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Synopsis :

This paper describes the research and development of
environmentally harmonized steel products. Dealing with
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1 Introduction

Protection of the global environment has become an
extremely serious and important issuc in rccent years.
The steel industry is responsible for approximately 10%
of total energy consumption in Japan, and sieel materials
account for roughly 10% of the country’s total physical
product.” Thus, responding to environmental problems
is an important tesk for the steel industry. Kawusaki
Steel also gives high prionity to environmental protec-
tion in its corporate activities and 15 making a variety of
efforts to solve environment-related problems.

Kawasaki Steel’s basic policy for responding to global
environmental problems is shown in the conceptual dia-
gramy in Fig. 1.”' The company is conlinuing o make
efforts to reduce environmental loads and energy con-
sumption at all stages of its business activities and i3
also actively contmbuting to the construction of a recy-
cling society in which locully-produced waste s
received and reused as a resource.

Steel has long been regarded as an excellent ceo-
material because ot its good recyclability and low total
energy cost in the production process. For this reason,
increasing expectations are now placed on the role
which steel products will play in realizing further redue-
tions n environmental loads.

Hayashi et al." have estimated that the energy savings
achieved by using high-performance steci products are

* Onginally published in Kavwasaki Steel Gito, 33(2001)2. 59
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through its steel production processes. In recent vears,
Keawasaki Steel has been engaged in developing steel
products effective to the following three environmental
issues; (1) eneryy conservation and reduction of CO.
emissions, (2) recveling and reduction of wasies, and (3)
environmental protecrion,

equivalent to approximately 10% of the total energy
consumption of the Japancse steel industry, the equiva-
lent of more than 5 miltion k2 of heavy oil per vear.
These products, which make it possible to reduce the
weight and/or extend the service life of products, fall
under 11 categories, including high strength sheets and
plates for automotive and construction applications,
heat-resistant tubes for boilers, and ultra-thin gauge
sheets for beverage cans. At present. the total consump-
tion of these products is approximately 6.5 million t/v.
However, the same authors estimated that an additional
4% energy saving (equivalent to 3.8 million k# of heavy
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oil per year) could be realized if high-performance prod-
ucts were used in all possible applications, and Turther
energy savings of 3% (3.5 million k&) or more are also
possible if mechanical properties such as strength and
toughness can be improved.” llence, the energy savings
and reduction in CO, emissions which can be achieved
by wider adoption of high-performance steels are
extremely large. and it 1s increasingly important to pro-
mote their application from this viewpoint. In order to
respond 1o these soctal needs, Kawasaki Steel has
alrcady developed and is supplying a large number of
new steel products which reduce the load on the envi-
ronment.

This report presents brief deseriptions of typical
examples of recently developed products which illustrate
Kawasaki Stecl’s commitment o solving environmental
problems, Details have been published previously and
may be found in the cited literature.

2 Environment-Friendly Products Developed by
Kawasaki Steel
The requirements placed on steel products as materi-
als arc (1) reduction of total cost. including considera-
tion of service conditions, (2) improved propertics, such
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Environmentally harmonized products developed recently ar Kawasaki Steel

as strength. workability, and extended service life, (1)
suitability for processing, recycling, and reuse, and (&)
reduction or elimination of harmful chenueal  sub-
stances.

Measurcs to ensure harmony with the environment
can be roughly classified into three types: (1) encrgy
saving and CO5 reduction, (2) reeyeling and reduction ol
wastes, and (3) environmental protection. Energy sav-
ings may be realized in various ways, for example, by
increasing the cnergy conversion efficiency of motors
through improvements in the magnetic properties of
steel materials, improving the cnergy efficiency of auto-
mobiles by reducing body weight, and reducimg unit
consumption of energy in the steel production process
and in users’ manufacturing processes. lmproved recy-
clability is achieved by applying steel materials which
allow casy maintenance and safe long-term use, and by
producing materials that contain only alloying elements
which are easily controlied in the recyeling process.
Iixamples of recently developed Kawasaki Steel prod-
ucts are shown in Fig. 2 by type of environmental mea-
sure and ficld of application. As cxamples of the
recognition of the above-mentioned technologies by var-
jous academic societies, new technologies and products
which have received the Technical Development Prize of
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the Japan Society of Metal Science in the last five years
are listed below.
(1) Year 2000

“Development of the concept of new steel manufac-
turing process (TPCP) by integration of uniform
microstructure control and precipitation hardening,
and development of new non-tempering high strength
steel based thereon™

“Development of a carbide-hardened centrifugally-
cast high speed steel roll with excellent heatl crack
resistance”

(2) 1999

“Development of an extra-heavy wide-flange beam
with high seismic resistance wusing 3rd generation
TMCP introducing Fine Inclusion Metallurgy™

{3) 1998

“Development of hybrid-hardencd, dual phase steel
sheets with cxcetlent fatigue strength and formability
for automobile wheels”

{4) 1997

“Devclopment of cold rolied steel sheet with ultra-
high r-value by warm rolling technique combined
with lubrication™

“Development of nitrogen solution hardening type
ultra-thin steel sheets with excellent properties for
canrnaking”

“Devclopment of non-grain oriented electrical steel
sheet for high efficiency motors (SORMA350Y"

(5) 1996

“Development of impact-absorbing high strength
autemotive steel sheet”

“Development of ferritic stainless steel with corro-
ston resistance and high formability (River Lite SX-
1y

“Development ef flexible high productivity technol-
ogy for high quality, high formability ERW tubes
using CBR forming milis™
As can be seen from the examples listed above. the

company has devoted great encrpy to the development
of environment-friendly steel materials. Thesc products
have carned an excellent reputation from customers and
are being used in mereasing amounts.

The following describes various improvements in
material properties, together with element technologics
which have attracted attention, in their respective fields
of application.

3 Overview of Development of Environment-
Friendly Steel Products by Application

3.1 Automotive Steel Sheets

From the viewpeint of the environment, the most
Important task in the field of automotive steel products
is achieving energy savings by reducing automobile
body weight. In recent years, it has become possible to
increase the strength of steel body members by using
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high strength steel sheets, while at the same time reduc-
ing body weight by applying thinner materials. As a
result, the use of high strength steel sheets in auto bod-
ies 1s now under study as a means of satisfying the
mutually contradictory requircments of weight reduction
and improved crashworthiness.

Various problems tend to occur when higher strength
steels are used, such as wrinkles and material breakage
during press forming and poor shape fixing duc to
spring-back and bowing. The hardening methods which
arc generally used to increase strength include sotution
hardening, precipitation hardening, grain refinement,
phase transformation to oblain a dual phasc structurc
(martensite/ferrite or bainite/ferrite), and work harden-
ing. Figure 3 shows the relationship between total elon-
gation in the tensile test, which is a representative index
of press formability, and the high strength steel sheets
produced using these respective hardening mecha-
nisms,* With cvery one of the hardening mechanisms,
total clongation (El) decreases as tensile strength (TS)
tncreases. This means that the key problem in material
development is how to minimize the decrease in elonga-
tion which accompanies mcreased strength. As shown in
the figure. the improvement in total elongation with
transformation hardened sheets, that is. which dual
phase materials, 1s superior o that of sheets produced
using the other hardening mechanisms. Particularly
good total elongation values were obtained by strain-
induced martensite transformation  from a retained
austenite phase by applying high-accuracy cooling con-
trol after finishing rolling. Products manufactured by
this process are mainly used in stretch-forming applica-
tions.”

The hole expanding property is also required in the
press formig of high strength steel sheets. Figure 4
shows schematically the relationship between tensile
strength > elongation  and  tensile  strength % hole
expanding ratio () with each of the hardening mecha-
nisms mentioned above, for the case of high strength
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grade steels

steels of the 590 MPa grade. It is known that steel sheets
composed of a microstructure with uniform hardness
renerally display good hole-expanding. For this reason,
sheets with a precipitation hardened mother phase are an
etfective choice when hole expansion is required.” A
resent study has shown that grain refinement improves
the hole expanding property without impairing elenga-
tion.” This technique is therefore expected to be applied
to materials which require both strength and high hole
expansion. Reinforcing members must have a high
capacity o absorb impact energy. Because it is thought
that the capacity to absorb impact energy during high
speed deformation becomes larger as the arca occupied
by the stress-strain curve increases, sheets with a high a-
value, high tensite strength, and high work hardenability
are required.

Thus, it 1s essential to expand the application of high
strength steel sheets in order to reduce autlo body weight.
However. as a precondition for wider use of high
sirength sheets, if 13 necessary to secure the properties
required in parts by controlling the microstructure on the
basis of metallurgical theory, for example, by phase
transformation and by making practical use of grain
refinement technologies, Moreover, a technology which
employs a combination of microstructure control and
grain refinement 1s also needed. Among recent trends,
Kawasaki Stcel is positively applying computer simula-
tion techniques to the analysis of formed parts, begin-
ning with analysis of the high speed deformation
characteristics of automotive structural parts by the
finite element method (FEM), and to the analysis of
press formability.”

3.2 Stainless Steel

The engine accounts for a large part of the towl
weight ol an automobile. Because the engine and
exhaust gas are heated to extremely high lemperatures,

O
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sintered parts with good thermal fatigue resistance have
often been used in engine-related parts. It has long been
known that stainless steel generally possesses good ther-
mal fatigue resistance. However, stainless steel has poor
formabitity due to its high content of alloying elements,
and as a resubt, 1ts use has been limited to large pressure
vessels and other applications in which formability is
not essential. To extend product life, as shown in Fig, 5,
the use of stainless steel should be expanded because i
ofters high corrosion resistance and excellent life cycle
cost performance.

These facts suggest that the range of applications of
stamiess steel can be expanded by mmproving formab:lity
while continuing to pursu¢ higher corrosion resistance.
Kawasaki Steel therefore developed a high heat-resis-
tance stainless steel with a good r-value by texture con-
trol. This new product has been applied to the exhaust
manifold. making it possible o reduce the thickness of
this part and thereby provide a low heat capacity simul-
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tancously with weight reduction.®

Kawasaki Steel can also supply material for exhaust
manifolds in the form of ERW tubes. The company has
developed and put into practical use a CBR (chance free
bulge roll) forming mill which makes 1t possible to
obtain high secondary workability by reducing addi-
tional forming strain during pipemaking and secure the
weld quality necessary to withstand severe secondary
working. In addition, this process reduces manufacturing
costs by eliminating the need for heat treatment after
pipemaking.”’ The company has also developed a prod-
uct catled the HISTORY (high speed tube welding and
optimum reducing technology) tube to meet the need for
tubes with high strength combined with excetlent work-
ability.'” The microstructure of this product is refined by
applying large rolling strain in the warm rolling region,
which results in a remarkable improvement in ductility.
As can be seen from these new technologics, Kawasaki
Steel is developing materials with higher formability,
and al the same time, 1s also actively working to improve
the properties of steel sheets by process improvement,

As another exampie, stainless steels for mufflers must
provide not only formabiiity and weldability, but also
excellent corrosion resistance in order to resist perfora-
tion corrosion by the highly corrosive condensate
exhaust pas, containing NH," and Cl . Kawasaki Steel
worked to elucidate the mechanism of corrosion by the
cxhaust gas condensate and clarified the mechanism
which promotes corrosion.'” At the same time, it also
found that Cr and Mo are effective in preventing perfo-
ration corrosion, and a high corrosion-resistance mufticr
material was developed by adding Mo to 18% Cr
steel.'™' The use of this material has reduced perforation
corrosion in mufflers and helped to prevent noisc and
exhaust gas leaks due to perforation, as well as to extend
auto body life.

The concepts used in the development of the stainless
steels described above are also being applied in a similar
manner o the development of stainless steels for con-
struction materials and linepipes. Specifically, the com-
pany is conducting research and development with an
emphasis on extending building tife by improving corro-
sion resistance to meet the requirements of the service
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eovironment, while simultaneously improving formabii-
ity.

3.3 Electrical Steel Sheets

Electrical sheets are functional materials which are
frequently used as iron cores in power supply and con-
version  systems in equipment such as  gencrators,
motors, and transformers. Increasing the efficiency of
this equipment helps significantly to reduce power con-
sumption, and in turn, to prevent global warming and
other problems. From the viewpoint of equipment per-
formance, electrical sheets must possess two properties,
namely, high magnetic flux density and low ron loss.
These are also environmental requirement.

First, in the field of non-grain oriented electrical
sheets, there s currently strong intercst in nmproving
maotor efficiency. As shown in Fig. 6, the use of glectri-
cal sheets with high magnretic flux density in the motor
core increases motor power, making it possible to reduce
the size of the core. At the same time, low iron loss
improves encrgy conversion efficiency, and thus reduccs
energy consumption in the sysiem as a whole. From
early on, Kawasaki Stecl has been developing electrical
steel products with low iron loss and high magnetic flux
density, but recently. the company has also developed
the “RMA Series™ of products, which provide both prop-
crties simultaneously, and the "RMHE Serics,” which
ofters low iron loss in combination with high magnetic
permeability.'” The company has also developed ron-
grain oriented clectrical sheets with low ron loss in the
high frequency region.'

Grain oriented electrical sheets are used mainly as
material for the iron cores of power conversion trans-
formers in power iransmission systems. Although the
cnergy efficiency of such transformers is now extremely
high, at approximately 98%. even a small improvement
in cfficiency can yield meaningful energy savings, con-
sidering the present large volume of power consumption.
In recognition of this fact, Kawasaki Steel is attempting
to achieve further reductions wn iron loss.

Figure 7 summarizes the development of grain ori-
ented electrical sheets at Kawasaki Stecl. High grade
arain-oriented electrical sheets (HGQ) have obtained
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low iron loss by reducing in eddy current loss through a
decrease in steel sheet thickness and by reducing hys-
teresis loss through high alignment of crystal orienta-
tion. The company also developed HPDR to reduce eddy
current loss by domain refinement, using a technique tor
forming numerous grooves on the sheel surface.'” By
dramatically reducing iron loss, this product makes it
possible to reduce exciting current and noise level in
transformers. HGO is a high grade gram oriented clec-
trical sheet which achieves high muagnetic flux densily
stmultaneously with low iron loss, and reduces the cost
of measures to prevent transformer noise. '™

3.4 Coated Steel Sheets

Coating technelogies such as hot dip galvanizing and
organic ceating are not only used to extend the life of
steel products, but are also widely employed to impart
special functions, such as efimination of the need for oil
coating in the press forming process and climination of

3

the painting and cleaning processes. In manufacturing
coated sheets in recent ycars, Kawasaki Steel has made
an etffort to reduce the Joad on the environment by using
matcrials which do not contain harmful substances and
are easily recycled.

For example, as shown in Fig. § (a). excellent resis-
tance to fuel corroston is reguired in fuel tank matetials.
A thick organic coating is generally necessary in order
to improve corrosion resistance.  but  weldability
decercasces as the film thickness is increased. The com-
pany therefore developed a product which simultanc-
ously satisfies the mutually contradictory requirements
of corrosion resistance and weldabihty. Weldability is
sceured in this new product witheut reducing the fiim
thickness by employing a technique for dispersing
metallic powder in the organic coating.'™ Because the
product replaces terne sheets (Pb-Sn plated steel sheet),
which are the conventional matertal for auto fuel tanks,
it also helps to reduce harmful substances when autos

KAWASAKI STEEL TECHNICAL REPORF
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are scrapped.

Similarly, although organic coatings are also used Lo
improve the corrosion resistance (resistance to white
rusty of zing galvanized steel sheets for houschold elec-
trical appliances, it had been necessary to increase the
coating thickness in order to guarantee corrosion resis-
tance. [lowever, the use of heavier coatings reduced
clectrical conductivity, which is essential for good weld-
ability. To avoid this reduction in the conductivity of
coated materials, the company developed a new coating
in which an inorganic rust-preventive agent 1s mixed
with an organic resin that possesses excellent corrosion
resistance. This film composition makes it possible to
maintain the same level of corrosion resislance as in
conventional materials with heavy organic coatings,
even when the coating thickness 18 decreased and thus
ensures pood weidability simultancously with corrosion
resistance.

One essential requircment for corrosion resistance in
galvanized stecl sheets for houschold appliances is good
adhesion between the sheet and the organic film. Adhe-
sion had generatly been secured by chromate treatment,
which included the use of hexavalent chromiwm (Cr '),
a substance thal increases the load on the environment.
Furthermore, it was necessary to increase the Cré'/Cr'*
ratio of the chromate coating in order to obtain satisfac-
tory corroston resistance, as can be seen in Fig. 8 (b,
which is a schematic illustration of the relationship
between the chromate coating weight and corrosion
resistance. Because the newly developed organic film
described above possesses good adhesion without chro-
mating, the need for chromale treatment is ehiminated,
providing a fundamental solution to this problem. Thus.
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it is now possible to supply sheets which have good
weldability for use in household electrical appliances
and are free of substances that place loads on the cnvi-
ronment.”

3.5 Plates, Long Products, Wire Rod Material,
and Bars

Welded structures, which are a main application of
steel plates, have become increasingly sophisticated in
order to meet stricter safety, cnvironmental, and cost
requirements. In recent years, efforts have been made to
realize total cost reductions and reduce envirenmental
loads by applying the following three concepis to the
development of plates: (1) Increasing strength without
sacrificing weldability, (2) reducing the work load by
climinating assembly processes and reducing (pre-heat-
ing} in welding, and (3) reducing maintenance costs by
extending the Iife of structures.

An outstanding example in this field is extra-low car-
bon bainitic steel, which was devcloped to solve the
problem of reduced weldability that generally accompa-
nies high sirength. The product is based on a new con-
trol concept which provides a uniform microstructure
using the thermo-mechanical precipitation  control
process {TPCP). An extra-low carbon content ol approx-
imately 0.02mass% or less is adopted, and the
microstructurc is controlled by rolling to a single phase
of granular bainitic ferrite, which has comparatively
high strength, resulting in a product with strength equiv-
alent to that of existing materials.

An outline of the TPCP process is shown in Fig. 9 in
comparison with the manufacturing process for conven-
tional quenched and tempered materials. As can be

9
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understood from the figure, TPCP contributes to encroy
saving by making it possible to omil the processes of
quenching and tempering. The elimination of these
processcs also reduces manufacturing costs. Moreover,
because it 1s possible to secure a uniform single phase of
bainitic ferrite by TPCP regardless of the plate thick-
ness. the process enables 100% preheal-free welding ™

Special steels which are used as steel bars and wire
rod material are manufactured into final products by
customers through a complex process of sccondary
working which includes forging, machining, and heat
treatment. In order to reduce the load on the cnviron-
ment, it 1s essential to consider not only the steel manu-
facturing process, but also these secondary processes.
The main secondary processes which are applicd to stec!
bars and wire rod materials are anncaling, working,
quenching, and tempering. Omission of the heat ireat-
ment steps {rom this process is an cffective means of
saving energy. Kawasaki Steel has developed various
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non-tempering steels, which make it possible to omit the
quenching and tempering process and are therefore use-
ful in saving energy and reducing manufucturing costs in
the customer’ production process,

Figure 10 presents an outline of the applications of
TPCP 1n the field of steel bars and wire rod material,
logether with the advantages of TPCP products. The
cnergy savings which are realized by the omission of
quenching and tempering are shown in Fig. 10 (a), and
those realized by the omission of anncaling are shown
(b). Fig. 10 (c) is an example of Kawasaki Steel’s efforts
to eliminate the use of elements such as Pb, which is
added to conventional steels for machine structural use
in order to improve machinability, but is harmful (o the
human body. The figure shows the concept of a graphite
stecl for machine structural use which was developed as
a substitute for Pb-added steel. In this product, graphite
is finely dispersed in the steel matrix by optimizing the
chemical composition and hot roliing conditions.
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As illustrated by these examples, TPCP makes it pos-
sible to achieve energy savings in the steel manufactur-
ing process while also climinating harmful substances
from products.3 b

3.6 Other Environment-Friendly Products

This section presents examples of the development of

environment-friendly materials in fields other than the
company's main product lines. R & D work which has
drawn attention in recent years includes rescarch on the
removal of NO, and SO, from air, water treatment, and
the decomposition of chemical substances by appiying
the photocatalytic function of TiO,. These technologies,
which are now being studied for practical usc, are based
on the fact that poliutants can be decomposed by the
active oxygen generated by Ti, when exposed to sun-
light, and the photo-induced super-hydrophilicity of this
substance alse gives it an anti-fouling property.
Kawasaki Steel began working with photocatalyst tech-
nologics al an early stage in their development and has
already developed civil engineering malterials such as
guardrails and sound damping walls, as well as interior
and exterior construction malterials, In addition to puri-
fying auto exhaust gas and factory smoke, these materi-
als make it possible to wash dust, oil, and meld from
siructures when exposed to ordinary rain, and thus have
a maintenance-free function in combination with air
purification.””

Figure 11 shows the principles of air purification, the
anti-bacterial and steritizing functions, and the anti-foul-
ing property of the Ti0, photocatalyst, together with
examples of the use of enameled materials containing
this photocatalyst in the interior and exterior of build-
ings. Because the advantages of this technology arc not
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fimited to reducing cnvironmental loads, bul also
include “cleaming” the environment, their application
should be expanded to non-steel products.

4 Conclusion

This report has presented representative examples of
newly devcloped steel sheets and other products with
propertics or chemical compositions which reduce loads
on the environment. Because steel has an overwhelming
advantage over other materials in terms of quantity,
price, strength, and recyclability, among other character-
istics, [urther expansion of the possibilities and {future
potential of steel is expected. In responding to social
needs, Kawasaki Steel will continue to develop product
lines which maximize the possibilitics of steel and
actively contribute to reducing loads on the environ-
ment.

References

1) A layashi: Ferrwm, 20199735, 320
2) Kawasaki Steel: Environmental Review, {2000)
3) A. Hayashi: 35th Shiraishi Memorial Lecture, “Global/Local
Environment and Steel Industry™, [S11, (1998), 61
4) T. Shimizu, T. Hira, and E. lizuka: Kawaesaki Swel Technical
Repart, (2000043, 5
T Shimizu and N. Aovagi: Kawasaki Steel Technical Report.
(2000142, 24
6) E. Yasuhara, K. Sakata, O. Furukini, F. Kosumi. and 8. Hishi-
numa: Muteria Jupar, A(2001)1, 82
7y T. Hira, H. Hiramoto, and K. Sakata: Kawasaki Steel Techni-
cal Repurt. (2002346, 12
I Miyazaki, M. Gunji. and Y. Babu: Keawasaki Stee! Technical
Report, (2002340, 19
T. Teyooka, Y. Hashimoto, and M. Gunji: Kawasaki Sicel
CGiiho, 32{200031. 49
16} 1. Toyooka. A, Yorifuji, M. ltatani, M. Nishimort, and Y.
Kawabata: CAMP-ISI/, 120199932, 302
11y T Ujire, M. Kitazawa, and S. Satoh: Zairyo, 45(1996)1 1,
1192
5. Miyazaki, . Hirasawa, and S. Satoh: Kuwasaki Sieel Tech-
nical Report, (2000343, 21
13) M. Taukushima, T Ome, and K. Nishimura: Kowusaki Steel
Technical Report, (1998339, 48
Q. Kondo: 2000 Convention Record of Inst. of Elcctrical
Engineers. Japan, (2000)
15} M. Ishida. 8. Nakuno, A. Honda, and K. Satoh: J of the Mag,
Soc. of Jpn., 18(1994), 809
16) M. Komatsubara, E. Hina, and 8. Nakano: Kawasaki Steef
Technical Reporr, (1998)39, 41
17) M. Kurosawa, N. Namura, and S. Yamada: Kawasaks Streel
(Giho, 29(1997)3, 174
18) I Ogata, §. Suzuki, and K. Mochizuki: Kawasaki Steel Giho,
32(200001, 21
19) S. Umino. 1§, Ogata, and C. Katoh: Kewasaki Steel Technical
Report, (2002)46, 31
20y K. Okatsu, 1" Hayashi, and T. Amano: Kawasaki Steel Techni-
cal Report, (199340, 49
213y H Imamura, T. Amano, and M. Sasada: Kawasaki Steel Giho.
320200003, 234
22y Kawasaki Steel Metal Products & Engineering Inc: “Self
Clear”, product catalog

Ln

8

9)

]

£

11



	e46-003-011
	e46-003-011



