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Vanadium in Cold Rolled HSLA Sheet Steel
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Abstract: In comparison to other microalloying elements, vanadium has received less attention as a primary alloying addition to cold

rolled and annealed sheet steels. However, with changes in steelmaking, alloying, and solid-state processing practices over the years,

it is worthwhile to examine the contributions of vanadium in cold rolled products. In this paper the principles of vanadium

precipitation applicable to typical thermal processing windows for cold rolled sheet steels are reviewed along with results IToma

recent study on the combined effects of V and AI in a thin slab cast product.
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1 Introduction

Microalloyed steels, and specifically those alloyed
with vanadium, continue to see increased use in a

variety of applications, and due to advances in

processing technologies, opportunities exist for
continued expansion in the use of these steels. In hot
rolled high strength products vanadiumhas been used

for many years, often in combination with other
microalloying additions such as niobium or titanium.

Vanadium can provide important contributions via
both precipitation strengthening and ferrite grain
relmement (due to austenite conditioning during

thermomechanicalprocessing).The focusof this paper,
however, is on vanadium in cold rolled sheet steels,

and in particular on products produced via the
thin-slab compact strip production (CSP) process.

This process involvesnear net shapecasting (= 50 mm
slab) and hot direct rolling (HDR) to streamline the
steelmaking process. Some metallurgical
characteristicsof this process are as follows: (1) there

is no y-a-y phase change prior to soaking: (2) the
soaking temperature is lower than in conventionalhot
strip mills (1150 °C vs. 1300 °C): and (3) all

hot-rolling is accomplishedin the lmishing stands (i.e.
there are no roughing reductions).
For any microalloying addition to be used most
effectively, it must be dissolved during processing,

and then precipitation must be controlled at a lower
temperature. Therefore, understanding precipitate
solubility is critical to the design of processing

histories for microalloyed steels. Solubility
considerations indicate that where higher
microalloyingadditions are desired,vanadium plays a
key role becauseof its greatersolubility.VC solubility

is much greater than TiC or NbC, and VC is usually
soluble during reheating to any austenitic rolling

temperatures for carbon levels typical of sheet steel
products. As a consequence, VC is not usually
considered an important microalloy precipitate in
austenite.While VN is less soluble thanVC, the levels

of nitrogen are low enough that VN solubility is also
typically not of concern during reheating. Reheat

temperaturebefore rolling is usually not an important
variable in the context of optimizingvanadium levels
based on solubility, and so vanadium has attracted
special interest for processes with low reheating
temperatures.

While vanadium is used extensively in hot-rolled

HSLA products, it is not as widely used in cold-rolled

HSLA sheet products. The conventional view held in

the technical literature is that strengthening by

vanadium is somewhat less efficient in comparison to

other microalloying species, when comparing the
relative behavior of the hot-rolled and cold-rolled

conditions. The reason that vanadium is less effective

in cold-rolled, compared to hot-rolled products, is that

the strengthening precipitates, such as vanadium

carbide, are believed to coarsen more readily during

annealing, than other precipitates such as niobium

carbide[2]. The increased coarsening rate of vanadium
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