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Abstract. The use of complex strontium-containing alloys with alkaline earth metals for ladle refining of steel allows the efficiency of steel refining
and modifying to be improved. Based on binary state diagrams of double systems SrO—CaO, SrO-Al,0,, Al,0,—Ca0 and data on the possibility
of formation of solid solutions, the state diagram of the SrO—Al,0,—~CaO system in the temperature range of 1600 — 2600 °C was simulated.
Theories of perfect solutions (for solid solutions of strontium and calcium aluminates), regular solutions (for solid oxide solutions) and subregular
ionic solutions (for oxide melt) were used to build the liquidus lines. The thermodynamic analysis of the Fe—Sr—Ca—Al—-O system as applicable
to steel refining processes with calcium and strontium alloys at 1600 °C was carried out. Simulation results show that the complex mechanism
of interaction of active elements with oxygen will be implemented in the process of refining steel deoxidized with aluminum. In this case calcium
and strontium interaction with oxygen occurs both for elements dissolved in iron, and at the boundary of the gas phase containing calcium
and strontium with molten liquid iron. The interaction of calcium and strontium with oxygen in the presence of aluminum (0.05 %) results
in a high probability of formation of SrO—Al,0,~CaO liquid oxide melts. This greatly facilitates the removal of reaction products from the
melt. The resulting non-metallic inclusions are most likely complex calcium and strontium aluminates which are easily assimilated by slag due
to the presence of strontium. The formation of undesirable corundum inclusions when treating metal with complex alloys containing strontium
and calcium is unlikely.

Keywords: thermodynamics, modeling, phase diagram, strontium, aluminium, calcium
Funding: The work was supported by the Government of the Russian Federation (Resolution No. 211 of March 16, 2013), agreement No. 02.A03.21.0011.

For citation: Mikhailov G.G., Makrovets L.A., Bakin I.V. Strontium effect on the nature of phase equilibria in liquid metal containing calcium and
aluminum. Izvestiya. Ferrous Metallurgy. 2022, vol. 65, no. 12, pp. 895-903. https://doi.org/10.17073/0368-0797-2022-12-895-903

OpueuHaJleaﬂ cmambsus BnMﬂHME CTPOHuMﬂ
HA NPUPOAY ®A30BbIX PABHOBECUI B XXUAKOM METANE,
COAEPXALLEM KANbLUWIA U ANIOMUHUNA

I. I. MuxaiisioB !, JI. A. Makpogen !, U. B. bBakun 1 2

LYO:kH0-Ypaabckuii rocynaperBenHbii yausepeutet (Poceust, 454080, Yensburck, np. B.. Jlenuna, 76)
2000 HIIII Texunoaorus (Poccus, 454901, Yenadunck, . Bogpewm 40, 25)

AnHomayus. TIpuMeHeHHe KOMIUIEKCHBIX CTPOHLMICOIEPIKALINX CIUIABOB CO LIEIOYHO3EMEIbHBIMU METAJIIAMH JUIsl BHEIICYHON 00pabOTKH CTalln
MO3BOJISIET MOBBICHTH A(eKTHBHOCTH npoliecca paduHUpoBaHus U MoauduIpoBanus cTanu. Ha ocHOBaHMM OMHAPHBIX JMArPaMM COCTOSIHUSI
nBoitHbIX cuctem SrO — Ca0, SrO — Al O;, AL,O; — CaO u 1aHHBIX 0 BO3MOKHOCTH 00pa30BaHUsl TBEP/IBIX PACTBOPOB CMOJIEIMPOBaHa JIHarpaMma
cocrosinus cucrembl SO — Al O, — CaO B unrepsaine temneparyp 1600 — 2600 °C. TTpn nocTpoeHuy JIMHU# JTMKBUYCa JUIS PacueTa akTUBHOCTEH
KOMITOHEHTOB HCIIOJIb30BaHbl TEOPUH COBEPIICHHBIX PACTBOPOB (ISl TBEPABIX PACTBOPOB AIIOMHUHATOB CTPOHILMS M KaJbIHMS), PErySPHBIX
pacTBOPOB (AJIsl TBEP/IBIX PACTBOPOB OKCHIOB) U CYOPETYIISIPHBIX HOHHBIX PACTBOPOB (U151 OKCUAHOTO paciuiaia). [IpoBesieH TepMoHAMUYECKUI
anainu3 cucremsl Fe — Sr— Ca— Al — O npuMeHHUTEINBHO K rpoleccam padHHUPOBAHHS CTANH CIUIABAMHU C KaJIbLHEM U CTPOHLIMEM [IPH TEMIIepaType
1600 °C. Pe3ynbraTbl MOIEIUPOBaHKS [TOKA3aJIM, YTO B Mpoliecce papUHUPOBAHUS CTANIU, PACKHUCICHHON alflOMUHIEM, Oy/IeT peai30BbIBaTHCS
KOMIUICKCHBIH MEXaHU3M B3aMMOJICHCTBHSI AKTUBHBIX 3JIEMEHTOB C KUCIOPOaoM. [IpH 3TOM B3aUMOCHCTBHE KAJIBLIUS U CTPOHIIUS C KHCIOPOIOM
MIPOUCXOUT KaK JUIS PACTBOPEHHBIX B JKEJI€3€ JIIEMEHTOB, TaK M 10 TPAHMIIE ra30BOH (hasbl, copepikaliell Kalbluil U CTPOHLMH, C PACIIaBOM
JKUJIKOTO Kele3a. B pesynbrare B3auMOICHCTBUSI KaJbIMs U CTPOHLHSI ¢ KUCIOPOoaoM B ripucyTcrBun amoMunus (0,05 %) BbicOKa BEPOSTHOCTD
00pa3oBaHus KUIKUX OKCHHBIX pacmiaBoB SrO — Al,O, — CaO, uTo CymIeCTBEHHO OOJIEr4aeT yaaaeHue NMPOLYKTOB PEakllMk U3 paciuiaBa.
O0pa3yronHecst HeMETAIMYECKHIE BKIIIOYCHHs ¢ HAMOOJIBIIEH BEPOSTHOCTHIO SIBIISIFOTCS CIIOKHBIMU AJIFOMHHATAMH KaJIbLHsl K CTPOHIIUS, KOTOPbIE
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[ INTRODUCTION

Reducing the contamination of steel with nonmetal-
lic inclusions (NMI) can significantly improve the ope-
rational properties of steel products. One of the issues
requiring further study is optimization of the processes
related to refining of liquid metal in the process of lad-
le refining of steel. The efficiency and cost-effectiveness
of producing critical steel depends primarily on the pro-
perties of the materials used, allowing control of the phys-
ical and chemical state of the metallic melt [1].

The application of calcium-containing materials for
modification helps to control the degree of metal con-
tamination by NMI, as well as the composition and shape
of non-metallic inclusions. The use of calcium silicon and
ferric calcium in ladle refining is associated with a num-
ber of process difficulties. Calcium exhibits a tendency
to evaporation and secondary oxidation. This during
steel crystallization results in its deficiency and activa-
tion of the formation of obstinate refractory calcium alu-
minates and stringer inclusions of Al,O,. With low and
unstable assimilation of calcium by the metal, ensuring
the optimal [Ca]/[Al] ratio, and, therefore, obtaining con-
fidently high steel quality is a difficult task [2].

At the current time, modifiers containing strontium
along with calcium are increasingly being used for re-
fining the metal deoxidized with aluminum. The influ-
ence of strontium additives on the processes of liquid
steel deoxidation and modification is actively discussed
in scientific literature. The application of alloys contain-
ing the alkaline earth metals (AEM) complex for process-
ing of 17G1S-U steel helped to improve the purity of the
metal in terms of NMI, as well as corrosion resistance
and impact strength [3]. The use of strontium-containing
modifiers promotes the refinement of both the metal struc-
ture and NMI. This results in an increase in the mechani-
cal characteristics of castings [4 — 6]. Data on the use
of strontium as a refining agent is also presented in [7, 8].
Some literature data on phase formation and thermo-
dynamics of elements interaction in liquid iron [15 — 18]
is available for the Fe—-Al-Ca-O [9-12] and
Fe—Al-Sr—0 [13, 14] systems. The Fe—Sr—Ca—Al-0O
system, for which thermodynamic parameters are absent
in the literature, is also of considerable interest.

The aim of the work is to study thermodynamic analy-
sis of the Fe—Sr—Ca—Al-O system during liquid iron
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refining with calcium and strontium alloys at a steelma-
king temperature of 1600 °C.

] SIMULATION METHOD AND RESULTS

In order to calculate the solubility surface of compo-
nents in the metal (SSCM) of the Fe—Sr—Ca—AI-0O
system, thermodynamic data on the triple state diagram
of the SrO—-AlL0,~CaO oxide system is required. In [17],
the state diagram with only schematic division is given.
The presence of solid solutions: calcium and strontium
oxides and aluminates is shown. In [18] a calculated state
diagram of this system was built on the basis of [17].

In this work, binary diagrams of the SrO—CaO [19],
StO-AlLO, [20] and Al,0,-CaO [21] state and data
on the possibility of formation of solid solutions [17] were
used to simulate the state diagram of the SrO—AlL,0,—CaO
system in the temperature range of 1600 — 2600 °C.
Theories of perfect solutions (for solid solutions of stron-
tium and calcium aluminates), regular solutions (for solid
oxide solutions) and subregular ionic solutions (for oxide
melt) were used to build the liquidus lines.

This paper presents the calculated state diagram
(Fig. 1) of the SrO-Al,0,—CaO system. The diagram
consists of eight stability areas of the following phas-
es: [ is the area of liquid oxides (SrO, AL, O,, Ca0); Il is
the area of solid solution of [SrO, CaO| with unlimited
solubility in each other; /// is the area of solid solution
of (Sr, Ca);Al,O, based on strontium aluminate; 7V, V'
and VI are the areas of solid solutions of strontium and
calcium mono-, bi- and hexaaluminates; VII is the area
of corundum; and V11 is the area of Sr,Al,O,. No ternary
compounds were detected in the system in question. Wide
areas of solid solutions (oxides and various calcium and
strontium aluminates) can be seen in the diagram.

In Table 1 (K is a melt constant of oxides and their
compounds) thermodynamic data are given, used to cal-
culate the state diagram of the SrO-Al,0,—CaO system.
Straight brackets in this table correspond to solid oxides
and compounds, and parentheses correspond to oxide
melt components.

The theory of subregular ionic solutions, taking into
account the dependence of the coordination number
on the slag composition, and the method of selecting
the energy parameters for an oxide melt are described
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Fig. 1. Calculated diagram of the SrO — Al,O, — CaO system

Puc. 1. Pacuetnas quarpamMma cocTosTHESI CUCTEMBI StO — AIZOz —CaO

in [21]. Table 2 shows the energy parameters of the theo-
ry of subregular ionic solutions for the SrO-Al,0,—Ca0O
oxide system. The activities of the SrO—CaO solid solu-
tion components were calculated using the theory of regu-
lar solutions [21] (the energy parameter of the theory is
28,568 J/mol [19]). The activities of strontium and cal-
cium aluminate solid solutions components were equated
to their mole fractions [21].

When considering the interaction of calcium, stron-
tium, and aluminum with oxygen in liquid iron, double

Table 1

Thermodynamic data for phase
transition reactions

Tabnuya 1. TepmonmHaMuyecKue JaHHbIE
JJ1s peakuuii ¢pa3oBbIX NpeBpaleHii

Reaction lgi - 7A/T;— b Source
|SrO| = (SrO) 4229 | 1.507 [19]
|ALO,| = (ALO,) 5683 | 2.447 [22]
|CaO| = (Ca0) 2732 | 0.945 [19]
|Sr,ALO,| = 4(SrO) + (ALO,) 9023 | —0.908 [20]
|Sr,ALO | = 3(SrO) + (ALO;) | 11,797 | 1.020 [20]
|Ca,AL O] = 3(Ca0) + (ALO;) | 10,260 | 1.570 [21]
ISrALO,| = (SrO) + (AL, 0,) 9101 | 1.533 [20]
|CaALO,| = (CaO) + (ALO;) 5507 | 0.482 [21]
ISrALO,| = (SrO) + 2(AL0,) 7653 | 0.449 [20]
|CaAlO,| = (Ca0) +2(A1,0;) | 13,661 | 3.726 [21]
|SrAl,O | = (SrO) + 6(AL,0,) | 16,523 | 3.546 [20]
|CaAl,, 0, = (SrO) + 6(ALO,) | 44,787 | 17.285 [21]

and triple oxide state diagrams (Table 2) need to be con-
sidered. However, the main diagram determining the non-
metallic inclusions in the system under consideration will
be the SrO-Al1,0,-CaO diagram (Fig. 1).

Table 3 shows all possible reactions which can oc-
cur in the Fe—Sr—Ca—-Al-O system. However, only
some reactions are possible depending on the composi-
tion of the liquid metal, temperature and total pressure.

Table 2

Parameters of the theory of subregular ionic solutions (FeO, SrO, CaO, Al,0,)

Tabnuya 2. IlapamMeTpbl TeOpUH CyOperyasipHbIX HOHHBIX pacTBopos (FeO, SrO, Ca0, Al,0,)

System Energy parameters, J/mol Source
FeO - SrO —71,828 —22,026 -20,905 [19]
FeO — CaO —25,767 —56,788 —26,522 [23]
FeO - ALO, +212 -21,502 11,091 [25]
SrO — CaO —22,505 —35,041 —27,933 [19]
SrO - AlO, —104,349 -217,689 —-104,436 [20]
CaO - AlLO, -51,474 -172,657 -97,668 [23]
FeO — SrO — CaO —-139,162 -90,793 -101,819 [19]
FeO - SrO -ALO, | -200,000 —253,200 —263,800 [24]
FeO — CaO - ALO, | 145,150 -200,314 —233,108 [23]
SrO - CaO - ALO, | 234,938 —185,780 -367,940 vg:rsk
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Square brackets in the table correspond to metallic melt,
curved brackets correspond to the gas phase, and paren-
theses and straight brackets correspond to oxide and me-
tallic melts. Temperature dependences of the equilibrium
constant of chemical reactions taking place in the system
under study are also given.

Strontium and calcium oxides form a continuous se-
ries of solid solutions [19], and iron oxide FeO dissolves
only in oxide CaO (not more than 0.05 at 1600 °C).
For the FeO in CaO solution, the energy parameter
of the theory of regular solutions is 33,362 J/mol.

Table 4 lists the first-order interaction parameters re-
quired to calculate the activity of metallic melt compo-
nents.

Projection of the solubility surface on the plane can
be built only for two components (oxygen content is gi-
ven by iso-oxygen sections), therefore, one of the com-
ponents of the metal melt in the Fe—Sr—Ca—-Al-0O
system shall be recorded. In this work we performed
calculations for two variants: the aluminum (Fig. 2)

or calcium (Fig. 3) concentration is recorded at a tem-
perature of 1600 °C; and the total pressure of 101.3 and
202.6 kPa (dashed and dash-dotted lines). When calcu-
lating the Fe—Sr—Ca—Al-O—C system, carbon content
must also be recorded (Fig. 4, 5). The final composition
of the metal after the completion of the refining pro-
cess is plotted on the solubility surface of components
in the metal (SSCM). The thin lines are iso-oxygen sec-
tions of the solubility surface. The contrasting lines
show compositions of the liquid metal in equilibrium
with two oxide phases. The areas bounded by contrasting
lines show compositions of liquid metal in equilibrium
with one oxide phase. Area / shows the compositions
of liquid metal in equilibrium with oxide melt (OM);
Il — with solid oxide solutions; /I] — with solid solu-
tion (Sr, Ca),Al,O, based on strontium aluminate; [V, V/
and VI — with solid solutions of strontium and calcium
mono-, bi- and hexaaluminates; V/I — with corundum;
1X — with the gas phase {Sr, Ca}; X — with the gas phase
{Sr, Ca, CO, CO,} with traces of CO, CO,; XI — with
the gas phase {Sr, Ca, CO, CO,} of variable composi-

Table 3

Temperature dependences of equilibrium constants of chemical reactions
in the metal melt of the Fe—Al-Sr—Ca—0O-C system

Tabnuya 3. TemnepaTypHble 3aBUCHMOCTH KOHCTAHTHI PABHOBECHS] XHMHYeCKHX peaKiuii,
NPOTEKAIIUX B MeTaJInYecKoM pacmiase cucteMbl Fe—Al-Sr—Ca—-0-C

Chemical reaction IgK =-A/T + B Source
(FeO) = [Fe] +[O] —6320/T+ 4.734 [21]
(SrO) = [Sr] + [O] —25,5719/T+ 9.493 [19]
(Ca0) =[Ca] + [O] -31,368/T+12.515 [23]
(AL,0,) = 2[Al] + 3[O] —58,383/T + 18.063 [23]
[SrO| 1o = [ST] +[O] —29,800/T + 11.000 [19]
|CaOl_ 4 o1 = [Ca] +[O] —34,100/T + 13.460 [23]
[FeOl_ g = [Fe] +[O] -8069/T + 5.800 [21]
|ALO;| = 2[Al] + 3[O] —64,000/T + 20.480 [23]
[StALO i <o, = 3[ST] + 2[Al] + 6[O] —146,893/T + 47.562 [20]
[Ca,ALO| i sor = 3[St] + 2[Al] + 6[O] 162,747/T + 48.112 [21]
[STALO, | 1o = [St]+ 2[Al] + 4[O] -93,055/T + 29.089 [20]
|CaALO,| i = [Ca] +2[Al] + 4[O] —95,258/T+ 31.064 [21]
[StAL,O. | i = [St]+ 4[Al] + 7[O] —149,990/T + 46.068 [24]
|CaAlL,O,| i = [Ca] +4[Al] + 7[O] —161,795/T + 52.367 [21]
[SrALL,O g i o = [ST]+ 12[Al] + 19[O] —398,189/T + 124.493 [24]
[CaAl,0 4l i = [Cal + 12[Al] + 19[O] —-426,453/T+ 138.178 [21]
{Sr} =[Sr] 1870/T - 3.650 [19]
{Ca} =[Ca] 1912/T-2.690 [23]
{CO} =[C]+[O] —1168/T—-2.070 [26]
{CO,} =[C] +2[0O] -9616/T+2.510 [26]
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Table 4

Parameters of interaction of liquid iron components e,.j at 1600 °C

Tabnuya 4. TlapaMmeTpbl B3aHMOIEIiCTBHSI KOMIIOHEHTOB KHIKOTO KeJie3a ] npu Temmeparype 1600 °C

N Sr Al Ca 0 ¢
Sr 0[19] 0[24] 01[19] —-3.94[19] 0[19]
Al 0[24] 0.045 [28] | —0.047 [27] | —1.98 [28] 0.091 [27]
Ca 0[19] -0.072 [27] | —0.002 [27] | —3.62[19] | —0.340 [27]
(0) -0.72119] | —-1.170 [28] | —1.410[29] | —0.20[27] | —0.450 [27]
C 0[19] 0.043 [27] | —0.097 [27] | —0.34[27] 0.140 [27]
1g[Sr]
1X {Sr, Ca}
L. j3§- _________________________ — e
___________ R g
-3.7 1V SrALO,, CaAL,O, g o
3 F
\
|
at VI ALO Vi 1
4 e ISrAl,0,, ISrALO;, oM
CaAl;0 5 |14 so1. CaAL,07 i o
1g[O] =-3.64 | | |
-5 -4 -3 -2 Ig[Ca]
Fig. 2. SSCM of the Fe—Sr—Ca—Al-0 system (¢ = 1600 °C, [Al] = 0.05 %)
Puc. 2. [IPKM cucremsr Fe—Sr—Ca—Al-0 (¢ = 1600 °C, [Al] = 0,05 %)
lg[Sr]

11 [Sr;ALOg, Ca;ALOg i ol

-3
1V [SrALO,, CaALO, g o
4 F E
o)
2 1.0M /i
) (FeO, Sr0, Ca0, Al,0,) y [SrAL;0,,
5L © [SrALO,, CaAl;045 |d sor
g f CaA1407 |solid sol.
- |
o, ai R ~ N [ I N Kt cn
= | | I I N \ \
1
-6 -5 —4 -3 -2 1g[Al]

Fig. 3. SSCM of the Fe—Sr—Ca—Al-0 system (¢ = 1600 °C, [Ca] = 0.001 %)

Puc. 3. I[IPKM cucremst Fe—Sr—Ca—Al-0 (¢ = 1600 °C, [Ca] = 0,001 %)

899



N3BECTHUA BY30B. YEPHAA METAJIIYPTHd. 2022, Tom 65. Ne 12. C. 895-903.
Muxaiinos I'T,, Makposey JL.A.,, bakux U.B. Biusinve cTpoHIMs Ha NpUpoy Ga30BbIX PABHOBECHH B XKH/IKOM METAJLJIE, COAEPIKALLEM ...

1g[Sr]
X {Sr, Ca, CO, CO, }
A N ~..
-3.8 -! \\
________ TT T e=a < Y
37 S
-3 r IV |SrALO,, CaALL,Oy |4 sol \ -‘
|
AR
. g 3 1
2 3 o) -
L Qo = = 1
-4 VII Al,O, = ?:S s | = :
= 1
(‘;‘) 2 U.\ .
s 2 1OM|
O o
= |
1g[0] =-3.60 a |V
1 1 1 :
-5 —4 -3 -2 Ig[Ca]

Fig. 4. SSCM of the Fe—Sr—Ca—Al-0O-C system
(t=1600 °C, [Al] = 0.05, [C] = 0.1 %)

Puc. 4. TIPKM cucremsr Fe—Sr—Ca—Al-0-C
(t=1600 °C, [Al] = 0,05 %, [C] = 0,1 %)

tion. All numbers of areas in Fig. 1 (except VIII) and in
Fig. 2-5 correspond to each other. Area VIII in Fig. 2-5
is absent, since this area should be marked with composi-
tions of metal in equilibrium with Sr,Al,O,. However, its
formation at given calcium or aluminum concentrations
and temperature of 1600 °C is unlikely.

In Fig. 2—4 and 5, b the gas phase area is projected
onto a line, as it is located perpendicular to the plane
of the figures. In Fig. 5, @ (202.6 kPa) the area of liquid
metal compositions in equilibrium with the gas phase is
quite wide. Table 5 shows the contents of strontium, alu-
minum and oxygen in liquid iron and their corresponding
partial pressures {Sr, Ca, CO, CO,}. It can be seen that
composition of the gas phase varies from 96.24 kPa for
CO to 96.24 kPa for strontium. At the same time, the cal-
cium pressure in the gas mixture remains almost constant
(approximately 4.05 kPa), regardless of the strontium
and aluminum concentrations.

The formation of aluminate solid solution based on
Sr,AlLO, (area III) is possible only at elevated pres-
sure (above 1 atm) and strontium concentrations above
0.003 % (hereinafter by weight) in the Fe—Sr—Ca—Al-0O
system (Fig. 3). In the presence of minimum carbon
concentrations (0.1 %) in the system under study, it is
also the solid solution under study (Fig. 5, a) cannot be
formed at atmospheric pressure but possible at increased
pressure (Fig. 5, b).

Calcium monoaluminate has a melting point
of 1601 °C [21], so in practice it does not represent non-
metallic inclusions. However, in the presence of stron-
tium, it appears on the SSCM of the Fe—Sr—Ca—Al-0O
system (Fig.2-5) as a solid solution with strontium
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Fig. 5. SSCM of the Fe—Sr—Ca—Al-0O-C system
(t=1600 °C, [Ca] = 0.001, [C] = 0.1 % and P, = 1 (@) and 2 atm (b))

Puc. 5. ITIPKM cucremsl Fe—Sr—Ca—-Al-O-C
(t=1600 °C, [Ca] = 0,001 %, [C]=0,1 % u P . =1 (a)u2 arm (b))

o6

aluminate. According to the calculations, the formation
of strontium and calcium mono- and bialuminates is most
likely.

The possibility of formation of liquid oxide inclu-
sions deep in the metal (pressure over 101.3 kPa) is very
likely. This allows prediction of high refining properties
of complex alloys with calcium and strontium in the met-
al deoxidized with aluminum.

[ ConcLusion

In the process of refining steel deoxidized with alu-
minum, the complex mechanism of interaction of the
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Table 5

Composition of liquid metal and gas phase (Fig. 5, a, [Ca] = 0.001 %)

Tabnuya 5. CoctaB ;KMIKOT0 MeTaJllIa M ra3oBoii ¢a3ssl (puc. 5, a, [Ca] = 0,001 %)

Composition of metal Composition of gas phase, atm
lglSr, %] | 1g[AL %] | 12[0,%] | pioy | Preoy Pisn Pica
-5.00 -5.15 -1.68 0.945 0.015 0.004 0.036
-3.00 -5.12 -1.90 0.550 0.050 0.401 0.039
-2.92 -5.00 -1.98 0.474 0.004 0.482 0.040
-2.80 -4.50 -2.20 0.286 0.001 0.672 0.041
-2.69 -3.00 -2.94 0.053 Under 1073 0.904 0.043
-2.67 -1.00 -3.83 0.005 Under 103 0.953 0.042

active elements with oxygen is likely. Calcium and
strontium interaction with oxygen occurs both for ele-
ments dissolved in iron and at the boundary of the gas
phase containing calcium and strontium with the liquid
iron melt. The interaction of calcium and strontium with
oxygen with the aluminum content typical for industrial
technologies may result in the formation of liquid oxide
melts StO—-AL,0,—-CaO. This greatly facilitates the re-
moval of reaction products from the melt. The NMI thus
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