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Influence of vanadium on hot ductility of 
steel 

B. Mintz and R. Abushosha 

The hot ductility of V + N steels has been examined 
and compared with that obtained from a Nb . 
containing steel. When tensile samples from hot 
rolled plates were solution treated and cooled to 
test temperatures in the range 700-1000°C, the 
V containing steels exhibited higher hot ductility 
than the Nb (0·03 wt-%) steel. ,increasing the V and 
N contents caused both the depth and the width of 
the low ductility trough to increase, due to 
increasing precipitation of VN. In accordance with 
this, there was a good relationship between the 
product of the total V and N concentrations and the 
ductility. This product had to be as high as 
1 ·2 x 10-3 (corresponding to 0·1 %V, 0·012%N) for 
ductility levels to approach the low values of 
reduction of area exhibited by the Nb containing 
steel. Furthermore, with precipitation being the 
factor that controls the hot ductility of the steels, 
marked fine dynamic precipitation was found to be 
present in the Nb and the highest V and N 
containing steel examined (0·1 %V, 0·011 %N), 
whereas little precipitation was observed in samples 
taken from a 0·05%V, 0·005%N steel. Recovery of 
ductility at the high temperature end of the trough 
corresponded to when dynamic recrystallisation 
occurred, and the greater the degree of 
precipitation, the higher this temperature. In view of 
the close relationship observed between the hot 
ductility behaviour in the trough and the likelihood 
of transverse cracking, it is recommended that, 
where transverse cracking is a problem, V should be 
considered as a replacement for Nb. IS/1068 
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INTRODUCTION 
Transverse cracking is a serious problem in the continuous 
casting of steel and Nb grades have been found to be most 
susceptible to this defect. 1 In those cases where the strand 
is cast in a curve, the cracks are thought to propagate 
when the strand is straightened. The cracks are inter
granular and meander along the prior y grain boundaries.1 

The straightening operation is performed in the temperature 
range 700-1000°C, which coincides with the interval in 
which steel exhibits a ductility minimum in laboratory hot 
tensile tests. Therefore, the simple hot tensile test has 
proved very useful in assessing the likelihood of cracking 
in steels.1 In the tensile test, conditions are maintained as 
close as possible to those of the commercial operation. in 
general, the tensile samples are heated to a high temperature 
(B00-1350°C) to dissolve all the microalloying additions 
and to produce a coarse grain size reminiscent of the as 
cast grain size. The rate of coolillg from the solution to the 
test temperature and the strain rate are selected to 

approximate those undergone by the strand during 
cooling and straightening (typically 60 K min - 1 and 
10- 3-10- 4 s- 1

, respectively). Under these conditions, it 
has been possible to use hot ductility testing as an: aid to 
investigating and suggesting ways of minimising cracking 
problems. 

The curves of tensile hot ductility v. temperature have 
been found to be very sensitive to composition. Increasing 
the Al content or introducing Nb into the steels both 
deepens and widens the trough to higher temperatures. 1- 3 

In accordance with this behaviour, transverse cracking also 
increases because of these elements.1•4 Most research work 
has been carried out on Nb containing steels, because these 
steels have the highest incidence of cracking. Vanadium 
offers itself as an alternative to Nb, but there is little 
information available concerning the severity of relevant 
transverse cracking. A statistical analysis of works data 
from Oxelund by Hannerz failed to show any significant 
influence of V on transverse cracking.4 His hot ductility 
work suggested that, with a high N steel (0·016%N), the V 
content had to be in excess of 0·07% to produce a 
significant deterioration of ductility. This is in agreement 
with other data which indicate that high V, high N steels 
are susceptible to transverse cracking. 5 

From these limited data, V appears to be less detrimental 
to hot ductility than Nb. 6 This may be related to the 
higher solubility of VN in austenite. Both Nb(C,N) and 
VN can precipitate rapidly during testing at strain rates 
< 10- 1 s- 1 and, hence, can have a very important influence 
on hot ductility and transverse cracking.7

•
8 For steels that 

are solution treated and cooled to the test temperature, Nb 
is more effective in extending the trough to higher 
temperatures than V. This is probably because, for typical 
microalloy compositions, the nose of the temperature-time 
curve for Nb(C,N) precipitation without concomitant 
deformation is at 950°C, whereas it is at about 885°C for 
VN. Vanadium may also reduce the amount of precipitation 
of AlN at grain boundaries. Crowther and Mintz9

• have 
also suggested that V precipitates in both a coarser arid 
more random manner than Nb, which would again favour 
higher ductility. 

In the present work the influence of V and N on the hot 
ductility of C-Mn-Al steels is systematically examined and 
the ductility compared with that exhibited by a Nb 
containing steel. 

EXPERIMENTAL 
Much consideration· was given to the testing route most 
likely to be relevant to the transverse cracking problem. It 
has been shown10 that, for microalloyed steels, solution 
treatment is the preferred route rather than, as might be 
expected, direct casting of the tensile samples and cooling 
to the test temperature. Direct casting is only necessary 
when solution treatment is difficult, as is the case for Ti 
treated steels, and when examining the influence of S on 
hot ductility. For Nb and V treated steel, solution treatment 
allows all the microalloying additions to be available for 
precipitating in fine form at the test temperature, enabling 
their influence on hot ductility to be precisely defined. 
Therefore, the latter method was adopted. 
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