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Hot rolled strips having a minimum yield stress of 700 MPa have been produced in full scale

processing. Alloy additions (1?5%Mn, 1%Cr and 0?3%Mo) together with rapid cooling on the run-

out table produce fully bainitic microstructures which confer strength and toughness.

Microalloying with 0?08%V has been shown to be essential for achieving stable strength levels

that are independent of the coiling temperature since the necessary low coiling temperatures are

difficult to reproduce accurately under steelworks conditions. The products have excellent

bendability and HAZ toughness. Typical microstructures and textures of the hot rolled strips are

also presented.
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Introduction
Hot rolled strip steels with thicknesses 3–15 mm are
important commercial products with applications in
many different areas such as vehicles, mobile cranes and
buildings. Efforts have been made over many years to
raise the strength level in these products to reduce
weight and save money in their application. The simplest
C–Mn variants have yield stresses in the region of
350 MPa but this can be increased to around 450 MPa
by employing controlled accelerated cooling to refine the
ferrite grain size.1 Microalloying has proved to be an
effective means of improving the strength further.2,3

Small additions (,0?1%) of Nb, Ti, and V, individually
or in combination, raise the strength for two reasons.
They help to restrict recrystallisation and grain growth
during hot rolling so that the final austenite grain
structures are refined which creates prolific nucleation of
ferrite during cooling leading to extra refinement of the
final grain structure. At the same time, precipitation of
microalloy carbides and nitrides takes place since these
phases are much less soluble in ferrite than in austenite,
which provides for further strengthening by the finely
dispersed particles. By these means, it is possible to
achieve yield stress levels of at least 600 MPa in ferrite–
pearlite steels but further increases in strength are
problematic so alternative strategies are being sought
by many steel producers.

The natural approach towards reaching higher strength
is to make use of acicular transformation products,
bainite or martensite, instead of precipitation strength-
ened polygonal ferrite. Much higher strength is easily
reached in martensitic steels by adjusting the carbon

content but this is to the detriment of other equally
important properties. Ductility, toughness and weldabil-
ity are all reduced as the strength level rises and the
practical necessity is for a steel chemistry and process
route that can provide an optimal balance in strength
together with other properties, in particular with accep-
table bendability and weldability. The present work was
based on recent laboratory scale experiments that were
designed to identify the most suitable conditions of steel
chemistry and processing.4 The principal aims and find-
ings were that:

(i) the carbon content should be maintained at a
sufficiently low level that toughness in the base
metal and also in weld HAZ structures should
not be a problem. A target of ,0?05% C was
adopted

(ii) alloying with elements to enhance hardenability
was reviewed to predict the necessary contents
for bainite formation on the run-out table after
hot rolling. The initial aim was for through
hardening of 8 mm plate with a cooling rate of
30 K s21 which could be achieved with additions
of 1?5%Mn, 1%Cr and 0?25%Mo

(iii) microalloying with V and N proved to be essential
to prevent loss of strength by tempering (recovery)
of the steel after coiling. Measurement and control
of coiling temperatures below about 500uC pre-
sents major difficulties in a steelworks environment
so the virtue of V–N microalloying is to make the
material relatively insensitive to the actual coiling
temperature. It is, of course, necessary that this
temperature is sufficiently low that the resulting
microstructures are nearly fully bainitic. Dila-
tometer studies indicated that the coiling tempera-
ture should not be higher than about 450uC.

Some selected results from the previous study are shown in
Fig. 1. Two steels having similar chemistries apart from
microalloying with 0?08%V were cooled in different ways
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