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AVOIDING CRACK FORMATION DURING THE
CONTINUOUS CASTING OF STEELS

INVESTIGATION OF THE HOT DUCTILITY BEHAVIOR OF MICROALLOYED STEELS
FOR IMPROVEMENT OF THE CONTINUOUS CASTING PROCESS

The continuous casting process is the most used steel
production process in the world (almost 97%, accord-
ing to the World Steel Association). During this pro-
cess, defects can appear in the produced parts, called
slabs, and those cannot be easily repaired, increasing
costs and CO2 emission on the way. Therefore, the
study of the hot ductility behaviour of different alloys
produced is important to avoid the formation of de-
fects. This is the focus of the current work, investigat-
ing specifically the behaviour of microalloyed steels
(steels that have a low carbon and other alloying ele-
ments content).

During the research period 2021-2022, two different
alloys were under study and comparison. The differ-
ence between the two was mainly the contents of Cr,
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S, Ni, Ti, V, and B. This work has been carried in coop-
eration with the industrial partners voestalpine Stahl
GmbH and Primetals Technologies Austria GmbH.

The investigations done aimed for understanding the
hot ductility behaviour under different circumstances
for both steels and the causes for the drops in ductil-
ity and formation of cracks. For that, hot tensile tests
with in-situ melting of the samples were done, at dif-
ferent strain rates and holding times. The results were
analysed not only for the hot ductility curves, but also
for the stresses and strains, and microstructure. Ad-
ditionally, compression tests were performed for ad-
ditional analysis of the microstructure. Apart from the
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experiments, numerical simulations were also per-
formed to obtain more information on the precipita-
tion kinetics of both steels.

Furthermore, a cooperation with the University of
New South Wales (Sydney, Australia) during an out-
going research stay of a PhD Researcher, enabled fur-
ther investigations using the scanning electron micro-
scope and the transmission electron microscope.
There, work on the grain size analysis and the precip-
itates formed was done during this three-month re-
search stay. The results obtained were crucial to the
better comprehension of the reasons behind the me-
chanical behaviour seen.
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The continuous casting process and crack formation along the
ferrite films at grain boundaries.

Impact and effects

The results have shown that the steel with less alloy-
ing elements has a worse ductility, specially between
700-850°C. This indicates the temperature range that
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should be avoided during the steps of the process,
where the piece is under more stresses, such as the
straightening and bending operations. The lower duc-
tility, combined with more stresses and strains might
lead to the formation of the undesired defects.

The other steel analysed showed a much better duc-
tility, with no region of significant drop. The reason
for this difference was then investigated to under-
stand the causes of the worsening (or improvement)
of the ductility in these steels.

One of the reasons found was the lower sulphur con-
tent and more significant presence of boron on the
second steel. Furthermore, the higher Ti-content was
also beneficial. The addition of Ti avoids the for-
mation of BN, leaving the B free to retard the for-
mation of ferrite films at grain boundaries (which are
detrimental to the ductility) and increase the re-
sistance to grain boundary sliding. Lower amount of S
is also beneficial since the formation of MnS can be
very detrimental. The microstructure analysis also
confirmed the results.

Through the results obtained, it was possible to pro-
vide the industry valuable information for the im-
provement of the process parameters regarding this
group of steels. This brings more efficiency to the pro-
cess, less CO2 emission, and lower production costs.
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