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Introduction

Nb is an important microalloying element in SS and HSLA. It improves an alloy’s
vield strength, toughness and resistance to intergranular corrosion. Ferroniobium,
a master alloy is reduced from a Nb-rich slag during steelmaking. To understand
the role of Nb in slag chemistry, a thermodynamic database of NbO, with other
oxides encountered in steel making (FeO,, SiO,, CaO, Al,0,, MgO) is being
developed. Thermodynamic modelling of the Nb-O system helps to establish the
Gibbs energies of the unary phases, NbO,, for the oxide database.

Thermodynamic Modelling

Pure Elements and Stoichiometric Compounds :
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Solid Solution: Compound Energy Formalism [2]
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Liquid Solution: Modified Quasi-Chemical Model [1]
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Table 1. Model Parameters for Solutions

%1t = °Ghypy 800 = °Gly, 8%y = °Ghyp + 5000
Agnbio = -173500 + 24000X b

Agnbvo = -339085 + 4.5T + 23000X 15+ nbs+
Agnpi-nby = 6000

o) — 0~BCC
GNb:Va =°G Nb~

Gy = -880300 - 47.5289T — 26.4711TInT + 186798T- —
46699.5T3 + 2.03475E-4T2 — 3.5E-7T3

oLa, _=-253038 + 44T

Table 2. Model Parameters for Stochiometric Compounds

-416.055
43.006 + 8.86E-3T —403091.47T2
46.024
-795.1
36.22 + 0.0452T + 7674.07T1 - 1597602.29T2
54.506
-1900.5
77.786 + 0.143T — 6.435T% + 590.838T 9> - 1520780T"2
137.298
-11094.5
5C. (Nb,O.) + 2C_(NbO
801.681 p (ND0O5) +2C, (NBO)
-20595.35
10C. (Nb,O.) + 2C_ (NbO
1492.171 » (ND2O5) +2C, (NbO,)
-44178.9
23C_(Nb,O.) + C_(NbO
3222.678 » (ND205) + G, (NBO)
-37705.25
19C,. (Nb,O.) + 2C_ (NbO
2728.76 p (ND2Os) + 2C, (NbO,)
-23608.3
12C,. (Nb,O.) + C_. (NbO
1705.701 » (ND;05) + €, (NbO,)
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Critical Evaluation

It is concluded that five distinct oxide phases exist in the composition range
NbO, ,-NbO, . [3, 4]and not a single solid solution as suggested in some studies
[5]. This is because of two reasons:

" Thermodynamic Equilibrium: the oxide phases take long time to equilibrate.
The studies that did not report these compounds were invariably conducted
on a short time scale

= Structural: The structure of these oxides is similar to Nb,O.. However, Schafer
[3] and Kimura [4] distinguished five phases by XRD based on 20 angles
between 27-30° and 17-20°, respectively.

Fig 1. XRD Pattern of Homologous Oxides by Schafer [3]
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Fig 2. Phase Diagram of the Nb-O System  Fig 3. Phase Diagram For Homologous
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Fig 3. Oxygen Activity from EMF Data Fig 4. Enthalpy of Formation at 298 K

G’a:tﬂage"
L e T = _ $Gactiay'
[ ] D T T T T T T — T T
S ] i o
A5 ¢ g 2 gt S
: = -100 = = =
- =20 F ‘E" . '
[ =
% 25 b 2 450 |
=] [ :
= [ =
230 - !:m
[ = -200  ©[15]
| ,., it
-35 Tz A [16]
: ] A 0 [17]
-40 F  Nb+NbO® [11] W [12] & [13] ] 250
NbO, + Nb,,O_, ¥ [14] :
45 |
[ ] -300 . . . . : L | .
e P S S P S E U S ] 0 0.2 0.4 0.6 0.8 1
700 750 600 850 900 950 1000 1050 1100 1150 O, mole fraction

Temp, °C

Conclusion

= A set of self-consistent thermodynamic parameters for the Nb-O binary system
is obtained

" A good match is achieved between the available experimental data and the
calculated results

" The liquid solution is described successfully with different coordination
numbers of Nb and Gibbs energies for unary end-members containing Nb for
the oxide database are obtained
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