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Abstract: The beginning of the 2 lst century coincided with a surge in steelmaking capacity, driven mainly by China. This reflects a 

global trend in underdeveloped countries to eliminate poverty and raise the standard of living. Steel is the indispensable material for 

modernization. The rapid increase in steelmaking capacity triggered strains in the supply-demand balance. The resulting shortages in raw 

materials, energy and means of transportation contributed to raising prices. Furthermore, the increase in polluting emissions (C02) 

created additional dangers to the environment. To minimize the ills of steel expansion, a "sustainable .. rate of growth has been postulated. 

An effective method to make the expansion of steelmaking "sustainable'" is by satisfying the engineering needs with less steel of higher 

(stronger) quality. Microalloyed (MA) steels are suitable as a replacement of commodity grade carbon steels. High strength and weight 

reducing potential of MA steels are derived from microstructural changes taking place during hot-rolling and subsequent cooling. Means 

for achieving maximum weight reduction at minimum cost are discussed in detail. By contributing to a "sustainable'" growth rate of steel 

production, microalloyed steels fulfill a new role: they create economic value and wealth. To achieve global economic goals of 

underdeveloped countries, substitution may be a necessity, rather than an option. 
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1 The Age of Maturing of Microalloyed Steels 
The second half of the 201

h century represents a period 

of growth and maturing of HSLA (or microalloyed 
(MA)) steels. The "miracle" of microalloying in 
transforming a commodity grade C-Mn steel into a 

value-added HSLA steel excited the imagination of 
metallurgists world-wide. Beginning with the early 
studies on "pearlite-reduced" steels at BISRA (British 
Iron and Steel Research Association), there were during 
the next five decades countless international conferences 
on all five continents. Dealing mainly with ferrite
pearlite class steels, voluminous proceedings of these 
conferences represent a unique body of information on a 
single group of steels. The intensity of the expended 

R&D effort leads some experts to conclude that 
development and perfection of MA steels represents the 
most significant metallurgical achievement of the past 

century. 
Two theoretical concepts laid foundation and provided 
guidance for the international research. First, an 

empirical equation of proportionality between the yield 
stress and the inverse square root of ferritic grain 
dimension provided a quantitative measure of the 

effect of microstructure on properties. This relationship, 

discovered by Petch, has shown that grain refinement is 
unique in its ability to increase both strength and 
improve toughnessl '1. The necessity of using carbon for 
strengthening hot-rolled steel has 
been diminished. The second milestone was Pickering's 
method of quantifying the contribution of various 
strengthening mechanisms to the strength of ferrite
pearlite steels121. 

These two contributions changed the methodology of 

high strength steels development. Chemical 
composition was no longer the sole criterion defining 

properties. The combined effect of chemistry and 
processing parameters determines formation of a 
microstructure which controls the mechanical properties. 
Realization of the importance of grain refinement led to 
intensive studies on the evolution of austenite in the 
process of hot-rolling. The aim was to "condition" the 
austenite in such a way as to produce finest ferrite size. 
The three MA elements: Nb, Ti, and V, were found to 
have different effect on suppression of recrystallization 
during hot-rolling. The "recrystallization stop tempera
ture" was highest for Nb and lowest for V addition. 
Brilliant paper by Fukuda has shown that austenite can 

be equally well "conditioned" by rolling either above or 
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