Surface adsorption of silicon dioxide in molten silicate systems
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Surface tension of melts in the system CaSiO,—CaMgSi,O,— Ca,MgSi,0,
was measured using the maximum bubble pressure method at the temperatures
1400—1650°C. It has been found that the surface tension decreases with the
increasing content of SiO,. The influence of temperature has not been
determined because of experimental error. The surface adsorption of SiO, in
the ternary system CaO—MgO—SiO, was calculated from the experimental
values of surface tension. The influence of cations on the value of surface
adsorption and on the structure of surface layer is discussed.

MeTonOM MaKCHManbLHOFO AaBNEHHs Ny3blpbKa GblN0 ONMpefeseHo MoBEpX-
HOCTHOE HaTsiXeHHe pacriaBoB cHcteMbl CaSiO,—CaMgSi,O,— Ca,MgSi, 0,
B TeMnepaTypHoM HHTepBane 1400— 1650°C. Bbino HaiiieHo, 4TO 3Ha4eHHe
MOBEPXHOCTHOTO HATSHXEHHS MOHHXKAETCH C MOBBILIEHHEM COAEPXaHUA fBY-
OKHMCH KpeMHHS B yKa3aHHOW cHcTeMe. BnusHue TeMnepaTypbl He yganoch
OnpeNeNnuTh U3-3a OUMOGKH H3MepeHuid. [To yka3aHHBIM JaHHBIM MOBEPXHOCT-
HOTO HaTSXEHHs ObIIM pacCYUTaHbl 3HAYEHHS MOBEPXHOCTHOW ajncopOuuu
JIBYOKHCH KPEMHHSI B TPEXKOMMOHEHTHOI cicTeMe CaO—MgO—SiO,. 06-
CyXnaeTcH BIHAHHE KAaTHOHOB Ha 3HAaYeHME MOBEPXHOCTHOH amcopOuuu
M CTPYKTYpbl NOBEPXHOCTHOrO CIOS.

The surface tension in silicate melts is studied mainly in order to know the
surface layer structure of these melts and to gain a better understanding of
a number of metallurgical processes, e.g. separation of slag from metal, penetration
of slag into refractory lining, gas absorption in slages, etc. Since the systems in
question are multicomponent, the dominant role in the above processes is played
by the surface-active component, in the given cases SiO..

The ternary CaO—MgO—SiO, system is one of the basic systems from the
metallurgical point of view. The surface tension of this system has been little
investigated so far. Owing to considerable difficulties at high-temperature
physicochemical measurements the corresponding experimental data are scarcely
found in literature [1—3]; moreover, these results probably show considerable
errors. Comparatively the most correct values are given in [4] for the binary system
MeO—SiO,.
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In the present work the measurement of surface tension of melts of the system
CaSiO;—CaMgSi,Os—Ca:MgSi,O, has been carried out in the temperature range
1400—1650°C. The experimental results were used for the calculation of surface
adsorption of SiO; in the system CaO—MgO—SiO,.

Experimental

The maximum bubble pressure method has been used for melt surface tension
measurements. The detailed description of the device used is given in [5]. A PtRh20
capillary having an inner diameter of 2 mm was used. The tip of capillary was shaped to be
conical and sharp. The depth of immersion of the capillary into the melt was adjusted with
a micrometer screw in the range from 1 to 7 mm with an accuracy +0.02 mm. Measuring
gas (air) was blown into the capillary with a syringe the piston of which was driven by the
connected electric motor. The rate of bubble formation ranged within 2—5 min~'. The gas
pressure in the capillary was measured with the use of tempered water manometer. The
height of level in the manometric tube was measured with a kathetometer KM-5, USSR,
with an accuracy +0.01 mm. The sample was placed in a PtRh20 crucible in the centre of
heating space of electrical resistance furnace. The temperature was measured with
a PtRh6/PtRh30 thermocouple, immersed into the melt, with an accuracy *5°C. The
accuracy of surface tension determination was+4 mN m™.

The samples were prepared using the compounds CaSiO, (CS), CaMgSi,O, (CMS,), and
Ca,MgSi,0, (C,MS,). The compounds were prepared by calcination of CaCO, and MgCO,,
both of anal. grade (Lachema, Brno) and by the subsequent melting with SiO,, anal. grade
(C. Erba, Milan), in the corresponding stoichiometric proportion. Before melting the
mixture was kept at the temperature 1200°C for 2 h.

Results and discussion

Experimental values of surface tension of the melts tested are given in Table 1.
Since the temperature coefficient of surface tension is comparable with the
experimental error, the values given in Table 1 are valid for the whole temperature
range investigated. It has been found that the surface tension of melts in the system
CaSiO;—CaMgSi,Os—Ca,MgSi,O; increases with the increasing content of
Ca,MgSi,O; (Fig. 1), obviously as a result of the decrease in SiO, content. The
experimentally found dependence of surface tension on the melt composition in the
system CaO—MgO—SiO; can be, in the first approximation, described by a simple
linear equation

Y = Ycao " Xca0 + Ym0 * XMmgo + Ysio, * Xsio, =
= (7261'(;30"'658 : ngo+ 185‘Xs§02) mN l'!'l_l (1)
Ay=%23mNm™’
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Table 1

Surface tension of melts (y) in the system CaSiO,—CaMgSi.O.—Ca,MgSi.O,
x; — mole fractions

Xcs Xcms, Xcao Xmgo Yo = Y“lc'_. k
mN m mN m

0 1 0.250 0.250 438 439 1
0.2 0.8 0.278 0.222 437 441 1.25
0.6 04 0.333 0.167 443 444 2.5

1 0 0.500 — 458 456 0
0 0.8 0.286 0.238 453 453 1.2
0 0.6 0.318 0.227 467 465 1.4
0 0.3 0.362 0.213 485 482 1.7
0 0.2 0.375 0.208 486 487 1.8
0 0.1 0.388 0.204 493 492 1.9
0.8 0 0.462 0.077 470 472 6
0.6 0 0.438 0.125 479 482 35
0.4 0 0.421 0.158 485 488 2.67
0.3 0 0.414 0.171 491 490 2.42
0.2 0 0.409 0.182 493 493 2.25
0.1 0 0.404 0.191 493 494 2.12
0 0 0.400 0.200 497 496 2
0.48 0.32 0.370 0.160 466 461 2.31
0.2 0.6 0.316 0.211 458 456 1.5
0.2 0.13 0.391 0.188 483 486 2.08

* Calculated according to eqn (1).

where y: are hypothetical values of the surface tension of the pure oxides at the
experimental temperature obtained by the multiple linear regression analysis and x;
are the mole fractions of the oxides. It is obvious that the given equation is valid
exactly only for the investigated concentration range of the oxides.

Surface adsorption of SiO; in the system CaO—MgO—SiO, was calculated for
the pseudobinary sections with the constant ratios of the calcium and magnesium
oxide contents Xc.o/ Xmgo = k. For such a section the Gibbs equation in the form

dy= — I'veo dttmeo — Isio, * dpisio, (2)

can be applied. I'v.o and [0, are the surface adsorptions and pm.o and psio, are the
chemical potentials of the corresponding components in the system MeO—SiO:.
The symbol MeO refers to the total amount of the alkaline earth oxides in the given
mixture. Supposing that Iu.o=0 (i.e. we choose such dividing surface where no
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Fig. 1. Surface tension in the investigated sys-
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Fig. 2. Calculated SiO. surface adsorption in

tems. the investigated systems as a function of the
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—— calculated according to eqn (/).

excess of MeO is present), we get

dy

_ _ Gsio; dy

3. CS—C.MS,.

rsao,= -

=_assoz. dY _dXSioz

d#sao, -

RT daso,

RT dXsaoz daSio2

3

The expression dy/dxsio, can be obtained by the differentiation of eqn (1) with
respect to Xsio,. Since dxc.o/dxmgo=k and dxc.o +dxmgo +dxsio, =0, we get

dy

deio1

1
= (¥sio, — Yca0) + T+ (Yceo — Ymg0)

(4)

-

In paper [6] it has been found that the activity of arbitrary component in
Ca0O—MgO—SiO, melts can be expressed, with a good approximation, using the
Haase approach to activity calculation [7, 8]. The activity of SiO, can be then
calculated according to the equation

) &)

P Xsit+ x_o_)’ (
SiO2 — 1= — =
%" x%ee \X%0- 2 + Xsio,
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where xsi+, x84+, X_o_, and x%o_ are the ionic fractions of silicon and of shared
oxygens in the melt and in the pure molten silica and xsio, is the mole fraction of
SiO; in the melt. The way of activity calculation is given in [6]. The expression

da\fsa(:)2 — (2 + xSioz)4 (6)
daSio2 162- xg.ioz ’

can be obtained by the differentiation of eqn (5). Substituting eqns (4—6) in eqn
(3) we obtain the final expression for surface adsorption of SiO, in the system
under investigation

1 1 0, (2 + xsio,
Isio, = —ﬁ[(YSiOz-YCaO)+m(YC:O_YMgO)]'_——XSO (6 Xsi0) (7)

The dependences of SiO, surface adsorption on the composition in the systems
CaSiO;—CaMgSi,Os, CaSiO;—Ca,MgSi,O,, and CaMgSi,O«—Ca,MgSi,O,, cal-
culated according to eqn ( 7), are represented in Fig. 2. It is evident that the surface
adsorption of SiO. increases with its increasing concentration in the melt.

The cationic influence upon the SiO, surface adsorption is shown in Fig. 3. The
SiO. surface adsorption has been calculated on the assumption that the validity of
eqn (1) can be, in a rough approximation, extended for the whole concentration
region of the system CaO—MgO—SiO,. The calculation has been carried out for
the boundary binary systems CaO—SiO, (k=) and MgO—SiO, (k=0). For
comparison, the dependence of [0, on the silica activity in the FeO—SiO,
system, found in [9], is also represented in Fig. 3. It can be seen from the figure that
the SiO; surface adsorption increases with the increasing electropositivity of cation,
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Fig. 3. Calculated SiO, surface adsorption as 5| s T -
a function of the SiO, activity in the systems ,a*”
MeO—SiO.. N . .
1. Ca0—Si0;; 2. MgO—SiO: (both in this 00 02 04 0.6 08 10
work) ; 3. FeO—SiO; (Ref. [9, 11], 1420°C). %0,
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while the character of the dependences is the same in all cases. From the results of
X-ray diffraction study in the molten MeO—SiO; system (Me =Ca, Mg, Fe) it
follows that the mean statistical coordination number of the cation in these melts
decreases in the order Ca>Mg>Fe [10, 11]. Cations attempt to be coordinated as
high as possible with negatively charged unshared oxygens of silicate groups.
Consequently, the excess of SiO, tetrahedron is formed in the melt surface region.
By the weaker attraction between the cations and SiO, tetrahedrons and thus by
higher coordination number of cation the higher concentration of SiO, tetrahe-
drons in the melt surface in the case of more electropositive cation can be
explained.
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