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Introduction

Medium and high carbon steels are widely used in many common applications. Increasing carbon as
the primary alloy for higher strength and hardness of steels is usually the most economical approach to
improved performance. However, some of the effects of elevated carbon levels include reduced
weldability, ductility and impact toughness. When these reduced properties can be tolerated, the
increased strength and hardness of the higher carbon materials can be used to a significant advantage.
Common applications of higher carbon steels include forging grades, rail steels, spring steels (both flat
rolled and round), prestressed concrete, wire rope, tire reinforcement, wear resistant steels (plates and
forgings), and high strength bars.

To increase the performance of steels in these applications, it is common to maximize strength and
hardness by raising the carbon to the highest practical level. The limiting factor to carbon additions
will vary depending on the type of applications. For forging steels and bar products, it may be
toughness or weldability. For high strength wire, the limiting factor for carbon addition is generally the
eutectoid carbon level, above which the presence of grain boundary carbides will dramatically reduce
drawability.

Regardless of the application, there will be a practical limit to increasing the carbon level. If there is a
need to continue to improve the performance of the steels with additional strength or hardness, other
strengthening mechanisms must then be considered. Of the available choices, precipitation
strengthening using a microalloy addition is a common practice.

In addition to increasing the as-rolled or as-forged strengths, microalloy additions can also provide
other advantages. Microalloys are used as for producing fine grain steels. Microalloy precipitates
provide resistance to austenite grain growth during heat treating operations by pinning the grain
boundaries, preventing the movement of these boundaries necessary for grain growth.

Microalloy precipitation, particularly with vanadium, can also provide temper resistance for quenched
and tempered steels. Using these temper resistant properties, higher hardness and strength levels of
tempered martensite can be maintained through a given tempering cycle. Using higher tempering
temperatures, the toughness of tempered martensite can be enhanced while maintaining the hardness
level.
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