
Nitrogen Strain Aging in Microalloyed Steels 

Robert J. Glodowski 
Stratcor Performance Materials, Inc. 

4955 Steubenville Pike 
Pittsburgh, PA 15205 

USA 
Tel.: 412-787-5055 
Fax: 412-787-5030 

E-mail: bob.glodowski@stratcor.com

Key words: Strain Aging, Vanadium, Nitrogen 

INTRODUCTION 

Nitrogen has often been considered as an undesirable residual element in steel. It is often included with other 
unwanted "tramp" elements like sulfur and phosphorous, and the other gases, oxygen and hydrogen, as target 
elements for reduction or elimination by advanced steelmaking techniques. In reality, with the ever-increasing 
share of steelmaking being accomplished by electric arc furnaces (EAF), the overall average nitrogen level in 
steel products is likely increasing. EAF steelmaking now accounts for nearly half of the steel made in the USA. 
EAF melting practices have made great strides in reducing nitrogen levels, but even the best practices only 
approach those levels achieved by basic oxygen furnaces (BOF). So while BOF steels may routinely run from 
30 to 50 ppm residual nitrogen in the final product, residual levels in EAF steels are more likely to be from 50 
to 100 ppm, depending on steel practices and equipment, melt carbon levels, and raw material sourcesY J 

The disadvantages of high nitrogen levels in steel are almost always attributed to the effects of nitrogen in solid 
solution in ferrite. Nitrogen in solid solution is often called "free" nitrogen. Nitrogen in solid solution in steel 
will provide some strengthening, and has been used as a strengthening agent in some applications. However, 
the detrimental aspects of free nitrogen generally discourage the use of nitrogen in this manner. It is well 
known that free nitrogen, along with carbon in solution, plays a significant roll in the strain aging effect in steel. 
The result of strain aging is an increase in yield strength and a decrease in fracture toughness. Strain aging is 
p3.11icularly damaging in sheet products, reducing fo1mability and contributing to Luder' s band formation. 

Yet, nitrogen has a number of beneficial effects that are often overlooked. The usefulness of nitride forming 
elements, primarily vanadium, aluminum and titanium, are dependant on the presence of nitrogen. Vanadium 
nitrides are effective strengtheners as well as useful for grain refinement during heat treatment processes. 
Aluminum is totally ineffective for austenite grain refinement or for texture control in batch annealed cold 
rolled strip without a sufficient amount of nitrogen present. Titanium can be a very effective at controlling 
austenite grain growth at high temperatures, but must have nitrogen available to form the very stable titanium 
nitride. Niobium will form various versions of carbonitrides, Nb(C,N), depending on composition and 
processing. However, the N rich version is not considered the most desirable form of niobium precipitate. 
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Fig. 10. Strain aging index vs. VIN ratio for 1080 high carbon rod 

CONCLUSIONS 

• The strain aging susceptibility of commercially produced steels can not be predicted from total nitrogen
levels.

• In vanadium microalloyed steels, higher levels of vanadium and nitrogen tend to reduce the risk of strain
agmg.

• The potential for strain aging in a production steel grade are dependent on processing and sampling
procedures, in addition to chemistry considerations.

• Simulating coil cooling of strip samples by reheating to 600°C and furnace cooling is very effective in
eliminating strain aging in microalloyed steels, presumably through the complete precipitation of available
free nitrogen.

• Of the available nitride formers, only vanadium provides the additional benefit of increased strength when
acting as a scavenger for free nitrogen.

• To optimize the strengthening affect of vanadium additions and reduce the potential for strain aging,
processing of V-N steels should be controlled for maximum precipitation by considering the time at
temperature necessary for full precipitation. For strip steels, this means optimizing the coiling temperature,

and insming all parts of the coil are exposed to the proper slow cooling time blow 600°C.
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