Activities in MnO-SiO,-Al,O, Slags and Deoxidation Equilibria

of Mn and Si

HIROKI OHTA and HIDEAKI SUITO

The activities of MnQO and SiQ, along the liquidus line in the MnO-Si0,-Al,0,-Fe,0 (1.2 to 6.7 mass
pet) system were determined at 1823 and 1873 K by using a slag-metal equilibration technique. On
the basis of the re-evaluated MnO iso-activity curves, the SiO, and AlLO; iso-activity curves were
determined by using the temary Gibbs-Duhem relation. The control of inclusions composition in Si-
Mn killed steels is discussed based on the equilibria between inclusion and steel with respect to Si,

Mn, Al, and O.

1. INTRODUCTION

IN the production of high-quality steels, the knowledge
of the equilibrium between inclusions and steel is indispen-
sable for the precise control of the composition of inclu-
sions. In particular, the activities in the MnO-SiO,-Al,0,
system are of essential importance in Mn-Si killed steels.
Sharma and Richardson!! measured the activities of MnO
in this system with high MnO content at 1923 K by using
a gas-slag-Pt equilibration technique. Fujisawa and Sakao®!
measured the activities of MnO and SiO, in this system at
1823 K along the liquidus line saturated with alumina. By
using the ternary Gibbs—-Duhem relation, they®®! evaluated
the activities of MnQ, SiO,, and Al,O, in the liquid region
at 1823 and 1923 K, based on the MnQ iso-activity curves
obtained by Sharma and Richardson. However, there are no
reported activity values in this system in the SiO,-rich re-
gion, which are required for a clear understanding and the
precise control of the inclusions composition.

In the present study, the activities of MnO and SiO,
along the liquidus line in the MnO-8i0,-AL0,-Fe O (1.2 to
6.7 mass pct) system, which is saturated with mullite and
alumina, were determined at 1823 and 1873 K by using a
slag-metal equilibration technique. On the basis of the ac-
tivities of MnO reported by Sharma and Richardson'! cou-
pled with the present results, the MnO iso-activity curves
were re-evaluated. Then, the activities of Si0, and Al,O,
were estimated from the MnO iso-activity curves by using
the ternary Gibbs—~Duhem relation, coupled with the present
activities of SiQO, along the liquidus line. Furthermore, the
control of inclusions composition in Si-Mn killed steels is
discussed based on the equilibriuin between inclusion and
steel with respect to Si, Mn, Al, and O.

II. EXPERIMENTAL

A. Procedure

The master slags were prepared by premelting the mix-
ture of reagent grade Mn,0,, SiO,, and Al,O, in a Pt cru-
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cible under air. High-punity electrolytic iron (30 g) starting
with approximately 500 to 1000 mass ppm oxygen and
MnO-Si0O.-AlLO; slag (7 g) was melted in an Al,O, crucible
at 1823 and 1873 K under deoxidized Ar atmosphere. An
appropriate amount of Fe-1 mass pct Al, Fe-76 mass pct
Si, and Fe-10 to 20 mass pct Mn alloys was added by
dropping afterward. Then, the melts were stirred over a pe-
riod of 2 to 5 hours by an AL,O, rod for 90 seconds at 30-
minute intervals. In previous slag-metal equilibrium
experiments using CaO-AlLO,* Ca0-Al0,-MgO,¥! and
Ca0-AlLO,-Si0, slags,!™ the time for attainment of equilib-
rium was confirmed to be within | hour. In the present
work, the equilibrium time was chosen as 2 hours for the
ALO,-saturated slags and as 4 hours for the mullite-satu-
rated slags with high viscosity. To eliminate oxide
inclusions by flotation, the melts were unstirred for at least
1 hour before quenching. After equilibration, the crucible
was taken out of the furnace and quenched rapidly in a He
gas stream, followed by a water quenching.

B. Chemical Analysis

A detailed description of the chemical analyses for acid-
soluble and acid-insoluble Mn,"! Si,'®! A1 and total oxy-
gen!!” in metal phase and those for Mn,/"! Si,8 AL® and
total Fel'! in slag phase were already given in previous
articles.

1. RESULTS AND DISCUSSION

The chemical compositions of slag and metal phases ob-
tained in this work are summarized in Table 1. The present
slag compositions are plotted in the MnO-Si0,-AlL.O, ter-
nary diagram, as shown in Figure 1, although the present
slags contain 1.2 to 6.7 mass pct Fe,O. The liquidus com-
positions saturated with a mullite phase agree well with
those reported by Muan and Osborn,!'?) whereas those sat-
urated with an alumina phase have a higher Al,O; content
in comparison with those by Muan and Osborn. The ex-
perimental slag compositions saturated with alumina by Fu-
jisawa and Sakao® are indicated in Figure | by a shaded
area. The liquidus compositions saturated with silica re-
ported by Muan and Osbom!'¥ were used in the present
study.
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Table I. Chemical Compositions of Metal and Slag Phases

Metal Slag
[A]
Time [Mn] [Si] Soluble Insoluble [0] (MnQ) (8i0,) (ALO,) (Fe,0)
(h) (Mass Pct) (Mass Ppm) {Mass Ppm) (Mass Pct)
1823 K
Slag a-1
5 0.184 0.527 2.6 0.9 348 14.9 53.6 26.3 3.79
5 0.272 1.13 6.6 1.4 26.6 14.9 54.8 26.4 2.34
5 0.315 1.42 7.5 2.1 26.0 14.9 54.8 26.9 2.04
Slag b-1 .
4 0.215 0.327 3.4 0.7 384 18.8 423 34.1 4.13
4 0.297 0.521 0.9 3.6 31.9 20.8 43.2 340 3.20
4 0.463 1.18 34 59 235 20.9 4.7 326 1.95
4 0.484 1.27 6.1 5.3 23.0 20.6 43.0 323 1.72
Slag c-1
4 0.192 0.176 2.8 0.3 49.2 20.0 39.7 36.2 4.69
4 0.237 0.254 1.5 1.4 39.9 20.9 385 36.4 4.10
4 0.470 0911 54 1.7 243 213 41.0 35.1 1.96
4 0.593 1.31 6.1 25 222 214 0.7 35.6 1.60
Slag d-1
3 0317 0.092 0.4 1.7 54.8 25.2 303 404 4.70
2 0517 0.252 1.9 1.8 348 250 313 39.8 271
2 0.500 0.221 25 1.6 358 24.6 31.2 395 3.04
2 1.13 1.06 58 38 20.5 25.1 319 40.2 1.18
1873 K
Slag a-2
4 0.173 0.578 3.8 24 53.7 14.2 50.4 312 4.20
4 0.179 0.607 4.0 33 53.3 14.3 51.2 29.7 4.11
4.5 0.306 1.39 89 3.0 389 15.0 522 29.3 2.57
Slag b-2
45 0.135 0.165 4.6 0.3 793 18.1 41.7 35.7 4.69
4.5 0.177 0.366 43 1.2 60.6 18.1 42.7 35.6 3.79
4.5 0.257 0.724 7.8 0.3 46.9 17.7 444 344 3.02
Slag ¢-2
5 0.236 0.433 24 4.7 53.2 18.7 38.4 39.3 439
4 0.276 0.526 2.1 4.8 48.7 18.9 385 40.2 3.63
4 0.424 1.18 6.4 72 373 18.8 386 404 2.19
4.5 0.481 1.45 7.7 5.9 35.8 20.0 40.5 385 2.30
Slag d-2
3 0.192 0.185 1.3 22 73.8 18.9 345 40.3 591
3 0.192 0.189 29 1.0 743 19.3 34.8 39.9 5.72
3 0.263 0370 35 35 524 20.0 356 404 4.12
3 0.403 0.766 7.4 4.1 394 19.6 36.6 40.6 2.64
Slag e-2
3 0.253 0.062 1.7 0.5 101 23.2 275 42.1 6.72
3 0.280 0.076 1.4 1.1 95.9 25.2 30.0 44.5 *
3 0.467 0.195 34 1.5 62.4 243 29.5 43.4 3.68
3 0.420 0.16! 2.6 1.2 68.2 23.8 289 424 431
Slag -2
2 0.763 0.034 39 0.2 101 30.5 16.8 47.8 5.27
2 1.34 0.113 7.8 0.2 35.1 309 16.4 48.5 4.09
2 0.509 0.015 3.0 03 144 30.7 16.9 48.6 437

*Not analyzed.
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Fig. 1—Slag compositions used in the present work.

Table II. Interaction Parameters Used in the Present
Work!'
i J e/ {r)

Al Al 0.011 + 63/T (—0.0011 + 0.17/D)
Si 0.056 (—0.0006)
O 11.95 — 34,740/T
C 0.091 (—0.004)

Si Al 0.058
Si 0.089 -~ 34.5/T (—0.0055 + 6.5/T)
0 -0.23
Mn 0.002
C -~0.023 + 380/T

O Al 7.15 — 20,600/T  (1.7)
Si -0.131
0 0.734 —~ 1750/T
Mn ~0.021
C -0.436*

Mn Si ]
0 -0.083
Mn 0
C ~-0.07

*Reference 15.

A. Acrivities of SiO, and MnO along the Liquidus Line

Silicon deoxidation equilibrium can be written as
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Fig. 2—Activitics of S0, in logarithmic form on the liquidus line
saturated with mullite and alumina.

Si + 20 = Si0, (s) 18!

AG®, = —581,900 + 221.8T J/moll3.14

The activities of Si0,, agq,. relative to the solid standard
state were calculated from the AG, value, the metal com-
positions given in Table I, and the respective interaction
coefficients for f;; and f;, with respect to a dilute solution
of 1 mass pct standard state, which are given in Table 1I.
In the case of the interaction coefficients whose temperature
dependencies were not reported, the values at 1823 K were
estimated from those at 1873 K given in Table IT by as-
suming a regular solution. The calculated values of ag, In
logarithmic form are plotted against the mole fraction of
Si0,, X0, in the MnO-Si0,-Al,O, terary system, as
shown in Figure 2. It can be seen that no temperature de-
pendence of ag,, was observed in the range of X, = 0.4
saturated with mullite, but in the range below this value,
the present values at 1873 K are higher than those obtained
by Fujisawa and Sakao.™

Manganese deoxidation equilibrium can be expressed by

Mn + O = MnO (s) [2]

AG®, = —288,100 + 12837 Jrmol!'®

The ay,o values relative to the solid standard state were
obtained from the AG, value, the compositions of metal
phase, and the respective interaction coefficients for f,,, and
fo. These results are shown in Figure 3, in which the tem-
perature dependence of a,,,, 1s clearly demonstrated and the
slope in the plot of log ay.o vs X0, changes at the com-
position double saturated with mullite and alumina phases,
as indicated by an arrow.

From Egs. [1] and 2], one obtains

MnO (s) + 1/2 Si = Mn + 12 Si0, (s) 3]

The following relation can be deduced from Eq. [3]. using
the equilibrium constant, K, for Reaction [3].
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Fig. 3--Activities of MnO in logarithmic form on the liquidus line
saturated with mullite and alumina.
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Fig. 4—Relation between activitics of Mn and Si in logarithmic form at
1823 K. The marks a-1 through d-1 denote the slag compositions indicated
in Fig. 1.

log ay, = (1/2) log a5, — log {4si0,” / (aunoK3)}  [4]

The activities of Mn and Si at 1823 K were estimated at
a given slag composition (a-1 through d-1 in Figure 1) by
using the respective interaction coefficients given in Table
1. These values in logarithmic form are shown in Figure
4, indicating a linear relationship with a slope of 1/2, as
predicted from Eq. [4]. The linear relations were also ob-
served for the slags of a-2 through f-2 indicated in Figure
L.

B. Activities of ALL,O, along the Liquidus Line

The a0, values relative to the solid standard state can
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Fig. 5—Activity coefficient of Fe,O in logarithmic form on the liquidus
line saturated with mullite and alumina.

be estimated from the AG,, (= —1,202,000 + 3863 T
J/molt**14}) value for the reaction 2Al + 30 = ALO, (s),
using the compositions of metal phase and the respective
interaction coefficients. It was found, however, that the
@0, Values in the mullite-saturated slags could not be ac-
curately determined because of considerably low contents
of Al (3 to 12 mass ppm), as given in Table I. For this
reason, the a,,, values were estimated from the AG, ..
(= —4,350 + 10.5 T J/moll'™") value for the formation of
mullite, 3A1,0,-28i0,, by using the present values of ag,,.
However, since the previously mentioned value for
AG, e Was obtained at the slag composition saturated with
alumina, the a,,,,, values on the liquidus line saturated with
mullite should not be derived from the AG,,,,. value by
using the experimentally determined values for agg,.

The ag,, value at the d-2 slag composition double satu-
rated with alumina and mullite was calculated from the
AG, . value and a,,,, = 1. This value (log ago, =
—0.335) was found to be in reasonable agreement with that
(log agn, = —0.357 * 0.07) calculated from Eg. {1].

C. dctivity Coefficient of Fe,O along the Liquidus Line

The activity coefficients of Fe 0, ., relative to the lig-
uid standard state were calculated from Eq. [5] by using
the compositions of metal phase, the content of Fe,O, and
the interaction coefficients for f;,.

Fe (I) + O = FeO () [5]

AG°; = —116,100 + 48.79T J/molli8

The calculated results for log ¥, are plotted against the
mole fraction of Si0,, XJ,. in the MnO-SiO0.,-ALO;-Fe,O
quaternary system in Figure 5. It can be seen that the ac-
tivity coefficients of Fe O decrease with an increase in the
SiO, content along the liquidus line, and no temperature
dependence of activity coefficients was observed, although
the data scatter to a significant degree.

METALLURGICAL AND MATERIALS TRANSACTIONS B
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Fig. 6—Plots for the relation given by Eq. [7].

D. Estimation of Activities by the Gibbs—Duhem Relation

Sharma and Richardson(' measured the activities of MnO
in the MnO-S§i0,-ALO, slags with the compositions of
Xsio, € 0.5 and X0 < 0.8 by using a gas-slag-Pt equilibra-
tion technique at 1923 K. In order to estimate the o,
values in the SiQ,-rich region at a given temperature, the
applicability of the ternary regufar solution model to the
present slag system was studied by using the present and
Sharma and Richardson’s!!! data in the following discus-
sion.

The activity coefficient of MnO relative to the liquid
standard state in the ternary regular solution can be repre-
sented by

aNsu)gz + BNAloLsz
+ S‘VSK)Z.‘V’\‘()LS + 1 [6]

RT In Yyoory =

where «, B8, and § are constants relating to the interaction
parameters in the binary regular solution, / is a constant,
and N is the mole fraction in the MnO-Si0,-AlO, ; termary
system.

Equation [6] can be deduced under the constant
Nao, /Nsio, 1atio as follows:

RT In Yooy = @ (1 = Nyo)* + & [7]

where a and b are constants.

The present and previous results!!! for a,,,,, which were
obtained relative to the solid standard state, were converted
to thosc relative to the liquid standard state by using the
free energy change of fusion: MnO (s) = MnO (I); AG® =
43,930 — 20.77 T J/mol.l" The validity of the relation
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Fig. 7—MnO iso-activity curves at 1823 and 1873 K. The broken lines
represent the values of a,,,, obtained by Fujisawa and Sakao.™

given by Eq. [7] was examined as a function of the
Xaro/Xsio, Tat10 in Figure 6. It can be seen that the present
results do not fall on the line obtained by linearly extrap-
olating the data by Sharma and Richardson!'! in the range
of Xuno/Xsio, S 0.25/0.75, while in the range above this
ratio, the present results fall approximately on the linearly
extrapolated line. The values of a,,, estimated from the
lines in Figure 6 agree with those of Sharma and Richard-
son within the maximum limit of error of log ay0m =
+0.11.

The results in Figure 6 indicate that the regular solution
model can be applied with respect to the activity of MnO
in only a limited range of slag compositions. Therefore, the
activities of MnO in the MnO-SiQ,-Al,O, temary system
were determined not from a regular solution parameter but
from the lines in the plot of RT In Y04 vs (1 — Nyl
for vanious X,,,,/Xs., ratios. The linear and gquadratic re-
gression analyses were used for the data in the ranges of
XanorXsio, = 0.32/0.68 and <0.25/0.75, respectively. The
iS0-ay, curves at 1823 and 1873 K are obtained, as shown
in Figure 7, in which the results® in the MnO-SiQO, system
are also indicated by open marks. Fujisawa and Sakao!”
calculated the a,,, values at slag compositions of N, <
0.6, on the basis of the data of Sharma and Richardson,
by assuming a regular solution. Their calculated values for
Aoy (=0.03, 0.1, and 0.3) at 1823 K are also indicated
by broken lines in Figure 7.

The activities of Si0O, were estimated from the iso-a,,,
curves by using the Schuhmann method®! given by Eq. {8}:
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Fig. 8—Si0, iso-activity curves at 1823 and 1873 K. The broken lincs
represent the values of ag,, obtained by Fujisawa and Sakao.™

log a,, = log &,

log a_” on
- f e (———\@2) Groor Manoy @108 Auso 8]

log a,
Mo \8 figie,)

where af,,, and al,, are the activitics of Si0, at initial and
final states, respectively, that is, the integration limit, and
n, is the number of moles of component /.

In the present calculation, the ag, values on the SiO,-
saturated liquidus line reported by Muan and Osborn!'*! and
those on the liquidus lines saturated with mullite and alu-
mina determined in this work were used for the af;,, values.
The resulting iso-aq, curves are shown in Figure 8, to-
gether with the resuits obtained by Fujisawa and Sakaof
(@50, = 0.2, 0.4, and 0.6) indicated by broken lines. It can
be seen that the vy, values tend to decrease with an in-
creasc in the SiO, content, as compared with the results by
Fujisawa and Sakao.

The is0-a,,,, curves were determined as follows. In the
case that the a,,,,, values are determined from the iso-ay,q
curves in a manner similar to the estimation of ag,, values,
the available integration limit at the initial stage (ai,,,) is
limited to only the liquidus lines saturated with alumina.
This leads to the evaluation of the iso-a,,,, curves in the
limited region of slag composition. Therefore, the a,,,,, val-
ues on the line joining a certain slag composition saturated
with Al,O, with the SiO, apex in the temary diagram were
first estimated by the Schuhmann method?'! using the iso-
a0, curves, as shown schematically in Figure 9. These val-
ues for a,,o, along with those on the Al,O;-saturated line
were used as the integration limit at the initial stage and
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Fig. 9—Schematic representation for obtaining the intcgration lower limit
of al,,,, by using the iso-a,,, curves.
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Fig. 10--AlLO, iso-activity curves at 1823 and 1873 K. The broken lines
represent the values of a,,,, obtained by Fujisawa and Sakao.™!

then the calculations of the iso-a,.s, curves were made
based on the iso-ay,,, curves. The maximum limit of errors
in the a,,,, values obtained by the present method arises
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Fig. 11— -Iso-Mn content curves at [mass pct Si] = 0.3 and {mass pet C]
= (.8, and iso-Si content curves at {mass pet Mn] = 0.6 and [mass pct
C] = 0.8. The heavy dash-dotted lines correspond to the compositions
calculated at [mass pet Si] = 0.3, [mass pct Mn] = 0.6, and [mass pct
C] = 08.

from those in the values of a,,, and ag,,. The maximum
limit of errors in a,,,, values was estimated as log gy, =
+0.11, as mentioned previously. The maximum limit of
errors in g, values is mostly duc to the experimental un-
certainty which is estimated as log ago, = *0.02. Conse-
quently, the maximum limit of errors in a,.,, values is
calculated as log a,,,0, = *0.13. The results are shown in
Figure 10, in which the values by Fujisawa and Sakao®™
(@ano, = 0.1, 0.3, and 0.7 at 1823 K)) are also indicated by
broken lines. Fujisawa and Sakao report the ., values in
the limited range of slag composition, and their values are
found to be stightly greater than the present results. How-
ever, the difference between the two is within the limit of
the estimated errors in a,.,, values.

E. Deoxidation Equilibria of Si and Mn

The equilibrium between inclusions and high carbon Mn-
Si killed steels was studied with the focus on the influence
of the contents of Al and O on the inclusions composition.
In the following calculations, the steel containing Si = 0.3,
Mn = 0.6, and C = 0.8 in mass pct was chosen as one of
the Mn-Si killed steels.

The contents of Al, Mn, and O in equilibrium with a
given inclusion composition were calculated at 1823 K by
the following iterative method at the constant contents of
[mass pct C] 0.8 and {mass pct Si] = 0.3. The Al con-
tents at a given composition were first estimated from the
reaction Al + 3/4Si0, (s) = 3/4Si + 172AL0, (s), AG® =
—164,600 + 26.8 T J/mol>¥ by using the values for
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Fig. 12-—Iso-Al and iso-O content curves at [mass pet Si] = 0.3 and [mass
pet C] = 0.8.

Qpyy0, and s and the respective interaction coefficients for
Js, and fy, given in Table II. Then, the Mn contents were
calculated from Reaction [3] by taking into account the
previously mentioned Al contents, coupled with the respec-
tive interaction coefficients for f,, and f. Finally, the O
contents were determined from Reaction [1] by using [mass
pct Si} = 0.3 and the previously mentioned values for the
Al and Mn contents. This procedure for the calculation was
repeated until the values for Al, Mn, and O contents became
constant. These values at the constant contents of {mass pct
C] = 0.8 and [mass pct Si] = 0.3 were determined as a
function of inclusion composition, and the iso-Mn content
curves are shown in the lower diagram in Figure 11.

The upper diagram in Figure 11 shows the iso-Si content
curves at the constant contents of {mass pct C] = 0.8 and
[mass pct Mn] = 0.6 at 1823 K in a manner similar to the
previously mentioned iterative method. It follows from the
results in Figure 11 that the inclusion composition becomes
rich in the Si0, content with a decrease in the Mn content
at constant contents of [mass pct C] = 0.8 and [mass pct
Si] = 0.3, while at constant contents of [mass pct C] = 0.8
and [mass pct Mn] = 0.6, the inclusion compositions also
become rich in the SiQ, content with an increase in the Si
content. The heavy dash-dotted lines correspond to the in-
clusion compositions in equilibrium with the steel of {mass
pet C} = 0.8, [mass pct Mn] = 0.6, and [mass pct Si] =
0.3. The shaded arca in the lower diagram in Figure 11
corresponds to the inclusion compositions in equilibrium
with the steel of [mass pct Mn] = 0.3 to 1, [mass pct Si]
= 0.3, and [mass pct C] = 0.8. The shaded area in the
upper diagram in Figure 11 corresponds to the inclusion
compositions in equilibrium with the steel of [mass pet Si]
= 0.1 to 1, [mass pct Mn} = 0.6, and [mass pct C] =

VOLUME 27B. APRIL 1996 —269



1823 K
[mass% C] =08
fmass% Mn}=0.6
—-— [%S§i]=0.3

iso-[ppm Al}

? 0.6

iso-[ppm O]

MnO

MnO

Fig. 13-—Is0-Al and is0-O content curves at [mass pct Mn] = 0.6 and
[mass pct C] = 0.8.

It can be concluded that the inclusion composition lies
within the shaded area in Figure 11, when the contents of
Si and Mn in high carbon steels are in the range between
0.1 (0.3) and | mass pct, respectively.

The is0-Al and iso-O content curves at the constant con-
tents of [mass pct Si] = 0.3 and [mass pct C] = 0.8 are
shown in the upper and lower diagrams in Figure 12, re-
spectively. The heavy dash-dotted lines and the shaded ar-
eas have the same meanings as in Figure 11. It can be seen
that the Al or O level must be fixed in order to have a
certain composition of inclusion on the heavy dash-dotted
line. Furthermore, when the inclusion composition moves
along the heavy dash-dotted line from left to right, the Al
and O contents change from 0.5 to 5 and 100 to 65 mass
ppm, respectively.

The iso-Al and is0-O content curves at the constant con-
tents of [mass pct Mn] = 0.6 and [mass pct C] = 0.8 are
shown in the upper and lower diagrams in Figure 13, re-
spectively. The heavy dash-dotted lines and the shaded ar-
eas have the same meanings as in Figure 11. It should be
noted that the iso-Al and is0-O content curves indicate dif-
ferent behaviors from those in Figure 12, and the Al and
O contents within the shaded areas are below 10 and 50 to
190 mass ppm, respectively.

In order to have “‘soft’” inclusion dispersions, that is, the
deformable inclusions during hot rolling in high carbon Si-
Mn killed steel, the Al level must be controlled within a
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narrow range, such as the shaded areas in Figures 11 and
12, although the oxygen level is considerably high.

1V. CONCLUSIONS

Based on the results of Sharma and Richardsonfi at 1923
K, coupled with the present results obtained by a slag-metal
equilibration technique at 1823 and 1873 K, the activities
of MnO in the MnO-Si0,-Al.0, system were determined
from the relations between RT In yuuon, and (1 — Nyoo)
The present results for a,,,, are found to be in close agree-
ment with those of Fujisawa and Sakao!* at the slag com-
positions below N,. = 0.5, but in the range above Ny,
= (.5, the present a,,, values are different from their val-
ues obtained by extrapolating the values of Sharma and
Richardson. The values of ag,, and a,,,,, determined by the
Schuhmann method are in reasonable agreement with the
values obtained by Fujisawa and Sakao. The thermochem-
ical data on the compounds and experimentation of the li-
quidus line saturated with SiO, in the MnO-§8i0,-Al,0;
system are required for the improvement in accuracy of the
activity values.
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