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1. Environmental behavior of steels

Professor En-Hou Han, Institute of Metal Research, Chinese Academy of Sciences, China

I have visited NIMS (originally NRIM) 3 times,
and Dr. Yasuyuki Katada of NIMS has cooperated
with my group for ten years on various studies from
corrosion fatigue to nitrogen bearing steel.

My last visit to NIMS was an invitation from the
Steel Research Center to join the Symposium on
Recent Trends in Corrosion Research which was
organized by Dr. Kotobu Nagai. The scientists from
Germany, India, Japan, and China had excellent
discussions relating to the recent trends of corrosion
research. Everyone believed that a close international
cooperation was necessary for the corrosion research,
especially for the development of steels in Asia. This
symposium was very successful. Its organizer seemed
to be a foreseer for the importance of this topic. We
are now planning the next symposium which will be
held in China.

Dr. Kaneaki Tsuzaki and | organized a corrosion
session at the Fifth Pacific Rim International
Conference on Advanced Materials and Processing
(PRICM 5). Both the Japanese and Chinese reported
good progresses on the weathering steels and the
effect of hydrogen on high strength steel. In the
research on weathering steels, the addition of Cr
and/or Ni in the first phase generated successful
results in an industrial atmospheric environment.
NIMS added Al and/or Si to develop a cost effective
weathering steel and obtained good results for the
coastal environment. The Chinese added Mn and Cu
and also obtained a good anti-corrosion weathering
steel in the laboratory against the coastal environment
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by the interaction between
the two elements,
although the elements by
themselves  have less
influence on the corrosion
property. Therefore, it is
quite possible to obtain
the cost effective
weathering  steels by
adjusting their chemical
compositions. Hydrogen
always plays an important role in the fallure of high
strength steels and was also discussed in detail. | felt
that most of the work that was presented was original,
and the discussions were very fruitful. This
conference series will promote the international
cooperation that is necessary, especially in Asia.

| like the words “double strength and double
lifetime” because it will save the natural resources
and also increase the reliability for steel structure.
High strength is almost useless without enough
lifetime. Although many people like the functional
materials, steel will always be used extensively,
especially in the economically growing countries, due
to its mechanical properties, physical properties, and
its environmentally friendly feature. The exposure to
various environments is required for all materials
during practical use. Therefore, more attention should
be given to the corrosion of steels in various
environments. | believe that the ultra steel community
will reach their goals in the near future.
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3. TOPICS

Microstructural Classification during Large Strain High-Z

Deformation of a low Carbon Steel

Metallurgical Processing Group, S.V.S. Narayana Murty* and Shiro Torizuka

*(Visiting Scientist from Vikram Sarabhai Space Center Trivandrum, India)

Background

Sub-microcrystalline materials with grain sizes
of ten to hundreds of nanometers with improved
mechanical properties have attracted the attention of
researchers. Several techniques such as mechanical
milling with rolling, equal channel angular pressing,
high pressure torsion, accumulative roll bonding, and
multi axial and multi stage deformation through
warm caliber rolling were proposed as means of
obtaining ultrafine/nanocrystalline grain sizes.

However, if engineering components based on
ultrafine/nanostructured microstructures have to be
produced, an understanding of the evolution of
microstructures with respect to the processing
variables like strain, strain rate and temperature is
essential. In this context, an attempt has been made
to study the combined effect of strain rate and
temperature on the critical strain required to form
ultrafine grains in a 0.15 Carbon steel.
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Microstructural Evolution Map

Figu 1 shows the classification of
microstructural manifestations in the
Zener-Hollomon parameter-compressive strain field
along with the representative boundary maps in each
region. This figure includes test data of several
specimens deformed at various temperatures and
strain rates resulting in a range of Z parameters. It
may be noted that the basis for classification of
grains is the comparison of the predicted pancake
grain thickness with that noticed in the boundary
map of the deformed specimens. A careful
examination of Fig. 1 indicates that there are three
distinct regions based on the microstructural
manifestations viz. (I). Purely elongated grains
(essentially  representing the work hardened
microstructure consisting of compressed grains); (I1).
Elongated grains mixed with newly generated grains
and (111). Newly generated grains (by a process of
grain  subdivision coupled with  dynamic
recrystallization).

The mechanisms of formation of ultrafine
grains are found to be grain subdivision and dynamic
recovery in high Z regions and they are grain
subdivision and dynamic recrystallization in low Z
regions.
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Fig. 1 Classification of microstructural manifestations after large strain, high Z deformation of a 0.15 carbon
steel in the Zener-Hollomon parameter Z=f (&,T ) — compressive strain field along with the representative

boundary maps in each region.
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