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ABSTRACT

A novel process, quenching and partitioning (Q&P), has been developed to
employ carbon transport from martensite to untransformed austenite during a partitioning
treatment after initial quenching between M; and M. The goal of Q&P is to produce
specific amounts of carbon-enriched retained austenite, whereas carbide formation is a
more typical means of reducing carbon supersaturation during conventional tempering of
martensite.

The ability to create new sheet steel microstructures using Q&P was investigated
for a 0.19C-1.59Mn-1.63Si (wt. pct.) composition. Substantial fractions of enriched
austenite were produced that were characterized using x-ray diffraction (XRD), the local
electrode atom probe (LEAP®™"), and transmission electron microscopy (TEM). Austenite
was present as interlath films, adjacent to lath martensite. Twinned martensite was also
observed, which is presumed to form from higher carbon content austenite on final
quenching to room temperature, following carbon enrichment that occurs during
partitioning. Transition epsilon carbides and cementite were also observed by
collaborators, in addition to carbon segregation to a dislocation in martensite, suggesting
that all of the available carbon does not partition to austenite for these conditions,
consistent with observed austenite levels below maximum levels predicted assuming
equilibrium partitioning.

Mechanical property results were obtained for sub-sized tensile samples. In
comparison to properties achieved by other high strength sheet steel products, Q&P steels
extend the strength levels of transformation induced plasticity (TRIP) steels obtained by
conventional processing.

Partitioning kinetics were calculated with DICTRA™ software using some

simplifying assumptions, and showed that partitioning temperature and microstructure

"LEAP is a registered trademark of Imago Scientific Instruments.
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scale significantly influenced the times required for martensite decarburization and
austenite homogenization. From calculated carbon concentration profiles, local and final
austenite fractions were determined for different quench temperatures and partitioning
temperatures and times. Calculated final austenite fractions that incorporate the kinetics
of carbon partitioning suggest less sensitivity to quench temperature than equilibrium
partitioning predicts, indicating that similar austenite fractions can be produced with
different processing parameters.

Carbide-free bainite formation was considered as a competing mechanism to
enrich austenite during partitioning. The levels of enriched austenite that were obtained
are difficult to explain based on a mechanism involving bainite formation following
quenching. Carbon partitioning from martensite to untransformed austenite provides a

better explanation, but some bainite formation during partitioning may still occur.
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