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2004

Steel Research Center promotes projects in the field of ultra steel in collaboration with
Materials Engineering Laboratory (MEL) and Materials Information Technology Station (MITS).

2-1.

(Promotion of the Projects in SRC)
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2. (4 Projects)

2-2. (Introduction of the Four Projects)

Steel Projects at NIMS

1
1997-2001 2002-2006
Ultra Steels 1% Phase Ultra Steels 2™ Phase

2002-2004 I

Transfer Project

2000-2005

Recycle Steels Project
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2-3.
2
Ultra-Steels Towards New High Safety Infrastructures
(2™ Ultra-steel research project)
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2. (4 Projects)

Introduction
Main achievement of the first phase and aim of the second phase.

The first phase of the ultra-steel research project which started in April 1997, was completed
in March 2002. Four kinds of ultra-steels having double strength and double lifetime were
successfully developed on a laboratory scale during this phase. Moreover, the basic technologies
for structure fabrication by welding and epoch-making analytical and evaluation methods were
achieved based on new concepts. We have set up the following goals for the next phase, “the
development of a factor 4 materials having both double strength and lifetime”, “the development
of a processing method for large-sized materials”, and “a construction method for innovative
structures using ultra-steels”. We believe that these research subjects will make significant
contributions to “the construction of modern urban infrastructures” and “the realization of highly
efficient fossil-fired power plant”. In addition, we plan to propose a new design of steel structures,
which utilizes ultra-steels effectively, by collaboration with architects and designers of structures.

The following main subjects (taskforce) are specifically set up and research will be promoted
bringing into a view of the characteristic evaluation by the examination which was carried out by
simulating the real environment from manufacture of the ultra-steel structure model which
becomes new structure and a design.

(1) Taskforce on high strength corrosion-resistant steels which contribute to new
urban infrastructure

By developing refinement technology, the subject which creates ‘factor 4’ ultra steel with
both high strength and corrosion-resistant in thick plate size, subject which manufactures a
structure model by ultra-narrow gap GMA welding and high power pulse CO, laser welding
processes developed in the 1st phase, and the subjects of the invention of the 2000MPa-class bolt
in the chemical compositions with corrosion resistance and the joining with bolts that is expected
to become the mainstream in on-site construction are taken on. The systems development for
evaluating dynamics factors and environmental factors for the Ultra Steel structure model in
simulated exposure test is aimed at.

Ni-less weathering
steel for marine
environment

New welding wire with low
transformation
temperature
(Double fatigue strength)

High strength
ultra-fine
grained steel

Bolt
Ultra-steel of new
martensite with high
resistance to delayed
fracture and fatigue

High nitrogen
stainless steel
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2. (4 Projects)
(2) Taskforce on the heat-resistant steel for high efficient USC power plant

Towards realization of ultra-supercritical steam boiler, based on the material design which
stabilizes the microstructures near the grain boundary for a long time, while achieving creation of
a large thickness pipe like as the main steamy pipe etc., control of the type IV creep crack by the
formation of the thin welding HAZ width, and the improvement of oxidation-resistance in the
high temperature steam by the surface protection film, a new structure with heat-resistant steel are
attained.

hain Steam Pipe Turbine

Header
Boiler Tube
: s Generator
= ey ’
St o
Qil /¥ Coal
b
Others Travel expenses
2 3%
Assistant staff ‘

Post- doc

NIMS Personnel
‘ staff expenses ¥235,000,000
36

STX visitor R
6 Equipments
18%

Number of members

(as of Dec. 28, 2004) Composition of budget in 2004

43



2. (4 Projects)
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Fig.1  Effect of rolling temperature on mechanical properties of Al-Si weathering ultra-fine
grained steel
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Summary
(1) High strength corrosion-resistant steel (New infrastructure steel)

Development of a processing method for larger and wider-sized ultra-steels plates,
fabricating structural parts and construction method.

m Current results
Fabrication of recyclable ultra-fine grained 800MPa steels for 25mm thickness plate.
Fabrication of a new type of ultra-fine grained weathering steel with 0.8%Al1-0.8%Si
contents. (Fig. 1)
Fabrication of 1800MPa-class ultra-high strength bolt by new martensitic steels with high
resistance to delayed fracture.
Proposal of defect-free high efficient I-butt laser welding in Al-Si weathering steel, and
development of ultra-narrow arc welding for 25mm thick plates.
Development of detection technique of phase-transformation strain during welding by using
ESPI system. (Fig. 2)

Low transformation-

temperature material
SUS304 12.5Cr-9.5Ni

no-transformation in transformation
88 93s 468 519s

Weld bead

L.

Specimen
B 0.5 B 005e? . 1200 BN 0250  Expansion strain
W -045¢° B 035e° B -04e M -03e® Compression strain
X-direction Y-direction X-direction Y-direction

Fig.2 Measurements of strain distribution during welding by ESPI system
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We stabilized microstructure around the grain boundaries by boron for a long time, and

controlled the formation of BN inclusions.
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(2) Heat resistant steels reducing CO, emissions
(Ultra-efficient, coal-fired power plant steel)

Research and development towards industrialization, such as processing for thick section
pipe production and extension of creep life at welded joints.

m Current results
The precipitation strengthening of fine nitrides is effective in the improvement in the creep
strength of the high boron containing 9Cr steel.
The critical concentrations of boron and nitrogen for the formation of coarse size BN type
inclusions, which are harmful to the mechanical properties of the steel, were declared.
The combination of Cr shot peening and pre-oxidation treatment improve in steam oxidation
resistance by the formation of protective Cr-rich oxide scale on the specimen.
The creep strength of innovative heat resistant steels, such as carbon-free martensitic alloy
and 15Cr steel with ferrite matrix, were drastically improved by the precipitation
strengthening of intermetallic compounds.

C free martensitic alloy 15Cr steel with ferrite matrix
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We improved in the creep strength at higher temperature than 650°C by the
precipitation strengthening of fine intermetallic compounds.
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2-4. Millennium Relevant Project
Introduction

The Japanese government under the late Prime Minister, Keizo Obuchi, adopted the
"Millennium Project" in December 1999 in order to promote collaborative projects among the
industries, the academia and the government in highly important and urgent issues related to
Information Technologies, Highly Matured Society, and Sustainable Environment.

NIMS started the "Creation of Ultra Steel from Steel Scrap" Project, which was selected as
one of the Millennium Projects in the "environmental / energy materials" area in 2000 to establish
a process technology for creating high-quality strength steel from steel scraps (increasing the
strength 1.5 times) for a resources circulating society.

Steel scraps have accumulated and continued to increase in Japan. Some estimate that the
scrap will exceed the domestic steel needs during the next 30 years (see Fig. 1 below).

In this sense the demand for a resources circulating society is potentially increasing in steel
production.

We are aiming at a new technology for a resources circulating society by utilizing "fine
grains" and "finely dispersed impurities" to create high-quality steels from scraps. This can
minimize the environmental load for the production of secondary steel.

We have studied the basic ideas to utilize impurities and inclusions in reclaimed materials
during the 1st period (2000-2001).

In the 2nd period that began April 2002, our final target was adjusted to the future
technology for high grade strip from scraps. For this purpose, we have considered a better
performance of the total process from melting, de-oxidation, solidification to thermo-mechanical
treatment based on microstructure control started at solidification (see Fig. 2).

Scrap increases. Needs decrease. | L Microstructure Control_|

Inverse-utilization

7000 of impurities
R e Casting-TMCP
£ ('
L 500 h Rapid Solidification, DCR,
= Melting, Deoxidizatiog Multidirectional
g o Deformation
5 -
£ 3000 0
< X P i
< 200 Liquid Chemistry roperties
2 Inclusions
2 000
Refinement
0 Texture
2000 2010 2020 2030 2040 2050
Calendar Year Strength, Toughness, {
Ductility, Machinability
Fig.1: Domestic steel needs and scrap in Japan Fig.2: An image of total process
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1. Formation of rapid solidification microstructure

The rapid solidification and cooling process is very attractive method because it may directly
effect the as-cast microstructure and the formation of secondary phase. The cooling rate can be
changed from 1 to 100K/s over two orders of magnitude by utilizing thin slab continuous casting
or strip caster compared with 0.1K/s in the conventional continuous casting process. We have
been investigating the reduction of \/ grain size and the tiny precipitation of impurity compound
through the rapid solidification and cooling process.

2. Inhomogeneity of microstructure and mechanical properties in the as-cast thin-slab
steel

The different cooling rates at the different thickness positions of the as-cast thin-slab steels
cause a microstructural distribution in the thickness direction. Such a microstructure distribution
may influence the properties of the strips produced with rolling process for the thin-slab.
Microstructure and mechanical properties for the different thickness layers have been evaluated
for an as-cast thin-slab steel in order to clarify the dependence of mechanical properties on the
homogeneous microstructure in the thin-slab.

3. Development of novel deformation process

The smaller the thickness of the cast slab, the higher the solidification speed. In order to
refine the grains with the limited reductions, the application of shear-added rolling is investigated
by numerical simulation and experiments, which is expected to efficiently control both the shape
and properties of materials at once.

Creation of a high quality long-wide-flat steels for automobiles from reclaimed steel with 1.5
times the strength.

Number of members and Budget in Fy2004 is as follows.

Marketing
5%

Assistant
staff
12

NIMS staff

8 Personnel

19%

Total:

Research
27 members

50%
STX
visitor
1
Equipments
26%

Post-doc.

Number of members
(as of Sept. 30, 2004)

Composition of Budget
in Fy2004
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TEM
15nm Cu,S

MnS

200.0kV  ><100K nm
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Summary
1 Microstructure of impurity steel by rapid cooling.

By investigating the microstructure of impurity steel containing phosphorus, copper, and
sulfur produced by thin slab continuous casting or strip casting, the refinement of as-cast
microstructure by micro segregation of phosphorus and very tiny precipitation of impurity particle
improving the steel strength have been observed. We found that utilization of impurity element in
steel can be realized through the rapid cooling processes.

A, (8/7) Micro segregation of

F— phosphorus in 100mm thickness slab

gk with 0.1 mass % phosphorus affects
the Ajand A; temperature as shown
in the figure described by local
equilibrium mapping. & phase
retains to lower temperature
suppressing the y grain growth and
contributes the refinement of as-cast
microstructure.

.
T N
o T

By LT

Prior y grain size is reduced with increasing the
cooling rate in solid phase as shown in the figure. The
plots for 2mm thickness strip and 100mm thickness thin
slab including the data in the literature holds the linear

relation between the reciprocal of cooling rate (T) and
logarithm of quadratic grain growth amount (dy2 -do®)
obeying the classical grain growth model. The effect of
phosphorus addition can be included as the drop of
rapid grain growth starting temperature (T,) and
reduction of grain boundary energy (o) enabling the
prediction of prior y grain size.

In the copper, sulfur and
phosphorus containing steel produced
by strip casting, very tiny precipitation
of Cu,S particles has been found as
shown in the photograph of TEM
observation. We also found that they
show the considerable precipitation
hardening and they replace and
suppress the MnS formation under
such rapid cooling condition. Recently,
we are revealing that the coexistence
of phosphorus promotes this tiny
J precipitation and its morphology
2000 =100k ., [N 2000k X100K o, changes according to its forming
condition.
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2. Inhomogeneity of microstructure and mechanical properties in the as-cast thin-slab

steel

The inhomogeneity of microstructure in the as-cast materials may influence the mechanical
properties of steel sheets that are produces by rolling processing the as-cast materials. It is
necessary to clarify the distribution of microstructure and properties in the as-cast materials for

improving the present rolling processes.

v G
'g -4 it
= 1.00

Z .2 ; 0
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oo LINER TS
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Cooling Rate, R f K+51

The inhomogeneity of microstructure of the
as-cast materials is determined by both the
thickness and the cooling rate at the surface of the
cast materials. Since rolling reduction becomes
smaller when the thickness of the cast materials, a
large inhomogeneity may easily occurred in the
thin slabs with thickness 100~50mm.

3. Development of novel deformation
process

In order to refine the grains with the
limited reductions, the application of
shear-added deformation is investigated by
numical simulation and experiments,
which is expected to efficiently control
both the shape and properties of materials
at once. The shear deformation is more
effective for refinement of crystal grains,
and the shear effect becomes stronger as
prior austenite grain size is larger.

i S

Steel sheets of 1mm thick were obtained by mechanically
slicing an as-cast low-carbon steel thin slab of 55mm
thick in the thickness direction. The strength, elongation,
and the normal anisotropy of the as-cast slab at the
different thickness position were investigated. Except the
surface layer and the center region of the slab the steel
showed a quite homogenous mechanical properties.
However, analysis of ferrite gain size and texture features
of the slab indicated an obvious distribution along the
thickness direction. The microstructure inhomogeneity
may influence the properties of the steel sheet produced
by rolling the as-cast slab.

Effective strain=1.5
Shear strain=1.
Sy

Effective strai
(1.5°=0<5°)

structure on cross
section in a sample

Distribution of effe
strain d
numerical analysis

from

Even if the effective strain is the same, new high angle
grain boundary fraction, which misorientation angle has
over 15 degrees, introduced within prior austenite grain,
increase as the shear strain becomes larger.
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Related Research Activities
Research Committee

Research Evaluation Committee of “Technology for Recyclable Materials targeted to
Automobiles and Home Electric Appliances” composed of distinguished personnel from
industries and universities has been promoted and has reviewed the present project twice a year.

The workshop is also planned to discuss various topics related to the project.

We have arranged the following session at the 8th Workshop on the Ultra-Steel, 'Ultra-Steel:
Proposal of New Constructions with Ultra-Steel'.

Date: July 22, 2004
Venue: Tsukuba International Congress Center (Epochal Tsukuba)

Scientific Symposium 2 (in English)

Have We Recognized the Merits of Solidification Process for Structural Materials?

The objective of this session is to seek a new material making process for the 21st century
by considering the increase in recycled material and the depletion of resources. In particular,
we would like to predict the future material making process by focusing on special processes of
thin slab casting and near-net shape making.

Chair: Dr. K. Nagai, NIMS

Ecological Steel Making Processes in China

by Dr. D. Cang, Univ. of Science and Technology Beijing, China
'Eco-Process' of High-Quality Steels Presupposing Thin Slab Casting

by Dr. H. Yada, Shizuoka Institute of Science and Technology, Japan
The Application of Solidification Principles for Near or Net-shaped Casting of Al Alloys

by Dr. R. Ghomashchi, Univ. of Quebec at Chicoutimi, Canada
Solidification of High Nitrogen Austenitic Structural Steels

by Dr. G. Porcu, Centro Sviluppo Materiali S.p.A., Italy
Microstructure and Mechanical Properties of Strip-Cast Low-Carbon Steels

by Dr. F. Yin, NIMS, Japan

We have held 'The Present Situation and Future Research Works of the Steel Making Process
- Toward the New Scope of the Utilization of Recycled Steel '.

Date: December 10, 2004
Venue: NIMS
Chair: Dr. K. Tsuzaki, NIMS

The Present Situation and Future Research Works of the Steel Making Process
by Dr. K. Ito, Waseda University
Steel Scrap Survey Report
by Dr. T. Hanamura, NIMS
Utilization of rapid solidification and cooling rate in the recycled steel making process with the
inverse-utilization of impurities
by Dr. Y. Kobayashi, NIMS
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(Marketing)

We are examining the performances of the practical production lines and discussing how to
utilize our research results in the various stages of development through visiting private
companies mainly.

Date Visit destination Objectives
2004.2.26
Max-Planck-Institut fuer NIMS
Eisenforschung(MPIE), Germany
2004.2.27
VDEh German Iron and Steel
Institute(VDEh), Germany
2004.2.27
Betriebsforschungsinstitut(BFI), Germany
2004.3.1
Institute for Metal Forming
(IBF in RWTH), Germany
2004.3.2
Institute for Ferrous Metallurgy
(IEHK in RWTH), Germany
2004.3.3

Sumitomo Metal Industries Ltd.
2004.3.17 Nucor Corporation /Herdford (U.S.A.)

2004.3.18 Nucor Corporation /Hickman Hot Coil

(US.A)
2004.3.18 Nucor-Yamato Steel Company (U.S.A.)
2004.5.20

Oji Steel Co.,Ltd.
2004.7.8

Muroran Plant,The Japan Steel Works,Ltd.
2004.10.6

Suzuki Metals Corporation
2004.10.28

Sumitomo Metal Industries Ltd.
2004.12.9

Daido Steel Co.,Ltd.
2004.12.13

Nakayama Steel Works,Ltd.
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(Public Relations Activities)

URL:http://www.nims.go.jp/millennium/

Monthly e-mail news and the project homepage on the internet
URL:http://www.nims.go.jp/millennium/index_e.html) provide information on the progress of
our research.

2004 1 2004 12
List of monthly e-mail news between January 2004 and December 2004

2004

1 Y

2

3 DBTT

4 "Study on Deformation Microstructure of Hot Compressed Ni-30Fe Alloy"
5 35mm

6 8

7

8 Part.1

9 Nucor

10

11 "Phase Transformation Behavior in the Rapidly Cooled C-Mn Steels"
12 Part. 2
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