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THERMODYNAMIC CONDITIONS OF TITANIUM OXIDES AND TITANIUM NITRIDE
FORMATION IN MICROALLOYED STEEL

Titanium, vanadium and niobium influence the properties of microalloyed steel,
which stems from the temperature dependence of thermodynamic stability of the formed
precipitates: nitrides, carbides and carbonitrides. Titanium nitride TiN, similar to Ti,O3 and
Ti30s, is formed in liquid steel during refining processes after adding an alloy-additive
containing titanium and during solidification. The analysis of formation of nonmetallic
inclusions containing titanium in liquid steel should be preceded by the analysis of
interaction of titanium and gases (O and N) dissolved in liquid steel [1-2].

The equilibrium constants in the reaction of titanium oxides and titanium nitride formation

determined from the free energy of reaction given by Pak et al. [1-2] are as follows:

2Ti+30= TizOg(S) |OgKTi203 =44 238/T - 13.0 (1)
3 D +5 Q = Ti305(S) IogKTi305 =72 813/T —21.32 (2)
Ti+ N = TiN(s) logKrin = 19 790/T — 7.78 3)

The thermodynamic conditions of titanium oxides and nitride formation in liquid steel can

be presented on the example of Ti,O3:
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The formed oxides and nitrides can be solids or a part of the liquid solution. The
prerequisite of liquid oxidic solution formation at the steel-casting temperatures is the
presence of such oxides as FeO, MnO and SiO,. Oxygen is completely removed from
steel before casting, therefore Mn, Si and thus primarily Fe oxides cannot be formed in a
low oxygen concentration. This it is assumed that titanium, oxides and nitrides are solid
and do not form a solution. If the value of the product, being a result of actual
concentrations of Ti and O or Ti and N, does not exceed the equilibrium value, a

nonmetallic inclusion will be produced. The calculations reveal that the precipitation of
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Ti,O3 at a given temperature requires a higher titanium concentration in liquid steel than in
the case of Ti3Os (fig. 1).

Titanium nitride formed in liquid steel prior to solidification is mostly removed from it
and thus useless as far as the control of austenite grains is concerned. The quantitative
characteristic of effects taking place in the course of secondary metallurgy of microalloyed
steel containing titanium is available in many works, e.g. [3-4]. Much more titanium gets to
steel at a low nitrogen concentration. The influence of the deoxidation degree defined by
the amount of added aluminum, is also visible. When the steel deoxidation is poorer, part
of titanium takes the form of oxides, therefore its concentration in steel is lower. The plot in
Fig. 2 shows the change of oxygen and nitrogen concentration in liquid steel depending on
the initial concentration of nitrogen and aluminum for the varying amount of introduced
titanium. In both cases the entry oxygen concentration in steel was 100 ppm.

At a low concentration of nitrogen more titanium is transported to steel. There can
be also observed the influence of deoxidation degree defined by the amount of added
aluminum. When the deoxidation is weaker, part of titanium takes the form of oxides, and
SO its concentration in steel is lower. Importantly for the production costs, titanium
introduced at the final stage of the metallurgical process should be maximally preserved in

steel as it plays a significant role in austenite grain control.
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Fig. 1. Equilibrium titanium Fig. 2. Titanium and nitrogen concentration in
concentration in liquid steel vs. oxygen liguid steel at 1805 K depending on added
concentration for Ti;O3z and Ti3Os titanium. Added aluminum: 100 ppm
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WU3roTOBNEHWUE OETAJIN CITOXXHOW FTEOMETPUU MO SLM-TEXHOJIOIMU U3
XXAPOIMNPOYHOIO HAKEJIEBOI'O CIJIABA INCONEL 718

SLM-TexHonorna — oauH u3 BUAOB aggUTUBHOMO NMPOU3BOACTBA, MPU KOTOPOM W3-
aenve cosgaeTtcss METOAOM MOCAOMHOro MponnaBneHnsa nopollka MeTansia ¢ NoOMOLLbH
nasepHoro nyya, KOTopbli OBUraeTcs Nno 3agaHHOW TpaeKkTopuu COrfacHO TpPexXMepHOW
Moaenu.

Llenb akcnepumeHTa: NoctpoeHne mogenun n anemeHta dopcyHkmn ana YK «AT3K»
¢ TonwmHon crnos 30 MKM 5151 OLeHKM KavyeCcTBa BHYTPEHHUX NOBEPXHOCTEN.

MonHasa wMogenb W Bbipe3 OPCYHKU (PUCYHOK) MoABepranucb BU3yarbHO-
ONTUYECKOMY KOHTPOITIO (BU3yanbHOMY aHanuay).

Mpn B1U3yanbHOM aHanuse 6binia NnpoBeAeHa oueHKa Buaa NoBEPXHOCTEN 3rieMeHTa

«Bblpe3» Hane4yaTaHHOro Mo TakMM Xe peXxrMam, 4YTo 1 opCyHKa.
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