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Abstract：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 automobile sector［1］.  These advanced grades exhibit a very favourable 
compromise between strength and ductility compared to conventional steels and can therefore be 
produced in lighter, thinner 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. In this paper we will discuss the improvements in cold strip properties that can 
be obtained using vanadium microalloying in these steels. By choosing an appropriate composition 
and thermomechanical process path, a high fraction of the added vanadium can be made to 
precipitate in ferrite during the continuous annealing step, providing a large strengthening effect. 
This gain in strength is obtained without any significant loss of ductility as, apart from a useful 
grain refining effect, the presence of vanadium does not significantly modify the original TRIP 
microstructure.  
 
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 over ageing step for cold 
rolled TRIP steels. This phase is crucial 
because 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%) and the austenite island size and 
morphology［2,3］. Commercial TRIP steels 
with ultimate tensile strengths of up to 800MPa 
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[4]. 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 
(1000～1200MPa) for automobile applications 
can be met by increasing the carbon 
concentration to around 0.4%, however these 
higher carbon levels introduce serious 
weldability problems and may cause hot rolling 
difficulties particularly for wide formats. 
Precipitation hardening by microalloying 
additions (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. 




