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Summary: Panel Discussion, International Symposium on New
Aspects of Microstructures in Modern Low Carbon

High Strength Steels (Microstructures LCS ’94)
The International Symposium Microstructures LCS '94 included
technical sessions on metallography,mechanical properties,phase
transformations and terminology. Following the scheduled techni-
cal sessions, a panel discussion was held during the last afternoon
of the Symposium. The panel members were Professor Toru
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Araki, Kobe Steel, Ltd., Japan, Professor Druce Dunne, University
of Wollongong, Australia, Professor David Edmonds, University
of Leeds, United Kingdom, Professor Tadashi Maki, Kyoto Uni-
versity, Japan, and Professor George Krauss, Colorado School of
Mines, United States of America. Each panelist made a 10 minutes
presentation, and following these presentations the discussion was
opened to comments from the floor. This open discussion was
quite lively, lasting about one and one-half hours, and was con-
cluded with short summary statements by the panelists.

Professor Araki briefly reviewed the system of terminology
developed by the Bainite Committee of ISIJ for bainitic and
ferritic microstructures in low and ultralow carbon steels. He
noted that the terminology had been widely used in the technical
papers of the Symposium, and that many examples of the various
microstructures had been shown. Comments and discussion about
these microstructures showed, in his opinion, that more research
was required to fully characterize the unique structures which
have been observed in continuously cooled low carbon steels. The
stimulation of such additional work was a desired beneficial
outcome of the Symposium.

Professor ‘Dunne systematically reviewed, by sketches, the
various types of ferritic microstructures which form in low carbon
steels.He also presented a Table which listed and cross referenced
terms from various classification systems for the various types of
ferrite. An important contribution in his discussion was the intro-
duction of the classification system proposed by the International
Institute for Welding for ferritic microstructures, similar to those
described in this Symposium, which form in low carbon steel
welds and heat-affected-zones. Terms such as Ferrite, Second
Phase Aligned, FS(A), and Ferrite, Second Phase Nonaligned,
FS(NA), would correspond perhaps to the acicular and granular
ferrites or bainitic ferrites described in this Symposium.

Professor Edmonds emphasized the very high toughness as-
sociated with acicular ferrite in low-carbon steel weld metal, and
noted that massive ferrite (or quasipolygonal ferrite) was not well
understood. He summarized the need to identify and characterize
ferritic and bainitic structures on two levels. One level consisted
of identification of microstructures associated with unique sets of
properties on a scale resolvable by the light microscope. The other
level consisted of identifying structures and mechanisms of struc-
ture formation on a scale resolvable by transmission electron
microscopy. He felt that microstructures could be labeled pre-
maturely on the basis of level one considerations, and that such
labeling might not be consistent with formation mechanisms
which may only be identified at some time in the future.

Professor Maki reviewed the Bainite Committee classification
system and cited the need to more fully define quasipolygonal
ferrite structures. Throughout the Symposium, the relationship of
this structure to ferrite formed by massive transformation and the
mechanisms of massive transformation were a subject of consider-
able debate. Professor Maki also pointed out that the characteris-
tic autotempered microstructure of the martensite formed in low
carbon steels was a result of high Ms temperatures and the relief
of carbon supersaturation in the martensite on cooling through
high temperatures below the Ms.

Professor Krauss presented slides which demonstrated differ-
ences between Widmanstitten ferrite and acicular ferrite in a
copper-containing low-carbon steel. Although the morphology of
these two forms of ferrite are similar, 7. e. the crystals are
elongated, the Widmanstitten ferrite crystals are on the average
considerably larger, and have significantly lower dislocation
densities, than acicular ferrite crystals. Also, the formation of the
Widmanstitten ferrite was associated with interphase copper
precipitation, indicating that the Widmanststten ferrite formed
by diffusion-controlled interface migration which relieved super-
saturation of the substitutional copper atoms. Such precipitation
was not observed in the acicular ferrite. He also noted that the



high strengths of the continuously cooled low-carbon steel micro-
structures were probably associated with high strain hardening

rates of dislocation substructures of the ferrites formed in the

intermediate transformation region, and that the high ductilities
measured in tensile tests were associated in part with the absence
of carbide particles which could nucleate microvoids.

In summary, the panel discussion summerized many of the
topics addressed in the earlier technical presentations. The com-

ments of the panelists were amplified by the members of the
audience. Questions and comments about the transformation
mechanisms associated with the various ferritic structures were
most frequently raised in the open discussions. The panel discus-
sion ended with thanks to Professor Araki and the members of the
Organizing Committee for preparing an excellent symposium in
both technical content and arrangements.
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