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Synopsis: Hethods1 of ioqjc composition and components activities
calculation in MeO -...-MeO -Si0z system were examined considering cation
environment of various silicon-oxygen anions, and Ca0-Al1203 based on the
polymeric theory of oxides melts structyre. For melts of Ca0-Al203 various
alumjnum coordination in the form of Al™ ,AlO and anion environment of
AlxQy were taken into account. Calculation results of ionic composition
and components activities in the system under study are given.
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1.MULTICOMPONENT SILICATE MELTS

At present methods are elaborated which allow to ealfulagp ionic
composition and components activity in triple system qf MeO -MeO -Si0z2[1]
type and in multicomponent oxides melts of MeO —...-HeO -5i02, based on the
polymeric theory. In [2] all cations in the melts are energetically
averaged, i.e. binary system of Me0-SiOz with averaged polymerization
constant R is examined:

n -1 n —d
Ink = N__ 1 Ink’ %N il +...+ N, _n1nR" [ YN (1)
n MeO 2,0 MeO "t MeO : 2 O z MeO 2
it=0 i.1=0
n
where NMeoi,...,NMeon are mole fractions of HeO , ... ,HeO oxides
N 1 n . . z N
respectively; &, o»---3k, , are polymerization constants in binary systems
h .
of Me0 -8i0z,..., Me0 -§i0z.

This study, based on 0.A.Yesin's approach, suggests methods of ionic
composition , and,, componepts activities calculation in melts of

MeO —-...-HeO -HeO, —...—MeOzl—SiO2 considering cation environment
composition of complex anions. In the binary melts cation of Me are
neighpbgrs to all anions whereas in n-component system anions of
51.05i,,¢ have cation environment cationing various quantities of
n = . - . i 2 n
Me -...-Me ,which corréfpondszto ionic groups of Mei+bﬁ_mﬂ___*ﬁem...ﬁezkx
- gl .

5i0,;,,_. type.Suppose kéo, Eéo,..., Rzo are balance constants of the
following reactions . 4 i

2Me 510, = He 5i 0, + Me O, (2)

e nel STl T
Z2He,5i0, = Me_,Si 0, + Me O, (3

We can disregard energetic differences in attaching and self-locking

of 5i0, groups, i.e suppose 202 2,07 "1 s values are 1irrespective
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of i and ¢ as this was in [1,3-5]. In consequence of assumption of REO,

2. mn & - - -
kéo,___, Réo being irrespective of i and c¢ for any polymerization

reaction including reaction of the following type:
(i-l+ctm+l+. .. +k)He Si 0 +2mMe 5i0,+. .. +2kHe,5i0, = mMe.5i,0 +1Me Si 0 +

1
+Hei,+1—c—m—l.—. .. =k

Me’Me: .. .Me) 8i,0,,,, +(i-2-2c+2m+..+2k)He,5i0,  (4)

i 3i+1-c

standard change of Gibb’s energy is proportional to mole quantity HMeO
(ny,.o? taking part in the reaction. Since for equations (4) n, .= 9, AGO in
the limits of the accepted assumptions is equal to =zero and 1202- 1.

Whereas for reaction (5) being a sum of reactions (2-4),

. - 2 n 1
iMe_ 510 +mMe O+...+kMe O = He, e .. ~kH Me 0105, o F
+(i—1+c+m+...+k)He 0, (5)

in approximation of perfect ionic solution, equation of complex anions
distributions is equal to:

1 1 i 1 & 1 2 m 1 n k
N _No (B Maa | (Ba o | B NOZ_ - R——NOZ— (6)
i,e,m,. . .k i 1 1 2 2
Rz,o Noz— Noz— Rz oNo2 Rz o“o
1 n
where N02~,..;,N02- arer1 ionic fract102s of free oxygen conneiﬁed with
cations of HMe ,..., Me respectively; N14— ionic fraction of 5i0, anion,

cation environment of whlchilncludes Pnly He eatlons
Indicate, as in [11, N, = U, E, /Nyz-= V, (Rzouoz /Rzonoz ¥ Bgmns

(B' N"2-/K" N'2-)= £. Then

c~1 im k
thm”__lk =V UVt ...t . 7)
Expression (8) contains variables (NSZ-,NSZ-,...,NGZ-,N14). To find
these variables, we may use the following equations:

€0 0 i+1-c Lk 4 =C=M= w0 o =P n ;

2:: J
; ; = : Ni.,c,m,. o2k + z N 2- = 1; (8)

c=0 it=c+1 m=0 k=0 ij=1 0

0 0 i+1-c i+d1-c-m-...-p
1+ E E E e E (2i- e)Ntcm o = D; (9)
c=0 i=c+1 m=0 k=0

it+d-¢c iL+d1-c-m-..
-1 1

Ez: }:: E:: E:: (i+l-c—m-. —k)Ntcm Lk D =N, .o;(18)

c= i=c+41 m=0
. 00 00 i+i-¢c iL+1-c-m—-...-p h -1 h
N02_+§ § Z ¥ 2 'Z S(h)ﬂi.,c,m,. .k D =NMeo; (11)
c=0 i=c+1 m=0 k=0
h = {2,3,...,11}; S(h) = {m,]-:---’k-}; (12)

Study [6] contains finite expression for a four-component system.
However, sum values in equations (8-11) we may determine on recurrent



4th International Conference on Molten Slags and Fluxes, 1992, Sendai, ISIJ

dependence: et et
S, = [S_j & FY. % NI T o N (t,,,x,y,y/th,ti/tn,.-.,tn_1/tn],(13>

n-1 noj

1 1 1 1 1 n

= 2- = 2- - -di 1 3

where x NL4kio/N0 .,y REO/NO » 8; - n-dimensional sum of
t+i-c i1+1-c-m-...-p

00 cOo n
Z Z Z -‘-Z jNi.,c,m,...,k = Sj » 3 = {l,i,e.m, ...k}, (14)
k=0

c=0 i=c+1i m=0

let"s note that 5
2 2 2 2
SZ:[ttﬁg+zsi—sz]—[§f+2s1—sc]][1—tJ ,p={m,...,k},1={1,2,...,n}. (15)

As in [1] reactivities of basic oxides of molten metal are equal to

aMeoiZNOZ-.Activity of silica was calculated according to the following
i

equation Agi :N:4(RéD/N82—)2. Let’s illustrate the elaborated method
2

following the example of system FeO-MnO-Mg0-Ca0-SiOz and FeO-HMg0-Ca0-5i0z.
Table 1 shows ionic composition and activity of FeO in melts FeO-HnO-MgO-
-Ca0-Si02z at 1873K1 Calculgtions are made at, the following polymerization
constant values: K, ,=0.9.,K, =0.2,k, =0.03,E, -0.003[1].

Table 1 Ionic Composition and Activity FeO in the System
FeO-MnO-Mg0-Ca0-Si0z at 1873K

M. [ Ca0 8505 T Feo g0 ] Mate | Mo*o| Mge-| Wge-|  mge- [PreolT
1{16.78| 5.73(67.79| 4.71|2.32°10 " |@.745 0.026|0.074|4.74°10 > | 8.765
2| 8.32| 2.52(62.24| 1.82|2.36°19 |@.633 ©.312|0.021|6.71+18 *| B.581
3| ©.34|13.74|42.48| 5.68|1.61°10 " |0.490 0.248|0.025(1.65°10 | 8.477
4| ©.28|22.12(28.63(12.57(4.39°19 " |@.410 0.299|@.955|1.76:16 | ©.396

Table 2 shows ionic composition of melts FeO-Mg0-Ca0-Si0z. From Table 2 we
can see that increase of Si0z contents$in slags causes significant increase
of HgZSiO4 and CaZSiO4 contents and appearance of complex Fe. Hngakx

i+i-c-m-k

x5i0,;,, . containing a number of cations. In Table 3 calculation results

on equation (8-12) are compared to experimental data. It should be noted
that in studies [8,9] data for systems (MnO+Mg0+Cal)+Fe0+(Si02+P205) are
given. It may be the reason of discrepancy, especially when Mg0 quantities
are high (25 and 40 mole %). Activities of FeO and S$i02 in [8,9] are rated
on pure liquid non-stechiometric FeO and pure solid S$iOz.

Table 2 Ionic Composition in the System FeO-Mg0-Ca0-Si02 at 1873K

N PR e T oeon] Moro| Mo | mae- | m [ w2 ] we,
1| 53.0| 10.9| 10.0|0.646(9.3+16 ~|1.6'10 *|0.120|0.022|6.6 18 "*
2| 61.0| 16.0| 16.0|0.7608|2.1+16 ~|2.8'10 " |0.636|6.925|4.4 19 >
3| 30.6| 15.4| 10.6|0.386(8.5°10 |9.4°10 " |9.996|0.642|5.1 19"
4| 20.0| 10.0| 30.0|0.446|6.9°10 |4.2°10 *|0.110|0.624|8.8 19>
5| 35.0| 16.0| 30.0|0.673|1.1°10 ~|2.1°10 *|p.126|6.629|1.1 19>
6| 80.6| 5.8| 5.0|0.879(1.8°10 ~|3.2:10  |0.921|0.004|2.5 19 >
7| 25.0| 18.8| 10.6(0.228|5.5°18 |7.2+10 *|0.042|0.622|3.8 19>
8| 20.0| 25.0| 15.8(0.350(1.2+16 |1.1+18 |6.655|0.0958|4.9 19 >
9| 15.0| 40.6| 10.0|0.445|1.5°16 |8.8'10 *|0.073|6.675|2.6 10>

Table 3 follows that the calculated values of activities are in good
conformity with with experimental data. According to evaluations of root -
mean - square deviations (R) of the calculated activities of FeQ and Si0z
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from the experimental ones, calculation of cation environment composition
of anions is 3-7 times more than calculation accuracy.

Table 3 Activities of Components in the system FeO-Hg0-Ca0-5i02 at 1873K

* ET) exp. * *¥* exp.
N | 2roo|2rL2]|af18]|2- 137 |2- 031 |2 [8] |2si0_|2s[3]|25[8] |2s (8]
1|0.646|0.784|1..090|0.433|0.451|0.690|0.254|¢.681|6.077| &.26
2|@.760|0.8006|1.280|6.566|0.581| ©.83(0.055(0.041(0.439| @.08
3|G.386|0.678|0.244|6.165|0.107| ©.44|6.568| ©.34| ©6.33| 6.51
4|0.466|0.638|0.246|0.075|0.0871| ©6.42|0.488| 6.12| @.11| 6.47
5/@.673(0.7220.664(0.446|6.529| 6.70|6.230|0.006 |06.904| 6.10
6|0.879(0.860|0.901|0.746|0.758| ©.94|0.0624|0.043|0.629| @.65
7l6.228|6.555|0.126(0.647|0.948| ©.23(6.713|0.672|6.667| 6.70
8|p.350|0.638|9.239|0.¥84|0.¥96| ©.41(0.396|0.136|0.124| B.36
9(p.445|0.533|0.201|0.106(0.112| ©.45|0.325(0.443 (0.638| B.25
R|0.045| 6.17] 6.24]| 6.29| ©.27| - |6.656|0.179{6.185| —
4 2 3 1 2 3
% — k@ozz.g,kaozﬂ.z,k;p:@.ggs; *k — Raozﬂ.s,kaozw.zs,kiozg.gg1s[2]

2. ALUMINOSILICATE MELTS

It is known that structura;~units of polymerized anions in the system
under consideration are the AlOQ, complexes, which make up chains, rings and

other forms of aluminium oxygen anions. Since Al203 is an amphoteric oxide,
one can expect the appearance of free cations Al in the melt, or
according to some other date, Al10 [11].

The absence of data about the real ionic constitution of such melts
permits to judge about the correctness of this and some other calculation
schemes only in an indirect way, i.e. through the proximity of calculated
and experimental values of activities of the components.

Let us assume the following complex formation reactions for systems

Me0-A1,0,-Si0,

181077 = 81,0507 + (i-1+¢)0" RIS (16)
S5- j+2-2hy— - -
GA10; = ALOTFTTe (-1+h)07 BT (17)
$i0, + A10, = SiAl0o, + 07 B . (18)
a10" = 17" + 07 kg (19)
$i0 + yAlO, = Si ¥ e E
xo1U, + v a4 Slelyoa(x+y)+1 + (x+y-1)0 (28)

where R is the equilibrium constant the reaction (20).
In this case calculation equations will be as follows:

E+O+1 Ng+0
1 £ 20 n 1,4,Si"1,4,Al
N - &S X (21)
£.0m Si-si”  si-AlTAl-Al 20+£+M
Noz_
g+O’ g+G+1
N N
2 £ 20 n 1,4,Si71,4,Al
N = R> _R-. R 22)
\E:O.n Si-si” si-Al Al-al NZO'ME*'T) (
0*”
g - n N§+O+1 E+O’+1
3 20+1 1,4,Si14,4,Al
N = k> _R.7 R - £ 22 (23
£.0m si-si”si-Al T Al-Al NZO’*‘E"T?*i b,
0*”



4th International Conference on Molten Slags and Fluxes, 1992, Sendai, ISIJ

Nie = Bsiosi Ny silig?- (24)
Ny = RO N, NgE (25)
0 00 0 0 00 00 0 00 00 00
L e Ym0 a5 05 v
c=0 i=c h=0 j=h+1 O=1 =0 M=o O=1 =0 n:o
0 (v 0
+ Z ZNEOT?+ NOZ— = 1 (26)

LCLL“Z

i=c+1 Q= = =0

- balance for aluminium ato :
) 0 0 0

rc‘ T 5— N, +Z Z n+0+1)ng0n Z i i (T}+O+1)NE’O’T?+
=0 ﬂ:o

h=0 j=h+1 = =

0 [00]
+ Z 2: (T}+0)Nz'o’n = Ca10, (28)
O=1 =0 n:o

- balance for electricity g

Zc‘ ZN Z Z 2Cisl-c )N, +Z Z (33+2-2h)N;  +

C=0 i1=c+1 h=o0 J—h+1

Cco (09] [04] [00] 00}

1 2
+Z Z (37“50*2&*4“5,0,17*2 2: Z (3n+50+2§+5)ug’0’n+

=1 =0 =0 =0 n=o
(3N+50+2E+7)N 3 = 2€, ~+C I (29)

2 %: Z i £.om HeO™ “A1,0, Ry + N

- 0

s i |
where E C 1is the sum of the concentrations of all anions in mole/m ;CMeO’

CAl 0 ’CSiOZ are respectively, concentrations of MeO, A1203 and 5102 in
mole/ma; N14st’ N14AL are the ionic fractions of the anions SiOZ— and

Ale_. We find activities of the components of the melt, within the assumed

scheme, from the expressions:
2 =2

Asio = Rst—si.NLz,SiN 2-3 (38)
2 0
k? ;
10 " AL—ALN +N1,4,ALN 2-7 (31)
23 Alo 0
aCaO: N 2—N 2+; (32)
0 Ca
where N +» N, are the ionic fractions of the anions Al0° and Ca
Al10 Ca
respectively.

Table 4 shows jonic compositions and activities components 1in the
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systems Ca0-Al1202-5i0z at 1823K with Rsbsi: Z.EZS[l],RAbAL = 9.64[111,
kg = 8.012[11], K ,, = 0.093.

Further development of the proposed methods is connected with taking
into account the presence of other complex-forming oxides (TiOZ, Cr203 and

other) in the melt and the imperfection of an ionic melt.

Table 4 Ionic Composition and Activities Components
in the System Ca0 - A1203 - 8i0, at 1823K

Mole fractions Acao 3si0 |2a1 o
cuo| w10, [si0, | Tgre |eeost] Hean | e o a;f:Z:
0.4) 0.1 | 6.5|1.98+167°| 8.253 |2.24-107°|1.71+10"|2-2256| 2.58) _0.050
6.3 0.1 | .6|1.46°16°| ©.163 |1.16+107 " |1.62°18 g:ggzg g:; 2.251
0.4| 0.2 | 0.4|2.98°107| 0.360 |4.73-107|4.18+10"|2-2086) 2.38) 2.2190
32| 6.2 | 6.6|1.25:167°| ©.138 |9.59-107*|3.36+19*| 22031 g:gg a.117
0.6 8.3 | 8.1|2.66°107| 0.287 |4.12+107" |2.06 10 " |01 g:%;u 2.2069
0.4| .3 | 0.3|5.55-10| 9.526 |1.62-107%|9.22-10 " |-2-215B.15)_ 12.28
0.3 0.3 | 8.4[2.41-107| 8.305 |3.40-107|5.92 10" |2-0053| _D.47)_2.28
6.5 6.4 | 8.1[5.47°107| 8.370 |3.40+107" |2.50 10 " |0-125| 0.081)_3.71
6.4| 0.4 | 6.2|1.23-10°| 9.580 |6.54+10"|1.80 10 | —2-23) 2.034) 2.4
6.4| 8.5 | 0.1|2.59-107°| @0.400 |1.97-10*|2.7810"" | —2-05/0-954)|_2.41
6.3| 8.5 2|8.75+10| 8.550 |3.87-10"|2.91 10" |2-218)| 8.055) 9.5
6.2| 8.5 | 0.3|3.92°187°| 9.398 |6.34-10|1.25-10 " |2-0052]_2.52]_0.42
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