reaction proceeds under diffusion control. Figure 3
reveals a straight-line dependence with n=1 in the initial stage.
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Fig. 3 Fit of the experimental data to the Avrami-Erofeev equation: 1 —2Li,C0,-810,;
2~ 2Na,C0,-8i0,

Deviation from this dependence points to the transition of the reaction to the
regime of diffusion control. In this case, the dependence of the degree of conver-
sion must obey the Yander equation:

1. Therm. Anal. Cal., 55, 1999



704 ZAGOROWSKY et al.: SYNTHESIS OF LITHIUM ORTHOSILICATE

(lv\/Blwa)2=&=k’1: (2)

where k" is a constant and r, is the average radius of the initial component parti-
cles.

It follows from Fig. 4 that the degree of conversion vs. time function is de-
scribed by the Yander equation in the final reaction stage.

Conclusions

Through the interaction of Li,COs and highly dispersed SiO, powders,
Li,S104 can be prepared. X-ray analysis confirmed the formation of LisSiOs and
the absence of unreacted initial reagents and lithium metasilicate. The electrical
conductivity of the prepared LisSiQ4 in the temperature range 373-543 K coin-
cides with that published in the literature.

— The reaction rate is conditioned by the rates of formation and growth of
Li4Si0y4 in the initial stage (0<0.1) and the reaction proceeds under diffusion
control in the final stage.

— The synthesis of LisSi04 is recommended by heating pressed powders of
1.1-:CO; and huyh]v dignercad §i0), at a rata af 10K min~! 1m ta 5§72 ¥+ tha rata

174
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must then be lowered to 5~7 Kmin~'. When the temperature reaches 973 X, the
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reaction is carried out in the isothermal regime up to a degree of conversion of
0.8. After that, the temperature can be raised, but not higher than 1273 K.
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