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ABSTRACT 

The possibility of using vanadium in interstitial free 
steels has been examined. Vanadium carbo-nitride is 
less stable than other microalloy carbo-nitrides but 
conditions have been defined which will give high levels 
of plastic anisotropy. The interstitial free steels 
microalloyed with vanadium show lower 
recrystall isation temperatures than do other 
microalloyed steels. 

1. INTRODUCTION 

Many of the modern strip steels are manufactured to 
high levels of purity and cleanliness which enhances the 
formability of strip; almost all of these are 
manufactured using continuous casting. The formability 
of the steels can be enhanced further by making them 
.. interstitial free". Interstitial free steels are 
characterised by low strength levels with excellent 
formability, especially if texture is controlled to give 
reasonably high plastic anisotropy (roJ values. These 
steels have been made using either titanium or titanium­
niobium additions. The niobium addition has resulted in 
severe retardation of recrystallisation during continuous 
annealing, requiring very protracted times or high 
annealing temperatures. Such treatments often lead to 
distortion of the strip during the continuous annealing 
cycle. Titanium additions sufficient to stabil ise the 
interstitial elements can cause problems during 
galvanising, whilst lower titanium levels, augmented by 

niobium cause problems with recrystallisation as outlined 
above. 

It has been suggested that a vanadium treated steels 
might exhibit the interstitial free characteristics without 
such a drastic retardation of recrystallisation. This paper 
details a programme of work comparing the 
recrystallisation kinetics and residual mechanical 
properties of aluminium, vanadium, titanium, titanium­
vanadium and titanium-niobium treated steels. 

2. BACKGROUND 

The effects of microalloying additions of niobium, 
vanadium and aluminium on the recrystallisation of cold 
worked O.IS % C steels have been studied previously 
[1,2]. It was found that the fine interphase precipitates 
capable of precipitation hardening produced a significant 
retardation of the recrystall isation process. The particle 
size in these materials were of the order of 2-4nm in 
diameter. Steels in which the particles had been 
previously coarsened to 20-30nm in diameter showed 
similar recrystallisation kinetics to those of plain carbon 
steel. These results have been interpreted in terms of a 
Zener particle pinning mechanism, where the finer 
particles are capable of pinning the subgrain boundaries, 
whereas the larger particles, although capable of 
inhibition of grain growth with 20J.lm diameter (or 
larger) grains, cannot inhibit subgrain srowth [3] with 
subgrains of 0.S-2.0J.lm in diameter. ' 

Recent work [4]. has shown that precipitates which 
are confined to grain boundaries or subgrain boundaries 
can be ten times more efficient than randomly 
distributed ones, which would account for the texture 
controlling mechanisms in aluminium treated steels. 
Control of the precipitation is therefore vital in 
controlling recrystallisation. Rapid heating of aluminium 
treated steels may allow recrystallisation to precede 
precipitation [S]. Microalloyed interstitial free steels, 
provided that precipitation can be encouraged to give 
coarse particles, should recrystallise reasonably quickly. 
The earlier results [1,2] suggest that recrystallisation 
would suffer retardation if the particle size and 
distribution were such as to give significant dispersion 
strengthening, and that recrystallisation would only 
occur if the particles coarsened sufficiently to eliminate 
any significant strengthening. It should be pointed out 
that the vanadium additions gave less retardation of 
recrystallisation than was produced by niobium additions 
[1]. This merely reflects the more rapid coarsening of 
vanadium carbo-nitrides compared with niobium carbo­
nitrides. 

3. EXPERIMENTAL PROCEDURE 

A series of experimental low carbon steels were 
manufactured and are shown in Table I. The vacuum 
melted steels were cast into SOkg ingots which were 
machined for surface finish and subsequently forged to 
100xSOmm flats. The flats were hot rolled to 
1200xllOx3.Smm strip in two heats, finishing at 9S0°C, 
and then furnace cooled. 

The hot rolled steels were pickled at 50-55°C in a 
20% by volume sulphuric acid bath until the surface oxide 
scale was removed and then washed and dried. The 
pickled steels were subsequently 70% cold rolled using a 
Marshall Richards rolling mill in 2 high configuration. 
















