
1. Introduction

The exceptional mechanical properties of TRIP steels are
due to their multiphase structure: a soft ferrite matrix with a
strong bainitic phase and a suitable proportion of retained
austenite. The retained austenite is stabilised during coiling
for hot rolled TRIP steels or during the overageing step for
cold rolled products. This phase is crucial because the de-
gree of austenite stability determines the final mechanical
properties. The main parameters that determine austenite
stability at room temperature are the carbon content
(0.5–1.8 wt%) and the austenite island size and morphol-
ogy.1,2) Commercial TRIP steels with ultimate tensile
strengths of up to 800 MPa are generally based on carbon–
manganese–silicon steels with a typical composition
Fe–0.2C–1.5Mn–1.5Si. Recently, low Si TRIP steels using
Al and P have been developed, principally to reduce the
galvanising problems encountered with high Si contents.3)

However, Al based TRIP solutions show reduced tensile
properties as Al does not possess the same solid solution
strengthening effect as Si. The demand for the highest
strength TRIP grades (1 000–1 200 MPa) can be met by in-
creasing the carbon concentration to around 0.4 wt%, how-
ever these higher carbon levels introduce serious weldabil-
ity problems. Precipitation hardening by microalloying ad-
ditions (Ti, Nb, V) is an interesting alternative to increasing

the carbon concentration and has the major advantage that
weldability and hot rolling parameters are not degraded.

1.1. Microalloying Design for TRIP Steels
Several studies have shown that microalloyed TRIP steels

with Nb and/or Ti can give good mechanical properties, but
with a rather poor robustness.1,3–6,9) Very few studies exist
concerning the effect of vanadium additions.7,8) From the
production point of view the ideal microalloying element
for cold rolled and annealed TRIP steels should have the
following properties:
1) Does not introduce any continuous casting defects.
2) Any large precipitates formed during casting should be

redissolved during reheating.
3) No significant increase in hardness during hot rolling

and no decrease in hot ductility.
4) No precipitation during finishing and coiling (to facili-

tate cold rolling).
5) Intense precipitation during continuous annealing.
6) Precipitation should occur as far as possible only in the

ferrite phase.
7) Precipitates should be intragranular.
8) The number density of precipitates should be as high

as possible (Orowan hardening).
9) Precipitates should not reduce the stability or volume

fraction of retained austenite.
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Flat carbon steel manufacturers are currently developing new TRansformation Induced Plasticity (TRIP)
steels as a response to strong demands for vehicle lightening and security reinforcement from the automo-
bile sector. Compared to conventional high strength steels these advanced grades exhibit a very favourable
compromise between strength and ductility and can therefore be produced in thinner, lighter gauge strips
with equivalent functional properties. The excellent mechanical properties of TRIP steels are attributed to
the high strain hardening coefficient generated by the progressive transformation of metastable retained
austenite to martensite during plastic deformation. Further improvements in mechanical properties can be
obtained by microalloying, especially with vanadium and nitrogen additions. In this paper we discuss the
rather complex evolution of vanadium carbonitride V(C, N) precipitation during continuous annealing of cold
rolled strip. Transmission electron microscopy (TEM) and selective chemical dissolution are used to charac-
terise the precipitation state during interrupted intercritical annealing cycles. The experimental results are
compared with calculations made using a recent kinetic precipitation model. We show that reasonable
agreement can be achieved using a simple uncoupled model, however a complete description of the precip-
itation sequence during continuous annealing will require fully coupled kinetic models describing the interac-
tions between cementite dissolution, the ferrite to austenite transformation and V(C, N) precipitation.
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