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ABSTRACT: The complex effects of different Nitrogen (N) contents and thermal routines on the microstructures 

and mechanical properties of 33Mn2V steel for N80-Class seamless tube application were investigated using 

Gleeble simulation technique. The results showed that the N additions of 140 or 210ppm in the steel for the in-line 

normalization process (ILNP) increased the strength while the toughness remained at a high level as compared 

with that of the low-N steel of 50ppm. It is also revealed that the N addition of 210ppm could enhance the 

performance combination of strength and toughness in the steel by using 700℃ as the cooling interrupted 

temperature (CIT) for the non in-line normalizing process (NILNP). It was further evidenced that the toughness 

was improved at expense of strength to some degree in all the steels by decreasing reheating temperature for the 

ILNP, while an increase of CIT for NILNP severely impaired the toughness and slightly improve the strength in 

the high-N steel of 210ppm. This can be attributed to the dissolution and precipitation behavior of V(CN). The 

optimization of V(CN) precipitation can be achieved by the enhanced N. The precipitation of V (CN) in austenite 

was promoted by cooling to a certain temperature lower than the Ar1 for the ILNP. The V(C,N) particles formed in 

austenite contributed to grain refinement by the VN-induced nucleation of intragranular ferrite, but as a result the 

effect of precipitation on strengthening would become weaker due to a decrease of the precipiation of V in ferrite.  
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INTRODUCTION 

The in-line normalizing process (ILNP) is sometimes utilized in the production of non-quench-&-temper 

N80-class seamless tube [1, 2]. It is realized by inserting a suitable cooling process of the steel pipe between 

tandem rolling and stretch-reduction-diameter process so that the steel can undergo a cooling to a certain 

temperature lower than the Ar1 point by which a complete γ→α phase transformation, followed by reheating to a 

certain temperature higher than the Ac3 point available for a α→γ reaction. By introducing such an additional 

cyclic γ→α→γ phase transformation, the microstructure can be refined and the combination of strength and 

toughness can be improved in the final product [2].  

However, this process may also make the much different precipitation and dissolution behaviors of V(CN) 

particles in the seamless tube as compared with that in the conventional flat or long products if the 

V-microalloyed steel is used [1, 3]. The difference would reach an even higher degree when the N content in the 

V-microalloyed steel is increased. In this case, V might be eventually included in the coarser particles of V(CN) in 

the final product due to the precipitation of V in ferrite during cooling followed by reheating for the ILNP, by 

which the undesirable final microstructure and mechanical properties might accordingly be obtained. For this 

reason, this study was carried out to evaluate the effects of different N contents and thermal routines between the 

tandem rolling and the stretch-reduction-diameter process on the microstructure and mechanical properties of 

N80-class V-microalloyed seamless tube using Gleeble simulation technique. Based on them, the chemistry and 

process of the tube were optimized.  

 

 




