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Abstract. A simple theory of thermodynamic properties of liquid nitrogen solutions in Fe—Co alloys is proposed. This theory is completely analogous
to the theory for liquid nitrogen solutions in alloys of the Fe—Cr system proposed previously by the authors in 2019. The theory is based on lattice
model of the Fe—Co solutions. The model assumes FCC lattice. In the sites of this lattice are the atoms of Fe and Co. Nitrogen atoms are located in
octahedral interstices. The nitrogen atom interacts only with the metal atoms located in the lattice sites neighboring to it. This interaction is pairwise.
It is supposed that the liquid solutions of Fe—Co system are perfect. The initial values for the calculation are the Sieverts law constants for nitrogen
solubility in liquid iron and in liquid cobalt. Result of the calculation is value of Wagner interaction coefficient in liquid iron-based alloys at 1873 K
£’ = 1.8. This value is in good agreement with the experimental data obtained by Schenck, Frohberg and Graf, 1958; Maekawa and Nakagawa, 1960.
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Annomayus. IlpensnoxeHa npocrast TeOpHst TEPMOANHAMUYECKUX CBOIMCTB JKUIKMX PAaCTBOPOB a30Ta B cutaBax cucteMsl Fe—Co. Drta Teopust HOTHOCTHIO
aHaJIOrMYHa TEOPUH JUTS JKHKHUX PacTBOPOB a30Ta B cruiaBax cucteMsl Fe— Cr, npeoxenHoit asropamu B 2019 . Teopust ocHOBaHa Ha pELICTOMHOI
mozenu pactBopoB Fe—Co. Ilpenmnonaraercs moznenbHas pemerka thna LK. B y3nax 9Toif pemieTku pacrosiaratoTcsi aToMbl xkenes3a u Kodasbra.
ATOMBI a30Ta PacHoIaraloTCsi B OKTAYIPUUECKUX MEKAOY3/IHsAX. ATOM a30Ta B3aUMOJCHCTBYET C aTOMaMH METAJIOB, HAXOIAIIMMHCS B COCEIHHX
C 3THM aTOMOM Y3/1aX PEeUIeTKH. DTO B3auMozelicTBIe apHoe. [Ipennonaraercs, 4To xuakue pactBopsl cucteMsl Fe—Co SBISIOTCS COBEPIICHHBIMU.
B KauecTBe MCXOIHBIX JUISl PACUETOB B3AThI 3HAYEHUsI KOHCTAHT 3akoHa CUBepTCa JUIsl PACTBOPUMOCTH a30Ta B KHJIKOM JKEJIEe3€ U B )KMIKOM KoOasbTe.
Pesynbratom pacuera sIBJIsieTcsl 3HaYSHHE BarHEPOBCKOTO MapamMeTpa B3auMOJICHCTBUS B JKHIKUX CIUIABaX Ha OCHOBE JKene3a mpu temreparype 1873 K
sg" = 1,8. D10 X0Opo1110 cortacyercst ¢ IKCIEPUMEHTATbHBIMU JaHHBIMHU, 1oyueHHbIMU [lenk, dpobepr, I'pad B 1958 . 1 Maekasa, Hakarasa B 1960 r.

Kalouesvle c/08a: tepMoanHamMuKa, pacTBOPHI, a30T, jKeJIe30, KOOANbT, BATHEPOBCKHH MapaMeTp B3aUMOJACHCTBHs, JIAHTCHOCPrOBCKUiII MmapaMerp
B3anMozeiicTBus, 3akoH CuBeprca
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To predict the solubility of nitrogen in liquid steel, experimental investigations of nitrogen solubility in the
understanding the nitrogen solubility in liquid iron is melts of binary metal systems like Fe —j, rwhere iron
crucial, along with at least obtaining the first order inter-  serves as the solvent and j represents the alloying ele-
action coefficients between nitrogen and alloying ele- ment. Nevertheless, values obtained through this method
ments. Typically, these coefficients are derived from often encompass experimental uncertainties, occasionally
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of significant magnitude. This scenario also holds true for
the interaction between nitrogen and cobalt.

Currently, cobalt finds diverse technological applica-
tions, including its use in alloying special steels known
for their high-speed, magnetic, and heat-resistant prop-
erties. The significance of the Wagner interaction coef-
ficient between nitrogen and cobalt in liquid steel lacks
consensus. Hence, an intriguing avenue lies in investiga-
ting this matter from a theoretical perspective.

To delve into the thermodynamics of nitrogen solu-
tions in the Fe — Co system’s liquid alloys, we denote
the concentrations of the components in molar fractions
as cg,, ¢, and ¢y . Alternatively, expressing these con-
centrations in mass percentages yields [% Fe], [% Co]
and [% N]. Let ay means present the thermodynamic
activity of nitrogen in the solution, yy = Z—N — the rational

N
ay

[% NJ
the mass-percentage coefficient of nitrogen activity.
The thermodynamic first order interaction coefficients
between nitrogen and cobalt in liquid iron-based alloys
of the Fe—Co—N systems are determined by the follow-
ing formulas

coefficient of nitrogen activity in the solution, fn=

ey = Oy pu ¢, > 1
oce,
oS = O8I o 04 Fe] = 100,
8% Co]

where €5 is the Wagner interaction coefficient, while
ey’ is the Langenberg interaction coefficient. A correla-
tion between these parameters is presented in [1]:

Ex :230,3%@50 +—AF6A_ oo (1

Fe Fe
where A, and A4 are the atomic masses of the corre-
sponding elements.

The solubility of nitrogen in liquid alloys of the
Fe—Co system, expressed in mass percentage, is denoted
as [% NJ". At a partial pressure of nitrogen in the liquid
phase Py, approaching zero Py, — 0, the square root law,
also known as Sieverts law, applies:

. R
[%N]" =K' |2,
)

where P, is the standard pressure (P,= 1 atm~=
~0.101 MPa); K' is the Sieverts law constant. Let
K'=K'(Fe)at c,, = 1 and K’ = K'(Co) at ¢, = 1.
Following the proposed simple theory regarding the
thermodynamic properties of liquid nitrogen solutions in
Fe—Co alloy systems, an alignment is observed with the
theoretical framework governing nitrogen solutions in

Fe—Cr and Ni—Cr alloy systems [2]. The abstract of this
paper outlines the theoretical model. Utilizing the find-
ings from [2], we arrive at the model presented below:

co _ |y |AcK'(Co)
e$ _6(1 6/—AF6K'(Fe) j 2)

At a temperature of 7= 1873 K K'(Fe) = 0.044 wt. %
[3] and K'(Co) = 0.0047 wt. % [4]. With 4. = 55.847 and
A, = 58.9332. applying formula (2) yields the theoreti-
cal Wagner interaction coefficient between nitrogen and
cobalt in liquid steel at 7= 1873 K as £ = 1.8. Subse-
quently, equation (1) provides the corresponding value of
the Langenberg interaction coefficient e’ = 0.0076.

Consideration of experimental values of the e’ coeffi-
cientin liquid steel at 7= 1873 K reveals various findings.
In [5], nitrogen solubility in Fe—Co alloys was studied by
quenching samples to a concentration of [% Co] = 24 wt.
%, resulting in an estimated ey’ =0.0072. Continua-
tion of this study in [6] up to [% Co] = 100 wt. % pro-
duced an estimate for nitrogen solubility in liquid cobalt,
K'(Co) = 0.0044 wt. %, which closely aligns with the
value used in this paper, K'(Co) = 0.0047 wt. %.

In [7], an experimental value of e’ =0.007 was
reported.

Additionally, [8] investigated the nitrogen solubility
in melts of the Fe—Co system using the Sieverts method,
determining an experimental estimate of the interaction
coefficient at 1873 K as ey’ = 0.011.

Comparing these estimates of the Langenberg inter-
action coefficient at 7= 1873 K: eﬁo =0.0072 [5] and
e§° =0.007 [7] are closer to the theoretical estimate
e’ =0.0076 than the experimental one e’ = 0.011 [8].
Consequently, based on the theory presented in this paper,
the estimates from [5] and [7] appear more plausible than
the one described in [8].

- CONCLUSIONS

Theoretical estimates for the thermodynamic first-
order interaction coefficients between nitrogen and cobalt
in liquid steel at 7= 1873 K: £5° = 1.8; e’ = 0.0076.

The experimental estimates of the Langenberg inter-
action coefficient e’ =0.0072 [5] and ey’ = 0.007 [7]
appear more credible or reliable compared to the estimate
e’ =0.011 [8].
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