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THE STUDY OF THE INTERACTION OF SILICON, ITS MONOXIDES, AND DIOXIDES

WITH CELORINE

Yu. P. Kuznetsov, Ye. S. Petrov, A. I. Vakhrusheva

ABESTRACT

Wwe conducted a thermodynamic calculaticn cf the reaction of
chlorination of silicon and its oxides, on the basis of which a
conclusion was made concerning the mechanism of the occurring
interactions. We have propocsed an hypcthesis or the fact that
conditions of interaction of silicon mcnoxides with chlorine are, to
a significant degree, determined by the strength cf bonds Si1 - ©, the
weakening of which depends on both temperature and sorption of the -
chlorine. The products of this interacticn (SiClqy and Si0,) were

determined.

FTD=ID(RS)I-0076~77
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Wwe believe that the initial stage of the process of chloriration
of silicon dioxide with chlcrine in the presence of a reducer is th«
chemosorption of chlorine on the active sections of the surface of

the oxide, which leads to a weakening cf the bcnds of the metals -

s

cxygen and thereby facilitating the passing of the phase of reduct

Si0, with carbon to the moncxide or Si, which are easily requlat«

with Cl,.

We computed the apparent powers of activation for the
non-isothermal conditions of reaction Si+Cl,, SiO+Cl,, SiO,+C+Cl,:
18, 39, 65 kkal/mole, respectively.

This work is a continuation of the investigation of the

mechanism of chlorination of oxides of the UA subgroup. The results

for germanium and tin oxides were published in [1,2].

The probability of an occurrence of these cr other interactiorns
of silicon, its monoxides and dioxides with chlcrine depending on
temperature can be found by comparing the isobaric-isothermal
potentials of these interactions. The igsportance of values AH and S

were taken from [ 3,4].

FTD=-ID(R3S)I-0076<=T77
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chlcrine can be described by

The interactions of silicon with

equations

(1) Si#Cls; = Si€l,,

(2) siszcl, = Sitk,.

and with silicon tetrachlcride - by equation

(3) Si+#8iCl, = 25icl,.

Silicon monoxide can interact with chlcripe and 5iCl, accordir

tc the following equaticns of reactions:

(4) 25i042Cl, = SiCl,+Sio0,,

(5) 25i0+SiCl, = 25iCl,+Si0,.

At room temperature it is in a metastable state and with

it disproportionates according to equation cf reaction
(6) 25i0 = Si+Sin,.

Here AZ has an insignificant negative value in the entire examined

FTD=-ID(RS)I-0076=77
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temperature range. Figure 1 gives the results cf the thermodynamic
calculations of some possible reacticns cf the jprocess of
chlerination of Si0, both in the presence cf a reducer and withcut

s

The interaction of silicon dioxide with chlorine

(7) Si.()z’zClz - Si(l.*(‘z

is thermodynamically improbable, consequently it can not be one of

the phases of the chlorinaticn process. To a still greater deyree

this relates to reaction

(8) SlOZOSLCI. = 251C12’C2.

The introducticn of a reducer intc the examined interactions led

to a substantial shift of the isobaric-iscthernal potentials of

reactions to an area of more negative values:

‘9) 51020C*2C12 - SiCl.’COz,
(10) S510,+4C+Cl, = SiCl,+CO,,
(1) Si0+2C+2Cl, = SiCl,+2CC,
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(12) Si0,+C+SiCl, = 25iC1,+C0,.

Moreover, introducing carbon into the system it makes possible the

frocesses of reduction

(13) S10,%C = S14€0-,
(14) S10,+2C = 51i+2C0,
(15) ZSLCZ’C = 2SiO*COZ-

Comparing the change of isobtaric-isothermal pctentials of the
Frocesses of reduction with the processes of chlorination of silicon
dioxide with chlorine cr other chlcral agents we find that as a
result of the sharp change of value AZ cf the frocesses of reduction
in comparison with chlorination without a reducer, the primary will
be processes even if there is partial reducticn, i.e. to Si0, on
which, at last, conditions cf chloriration of silicon dioxide also

depends.

With the purpose of a more detailed interpretation of the

question concerning the mechanism for chlerination of silicon oxides
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with chlorine, tensimetric investigaticns were conducted for the
interactions SiO+Cl,; Si0,+Cl,; Si+Cl,; Si0,+Cl,+C. The research

method did not differ from the one described earlier [ 1].

In the work we used chemically pure silicon, silicon monoxide,
commercial, type 4, chemically pure siliccr dicxide; and spectro-pur

carbon. Chlorine was acquired by [ 1].

The interaction of elemental siliccn with chlorine was studied
in a temperature range cf 300-1000°K (fig. 2, curve 1). From the
acquired tensiogram it follows that the interaction begins fron
€00-650°9K and passes through reaction (2). The excess silicon from

SiCl, in the studied temperature range did not interact.

The interactjon of silicor monoxide with chlorine was also
studied by the tensimetric method. The temperature conditions of
disproportionation of ccmmercial siliccn monoxide were preliminarily
studied. The Si0 sawmples were heated in a vacuum (1073 mm Hg column)
for a period of an hour at different temfperatures, and then a
roentgenophase analysis was conducted cn the calcined samples. The
appearance of phase Si0, was noticed at a temperature of 11000k,
vhich attests to the passing at this temperature with a larger or
smaller reaction speed of disproportionation cf SiO on Si0, and Si.

In the atmosphere of chlorine the interacticn of Si0 begins frconm
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760°K and up to the very end passes without a sharp 1ncrease in t

chlorination speed. Frowm a termperature of 950°K the reacticn move

much more actively (second phase; fig. 2, curve 2).

Silicon monoxide can be acquired as a groduct of sublimatio
with the interaction of elemental siliccn with its dioxide. In it
makeup, this product can contain some amcunt cf silicon which
formed with a partial decomposition of moncxide. Moreover, the
sublimates acquired in condensers differ nct cnly in external

but also in its chemical activity [5]*.

* Fcotnote: The authors [ 5] kindly presented us with three Si

rroducts: yellow, fibrous, and vitreous.

According to the data in [S5], the yellow fcrm has in its makeug

{7
Thne

\

products of dispropcrtionation of Si0, andAtwo cthers are more pur¢

but differ in construction. The fibrous prcduct is considered toc t

the most unstable for action of the oxidant, whereas the vitreous,
the other hand, is the mcst stable product, and the yellow form ot

Si0o, according to stability, is somewhere between these two. The

authors [5) note that these substances are folymers, and with thers

frocessing there occurs a breakdown in the Si-Si bond and the free

valencies can become saturated with oxygen or halogen.
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The investigations which we conducted showed that the fibrous
fcrm interacts with chlorine, beginning from 695°K, the vitreous -
from 880°K, and the yellow - from 680°K, but moves to the edge
slowly. The products of the reaction of these interactions were 510,
and SiCl,; however, for some as yet unknown reason the silicon

monox ide does not ccmpletely enter into the reaction.

All four forms of silicon monoxide investigated by us have a
completely different reacticn capacity. Silicor monoxide, which ws

examined at the very beginning, consists of twc basic products which

differ, apparently, by their structure. This can also be said of th:
yellow form of Si0, whereas the fibrous and vitreous forms are nmore

homogeneous. Nevertheless, in all three latter forms an insignificant
amcunt of elemental siliccn is present, which is obvious from the
tensicgram, and on these there is some deviation, from the isochore,
from the temperatures where chloripaticn of silicon began. This fact
can be explained only by the dispropecrtionaticn of silicon monoxide
at the moment of its acquisition. Essentially, the interaction of SioO
with chlorine moves by reaction (4), which ty thermodynamic

calculations 1is also the mcst actively favcrakle.

An interaction of SiO with SiCl, in the studied temperature
range was not observed; from g thermodyramic pcint of view, this

frocess is also improbable (see reacticn (9)) .
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From all that has been said it follows that if
disproportionation occurs at 1100°K, and chlorination occurs at
higher temperatures, then tc consider it a determining process it
chlorination of monoxide is insufficiertly true. The mechanism
chlorination is explained, apparently, ky a weakening of the stre;
of the bond in molecules of silicon monoxide because of both ¢t}
cscrbing chlorine and because of heating. The weakened Si-0 honi
btreaks, and the freed cxygen migrates tc the other Si0 molecule ar
oxidizes it to SiO,. Moreover, these investigations show that the

siliccn monoxide which forms during the Si+Si0, reaction, apparent

cxide.

v,
differs in the construction of the polymeric chain, which tells not
cnly about the external fcrm of the substance but also its chemical
activity. The values of apparent energies cf activity were calculat
for the vitreous product (fig. 2, curve 3).

Silicon dioxide with chlorine can interact only at very high
temreratures. The introduction of a reducer into the system
significantly lowers the temperature of the chlcrination of the

For conducting the experiment we used coptical quartz glass,
ground to 200 mesh, carbon electrode spectrc-pure, The interaction ot

——— 7 e — - e
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si1licon dioxide was studied at 300-15009K.

The reactions of interaction Si10,+4Cl, and S10,+C was not
investigated in view of the fact that they cccur at high temperatures
which exceed the melting pcint of quartz glass from which the
reaction flask is made. The information on the teginning of
interaction S10, with chlorine and carktcn was taken from the
literature. So, in [6] is it shown that siliccon dioxide begins to
interact with carbon at a temperature cf 18C0°K, and with chlorine at

~2000°C [7 1.

The interaction of Si0O, with SiCl, in cur conditions is

impossible to realize since this reacticn has a significant positiv

value of isobaric-isothermal pctential.

The reaction of interaction of silicon dioxide with gaseous
chlorine in the presence of a solid reducer begins at 1350°%, but
occurs more intensely at 1500°K. The fcrmed prcducts of reaction (CO,
CO,, SiCl,) are determined during heating repeated heatings (fig. 3).
S1Cl, is not found since in the studied temperature range and by
thermcdynamic calculaticns interactions (11) and (13) are not

realized.

From the given data it is obvious that the process of

R Y a - e -~ e e ————
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chlorination of Si0, in the presence ct carkon cccurs at lower
temperatures than the processes of interaction cf dioxide with
chlorine and carbon. Having compared tthe thermchna”ic calculation
and the experimental data on chlorinaticn of silicon and it*s oxides,
and also having conducted an analcgy with chlcrination of germanium,
tin, and their oxides [1,2], we come tc the corclusion that the
process of chlorination of the above oxides, including 5i0,, occurs
in several phases. The decrease of temperatures of chlorination with
the introduction into the system of a reducer is connected with the
chemosorption of chlorine on the active parts cf the surface of the
cxide, which, weakening the bonds of metals - cxygen, facilitates the
rassing of the reduction process. Even gure reduction can yive the

possibility of realizing the process of chlcriration in a specific

vclume.

By the acquired *ensiograms of the interactions of silicon and
its monoxide with chlorine, and also of siliccp dioxide with chlorine
in the presence of carbon, thelapparent energies of activation were
determined for non-isothermal processes by the equation presented in
[B]); we examined this questicn in more detail ir [1,2]. For
interactions Si+Cl,, Si0+Cl,, Si0,+¢Cl,+C, the fcllowing values of
apparent energies of activation were found; 18, 39, and 65 kkal/mole,

respectively.

FTD-ID(RS)I-0076=7T7
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