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Abstract  Several prediction models of V-N strengthening have been published and used over the course of many years of 
vanadium microalloying experience. The basis and origin of a p roven strength model previously distributed is reviewed and 
explained. Inherent in the prediction accuracy of the model is the assumption of the amount of nitrogen actually available for 
VN precip itation. This paper discusses various situations where the amount of nitrogen available can be significantly altered 
by the presence of other alloy elements, particu larly Ti, Nb, and A l. Of these, the effect of the Al content (and prior processing 
history) seem to be most widely overlooked when evaluating and predicting the expected strengthening of the VN precip itate 
in polygonal ferrite. The possible interactions of A l and N that can affect n itrogen availab ility are reviewed, and the 
unintended effects of specification Al requirements are exp lained. 
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1. Introduction 
Since the advent of microalloyed steels it has been 

recognized that vanadium precip itation strengthening is 
enhanced by the presence of nitrogen. Perhaps this was most 
widely announced in several papers included in the now 
classic “Proceedings of an  International Symposium on 
High-Strength, Low-Alloy Steels”, perhaps better known as 
MA ‘75.[1] However, at that time many of the products were 
heat treated, either normalized or quenched and tempered. 
As a result, conclusions about the strengthening factors for 
vanadium and nitrogen tended to vary significantly. The 
relative effects of austenitizing temperature, nitrogen and 
aluminum contents that control the availability of V and N 
for precip itation strengthening during subsequent 
transformation were generally unrecognized.  

For the as-rolled situation, the need to control austenite 
recrystallizat ion and growth during the ro lling process was 
just being recognized . While the advantages o f cont rol 
rolling with higher recrystallization stop temperatures were 
jus t  being  exp lo ited , the benefits  o f recrystallizat ion 
controlled ro lling were not promoted to any degree. Grozier 
[2] p resented an extens ive rev iew of resu lts from the  

 
* Corresponding author: 
Glodowski@na.eastmetals.biz (Robert J. Glodowski) 
Published online at http://journal.sapub.org/ijmee 
Copyright © 2013 Scientific & Academic Publishing. All Rights Reserved 

production of VAN-80, vanadium-nit rogen bearing hot 
rolled strip steel produced with controlled cooling first 
introduced in 1968. The graphical model used by Grozier to 
describe the effect of vanadium and nitrogen content on 
incremental yield strength was first published by 
Korchynsky and Stuart[3] and is reproduced again here as 
Figure 1. Th is informat ion, confirmed by numerous 
researchers, has been widely referenced. Also widely used 
from Grozier’s work is Figure 2, showing the effect of 
coiling temperature on  the precip itation strengthening of 
0.12% vanadium steel at increasing nitrogen levels. 

One problem with Figure 1 is that it pred icts no 
strengthening of vanadium at zero nitrogen. This is not likely 
to be true except in the most extreme cases, as there should 
be some VC precip itation strengthening. Also, the slope of 
strengthening with increasing nitrogen increases with higher 
V contents. At sub-stoichiometric levels of nitrogen, the 
amount of VN precipitation is controlled by the nitrogen 
available, not the amount of V. Because of this, N 
strengthening slopes at different V levels are more likely to 
be parallel, but starting at different strengthening levels due 
to possible VC precipitation. The VC precipitation 
strengthening would logically be assumed to be relat ively 
constant for constant processing conditions. Only the 
nitrogen level is changing. Thus, the strengthening curves at 
sub-stoichiometric levels of N would be expected to be 
slightly displaced by higher V contents, but parallel up to 
stoichiometric VN levels. As the nitrogen level exceeds 




