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Abstract: Precipitation behaviors of carbonitrides in a V-Ti-N microalloyed steel for non-quenched and tempered seamless oil well

tubes were calculated by the equilibrium principle of a three-phase miscibility gap including the austenite and two carbonitrides. The

thermodynamic calculations indicate that the precipitates first formed at 1473'C are TiN particles, subsequently some of them formed

at high temperatures maintain the chemistry down to low temperatures, the others gradually transform to complex (TixVl-xXCyNl-y)

carbonitrides. In addition, the precipitates formed at 846'C are V- and C-rich V(CxN1-x)carbonitrides. The formation sequence is

verified by experimental data. These results are more consistent with the viewpoint that, the precipitation behavior of vanadium in

austenite matrix below 800'C in medium-carbon V-bearing microaUoyedsteels plays a great role in controlling the decomposition of

austenite.
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1 Introduction

Since the middle 1970's, microalloying technology by

the addition of one or more of transition metals, such

as V, Nb and Ti, has been intensively developed,

which is a good practice for the industry to make

high-quality steel products with high strength and

some other additional specifications. It is regarded as

an achievement of steel industry in the 20th century.

From then on, the microalloying technology and its

physical metallurgy has also been intensively and

deeply investigated and applied to a wide number of

steels[I.2.3].In recent years, more attention has been

paid to application of V-Ti non-quenched and

tempered (non-QT) microalloyed steels to high-grade

oil-well tubes, which is a new field of application and

investigation of V-N microalloyed steels[4]. We have

found that the precipitation behaviors of vanadium in

austenite matrix below 800'C in medium-carbon

V-bearing microalloyed steels play a great role in

controlling the decomposition of austenite[5.6],which

should be of vital importance in the design and

optimization of non-QT steels for oil well tubes.

During the experimental investigation of V-Ti-N

microalloyed steels, Tang[7] has conducted

comprehensive work in the precipitation process of

V-Ti complex carbonitrides: he held that TiN nitrides

first formed in austenite at high temperatures, VN

nitrides precipitated coherently on the pre-existing TiN

nitrides below 1060'C. The contents of V in complex

carbonitride precipitates will be increased with the

decreasing temperature. When the ferrite began to

transform, VC carbides or V(C, N) carbonitrides

further precipitated coherently on the pre-existing

(TixVl-x)CNcarbonitrides, so the average vanadium

Foundation item: Item supported by National Natural Science FOWldation of China (No.50271009, 50334010), by the VANITEC via the CSM. and by the
Development Center ofV-N Steel (CISRI).

Biograghy: WANG An-dong (1975), Male, Doctor Degree Candidate; E-mail: wadujs@163.com

288




