Thermodynamic Aspects of Steel Reoxidation
Behavior by the Ladle Slag System of
Ca0-MgO-SiO,-Al,05-Fe;0-MnO-P,05

SEON-HYO KIM and BO SONG

Thereoxidation behavior of steelshy slaginthe secondary steel making processwasaddressed by investi-
gating the thermodynamic equilibriabetween theliquid iron containing Mn and P and CaO-MgO-SiO,-
Al,05-P,05-MnO-FeO ladle dlag at 1873 K. The activity coefficient of FeO shows a maximum value
in the vicinity of the basicity ((Xcao + Xmgo T Xwno)/(Xsio, + Xai,os T Xp,05)) = 2.5 at the specific
mol e fraction range of FeO, whilethat of MnO seemsto increase gradually with increasing the basicity.
However, the values of ygq0 and yuno showed minimawith respect to P,Os content of slag. In addition,
the values of yeq0 and yyno increased as (pct CaO)/(pct Al,Os) ratio increased at given SIO,, MgO, and
P,O5 contents. The conversion equations between the FeO and MnO activities and their calculated
activitiesviaregular solution model werederived by the correl ation between the measured and cal cul ated
activities over the limited ranges of FeO and MnO contents. The regular solution model was used to
estimate the oxygen potentia in the slag. For MgO saturated slags, a0y, = i 0.8648re0r sy aMnogy =
43

6.38ay, nORs) FOr Al,O; saturated slags, are0)

I. INTRODUCTION

RECENTLY, thedemand for ultra-low-carbon steel with
high cleanliness has been progressively increasing. To obtain
high-purity steel, the deoxidized products should be com-
pletely removed and the reoxidation of aluminum with air,
slag (reducible oxides such as FeO, MnO, and SIO,), and
refractory in ladle and tundish should be prevented effec-
tively. The high oxygen potential in the ladle slag may cause
reoxidation of the elements in liquid iron such as Al and
Ti, resulting in contamination of steel. Especially, in the case
of ultra-low-carbon steel produced by decarburization and
subsequent deoxidation processes in RH vessel, the oxygen
content in liquid iron is extremely low. Therefore, FeO and
MnO in the refining slag can bring about reoxidation of Al
easily. Therefore, itisnecessary to avoid reoxidation reaction
by the ladle slag for the stable production of ultra-low-
carbon steel with high cleanliness.

The oxygen potential of slag is related directly to the
activity of FeO in dlag, but it has been estimated so far by
the amount of FeO and MnO in slag for convenience. The
slag components such as CaO, MO, Al,Oz, SIO,, P,Os,
etc. may affect the activities of FeO and MnO by theinterac-
tion, and the activity coefficients of FeO and MnO may
also be dependent on the basicity and other properties of
dag. Therefore, it is not accurate to describe the oxygen
potential of slag only in terms of the amount of FeO and
MnO in dag.

In this work, the thermodynamic equilibria between the
liquid iron containing Mn and P and CaO-MgO-SiO,-Al,05-
P,Os-MnO-FeO s ag system have been carried out inaMgO
or Al, Oz crucibleat 1873 K. The activities of FO and MnO
were discussed from the standpoint of steel cleanliness and
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calculated by using the regular solution model proposed
by Lumsden.’! The comparison between the measured and
calculated activities of FeO and MnO was discussed in order
to derive a conversion equation related to the measured and
calculated activities.

1. EXPERIMENTALS

The master dlags were prepared by premelting the mixture
of reagent grade CaCQOs, Al,O3, SIO,, and MgO in agraphite
crucible, then crushed and baked at 1100 °C for 24 hours for
decarburization. A vertical resistance furnace with heating
elements of LaCrO; was used. The experimental apparatus
is shown in Figure 1. The metal/slag equilibria with respect
to P and Mn were approached from the slag to metal side
in the experiments; P was added to the slag as a form of
NH4H,PO,. An argon gasflow rate of 200 mL/minwas used
in the furnace. The argon was passed through, in order,
sulfuric acid, P,Os, Mg(ClOy,),, sponge Ti heated at 620 °C,
and Mg(ClQ,), again. Thirty or forty grams of high-purity
electrolytic iron containing approximately 500 to 1000 ppm
oxygen initially and 8 or 12 g of the mixture of master slag,
MnO, FeC,0, - 2H,0, and NH,H,PO, were melted in a
MgO or Al,O; crucible at 1873 K under an Ar atmosphere.
An appropriate amount of Fe-Mn aloy was introduced to
the melt by dropping afterward to adjust the composition of
liquid iron. Thereafter, the melts were stirred twice over a
period of 4 hours by an Al,O5 rod for 30 seconds at 2-hour
intervals for the Al,O; crucible experiment to facilitate the
dissolution of aluminainto the slag. In the case of the MgO
crucible experiment, the melts were unstirred because MgO
is more quickly dissolved into the slag than Al,Os;. The
temperature was measured by a thermocouple of (Pt-6 pct
Rh)/(Pt-30 pct Rh) placed on the crucible bottom with an
accuracy of +£2 K. Figure 2 shows the variation of slag and
metal compositions as afunction of reaction timein the case
of Al,O;z crucible experiment. The compositionsdid not vary
beyond 5 hours and, thus, the reaction time was chosen as
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Fig. 1—Schematic diagram of experimental apparatus.
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Fig. 2—Variation of slag and metal compositions as function of reaction
time.

6 hours to ensure the reaction equilibrium. After reaching
equilibrium, the crucible was withdrawn quickly out of the
furnace and quenched rapidly in an ice-water bath.

The dag compositionswere determined by the X-ray fluores-
cence spectroscopy method. The manganese content of the
metal was andyzed by atomic absorption spectroscopy. Inert-
gas fuson-infrared absorptiometry was used for the oxygen

436—VOLUME 30B, JUNE 1999

andysisin the metd. The phosphorus content of the metal was
determined using the molybdenum blue colorimetry method.

I11. RESULTS AND DISCUSSION

The various equilibrium compositions of CaO-MgO-
Si0,-Al,05-FeO-MnO-P,O5 slags and metals obtained in
this work are summarized in Table I.

The activity of FeO in the slag can be calculated using
the following reaction:

Fey + O = FeQy, [1]
AG; = —27,740 + 11.66T (cal/mole)?

Using the equilibrium constant,
Kl = aFe[O(n/aO:aFe[O(D/fO[pCt O] [2]

where arqq, is the activity of total iron oxide in slag with
respect to pure liquid standard state; ag is the activity of
oxygen in metal relative to 1 wt pct standard state. The
activity of oxygen dissolved in the metal can be determined
by the chemically analyzed oxygen content. The activity
coefficient of oxygen was calculated from the available ther-
modynamic data and chemical results of solutal elements.
The following interaction parameters® listed in Table 11
were used for the calculation.

Figure 3 exhibits the values of ag,q,, plotted in the (CaO
+ MgO + MnO)-(Al,05 + SIO, + P,0s)-(Fa0) pseudoter-
nary system on a mole fraction basis. The isoactivity lines
of a4 0y ShOW the increasing tendency with approaching
the corner of (FgO), which is in good agreement with the
result by Turkdogan and Pearsonl¥ for the slag system of
(CaO + MgO + MnO)-(SIO, + P,Os)-(FgO).

Figure 4 shows the activity coefficients of FeO asafunc-
tion of the basicity ((Xcaoo + Xumgo + Xwno)/(Xsio, +
Xai,05 T Xp,00)) SUggested by Elliott and Luerssent™ at the
various mole fractions of FeO. As shown in Figure 4, the
value of yrq o, does initidly increase as the basicity
increases to a value of about 2.5, and then it may start to
decrease beyond the extreme value at the given molefraction
of FeO. In other words, the maximum value of the FeO
activity coefficient exists in the vicinity of (Xco +
XMgO + ano)/(xSioz + XA|203 + XPZOS) = 2.5. It is further
shown that the maximum value of Yre0y) generally tends to
decrease with the increasing mole fraction of FeO. There-
fore, in order to prevent the reoxidation by ladle slag in the
practical process, the slag basicity should be selected not to
be in the vicinity of the value of 2.5, which is likely to
avoid increasing the oxygen potential in slag induced by the
increase of activity coefficient of FeO. On the other hand,
it was reported that the high basicity could act favorably for
the elimination of alumina inclusions by increasing the
dissolution rate of alumina into sag!® Therefore, as expect-
ed from these results, it can be suggested that a careful
consideration in selecting the suitable basicity of the ladle
dag system is required for the steel cleanliness.

Figure 5 represents the values of 10g yr0,, Obtained from
the experimental data with MgO-saturated s)lags at 1873 K
with respect to the molar fraction of P,Os. As the P,Og
content increases, the activity coefficient of FeO decreases
until it reaches a minimum value at around 0.8 pct P,Os;
thereafter, it tends to increase. Such a tendency can be
approximately expressed by the following equation:
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Tablel.

The Equilibrium Compositions of Slag and Metal at 1873 K

Activity
Metal (Mass Pct) Slag (Mass Pct) Coefficient
Number* [M n] [P] [O] CaO M gO Si 02 A|203 FQO MnO P205 YFetO YMnO
M11 0.410 0.079 0.002 3114 22.73 10.47 34.19 0.29 0.33 0.005 314 4.48
M12 0.210 0.090 0.035 27.53 15.08 5.17 33.32 9.88 7.77 0.426 1.88 197
M13 1.020 0.211 0.007 30.81 20.78 12.77 27.53 148 5.98 0.018 2.84 2.83
M14 0.330 0.045 0.020 37.92 13.54 6.43 32.42 4.14 452 0.204 2.60 3.09
M15 0.790 0.050 0.008 51.08 16.76 16.97 5.36 4.09 3.44 1.469 121 4.49
M16 0.140 0.017 0.050 37.40 13.22 16.93 9.35 14.38 7.26 0.658 1.99 2.16
M17 0.240 0.017 0.051 40.08 9.14 6.28 16.51 16.13 9.93 1.122 1.70 2.59
M18 0.150 0.269 0.037 13.32 28.01 12.88 26.10 1144 712 0.286 1.92 1.82
M19 0.180 0.354 0.027 15.57 30.32 15.29 24.97 7.55 531 0.150 222 2.24
M20 0.210 0.076 0.026 32.87 14.97 5.62 33.28 7.20 5.00 0.256 1.94 231
M21 0.200 0.098 0.054 25.18 12.53 9.32 23.08 15.50 12.91 0.731 1.85 174
M22 0.240 0.066 0.028 35.75 12.96 5.29 30.26 8.27 5.92 0.740 181 2.39
M23 0.014 0.133 0.107 7.33 16.69 8.26 33.76 30.58 2.27 0.392 175 1.30
M24 0.068 0.009 0.093 36.37 12.14 10.17 6.72 27.22 5.01 1.492 1.89 2.72
M25 0.039 0.085 0.118 18.36 10.87 6.38 27.15 29.67 5.95 0.959 1.96 1.46
M26 0.053 0.007 0.069 41.54 14.71 5.07 6.44 27.27 2.53 1.541 1.45 323
M27 0.046 0.160 0.102 9.82 18.31 11.44 20.18 29.55 9.51 0.486 1.86 1.04
M28 0.056 0.040 0.098 27.01 8.92 8.31 20.59 26.66 6.07 1412 1.87 1.80
M29 0.082 0.060 0.063 35.45 11.07 9.03 24.06 13.59 4.05 1.343 245 2.63
M30 0.095 0.027 0.035 47.79 12.81 10.62 14.85 8.82 222 2.106 251 371
M31 0.220 0.039 0.044 45.84 8.38 6.47 19.75 11.09 6.09 1573 2.16 3.38
All 0.480 0.382 0.002 23.30 5.00 8.42 61.63 0.23 0.60 0.011 3.69 2.68
Al12 0.350 0.118 0.009 19.30 6.18 7.44 57.34 2.39 6.53 0.019 172 0.87
A13 1.100 0.218 0.002 22.86 11.53 11.04 51.29 0.54 1.88 0.022 153 191
Al4 0.170 0.121 0.023 16.08 7.48 5.94 55.57 5.37 8.70 0.047 197 0.82
A15 0.920 0.341 0.009 18.56 9.19 253 61.99 1.68 5.20 0.043 233 2.73
A16 0.150 0.071 0.036 13.63 4.88 3.64 55.62 12.52 8.86 0.040 1.26 1.05
*M: MgO crucible, and A: Al,O; crucible.
6
Tablell. The Interaction Parameters Used in This Work!! 10g Fra0yy = 0.00925 X 10° X0, — 0.0833 [3]
€8 = —1750/T + 0.734  e¥" = —0.021 €5 = 0.07 X 10° Xe05 + 0428
O — _ n — [

Sn 0.083 n=0 &in 0.0035 This result indicates that the ladle slag containing an
appropriate amount of P,Os is beneficia for the prevention
of steel reoxidation by FeO in slag in comparison with the

X Ao, +X s»ofxp,o,) ladle slags containing extremely low or comparatively high
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Fig. 3—Plot of isoactivity line of FgO in the (CaO + MgO + MnO)-

(S0, + Al,05 + P,05)-FeO pseudoternary system.
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P,Os5 contents. Needless to say, the high P,Os content in
slags is harmful for dephosphorization. One would ideally
like to have as little P,Os in the ladle slag as possible, as a
significant amount of phosphorus could revert to the metal,
causing serious chemistry problems.

The activity of MnO isanother crucial parameter affecting
the oxygen potentia in the slag.

Mn + O = MnQ, [4]

AG§ = —59,470 + 25.84T (cal/mole)? -

K4 = aMnO(|)/aMr‘| do

where ayno, 0 isthe activity of MnO in the slag with respect
to pure liquid standard state; ap and ay, are the activities
of oxygen and manganese in the metal relative to 1 wt pct
standard state. The activity of MnO can be aso calculated
using the chemical analysis results and the thermodynamic
datain Table II.

Figure 6 shows the MnO activity plotted in the (CaO +
MgO + Fg0)-(SIO, + Al,O3 + P,Os)-(MnO) pseudoter-
nary system at 1873 K. It can be seen that the MnO activity
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Fig. 4—Relationship between yrqo and (Xcao + Xugo + Xmno)/(Xsio, +
Xai,05 T Xp,0,) ratio under the fixed mole fraction of FeO at 1873 K.
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Fig. 5—The effect of P,O5 on yeq0 at 1873 K.

shows an increasing tendency with approaching the direction
of the (CaO + MgO + FgO)-(MnO) pseudobinary system.

Figure 7 indicates the values for yung,, plotted against
the basicity defined by (Xcao + Xwgo T Xre0)/(Xsio, +
Xa,0; T Xpy05) @ 1873 K. The data seem to be somewhat
scattered; however, the activity coefficient of MnOy;, statisti-
cally appearsto increase asthe basicity increases, confirming
that the high value of the (Xc.o + Xmgo + Xre0)/(Xsio, +
Xa,03 T Xp,05) ratio is not good for the prevention of steel
reoxidation by MnO. Thisresult isin fairly good accordance
with the previously reported ones.>"-9 Elliott and Luers-
sent® plotted the values of o, Obtained from the actual
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Fig. 6—Plot of isoactivity line of MnO in the (CaO + MgO + FgO)-
(S0, + Al,0O3 + P,05)-MnO pseudoternary system.
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Fig. 7—Relationship between yyno and (Xcao + Xugo + Xeqo0)/ (Xso, +
Xai,03 T Xpy0,) rétio at 1873 K.

operation data, as well as the previous laboratory data,[1 as
a function of the basicity expressed by the (Xco +
Xmgo T Xmno)/(Xsio, + Xai0; + Xpyop) ratio and reported
that the maximum value of yynog)(=3) existed on the basic-
ity valueof 2.5. It cannot be assured from their plot, however,
that the maximum value of YMnoy) is present at a certain
critical basicity ratio, since the data points used by them
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Fig. 8—The effect of P,Os on yyo a 1873 K.

were scattered to a great extent. Morales and Fruehan'®
recently studied the relationship between yyno,, and basicity
expressed by (pct CaO + pct MgO)/(pct SiOzi for the dlag
system of CaO-MgOg; -SiO,-FeO-MnO-P,0O5 at 1873 K and
found that the activity coefficient of MnOy, appeared to
increase with the increase of basicity.

The dependence of Ynog, ON the mole fraction of P,Os
is shown in Figure 8. As aresult, the value of yving,, repre-
sents the same tendency as the variation of FeO in the range
of Xp,05 considered in thiswork, indicating that the phospho-
rus oxide in the slag should be controlled critically at around
0.5 pct in order to prevent Al in metal from being reoxidized
by MnO in slag. The variation of yno,, with respect to
P,Os content could be roughly expresseé as the following
equation.

109 Ym0 = 0.0239 X 10° X2,o — 0.166
X 10° Xp,0, + 0.506

(6]

Figure 9 shows the variation of YreOq) and YMnoy, with
the (pct CaO)/(pct Al,Os) ratio. It demonstrates that at the
given MgO, SiO,, and P,Os contents, the activity coefficients
of FeO and MnO tend to increase with an increase of the
(pct Ca0)/(pct Al,O5) ratio. Therefore, the slag compositions
with high (pct CaO)/(pct Al,Os) ratio seem to be harmful
to suppression of stedl reoxidation by iron and manganese
oxides in dag. From these results, slag compositions with
low (pct CaO)/(pct Al,Os) ratios are likely to be favorable
for the production of high cleanliness steel. In case of very
low (pct CaO)/(pct Al,Oz) ratio of slags, Al,O; content
increases inevitably and the capacity of the slag to absorb
Al,O; inclusions decreases. Suda et al.'¥ investigated the
elimination amount of Al,O3 inclusion in liquid iron by
Ca0-Si0,-Al,0:-MgO-FeO(<5 pct) slags in terms of the
(pct CaO)/(pct Al,Os) ratio at the given SiO, and MgO
contents and reported that the pick-up amount of Al,Os;
inclusion into slag increases gradually until the ratio reaches
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Fig. 9—Variation of g0 and ymno With respect to (pct CaO)/(pct Al,O3)
ratio under the fixed (pct MgO), (pct SiO,), and (pct P,Os) at 1873 K.

a critical value of about 1.8 and then decreases beyond the
critical ratio, where the melting temperature of slag increases
gradually. Thus, it is suggested that depending on the given
specific ladle operation, a moderate (pct CaO)/(pct Al,O3)
ratio in the corresponding ladle slag should be selected
within the ratio of 1.8.

In this work, the regular solution model proposed by
Lumsdent¥ was adopted to estimate the oxygen potential
in the slag. The activity coefficient of component i in a
multicomponent regular solution is expressed by the follow-
ing equation:

RT In Y = ECY”XIZ + Eg(au + aj — CYJk)XJXk [7]
] ]
where X; is cation fraction, and «;; is the interaction energy
between cations, i.e., (i cation)-O-(j cation). The reference
state of the activity in this case is taken to be a hypothetical
pure liquid.

In the regular solution model, the activity of FeO in
the CaO-MgO-Si0,-Al,05-P,0s-MNnO-FeO dag can be
expressed by the following equations using Eq. [7] and
the interaction energy™¥ listed in Table IlI.

8reOr ) = YreoXFeo (8]

RTIN Yeeows) = 7110XE1n0 — 31,380X2,0 + 33,470X2 g0
— 41,840X0, — 31,380XR0,  — 41,000XC 0,
+ 67,780XunoXca0— 21,340%un0Xntgo
+ 40,580%y1n0 X0, 60,670Xpn0Xp0,
+ 49,790%n0X 10+ 102,510Xca0Xargo
1 60,6700 Xeio, - 188,280XcaoXroys
+ 82,430Xcs0Xa10,c+ 58,570Xg0Xs0,

+39,750X)100Xp0, < + 63,600Xu1g0X 10, <
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Tablelll. Interaction Energy between Cations of Major Components in the Steelmaking Slagi™!

il ca* Mg?* Al Mn2* Sit* po+ Fe* Fe*
ca* — —100,420 —154,810 —92,050 —133,890 —251,040 —31,380 —95,810
Mg2* —100,420 — ~71,130 61,920 ~66,940 —37,660 33,470 ~2,930
Al —154,810 ~71,130 — —83,680 —127,610 — 261,500 —41,000 —161,080
Mn2* —92,050 61,920 —83,680 — ~75,310 —84,940 7,110 —56,480
St —133,890 ~66,940 ~127,610 ~75,310 — 83,680 —41,840 32,640
ps+ — 251,040 —37,660 —261,500 —84,940 83,680 — —31,380 14,640
Fe?* ~31,380 33,470 —41,000 7,110 —41,840 —31,380 — —18,660
Fe** —95,810 ~2,930 —161,080 —56,480 32,640 14,640 —18,660 —
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Fig. 10—Comparison of agec between the experimentally measured values

and calculated ones by the regular solution model using Ban-yas'V
equation.

— 156,900Xs10,Xp0, s + 44, 770Xsi0,Xal0, 5
+189,120Xp0, Xaio, 5 (J)

It should be noted that in the preceding treatment, al iron
in slag is assumed to be present in the form of ferrous oxide
and the amount of ferric oxide in the slag can be neglected.

In a regular solution model, the reference state of FeO
activity was taken as the hypothetical stoichiometric FeO,
even though the reference state for the activity of conven-
tional iron oxide becomes pure iron oxide in equilibration
with metallic iron. Ban-ya'! has reported the thermody-
namic datafor the conversion reaction of the reference states
between activity of FeO in a regular solution and that of
FeO in an actual dag.

FeO) + (1 — tFeso ) = FEO(R.S)
AGS, = —8540 + 7.142T(Jmole)M

Using Egs. [8] and [10], the activity of FgO in the slag
can be calculated with the aid of a regular solution model.
Figure 10 indicates the values for the calculated agqo, UsiNg
Ban-ya's conversion equation together with the measured

(10]
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Fig. 11—L.inear correlation of ageo between the measured val ues and cal cu-
lated ones by the regular solution model using the new conversion equation.

values of Are0()- It can be seen that in the case of the
experimental data using MgO crucibles, the calculated val-
ues are greater than the measured ones, while for the data
from Al,O; crucibles, the former are smaller than the latter.
Therefore, applying the regular solution model to this slag
system, it is necessary to find a new Gibbs free energy value
for the reaction shown in Eq. [10]. By making respective
correlation between the experimentally measured ag¢o,, and
the calculated azors) based on the regular solution model
for different slag systems, the activity conversion equation
was deduced over the limited concentration range of FeO
at 1873 K as follows.
For the CaO-M gO,ﬂ-Si Oz'Alzog' P205'M nO- FQO(<3O
pct) slag system,
aFetO(D = 0-8643Fe0(R,5,) [11]

For the CaO-MgO-SiO,-Aly,Oz-P,0s-MNO-FeO(<12.5
pct) dag system,

a0, = 2.0863re0 s, [12]

Figure 11 shows the comparison between the activity of

FeO calculated with the help of the preceding conversion

equations and that using the measured one. The two vaues
for the activity of iron oxide coincide fairly well.
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Fig. 12— Comparison of ayno between the experimentally measured values
and calculated ones by the regular solution model using Ban-yasy
equation.

Figure 12 indicates an inconsistency of anoy between
the experimentally measured values and the calcufated ones
by the regular solution model using Ban-ya's conversion
equation.

Following the same method as that for a4, the conver-
sion equation of the activity of MnO between two reference
states could be reasonably represented at 1873 K within the
specific concentration of MnO as follows.

For the CaO-MgOg; -SiO»-Al,05-P,Os-MnO(<13 pct)-
FeO dlag system,

am nO) = 6. 38aM NORs) [13]

For the CaO-MgO-SiO,-Al;0s¢ -P,Os-MNO(<9 pct)-
FeO dlag system,

am nOqy = 1439aM nOR.s) [14]

Figure 13 shows that the activity of MnO calculated with
the help of the conversion equations coincidesrelatively well
with the measured one, although with considerable scatter.

V. CONCLUSIONS

The thermodynamic equilibrium between the metal and
the slag system of CaO-MgO-SiO,-Al,05-P,0s-MnO-FgO
has been investigated in a MgO or Al,O; crucible at 1873
K. The reoxidation phenomena were discussed by virtue of
the activities and activity coefficients of FeO and MnO
according to variations in slag compositions. By using a
regular solution model, the oxygen potential in the slag was
also estimated quantitatively.

1. The activity coefficient of FeO has a maximum value
& B((Xczo + Xugo + Xuno) Ksio, + Xao; T Xpy09) =
2.5 at a given mole fraction range of FeO, while that of
MnO shows an increase with increasing basicity, with
significant scatter.
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Fig. 13—Linear correlation of ay,o between the measured values and
calculated ones by the regular solution model using the new conversion
equation.

2. For the CaO-M gOsat 'SiOz A|203 P205 MnO-FeO Slag,
the values of Yre0q) and nog decreased with anincrease
of P,Os content up to acntlcai P,Os content, and thereaf-
ter increased. It is, thus, suggested that as the effect of
P,Os on the activity coefficients of FO and MnO seems
to be very significant in the narrow concentration range
of P,Os considered in thiswork, P,Os content in the ladle
slag should be controlled cautiously within 0.5 to 0.8 pct
for the minimization of aluminum reoxidation by slag.

3. The activity coefficients of FeO and MnQO increase with
the increasing (pct CaO)/(pct Al,Os) ratio of slags. How-
ever, itissuggested that amoderate (pct CaO)/(pct Al,Ox)
ratio in the given ladle slag should be selected within the
ratio of 1.8.

4. From the correlation between the measured values of
FeO and MnO activities and the calculated ones by the
regular solution model, the general conversion equations
for the estimation of activities of FeO and MnO were
reasonably deduced at 1873 K as follows.

For the CaO-MgOg;-Si0,-Al,05-P,0s-MNO(<13 pct)-
FeO(<30 pct) dags,

= 0-864aFeO(R_S)! aMnO(|) =

For the CaO-MgO-SiO,-Al;0s44-P,Os-MNO(<9 pct)-
FeO(<12.5 pct) dags,

8raop, 6.388unos,

aFetO(|) = 2'086aFeO(R.S)1 aMnO(|) = 14-393MnO(R.5.)

REFERENCES

1. J. Lumsden: Physical Chemistry of Process Metallurgy, Interscience,
New York, NY, 1961, Part I.

VOLUME 30B, JUNE 1999—441



2. H. Suito and R. Inoue: Trans. Iron Steel Inst. Jpn., 1984, vol. 24, pp. 7. T. B. Winkler and J. Chipman: Trans. AIME, 1946, vol. 167, pp.

301-07. 111-33.
3. G.K. Sigworth and JF Elliott: Met. <ci., 1974, vol. 8, pp. 298-310. 8. H. Suito and R. Inoue: Trans. Iron Steel Inst. Jpn., 1984, vol. 24, pp.
4. E.T. Turkdogan and J. Pearson: J. Iron Seel Inst., 1953, vol. 175, pp. 257-65.

217-23. 9. A.T. Morales and R.J. Fruehan: Metall. Mater. Trans. B, 1997, vol.
5. JF. Elliott and FW. Luerssen: Trans. AIME, 1955, vol. 203, pp. 28B, pp. 1111-18.

1129-36. 10. M. Suda, S. Suetsugu, and S. Suitou: CAMP 19J, 1990, vol. 3,
6. S. Taira, K. Nakashima, and K. Mori: Iron Seel Inst. Jpn. Int., 1993, p. 241.

vol. 33, pp. 116-23. 11. S. Ban-ya: Iron Sedl Inst. Jpn. Int., 1993, vol. 33, pp. 2-11.

442—VOLUME 30B, JUNE 1999 METALLURGICAL AND MATERIALS TRANSACTIONS B



