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Synopsis: The sulphide capacities of Ca0-4lp03, Ca0-Alp03-MgO and Ca0-Alp03-Si0p slags
were studied at 1823 to 1923K to estimate the sulphur distribution ratio between secondary
steelmaking slag and liquid steel.

From the obtained results, it was confirmed that substitution of Mg0 or Si0Og for Cal
at a given Myj,0 decreased the sulphide capacities in both systems of Ca0-Aly03-Mg0 and
Ca0-Al903-5i0yp. e evaluated maximum values of sulphur distribution ratio for both slags
were higher than 1000 at 1873K on the condition of CaO-saturation if the dissolved alumin-
ium content in steel was assumed to be 0.0lmass¥.
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1: Introduction

Various kinds of fluxes for dephosphorization and desulphurization of steel have been
developed to produce high purified steel. Practically used flux in secondary steelmaking
process is CaO-based flux, and steel is deoxidized with aluminum. As a result, CaO-Alp03
slag is formed in the process. Ca0-Aly03 flux has not been used in the past excepting for
the utilization in electro slag remelting process, but a special attention is recently
focused on the flux in ladle furnace treatment in secondary steelmaking process. Only a
few studies on the physico-chemical properties of the slag have been reported.

The authors have proposed the application of Ca0-AlpO3 flux to the refining in iron-
and steelmaking process, and at the first dephosphorization and desulphurization of hot
metal and steel with CaO0-Alp03-FeyOy flux was studied in our previous works[1,2] to uti-
lize the flux on the oxidizing condition. In the present work, the sulphide capacities of
Ca0-A1.0., Ca0-Al,0,-MgO, into which MgO would be dissolved from the refractories
in the“sécondary Stéelmaking process, and CaO-A120 -Si0, slags, to which SiO, would come

from the steelmaking slag, were studied to discuss the desulphurization ability of
the slags on the reducing condition, in succession to the previous studies.

From the results obtained, the equilibrium sulphur distribution between these slags
and liquid steel was discussed on the assumption that the steel would be deoxidized with
aluminum,

2. Experimentals

Figure 1 shows the experimental apparatus, which consisted of the purification train
of Ar, Ar-SOy and CO-COz gas mixtures, an alumina tube (0.07x0.06x1.00m) as a reaction
chamber, and the vertical type Keramax electric resistance furnace (10 kvA) for a heating
device, and the quenching zone for samples. Two sets of Pt:6%Rh-Pt:30%Rh thermocouples
were used. One of them was inserted between heating elements and the reacticn tube and
was connected to a temperature controller, and the other was set just above the crucibles
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to monitor the experimental temperature. The premelted synthetic Ca0-Al903, Ca0-Alp03-MgO
or Ca0-Al903-Si0y slags of 1x1073kg set in three Pt (0.01x0.01m) or two CaO
{0.015x0.013x0.015m) ecrucibles loaded in a MgO protective crucible (0.035x0.030x0.01m)
were lifted with a Mo wire up to the hot zone of the reaction tube, and were melted under
argon atmosphere of the flow rate of 3.33x10'bm3/s.
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Fig. 1. Schematic diagram of experimental apparatus.

The atmosphere was changed from Ar to the given mixed ratio of C0-C09-S09-Ar gas mix-
tures of the flow rate of 2.5x10‘6m3/s, and the samples were held for 4 - 6h at 1823, 1873
or 1923K until the attainment to equilibrium. At the end of run, the MgO crucible con-
taining the samples in Pt or Ca0 crucibles was lowered with the Mo wire to a water-cooled
chamber of Ar atmosphere to quench the samples. The slags were separated from quenched
crucibles, and the contents of CaO, Alp0O3, Mg0, SiO9 and S in the slags were determined by
chemical analysis.

The Pt crucibles were hand-made from Pt foil , of which thickness was 5x10~9m, by
forge welding, and the CaO and MgO crucibles were bought from a market. The gas mixtures
were supplied by two kinds of cylinder of C0»-50.1vol%CO and Ar-1.987vol%S05.

3. Experimental Results

The principal equilibrium reaction between gas and slag 1is represented by Eq. (1) in
this experiment.

1/285(g) + (027) = (827) + 1/209(8)  + v e (1)

Richardson[3] assumed the Henrian behaviour of sulphur in slag because of the low solubil-
ity, and defined the following sulphide capacity to discuss the physico-chemical property
of slag.

Cs = (mass%s)(;bz/psz)l/z ................................................... (2)
Where, (mass¥%S) means the mass% of sulphur concentration in slag.

3.1. Sulphide Capacity of Ca0-Al903 Slag

Figure 2 shows the sulphide capacities of homogeneous and CaO-saturated Ca0-Al203
melts obtained at 1823, 1873, 1923K. The experimental errors of Cg caused by chemical
analysis of sulphur are shown in Fig. 2. The numerical value of Cg in this slag increased
with increasing temperature and concentration of Ca0, and the lower the temperature was,
the more the value of (5 increased with increasing Neao -

The (g in Ca0-Aly03 slag has been studied at 1923K by Fincham and Richardson[3], at
1923 and 1873K by Ozturk and Turkdogan[4], at 1873K by Schiirmann et al.[5] on the condi-
tion of CaQ or CaQ-2Al503 saturation, and at 1823K by Carter and Macfarlane[6], Sharma and
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Richardson[7], Cameron et al.[8], and Kor and Richardson{8]. They are also shown in Fig.

2, and agree well with the (g obtained in the present work.
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Fig. 2. Sulphide capacities of CaD-Alp03 slag.

3.2. Sulphide Capacity of Ca0-Alp03-MgO Slag

The sulphide capacities of homogeneous and CaO-saturated Ca0-Al»03-Mg0 melts were
determined at 1823, 1873 and 1923K on the condition of the given ratios of AbaO/AMgO’
molar ratio of Ca0 to MgO, as 10/0, 9/1 and 8/2. The observed iso-sulphide capacity
curves at 1873K are shown in Fig. 3. The experimental composition is marked in Fig. 3 by
®. The numerical values in Fig. 3 show -logCg. It was found in Fig. 3 that the iso-Cg
curves were almost parallel to the liquidus of Ca0 in this slag system, and the numerical
values of (g increased with Ca0 content. Figure 3 shows that Mg0 has not equivalent
effect to Ca0 on the sulphide capacity, and the same bechaviour has been observed in oxy-
gen[10,11], phosphorus[12,13] and sulphur distribution[14] between slag and metal in our
previous works.

No literature on (g of this slag has been reported.

08 07 06 05 \ 04
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Fig. 3. [Iso-sulphide capacity curves for Ca0-Alp03-MgQC slags at 1873K.
® : experimental composition. Numerical values show -log(Cg.

3.3. Sulphide Capacity of Ca0-Al903-5i0g Slag
The sulphide capacity of homogeneous, Ca0- and 2Ca0-SiOy-saturated Ca0-Al503-SiOy
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meits were determined at 1873K on the condition of A@ao/ﬂgiOZ of 10/0, 9/1 and 8/2. The
melts corresponding to AtaO/A@iOg of 10/0 and 9/1 were saturated with CaQ, and the melt
tc  Noao/Nsioo ¢f 8/2 was saturated with 2Ca0-SiOs in higher basic composition. The ob-
served iso—suf%hide capacity curves at 1873K are shown in Fig. 4. The experimental compo-
sition is marked also in this figure by @. The numerical values in Fig. 4 show -logCs.
It was found in this figure that the iso-Cg curves were almost parallel to the liquidus of
Ca0, and the numerical values of Cg increased with Ca0O content in this system, too.

0.3 03

0.9 0.8 07T~ 0% 0.5

Fig. 4. [Isc-sulphide capacity curves for Ca0-Aly03-SiOy slags at 1873K.
@ : experimental composition. Numerical values show -logCs.

The Cg of this slag in high SiOs concentration, for which the chemical property of
ironmaking slag has been discussed, has been studied by Fincham and Richardson[3] Carter
and Macfarlane[6], Cameron et al.[8], Kalyanram et al.[15], and Abraham and
Richardson[16]. The literature on Cs of this slag in low SiOp concentration, which might
have been considered in the secondary steelmaking process, has never been reported.

4. Discussion

The Ca0-Alg03 flux has been recently utilized in the secondary steelmaking process as
a ladle furnace treatment. MgO is dissolved from the refractories and BOF steelmaking
slag is brought into the Ca0-Al503 melt. Therefore, it is very important in practice to
discuss the refining ability of CaO0-Alp03-MgO and Ca0-Al303-Si0s slags.

From the results obtained, the sulphur distribution between slag and metal is dis-
cussed in case that the Ca0-Aly03 flux is practically used.

The reacticns of dissolution of Oy and Sy into liquid iron are expressed by Egqs. (3)-

(6).
1 0 B o G P P TP PP PP (3)
logky = log{tzo/FbE/Z} = 6 07047 + 0.210 [17] <« rvvevrmvsmesmesvoanmsswsnninss (4)
/280 (E) = B ot s RN B SRR B R RS EER B n e a e o b A (5)
logky = 1og{¢zs/p5£{2} = B G35/T ~ 0,984 [11] srvrensnvinninsisnsavinssnnins (6)

The following equation is obtained from Egs. (2), (4) and (6).
log{(mass¥%)/€Zg} = 1logCs - log@Z( — 465/T + 1.1T4 +erverrrneeeeiiiiiniiiinan, (7)

655 is assumable as mass% of sulphur in liquid iron, [mass%S], because the concentration
of sulphur discussed in the present work is very low. Therefore, it is possible to calcu-
late the sulphur distribution ratio between slag and liquid iron, Lg = (mass%S)/[mass%S],
with Eq. (7) based on the observed Cg and temperature, if one can estimate the activity of
oxygen in liquid iron equilibrated with the slag.
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The activity of oxygen in liquid iron would be determined by the following reaction,
when the liquid iron is equilibrated with Ca0-Al503-MgO or Ca0-Alp03-SiOy slag, in which
MgO or Si0y» concentration is low, in secondary steelmaking process.

2A1 + 30 = (AlZOS) .......................................................... (8)

logkg = 103[52A1203/{¢Z§1‘528}] = 64 900/T - 20.63 [17] cvvrerrrnvrvnennnnnns (9)

Where, eZa| was assumable as [mass%Al] because of the very low concentration of aluminum
and oxygen in liquid iron deoxidized with aluminum in secondary steelmaking process.

The 51,04 for Ca0-Aly03-MgO slag was determined at 1773K by Kalyanram and Bell[18],
and that for Ca0-Alg03-Si0y was studied at 1823K by Cameron et al.[8], Kay and
Taylor{[19], at 1823 and 1873K by Rein and Chipman[20], and at 1803K by Sanbongi and
Omori[21]. The
150 derived from ‘ZSiOQ by Kay and Taylor[19] is quoted in the present study,
becausé the authors believe that their result is the most reliable among many inves-
tigations on the ‘ZSiOQ in Ca0-Si0p slag. These two values of &ZA1203 interpolated
to Ca0-Aly03 binary slag agreed well with the reported by Chipman[22].

It was assumed in this paper that the values of ‘ZAIQO for Ca0-Alp03-Mg0 and CaO-
Al903-8i0y slags were independent of temperature, because there were a few studies on the
temperature dependency of the &pj,05 for both slags as the above-mentioned. On this as-
sumption, the values of &Zy]1,0; Were read at given [\’Cao/l\glzo3 ratios from the iso-activ-
ity curves of Alp03 in CaO—A%gég—MgO and Ca0-A1903-Si0Oy slags, and the activity of oxygen
was evaluated at 1873K by Eq. (9) with a fixed concentration of aluminum in the liquid
iron. As a result, the sulphur distribution ratio between slag and metal, Lg, could be
estimated by Eq. (10), based on the observed (g shown in Figs. 3 and 4.

logLg = logCs - (1/3)log@s1504 + (2/3)log[mass%Al] + 21 168/T - 5.703 +-+-- (10)

The value of sol[Al] was assumed to be 0.0lmass% in the present work. The result of
above-mentioned estimation is shown in Fig. 5. The estimated value of Lg between slag and
liquid iron' increased gradually in Ca0-Al903-Mg0O slag with increasing AMgO’ and decreased
considerably in Ca0-Al903-SiOg with increasing NgjQs-. The value of Lg increased with
increasing NCaO/A%1203 ratio in both slags within the experimental composition
range of Mygo and Ngjop of 0.12, and the maximum value of about 1000 was gotten at CaO-
saturated composition, where the value of Ig did not decrease even if 8i0p centent in-
creased in Ca0-Alg03-SiOp slag. However, the value decreased with increasing Ngjp at
2Ca0-810y saturated-composition.

4.0 T I :
-------- Ca0-Al;05-Mg0
35 ==7= Ca0-Al,05-Si0; _
— [sol Al)=0.01mass"
%) |__._Ca0 sat. 3Ca0-5i0z
% 3.0 ‘.—-—*“k?‘g!:"‘l -
P K am | &
= 25F SO \/g a
Q2 S o,
EN <_ /
] ~
g 20_\\65135 \\\ n
~ ~
= ~
g T
1.5 < 60140 ~a -
~ ~
\\
~
\\
1.0+ NCOOINAI203 \\\ n
~
1873K
05 1 1 1
0 005 010 015 0.20

Nugo . Nsio,

Fig. 5. Comparison of the change of sulphur distribution ratio between Ca0-AlpO3 slag
and liquid iron by addition of Mg0O or SiOy to the slag at 1873K.

Based on the above-mentioned discussion, it is carefree that Mg0 is dissolved into
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CaC-Alg0g slag from refractories when liguid steel is desulphurized in secondary steelmak-
ing process. But every effort must be made to prevent SiOy from mixing in the slag. It
is important eventually that the A@ao/Aglzo ratio is made to increase as considerably as
possible and the slag composition is made" to approach CaO-saturation for getting strong
desulphurization effect.

5 Conclusions

The chemical equilibrium between C0-C0»-S02-Ar gas mixtures and Ca0O-Aly03, Ca0-Al903-
Mg0, Ca0-Al903-SiOpslags has been studied to determine the sulphide capacities of these
slags, and the followings have been confirmed from the results obtained.

(1) The sulphide capacities of these slags increased with increasing temperature and
the concentration of CaOQ.

(2) The sulphide capacities decreased when Mg0 or SiOy was substituted for CaQ in
Ca0-Al703 slag on the condition of a constant N 03> and the decreasing rate in
Ca0-Al903-Si0y slag was larger than that in CaO-AlgOgE&gé slag.

(3) When MgO was dissolved into the Ca0-Alp03 slag at a constant Ncao/Na1503 ratio,
the desulphurization ability of the slag became a little stronger than that~ of CaO-
Al903 slag. On the other hand, the ability decreased markedly when Si0p was dissolved
into the CaC-Alp03 slag. The CaC-saturated slag in both Ca0-Alp03-Mg0 and Ca0-Al903-SiO9
systems at a given MNao/Myeg or AtaO/A@iOQ ratio showed the strongest desul-
phurization ability, where the increase of Mg0 and Si0s contents did not result in the
decrease of the ability.
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