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ABSTRACT 

The key microstructural features of microalloyed steels, i.e. 
grain refinement and precipitation strengthening, are 
achieved by the precipitation of microalloy-species in 
austenite and during or after the transformation to ferrite. 
The effectiveness of any precipitation reaction depends on 
the degree of dispersion and particle size. Since nitrides of 
the microalloying elements are more stable and show less 
tendency to coalesce than carbides, an enhanced nitrogen 
content will maximise the ratio between particle volume 
fraction and particle size and hence maximise grain 
refinement and precipitation strengthening. 

This review considers some of the more important effects of 
the interaction of nitrogen with microalloying elements in 
microalloyed steels. The importance of nitrogen for 
precipitation phenomena, grain size control, 
transformations, precipitation strengthening and weldability 
are discussed in relation to various steel chemistry and 
processing technologies which have been developed within 
the past twenty years. To provide a basis for improved 
understanding of the interaction of nitrogen with other 
alloying elements in HSLA steels a new thermodynamic 
database for precipitation of carbonitrides in 
multicomponent systems has recently been developed for 
use with "Thermo-Cale" software. 

The value of nitrogen is particularly recognised in steels 
microalloyed with vanadium and titanium and it is 
demonstrated that nitrogen should be considered as an 
essential and inexpensive alloying element giving several 
beneficial effects. Nitrogen may be very effectively utilised 
in microalloyed steels with the aid of knowledge concerning 
its physical and chemical interactions. 

1. INTRODUCTION

Microalloying elements are added to high-strength low­
alloy (HSLA) steels for only two purposes-to produce grain 
refinement and/or precipitation strengthening. In both cases 
the desired effects are achieved by intelligent use of 
precipitation reaction of microalloy carbo-nitrides in which 
nitrogen often plays the dominant role. Thus, an 
understanding of the effects of nitrogen on the solubility and 
precipitation reactions of these precipitates is critical to the 
successful production and application of microalloyed steels, 
with a minimum of microadditions. 

Nitrogen occurs universally in steels, and although its 
solubility under normal manufacturing conditions is small it 
can exert large effects. Some of these effects are 
detrimenta� often being associated with various 
embrittlement phenomena, which has resulted in liquid steel 
refining processes designed amongst other things to 
decrease the nitrogen content (Japanese steelmakers have 
led the way in these developments and have actively 
published the advantages of such ultra-clean steels in the 
market place). However, nitrogen has also certain beneficial 
effects, apart from being abundant and cheap, which in 
recent years have led to the development of many different 
steels containing enhanced nitrogen. In almost all cases the 
beneficial effects of nitrogen are the result of interaction 
with alloying elements present. To understand the effects of 
nitrogen in steels, as opposed to the effects of carbon, both 
of them interstitial solutes, the much increased solubility of 
nitrogen in the solid state, compared with carbon must be 
appreciated. In addition the alloy nitrides, such as VN, NbN 
and TiN are much more stable and thus less soluble than the 
alloy carbides, and their solubilities are considerably less in 
ferrite than in austenite. Hence alloy nitrides often form 
small particles which are slower to grow than are alloy 
carbides. These differences have a fundamental influence on 
the effects of nitrogen on the properties ofHSLA steels. 

The effectiveness of nitride particles in raising the 
austenite grain coarsening temperature during reheating and 
welding, inhibition of grain growth during rolling, 
retardation of recrystallisation, increasing austenite to ferrite 
transformation ratio and enhancement of p�ecipitation 
strengthening, was demonstrated many years ago. However, 
in the last two decades significant metallurgical progress has 
been made in understanding the technology of microalloyed 
steels. This progress, initially intended for pipeline steels, 
has been such that microalloyed steels have now been 
developed for numerous applications and have become 
more sophisticated and employed to produce specific and 
sometimes unique benefits. 

It is also worth adding that the beneficial effects of 
nitrogen are not recognised in steel specifications since 
although some specifications state a maximum level of 
nitrogen, there is none which requires a minimum level. 
There is little justification for reducing nitrogen content in 
many steel grades to below about 0.005%. Such steel will, 
however, find ready customers because of widely publicised 
embrittling effects of nitrogen. However, restricting 
nitrogen to this low range prevents optimisation of alloy 
design for many high strength low alloy steels and besides, 
these degassing and refining practices are extremely costly. 
Therefore, the main aim of the present paper is to present 
contrary evidence about the beneficial effect of nitrogen 
particularly in grain refinement and precipitation 
strengthening in relation to microalloying with Ti and V. 

2. GENERAL EFFECTS OF NITROGEN ON
PRECIPITATION AND MICROSTRUCTURE

As was stated above the principle advantages of 
microadditions are centred around the precipitation of 
microalloy carbides/nitrides. The precipitates are either 
completely or partially dissolved during the reheating of 
slabs prior to rolling, or as part of a heat treatment process, 
and thus the reprecipitation sequence and kinetics control, 
to a large extent, the benefits that are achieved. . In 
precipitation reactions there are two parameters which 
determine the ability of particles for grain refinement and 
strengthening, namely particle size, d, and their volume 
fraction, fv. 






































