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Dispersion strengthening in vanadium
microalloyed steels processed by simulated
thin slab casting and direct charging
Part 2 – Chemical characterisation of
dispersion strengthening precipitates

J. A. Wilson*1, A. J. Craven1, Y. Li2 and T. N. Baker3

The compositions of sub-15 nm particles in six related vanadium high strength low alloy steels,

made by simulated thin slab direct charged casting, have been determined using electron energy

loss spectroscopy (EELS). Such particles are considered to be responsible for dispersion

hardening. For the first time, particles down to 4 nm in size have had their composition fully

determined. In all the steels, the particles were nitrogen and vanadium rich and possibly slightly

substoichiometric carbonitrides. Equilibrium thermodynamics predicted much higher carbon to

metal atomic ratios than observed in all cases so that kinetics and mechanical deformation clearly

control the precipitation process. Thus it is important to formulate the steel with this in mind.

Keywords: High strength low alloy (HSLA) steel, Analytical electron microscopy, Electron energy loss spectroscopy, Precipitation, Thin slab direct charged
process

Introduction
Thin slab continuous casting followed by direct charging
into an equalisation furnace has the potential to replace
the traditional thick slab casting process for the
production of thin sheet high strength low alloy
(HSLA) steel. The new process provides significant
reductions in capital costs, plant size and energy
consumption while allowing rapid response to changes
in demand with regard to steel compositions.1,2

Furthermore, the use of electric arc furnaces enhances
the ability to recycle scrap steel and reduces emissions
from the plant.3 Thus, both economically and environ-
mentally, the thin slab direct charged (TSDC) process
offers very significant benefits over the conventional
process.4

However, changes in thermomechanical processing
conditions result in differences in the evolution of steel’s
microstructure, which in turn affect its mechanical
properties.5–7 In thin slab continuous casting, steels no
longer undergo the cRaRc phase transitions before
equalisation and rolling as the slab is not first cooled to
ambient temperature. Thin slabs are also subject to
increased cooling rates and reduced mechanical defor-
mation. Hence, if the new process is to be optimised, the

evolution of the microstructure must be characterised.
This is carried out using a simulated production process
which allows samples to be taken at key processing
points in a way that is not possible on a full scale
production mill. For example, in this project samples of
the steel were water quenched following casting,
equalisation, four rolling passes and the final product.
While previous work has focused upon samples taken
during the earlier stages of processing,6,8–11 here the sub-
15 nm particles which form in the final product are the
major concern. Part 1 of the present paper is concerned
with the effect dispersion strengthening vanadium
precipitates have on the mechanical properties and
microstructure of TSDC microalloyed vanadium steels.
The thermodynamics and kinetics of precipitate forma-
tion are also considered in greater detail. Here, in part 2,
the authors discuss their elemental composition, placing
the results in the context of their earlier work. A
preliminary report from the present study has been
given.12

The larger precipitates, which form in the early stages
of processing, can act both beneficially, providing grain
refinement, or deleteriously, prematurely removing
alloying elements from the melt and thereby reducing
the volume fraction of dispersion strengthening pre-
cipitates. Those present after casting were plates,
dendrites, complexes and irregularly shaped particles.
Those present after equalisation were cuboids and
cruciforms, the cruciforms being observed only when
Ti was added as a microalloying element.10 Of these
precipitates, the V based carbonitrides were actually
effectively nitrides with very little carbon content. They
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