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Abstract: According to the mass action law and the coexistence theory of slag structure, the calculating models of mass action con-
centration for CaO-MgO-FeO-Fe,0,-5i0,, CaO-MgO-MnO-FeO-Fe,0,-P,0,-5i0, and CaO-MgO-MnO-FeO-Fe,0,-Al,0;-P,05-
Si0, slag melts are formulated and sulphur distribution between the slag melts and liquid iron is treated. It is found that CaO, MnO
and FeO promote desulphurization, while MgO is detrimental to desulphurization. In addition, the sulphur distribution coefficients

between the slag melts and liquid iron are presented.
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The sulphur distribution between CaO-MgO-FeO-
Fe,05-810, slag melt and liquid iron has been dis-
cussed [1], and the sulphur distribution coefficient

_ 8(KcssNeao + KresNreo + KMgSNMgO)Zn
[0%] |

Ls

MgO(s) + [S]=MgS, + [O]
and
AG® =199752-31.527T (J/mol)

have been used to evaluate Ky [2]. It seems theoreti-
cally reasonable to do so, because other researchers
have obtained similar information about the desul-
phurization capability of MgO [3,4], i.e., MgO has
certain desulphurization capability, though it is very
little. However, after treating a lot of equilibrium data
about sulphur distribution between multicomponent
slag melts and liquid iron, it was found that in the
majority cases Ky,s are negative values. The objective
of this paper is just to introduce the results of such
treatment. In addition, checking whether the mass ac-
tion law and the coexistence theory of slag structure
are applicable to the sulphur distribution between
multicomponent (over 5 components) and liquid iron
is also an important question to be answered.

1 Sulphur distribution between CaO-MgO-
FeQO-Fe,0,-Si0, slag melt and liquid iron
According to the phase diagrams [5], there are

Fe,0,, Si0,, CaFe,0,, Ca,Fe,Os, MgFe,0,, Fe;0,,
CaSi0O;, Ca,Si0,, Ca;S8i0;, MgSi0,;, Mg,Si0,,
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Fe,Si0,, CaMgSiO,, Ca0O-MgO-28i0,, 2Ca0O-MgO-
2510, and 3Ca0-MgO-28i0, formed in this slag sys-
tem. Hence, based on the coexistence theory of slag
structure [6], the structural units of the slag melt are
Ca’, Mg*, Fe”, 0%, 8% simple ions as well as Fe,Os,
Si0,, CaFe,0,, Ca,Fe,0;, MgFe,0,, Fe;0,, CaSiO;,
Ca,Si0,, Ca,Si0s, MgSiO,, Mg,Si0,, Fe,SiO,,
CaMgSiO,, Ca0-Mg0-28i0,, 2Ca0-MgO- 2810, and
3Ca0-Mg0-28i0, molecules.

Assuming the composition of the melt as
b1= znc;xo , b2= ZnMgO s b3= ZnFeOy a= ZnFe201 s
a,= Xnso,;

the equilibrium amount of every structural unit (in mol)
expressed by the composition as

Xy = Hcao , X2 = Nimgo » X3 = NFe0 , Y1 = HFe205 »

Y2 = Nsi0; s A = ACaFe;04 5 L2 = NCasFe:0s 5 L3 = NMMgFe204 »

24 = NFe;0,4 » L5 = NCaSi0; » 26 = Ncas5i0q 5 L7 = NCassi0s »

T8 = NMgsios » L9 = RMg2Sioy » £10 = FFeasiOn » Z11 = NCaMgsio. »
212 = a0 Mg0-28i02 5 £13 = F2Ca0 MgO 25i0- »

214 = N3Ca0 MgO-25i0: 5

the mass action concentration of every structural unit
after normalization as

N, =NCao,N2 :NMgo,N3 =NFeo,N4 =NFezOz )
N;s =N5102 , N =NCaFe204 , N7 = NcasFe:05

Ny =NMgFe104 s No = Ngeyo, , Nio = Ncasos »

Nu =NCa35104 ,le = NC:HSIOS » N13 = NMgSiO,\ .
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Nu = NMg:Si04 s Nis = Ngessios, Nig = NCaMgSiOA s
Ni7 = Nco MgO 25102 5 Ni = NZCaOMgOZSlO: »

N19 = NBCaOVMgO 28102 >

3 n = the sum of the amounts of ions and molecules in

equilibrium (in mol). Then in the light of the mass ac-
tion law, it gives as the following.

Chemical equilibria:
(Ca* + O%),,, + Fe, 05, = CaFe, Oy,

Ne Xi Y
, 2 =2K, —— 1
NN 1 1 Tn D

AG® = —29726 — 4.815 T (J/mol), 973-1489 K [7];
2(Ca* + O%),, + Fe, 05, = Ca,Fe,Osy,

K1=

N, xty
K, = > , 22 = 4K3 = 5 (2)
T NEN. (Zn)
AG® =-53172-2.512 T (J/mol), 973-1723 K [7]
(Mg + 0%, +Fe,05,=MgFe, Oy,
Ng X1
Ki=——, z3=2K; 3
3 NoN. 23 3 T 3)

AG®=—19259 - 2.0934 T (J/mol), 973-1673 K [7];
(Fe™ + 0"+ Fe, 05, = Fe;04),

Ny X3y
K,= , 24 =2K, —
4 NN 4 4 S

AG® =—45845.5 + 10.635 T (J/mol), 1644-1870 K [6];
((:a.2+ + 02_) + (5102) = (CaSlO;),

4

N 2
Ksz——w—, 725 =2K; aibL
N\N; >n

AG®=-81416 — 10.498 T (J/mol) [6];
2(Ca* + 0™) + (510,) = (Ca,Si0,),

S)

Ny, xfy:
26 =4K
3 6(Zn)2

AG® =-160431 + 4.106 T (J/mol) [6];
3(Ca>* + O™) +(Si0,) = (Ca;Si0s),

Kb =3
Nl'Nj

(6)

)

AG® =-93366 — 23.027 T (J/mol) [8];
(Mg2+ + 02*)'5) + Si02¢s)= MgSiOg(s),

Nis X2y2
, 2 =2Ks —— 8
NN S (&)

AG® =-36425 + 1.675 T (J/mol) [9];

K3=

2(Mg™ + O%);, + SiOy, = Mg,Si0y,),

Nis xzzyz
Ko = , 20 =4K ~ 9
9 NIN- 9 9 =) )
AG® =—63220 + 1.884 T (J/mol) [9];
2(Fe* + 0%) + (810,) = (Fe,Si0,),
Nis Xaz Y2
Ko=—1—,z0=4K - 10
10 N32N5 10 10 (2 . (10)

AG® =-28596 + 3.349 T (J/mol), 1808-1986 K [10];
(Ca* + O¥) i+ (Mg™ + O%),+ SiO4, = CaMgSiOy,),

N 2 = X1 X2Y2
n=———— %1 =44 5
(Zn)?

AG° =-124766.6 + 3.768 T (J/mol), 298-1473 K [7];
(Ca> + 0¥) + Mg + 0) + 2(Si0,) = (CaMgSi,0),

(an

N 2
z 22 =4K» XIxzy;
(Zn)

N\N.NZ°°
AG® =-80387 —51.916 T (J/mol) [11];
2(Ca” + 0)+(Mg™ + 0*)+2(Si0,) = (Ca,MgSi,0),

K=

(12)

N Lx,y3
- 2 » Z13 =8K; al x_)’;
(Zn)

- N|2N7 5
AG® =-73688 — 63.639 T (J/mol) [11];
3(Ca®* + O)+(Mg* + 07)+2(Si0,) = (Ca;MgSi,0y),

(13)

Ny xfxgygz
=m,ll4=16K14— (14)

(Zny
AG®° =-315469 + 24.786 T (J/mol) [12].

K14

Mass balance:

b=xi+z+20+z5+27+3z7+ 20+ 22 + 223 +

3z, (15)
bh=xx+zu+z+2z+tz1 20+ 23+ 21 (16)
bv=x:+z4+ 2210 a7)
a=yn+za+n+ntu (18)

a=v2+zs+tetotatzetzotzn+2z+

2zi3+2z14 (19)

Sn=23x+Yy + Y (20)
-1 = k=1

The mass action concentration of every structural
unit can be respectively expressed as

2
Yn
where the subscript i indicates CaO, MgO, FeO etc.

N; 21



2y
N =— 22
S (22)
where the subscript j indicates Fe,0,, SiO,, silicates
etc.

The above-mentioned equations (1)-(22) are the
calculating model of mass action concentrations for
the slag melt. The sulphur distribution reactions be-
tween the slag melt and liquid iron are illustrated by
the following equations:

(Ca™ + 07) + [S] = (Ca®™ + $*) + [0],

2S)es  [O]
_ NcsNio _ 323 n 16%1.7905 _
NcoNis  2x [S]

>n 32x1.7905

(S)cas[O]
8NcolS1Zn’
>n

Leas =8KcasNeao ﬁ (23)

Similarly,
Mg* + O) + [S] = Mg™ + §*) + [O],

>n
Ligs = 8Kmgs Nupo ﬁ (24)

(Fe* + O) + [S] = (Fe* + $¥) + [O],

Lres =8KresNieo _Z_n (25)

[O]
Hence, the sulphur distribution coefficient between
the slag melt and liquid iron is as follows:

_ 8(KcasNcao + Kmes Nmeo + KresNreo) Xn

Ls
(O]

(26)

Transforming equation (26) into the following equa-
tion:

s[O
g;l:l—[Ni; = Kwmgs + KcasNeao + KresNeeo (262)
and putting
6)
=—8El‘;l[_A,]:\|l]—gO-, a=Kwgs, b =Kcs, Xi=Ncwo,

b =KFes, X, =NFeo,

then equation (26a) changes to the following regres-
sion equation of two independent variables:

Y=a+bX +b:X>.

Using equilibrium sulphur distribution data be-
tween the slag melt and liquid iron from reference [13]
as well as equations (1)-(22), the mass action concen-
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tration of the slag melt at different temperatures was
calculated, then equation (26a) was used to regress the
equilibrium constants of desulphurization for the slag
melt as

KCaS = 0.060687, KFCS = 0049717, KMgS = —002268,
R =0.95068, F = 361.678.

Thus, the coefficient of sulphur distribution for the
slag melt and liquid iron can be expressed by the fol-
lowing equation:

Ls =[8(0.060687N ., +0.049717 Nr.o —
0.02268Ny0) D 11/[0%).

The calculated results are shown in Figure 1. It can
be seen from the figure that agreement between the
calculated and measured values is good, and testified
that the aforementioned calculating model can reflect
the sulphur distribution characteristics between the
slag melt and liquid iron. However, it should be point-
ed out that Ky is negative.

12
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Figure 1 Comparison of the calculated L. values with the
observed L, values at temperatures of 1811-2030 K.

2 Sulphur distribution between CaO-MgO-
MnO-FeO-Fe,0,-P,0.-Si0O, slag melt and
liquid iron

In comparison with CaO-MgO-FeO-Fe,05-5i0,
slag system, as well as according to the phase dia-
grams [5] and the coexistence theory of slag structure
[6], the additional structural units of the slag melt are
Mn?*, MnFe,0,, MnSiO;, Mn,SiO,, 2CaO-P,0s,
3Ca0-P,0;, 4CaO-P,05, 2MgO-P,05, 3MgO-P,0s,
3MnO-P,0s, 3FeO-P,0; and 4FeQ-P,0;.

Assuming the composition of the melt as

b =2n(‘a0 by =2nMgo,b3 =Z”Mn0,b4 =2”Feo
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a=2 NFe,05 , a2 = 2 Re05 , A3 = Ensi02 5

the equilibrium amount of every structural unit (in mol)

expressed by the composition of the melt as

X1 = RBcao 5 X2 = Nvgo 5 X3 = BMuo 5 X4 = NFe0 5 Y1 = PFe;05 5

Y2 = Rp.0s , Y3 = Nsi0; 5 21 = HCaFe204 5 T2 = NCazFes0s »

23 = BMgFe;04 5 L4 = NMMnFez04 5 25 = AFes04 5 X6 = N2Ca0-P,05 »
27 = N3Ca0 P05 5 L8 = N4CaOP,0s » 29 = N2MgO-P0s »
210 = N3mgor:05 5 11 = N3MnO-B0s 5 L12 = M3FeOP:0s »
213 = N4FeOP-0s 5 L14 = HCaSiOs 5 15 = NCas8i0s 5 216 = HCassios »
27 = NMgsios » 218 = FMg,si0s 5 219 = MMnSios » 220 = MMnaSios »
221 = NFesSi0g 5 £22 = RCaMgSioa 5 223 = HCa0-Mg0-25i0:
224 = N2Ca0Mg028i02 » 25 = MN3Ca0OMp0O-28i0; 5

the mass action concentration of every structural unit
after normalization as

N =Ncwo s N2 = NMgO ’ N3 = Nwmno ’ N, = Ngeo y

N5 = Neeou , No = Neos , N7 = Nsioy s Ns = Neare0s
Ny = NCazFezOs s Nig = NMgFe104 ’ Nu= NMnFezO4 ’

Niz = Newos » Nis = Nacaoros » Niu = Nicaomos

Nis = Nucaioros » Nie = Navgor0s s Ni7 = Nameor0s +
Nig = Nimnoros , No =N 3FeO-P20s » Ny = Nareoros ,
N2 = Nassion » N22 = Neassios s Nz = NCa35i05 ’

Now = NMgSiOJ y Nos = NMngi04 ’ Nz = NMnSi03 ’

Ny = Nunsios s Nag = Neessio, , Nao = NCa0~Mg0-Si0: s
N30 = Ncﬂo,Mgo 28i0; 1 N31 = NZCaO-MgO-ZSiO: y

Nvu = N3CAO'MgOZSi02 )

2 n =the sum of the amount of ions and molecules in
equilibrium (in mol). As in this slag system, there are
14 compounds, and the chemical reactions and ther-
modynamic parameters have already been given in the
above-mentioned, so only the expressions of equilib-
rium amount (in mol) are listed as

Xiyi JCl Y X2 Y1
=2K 722 = 4K, , 23 =2K
1 zn L2 (2 )2 23 3 zn
2
yl ly3 Xi'y3
25 =2Ks 2= =2K , 215 = 4K s —2—
5 s Zn 1Mo Zn 215 15 (Zn)z
' 2
216 =8Ke = (Z )3 » A7 = 2K17%,le =4Klszx§—y;_7,
n n)”
_ x4yz X1X2 Y3
22 =4K> (2 )2 s L2 = 4K22—(§n_)2-,

2
X X2 ys _ X X2 Y3

23 =4Kp ——— (Z )3 , 224 =8Ko4 —(Z'l)4 ’
X xy3

225 = 16K (12 )’ 27)

While for the compounds which have not been il-
lustrated above, their chemical equilibria, expressions
of equilibrium amount (in mol) and thermodynamic
parameters are given in detail as follows:

(Mn2++02_)(s)+F6203(S)=MnFe2O4(S),

N X3
, 2 =2K
N3Ns * ¢ dYn

AG® = 35726 + 13.138 T (J/mol) [12];
2(Ca% + 0%) + (P,05) = (2Ca0-P,05),

Ky = (28)

Ni X1y
K¢=—7— =4K
6 6(271)2

29
NIZNZ ( )
AG® =-120427.125-290.521T (J/mol) [6];
3(Ca* + 0™) + (P,0s;) = (3Ca0-P,05),

Nua xfyz
Ky =—22_ 7. =8K
TT NN, TEny

AG® =-694563.125 + 49.897 T (J/mol) [6];
4(Ca* + 0”) + (P,05) = (4Ca0-P,05),

(30)

4
Mis oy = 16K, 22

Ky = ,
*T NN, cn)

Gh

AG® =-822509.8 + 95.893 T (J/mol) [6];
2(Mg™ + 0) + (P,05) = (2MgO-P;05),

N Xy
,2 =4K.
N3N, T 2y

AG® =-168359.4 — 339.35T (J/mol) [6];
3(Mg** + 0¥) + (P,05) = (3MgO-P,05),

K, = (32)

_ Ny, x%y:
K= N3N2 , 20 =8Ko (Zn)3

AG® =-486715.5 + 36.844 T (J/mol) [6];
3(Mn** + O%) + (P,0s) = (3MnO-P,05),

Nig
K, =m, 2 =

(33)

x y2
K, = 4
=8K, 2% 34)

AG®=-526421.411 + 102.049 T (J/mol) {6];
3(Fe* + 0%) + (P,0s) = (3Fe0-P,0s),

N
K12 =Tw—,z12 8K1') X4y2

NiN, o) n)
AG® =-430404 + 92.708 T (J/mol) [6];

(35)
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4(Fe* + O¥) + (P,05) = (4FeO-P,0y),

N2 xiy
K =m,213 =16K13(—Z—n)—4 (36)

AG®=-381831.469 + 47.367 T (J/mol) [6];
(Mn* + 0%) + (Si0,) = (MnSiOy),

N X3Y3
—— , 219 = 2K = 37
NN, 219 19 Zn { )
AG® =-30013 - 5.02T (J/mol) [14];
2(Mn* + O7) + (Si0,) = (Mn,Si0,),

N x32y3
Ko =——,20 =4Kn——
0 NN, 0 O(En)z

AG® =-86670 + 16.81 T (J/mol) [14].

K=

(38)

Mass balance:
b=x+2+22+2z +3z +4zs + 214 + 2215 + 3216 +
Z0n 4+ 20+ 2224 + 3225 (39)

by=x2+z3+220+320+ 27+ 223+ 22t 23 + 220 +

25 (40)
by=x3+zs+3z01+ 20 + 222 4D
by =xs+ 25 +322 + 4213+ 222 (42)
a=n+u+ntuntiats (43)

G=Y2+Z26+Z7+%+2o+2Z+2n+ 22+ 23 44)

A =Vi+2ut s+ e+ 217+ 2w+ Zis + 220 + 2o + 2ot

2223+ 2224 + 2255 (45)
4 3 25

Zn=2zx,‘+2)’,‘+22k (46)
=l J=1 k=1

Equations (27)-(46) as well as equations (21) and
{22) are the calculating model of mass action concen-
tration for the slag melt. Similarly, the desulphuriza-
tion of MnO between the slag melt and liquid iron can
be written as

(Mn® + O%) + [S] = (Mn* + $%) + [O],

Litns = 8K nnsNvimo 2 (47)

(0]

Hence, the sulphur distribution coefficient between
the slag melt and liquid iron is:

Ls =

8(KcusNcwo + Kmes Nugo + Knmns Nvno + KresNreo ) 2 1
[O]

48)
Using equilibrium sulphur distribution data be-
tween the slag melt and liquid iron from reference [15]
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as well as equations (27)-(46), the mass action con-
centration of the slag melt at different temperatures is
calculated, then the equilibrium constants of desul-
phurization for the slag melt are regressed as

Kc.s =0.039996 , Kuns =0.056268,
Kres =0.044901 , Kyvgs =-0.03015,
R=0.9825,F =770.

So, the sulphur distribution coefficient for the slag
melt and liquid iron can be expressed by the following
equation as

Ls =
[8(0.039996N .0 + 0.056268N ppo + 0.044901N o —~
0.03015Nwmg0 ) Z 1) /[0O%].

The comparison of Ly calculated with Lgp observed
is shown in figure 2. It is seen from the figure that,
though a small part of points shows some scatter, the
overall agreement between the calculated and meas-
ured values is satisfactory. Therefore, the aforemen-
tioned calculating model can reflect the sulphur dis-
tribution characteristics between the slag melt and lig-
uid iron. Also, Ky,s is negative.

1803-2069 K yd

8 % ® /
S
6r L 4
[ J
®
34 o: ®
r L 2PY .“
s ¢
2+ A
! 4

L) et
0 1 1 L 1

0 2 4 6 3

Le

Figure 2 Comparison of the calculated Ly values with the
observed L, values at temperatures of 1803-2069 K.

3  Sulphur distribution between CaO-
MgO-MnO-FeO-Fe,0;-A1,0,-P,0,-Si0, slag
melt and liquid iron

In comparison with CaO-MgO-MnO-FeO-Fe,0--
P,0,-8i0, slag melt, and according to the phase dia-
grams [3] and the coexistence theory of slag structure
[6], the additional structural units of this slag system
are ALO;, 3Ca0-Al,0,, 12Ca0-7A1,0;, Ca0-AlLO;,
Ca0-2AL,0;, Ca0-6AL0;, MgO-Al,0;, MnO-ALO,,
FeO-ALO;, Ca0-Al,0,28i0,, 2Ca0-AL0,-Si0, and
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3A1,0;-28i0,.
Assuming the composition of the melt as
b =Y newo = ZnMgO,b3 = EnMnO N aneO s
Q1 = X Mhey0r » G2 = 2 AALD, » 03 = L NP5 , s = 2, Msi0:

the amount equilibrivm of every structural unit (in mol)

expressed by the composition as
X1 = Rcy0 5 X2 = Apmgo 5, X3 = AMn0 5 X4 = HFe0 3 Y1 = NFea0s »

Y2 =7a10v, Y3 = 1005 5 Y4 = P50 5 2 = HCaFe:04

2 = ACaxFes0s 5 L3 = AMgFe:04 » T4 = FMnFe;04 5 L5 = 1Fes04 5
26 = H3Ca0 ALO3 5 27 = M2Ca07A103 5 L8 = NCa0-ALO; »
29 = NCa02A1:04 5 210 = NCa06A104 5 <11 = HAMgOALO; »

212 = AMnO-ALOA 5 Z13 = FFe0 ALOs » 214 = R2CaO P05 »

215 = N3Ca0 P0s » 216 = M4Ca0P0s 5 217 = H2MgO B:Os 5

218 = M3Mgo p:0s 219 = NaMnO-m0s » 220 = H3Fe0-P0s

221 = N4FeO P05 5 222 = ACasios » 223 = ACassio: »

224 = Acassios » 225 = NMMgsi0s » 226 = PMg:Si0a » £27 = IIMnsios »
228 = MMn3Si0q 5 £29 = MFeasi0s » 30 = HCaMgsiOs »

231 = RCa0-Mgo-28i0; 5 232 = N2Ca0 Mgo-25102 »

233 = N3Ca0 Mg0 28102 5 L34 = HNCa0-AL;03 28102 »

235 = M2040-A10; Si0; » 36 = N3AL0; 28i02 5

the mass action concentration of every structural unit
after normalization as

= Nwno » N4 = Nreo

= Npos 1N8 = Nso0, ,

N‘) = NCaFczO-l ) NIO = NCazFezOS » Nll = NMgF6204 )

N =NCa0,N2 =NMg0,N3

NS NFc:()J’Nt):NAlex ’N7

Ni2 = Nwwbe:0s » Ni3 = NEewos » Nia = Nacao anos

Nis = Nizcaorano, » Nio = Newo Al2O3 » Ny = NCaO—ZAl:()3 ’
Nix = Neaooanos » Nio = Nmgo a0 N = Nmwo a0s
N2 = Nreoano N2 = Nocaoros N2 = Nacaor.os »
Nz4 = N4Cu0P:0s , Nas = NZMgOPzOs ’ Nze = N}MgoP:os )
Ny = Navino r0s » Nag = Nakeoruos Ny = Napeoros
Nio = Neasios , N = NCa:SiO4 » N3 = Neasios

Nu = Nl\lgSle s N = NMggSiOq s Nis = Nunsios

Ny = NMn:SiO.x , Ny = NFC:SIO4 s Nas = Ncwo MgO-$102 »
N}o = N(‘aOMgOQSlO: y N40 = N:Cuo MgO 28102 »

Na= N}CaOMgO 25102 y N4> = Nuo Ao 2s10:
Niz = Nocuo a0 5102 s Nas = Naaror 280 5

> n= the sum of the amount of ions and molecules in

equilibrium (in mol).

As in this slag system, there are 25 compounds, and
the chemical reactions and thermodynamic parameters
have already been given in the above-mentioned, so
similarly, only the expressions of equilibrium amount
(in mol) are listed as

=2K, ’gyn’ —4K2('§2—:;2, 2 =2Ks "ZZ’
2 =2K, "2’3;1‘ = 2K; xzfl‘ 213 =4K4 (’; y;Z :
215 =8Kis (;‘SZ; =16K. ;y; ,
20 =16K>, (;ﬁ Z; 2 =2Kn %‘y’f
205 = 2Kos mn“ , 22 = 4K, (; r):; ,
20 =2K» );iyn“ 2 = 4K (%;— :
229 = 4K (—XZ‘nL; 220 = 4K+ Z—IZ% ,
=16Ks xg‘? : (49)

Accordingly, for the compounds which have not
been illustrated above, their chemical equilibria, ex-
pressions of equilibrium amount and thermodynamic
parameters are given as follows:

3(Ca™ + 07 g, + ALOs,= 3Ca0-Al,Oxs),

NH x; y2
Ko =—, SK(; (50)
N13 6 (Zn)
AG® =-17000 — 32.0 T (J/mol) [16];
12(Ca™ + 0% ), + TALOy;s, = 12Ca0-7AL 055,
Nis i’y
K= g O ey
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AG®° =-86100 — 205.1T, J/mol [16];
(Ca* + O + ALOss) = Ca0-AL Oy,

Nis X1y:2
Ky = 75 = 2K,
"T NN, *Yn

AG®=-18120 — 18.62 T (J/mol) [16];
(Ca® + 05 + 2A1L05) = Ca0-2AL 0y,

(52)

N 3
Ky =~ 2y = 2K, 202
NN (Xn)’

AG® =-16400 - 26.8 T (J/mol) [16];
(Ca2+ + 02_)(5) + 6A1203(S) = CaO'6A12O3(S),

(53)

_ Nig _ x|y°
Ko —-m,mo —2K10—(2—n2)6 (54)

AG® =-17430 — 37.2 T (J/mol) [16];
(Mg* + O™)5) + ALOys) = MgO-AL Oy,

N 2 ¥
K= o ,Zn=2K|1x~y—
24V n

(35)

AG*®=-35530-2.09 T (J/moD)[7];
(Mn® + 0*)5, + ALOj 5, = MnO-ALOss),

N X3 )2
Ko=——,20=2Kn 4
34V n

(56)

AG®=-45116 + 11.81 T (J/mol) [17];
(Fe™ + 0%) + AL,O55) = FeO-AL, 055,

N> >
K= - , 213 = 2K3 Ta)e
N4 6 n

(57)

AG® =-33272.8 + 6.1028 T (J/mol) [18];
(Ca®™ +0%) + AL O; + 2(Si0,) = (Ca0-AL0;-25i0,),

Na X1y2 f
Ky=——"—, 23 =2K3— 2

N\NsNi

(58)

AG® =-13816.44 — 55.266 T (J/mol) [11];
2(Ca® + 0%) + ALO, + (Si0,) = (2Ca0-Al,0,-Si0,),

Ny xlz y2ya
Kis=————,72:s=4K - 59
35 N[2N6N8 235 35 (z n)3 ( )
AG® =-61964.64 — 60.29 T (J/mol) [11];
3(AL0;) + 2(Si0,) = (3A1,04-2810,),
_ Nu yiyi
K\o = N§N§ » 436 K6 (z n)4 (60)

AG®=-4354.27 — 10.467T (J/mol) [11].
Mass balance:

b=x1+2+22:+32+1227+ s + 20 + 210 + 2214 +

J. Univ. Sci. Technol. Beijing, Vol.9, No.2, Apr 2002

3zis+4z6+ 22 + 223+ 32 + 200+ 20 + 223, + 3233 +
234 + 2235 (61)

bhr=x2+z+z0+227+328 + 25 + 2206 + 230 + 70 +

2 +23 (62)
bi=xs+za+ 22 +329+ 207+ 222 (63)
by =xs+25+ 215+ 3220 + 4201 + 2229 (64)
a=nt+u+n+n+atzs 65)

ar=y+2+T27+28+220+6z0+ 21+ 22+ 23 +
234 + 235 + 3236 (66)
a=yi+2a+ stz + 27+ 28+ 20+ 220 + 220 (67)

s =Ys+ 20+ 2+ 20+ 25+ 26+ 227+ 228 + 229+

Z30+ 2231 + 22302 + 2233 + 2234 + 235 + 223 (68)
4 4 36

En=22xi+zyj+22k (69)
P = e

Equations (49)-(69) as well as equations (21) and
(22) are the calculating model of mass action concen-
tration for this slag system. The sulphur distribution
coefficient between the slag melt and liquid iron can
be also expressed by equation (48). Using equilibrium
sulphur distribution data between the slag melt and
liquid iron from reference [19] as well as the corre-
sponding calculating model of mass action concentra-
tion, the mass action concentration of the slag melt at
different temperatures is calculated, then the equilibri-
um constants of desulphurization for the slag melt are
regressed as

Kcas= 0018622, KMI\S= 0015441, KF€S= 0017475,
Kygs=—0.00491, R = 0.9093, F = 25.465.

So, the sulphur distribution coefficient for the slag
melt and liquid iron can be expressed by the following
equation:

Ls =
[8(0.018622N o +0.015441N 40 +0.017475 Ny, —
0.00491Nyp0) X 1]/[0O%] .

By using this equation, calculated values of the sul-
phur distribution coefficient between the slag melt and
liquid iron Lg: are compared with the observed Lg,
values as shown in figure 3. It is seen from the figure
that agreement between them is good, attesting that
the above-mentioned calculating model can reflect the
sulphur distribution characteristics between the slag
melt and liquid iron. At the same time, the value of
Ky, is also negative.

From the above-mentioned three examples, it can
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be concluded that the mass action law as well as the
coexistence theory of slag structure is practical to
formulate sulphur distribution models between multi-
component (over 5 components) slag melts and liquid
iron which can reflect the structural reality of the
melts. The negative value of Ky, is probably arisen
from the insolubility of a portion of MgO in the slag
melts and the formation of solid solution with CaO,
MnO, FeO efc. As a result, MgO not only doesn’t
desulphurize metals, but also interferes with the
desulphurization of CaO, MnO, FeO eftc. Therefore,
Kys 1s not an equilibrium constant, but is a value
which represents the detrimental effect of MgO in the
slag melts.

3.5
L 1858-1921 K
3.0 . ¢
®
2.0 )
3
L PY [ ]
(]
* [ ]
1.0t ¢
° L ]
(]
O 1 —L 1 L i -
0 1.0 2.0 3.0 35
Lep

Figure 3 Comparison of the calculated L. values with the
observed L, values at temperatures of 1858-1921 K.

In regard to the desulphurizing capability of basic
oxides, in general, it can be arranged to the decreasing
order as CaO—-MnO—FeO—MgO. However, there
are exceptions in the three examples cited, which is
possibly due to the detrimental effect of MgO in one
hand, and the analyzed oxygen content [0%] is the
sum of soluble oxygen and that in nonmetallic inclu-
sions, i.e., T.[O], but not soluble oxygen only. In the
other hand, because the desulphurization constants are
only related to soluble oxygen, the positive values of
K5 given in references [3,4] are probably the results
of equilibrium experiments between simple oxide
systems and gases, and they are different with equilib-
rium experiments between multicomponent slag melts
and liquid iron. For this reason, the above-mentioned
Kec.s, Kuns and Ki.s are not real equilibrium constants,
but apparent in nature.

Finally, from the three examples, no evident differ-
ence is found between apparent desulphurization con-
stants at different temperatures, this is probably due to
the negligible effect of temperature on desulphuriza-
tion reactions of liquid iron with slag melts. However,

this problem should be investigated further.

4 Conclusions

(1) The calculating models of mass action concen-
tration for CaO-MgO-FeO-Fe,05-5i0,, CaO-MgO-
MnO-FeO-Fe,0;-P,05-Si0, and Ca0-MgO-MnO-
FeO-Fe,0;-Al,0,-P,05-Si0, slag systems are formu-
lated, and the sulphur distribution coefficient between
the slag melts and liquid iron Lg is deduced. Between
the first slag melt and liquid iron L can be expressed
as

8(KcasNcao + KresNyeo — KMgSNMgO)En

b= [0%]

while that between the second as well as third slag
melts and liquid iron as

Ls =

8(KCBSNCdO + KMnSNMnO + KFeSNFeO - KMgSNMgO)zn
[(0%]

(2) Basic oxides CaO, MnO and FeQO promote
desulphurization, while MgO is detrimental to it.

(3) The mass action law as well as the coexistence
theory of slag structure is practical to formulate the
sulphur distribution model between multicomponent
(over 5 components) slag melts and liquid iron which
can reflect the structural reality of the melts.
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