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Summary

With the goal of manufacturing sheet steel for automobiles using heavy scrap
(hereinafter referred to as “waste scrap”) as the main raw material, Tokyo Steel has been
conducting research projects for the Ministry of Environment since FY2012. The
significance of manufacturing automobile steel sheet from waste scrap is that while Japan
may be a country poor in natural resources, such as iron ore, it has accumulated a massive
pool of steel in the form of industrial products or social infrastructure. The total amount of
accumulated steel is estimated to be 1.4 billion metric tons by the Japan Ferrous Raw
Materials Associationd. Against the backdrop of this massive stockpiling of steel in Japan,
the country produces a stable amount of iron and steel scrap (hereinafter referred to as
“steel scrap”) annually. However, Japan is also an exporter of steel scrap, exporting
approximately 7 million metric tons of steel scrap a year. Some of the reasons for Japan
being an overall exporter of steel are that the current production of steel products in Japan
is mostly limited to materials used in civil engineering or construction and that demand in
those industries has declined over a long period of time, resulting in a surplus of steel. If
steel sheet and other steel products for automobiles could be manufactured from waste
scrap, it would enable the establishment of a large domestic recycling system. From the
viewpoint of the automotive industry, the system would represent a new cost management
mechanism that would provide a base for the greater cost competitiveness of the industry
globally. For manufacturers that produce steel products from waste scrap, it could mean a
shift to higher value-added products. Moreover, from the environmental perspective, the
manufacture of steel sheet from almost 100% pure steel materials would have the
environmental benefit of conserving energy for Japan overall. To what extent
high-performance steel sheet can be manufactured using waste scrap, which makes up 70%
to 80% of steel scrap, will be important to establishing this recycling system.

Recapping Tokyo Steel’s research projects for the Ministry of the Environment, in the
FY2012 project, in the “Study on the Advanced Utilization of Iron and Steel Scrap,” we
manufactured hot-rolled steel sheet in the 980 MPa to 1180 MPa tensile class from steel
scrap that was a 50:50 mix of new scrap waste* and heavy scrap. And we demonstrated that
its balance of tensile strength and elongation was equivalent to or greater than that of
currently used steel sheet for automobiles. In FY2013, based on the results of the FY2012
project, we used the same manufacturing concept and composition of materials, but went
one step further by manufacturing a prototype coil of steel sheet that used only 15% new
scrap waste with the remainder being waste scrap. Moreover, the steel sheet was shown to
have an even higher performance balance of tensile strength and elongation than the steel
sheet produced in the FY2012 project. To manufacture such ultra-high strength steel,
current blast furnaces use rather advanced alloying processes utilizing such additives as
chromium (Cr) and molybdenum (Mo). Steel sheet produced by hot-rolling processes such
as so-called hot stamping or die quenching is representative of such ultra-high strength
steel sheet. Steel scrap contains alloys, such as Cr, Mo, and manganese (Mn), and of
so-called tramp elements as copper (Cu) and nickel (Ni). In that sense, steel scrap can be
can be said to be a good source of metal alloy for manufacturing high-tensile steel. If the
amounts of the problematic tramp elements copper (Cu) and nickel (Ni), which technically
cannot be removed from the raw materials during steel manufacturing, can be controlled, it
is possible that the benefits of Cr, Mo, and Mn can be maximized in the steel manufacturing
process.
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* New scrap waste is low-contaminant scrap from manufacturing cuttings of automobile
companies.

2. Goals and Research Methods

The FY2014, “Study on the Advanced Utilization of Iron and Steel Scrap in Automotive
Parts” conducted for the Ministry of the Environment had several goals. One goal was to
elucidate the effect of tramp elements on the quality of the steel sheet surface, and where
there problems, investigate how to solve them. We set this goal because the property that
differs steel sheet for automobiles the most from steel sheet for the civil engineering and
construction industries is surface quality. That difference is the result of complex molding
processes being used to manufacture automobile steel sheet. In addition, because the steel
iIs manufactured with high performance standards in mind, such as collision resistance and
other properties, there are strict demands for those properties as well as the correlated
strength of the steel surface. Another goal was related to the problem of oxidation of steel
surfaces during the manufacturing process increasing the concentration of Cu and Ni in the
surface layer. This result occurs because Cu and Ni are rare elements that are harder to
oxidize than iron (Fe) and when Fe is selectively oxidized at the surface, the concentrations
of Cu and Ni increase. The research of Kazutoshi Kunishige and Masaharu Hatano has
reported that when selective oxidation of Fe occurs, depending on the heat conditions, the
surface of the steel becomes uneven 23). It has also been reported that when the higher
concentration of Cu in the surface layer assumes a liquid state during a specific temperature
range in the manufacturing process it permeates the gain boundary and causes
intergranular embrittlement 3. Chart 1 shows schematically the scale/steel interface of
steel containing Cu-Si heated to 1250 degrees C and the concentration distribution of Cu in
the surface layer.

d

Steel(Fe)

Distance from the interface

—(Cu (mass?o)

L ] L l i
10 5 0

Chart 1. Schematic diagram of the scale/steel interface of steel containing Cu-Si after being
heated to 1250 degrees C and the concentration distribution of Cu in the surface layer 3

When scale occurs on the rough surface of steel resulting from the high concentrations of
Cu, Ni, and other elements, there is the concern that using a descaler or pickling will not
remove the scale. As can be seen, the effect caused by Cu and Ni is thought to be due to the
phenomenon of the concentration of these elements in the surface accompanying the
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surface oxidation of the Fe in the surface layer. In hot rolling, this phenomenon is thought to
correspond to processing stages before the finish rolling process in which a lot of scale
occurs, such as the heating furnace and rough rolling. To that end, in our trial
manufacturing, we varied the surface conditions of the steel for processes from heating
furnace to roughing rolling by changing the operating conditions and investigated the
results in detail. As we have said before, we found no reason for concern about the
properties of the base material as demonstrated in the results of the projects in FY2012 and
FY2013. Even with regard to the properties of the steel surface for chemical conversion
coating treatability, which is very important for the anti-corrosion coating, if the surface
conditions can be understood, that knowledge will provide the base for achieving a
consistent quality of steel surface for chemical conversion coating as well. Using the method
discovered at Japan's National Institute for Material Science (NIMS) using Kelvin probe
Force microscopy (KFM), we measured and analyzed the surface potential distribution. One
of the special features of this method is that just the surface physical properties can be
measured free of any influence from the physical properties of the area under the surface
layer.

Through our series of research trials, we investigated the effects of using steel materials
with different Cu content. We also investigated the use of materials with different silicon
(Si) content with the intent of achieving ductibility in high tensile steel.

The above summarizes our activities focused on the surface quality of steel. With the aim
of achieving the previously mentioned two goals of our verification projects, we evaluated a
property of automobile parts. In collaboration with an automobile manufacturing-related
company, we selected representative automobile parts and evaluated their
manufacturability using our own steel materials. In selecting the automobile parts, we
chose parts that could be subjected to extremely severe plastic flow conditions.

In addition, a special feature of the selected products was that their manufacture involved
increase/decrease in steel thickness or expansion. In the general pressed part category,
such as automobile bodies and chassis parts, we evaluated parts that presented the greatest
hurdles in degree of molding difficulty. The materials used were hot-rolled pickled sheet
with a tensile strength between 370 MPa to 400 MPa. In conjunction with evaluation of the
manufacturability of the parts, we also checked the properties of the parts and the
correlated properties of the basic materials used.

As a third goal for our research project, we also calculated the amount of carbon dioxide
(CO2) emitted during the manufacture of our steel sheet used in the automobile parts we
evaluated. We performed this calculation using the actual operation-based data produced
by Associate Professor Kazuyo Matsubae of Tohoku University. Comparing the CO2 emitted
when blast furnaces manufacture the same grade of steel, we calculated the CO2 reduction
benefit. The process range for which we calculated these emission amounts was from point
of the scrap delivered to the factory to the completion of the manufacture of the hot-rolled
pickled coil.

3. Research Results

3-1. Surface Quality Research

To achieve good surface quality, we aimed to make the scale formed during the
hot-rolling process easy to remove using a descaler or pickling processes. To that end, we
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investigated operating conditions that would produce a smooth scale/steel interface. We
used test billets that were inserted into a heating furnace, extracted, and cooled in a
nitrogen atmosphere enclosure and observed the scale that had formed in the heating
furnace. We varied the temperature of the heating furnace and the holding time within the
actual operating range. With the test billets placed in the heating furnace, we jointly tested
steels with four different amounts of Cu content and steels with two different amounts of Si
content. As an evaluation index for the unevenness (roughness) of the surface, as shown
in Chart 2, we set the border length of the scale and steel interface as “L” and its completely
straight length as “A” to produce the factor L/A. It is thought that when the unevenness is an
isosceles right triangle, L/A = 1.4, itis difficult for scale to adhere to the steel. Therefore, an
L/A<=1.4 is the range in which good surfaces can be achieved. In addition, the depth of the
internal oxide layer should be one that enables scale removal using pickling. Therefore, we
also investigated depth.

Definition of L/A

Index as roughness of the interface between oxide scale and Fe matrix (scale removal
possible with pickling).

L/A=1, where the interface is perfectly flat.

__ internal oxide

layer depth

Chart 2. Unevenness index for scale/steel interface

The results of the findings for the scale formation conditions in the heating furnace are
shown in Chart 3. Note that there is no difference in the L/A for steel with a composition
close to that of blast furnace steel and that of the steel with Cu content. In addition, we
found that the internal oxide layer depth was less for steel with Cu content than steel with a
composition near to blast furnace steel. There was a correlation between the oxide layer
depth and Mn content. We found that increasing Mn content was inversely proportional to
the depth.
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Chart 3. Unevenness of scale/steel interface and depth of internal oxide layer: Effect of Cu,
Si,and Cr

Chart 4 shows the results of energy-dispersive X-ray spectroscopy (EDS) analysis of the
distribution of elements in a cross section of the surface layer.

Concentration of Mn and Cr can be seen in the internal oxide layer interface, suggesting
that the oxidation products of Mn and Cr have inhibited the oxidation of iron in the internal
layer. In the case of Si enriched steel, L/A increased along with the unevenness of the
scale/steel interface. However, adding Cr to the Si enriched steel reduced L/A substantially
with the result that it closely approached the target range of L/A<=14.

60 o m O Kal G0 m Cr Kal T Boum ' MnKal

{(a) O—analysis (b) Cr—analysis {c) Mn—analysis

Chart 4. EDS element mapping of the scale/steel interface

Chart 5 shows cross-sectional observations of the surface area and the EDS element
analysis results. No matter what trial billet was used, we did not observe any permeation of
grain boundaries by Cu. Among the trial billets, the maximum Cu enrichment was 0.30%,
but even at this level, we did not find anything to raise concern about Cu embrittlement
induced by the permeation of gain boundaries by so-call liquid Cu. The same result was
seen in investigations of the surface layer of steel billets after roughing rolling. In this
manner, we think that the reason why the problem of surface roughness caused by selective
oxidation that was expected based on previous knowledge and the phenomenon of Cu
embrittlement were not observed was that these phenomena accompany the oxidation of
Fe and there is a possibility that this problematic Fe oxidation reaction was inhibited by the
prior side reaction of the oxidation of Si, Mn, Cr and other elements that oxidize easier than
Fe. Chart 6 shows an Ellingham diagram of the thermodynamic energy of Fe, Si, and Mn
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ternary oxidation reactions. The diagram indicates that in the temperature range for hot
rolling processes, the side reactions for Mn, Si and other elements occur before the
oxidation of Fe. This is one of the reasons for deducing by analogy the possibility of the
previously mentioned inhibition of the Fe oxidation reaction.

Cu Cr MNi Sn

Chart 5. Cu: Element mapping of the scale/steel interface of 0.30% enriched steel
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Chart 6. Ellingham diagram of the thermodynamic energy of Fe, Si, and Mn ternary
oxidation reactions in the hot-rolling temperature range

To investigate the properties of the surface layer in even more detail, we looked at
surface potential distribution using KFM. Chart 7 shows the observation of the surface
potential distribution of hot-rolled pickled steel. In the series of steel coil jointly trial
manufactured for the research project’'s parts evaluation, we found that there was an
approximately 50 um thick electric low potential layer on the steel surface. We believe it
will be important to understand the mechanism for the occurrence of this electric low
potential. Up until now pickling was not actively aimed at reducing the steel surface.
However, now it is thought that in addition to the scale layer, it will be important to reduce a
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certain thickness of the steel surface in the pickling process.

Fes0y+FeD

FeO FeSi0,
| # (liquid)
et

(a) Conventional method (b) NIMS: image of surface
image of metallurgical structure potential difference

Chart 7. NIMS: KFM-based surface potential distribution (measurement of scale/steel
interface of electric arc furnace steel)

3.2 Product manufacturability evaluation

For product manufacturability evaluation, we used 0.30% Cu enriched electric arc
furnace steel in the 370 MPa hardness class. We molded the steel into a cup shape and
investigated cracking, the occurrence of scratching, whether or not there was burn-in from
the molding die, the size and shape of the parts, metal flow by observing cross sections of
the parts, and internal cracking. All the parts made with electric arc furnace steel scored on
a par with mass-produced blast furnace steel parts, confirming that there were no
problems concerning mass production of the electric arc furnace parts.

Based on these results, we expect that all automotive parts with a manufacturing difficult
level lower than the parts evaluated will clear manufacturability standards. For example, for
general pressed parts, such as automobile bodies and chassis, we think that parts that can
be made from hot-rolled steel with tensile strength of 440 MPa or less fall in this category.
In addition, we believe that the unit-type of general pressed parts will also qualify.

A case study on the CO2 reduction benefits if electric arc furnace steel was available for
use in automobile manufacturing was presented in a lecture titled “From the viewpoints of
automotive manufactures, possibility of recycling-based manufactures and CO2 reduction”
at a symposium “A New Action for Reduction of CO2 Emissions in Design and Fabrication of
Automobile Body (July 21, 2010)” held by the of the Society of Automotive Engineers of
Japan, Inc (Chart 8). The case study stated that the percentage of hot-rolled steel sheet of
440 MPa or less in the automobile body steel composition of a representative compact car
was 22.4%.
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Chart 8. Automobile body steel composition of representative compact car (from Society
of Automotive Engineers of Japan, Inc. Symposium)

Table 1. Composition of raw materials used in regular and compact cars

Years 1973 1977 1980 1983 | 1986 1989 1992 | 1997 2001

General purpose steel| 60, 4 61,6 60. 5 50.5 | 57.7 56.9 54.9 52. 1 54. 8
HR steel 14. 7 14. 8 13.6 12.9 12.2 11.5 12. 4 12.0 15. 4

CR steel 38.9 37.9 33.8 29,4 26. 0 22.5 15.0 13.3 13.5

HRELR HSS 0.0 0.5 1.4 . 1 7.3 6.1 3.9 3.8 2.7

Coating steel 1.6 4.4 7.2 7.8 8.2 12.9 20. 2 19.0 | 20.3

Others 5.2 1.0 {.5 i.3 1.0 3.6 3.4 1.0 2.9

Spedal steel 17.5 16. 1 14.7 14. 3 15. 0 15. 1 15.3 | 16.9 16, 7
Pig iron 3,2 3.2 2.8 2,2 1.7 1.7 2.1 | 1.8 1.5
Non fermous metal 5.0 L7 5. 6 5. 6 6. 1 7.1 8.0 | 9.6 7.8
Mon ferrous plastics 13.9 14, 4 16. 4 18, 4 19.5 18.9 19.7 | 19.6 19, 2
Sum 100, 0 100, 0 100, 0 100.0 | 100.0 100, 0 100,0 | 100.0 | 100.0

Duote: pan Automohile Manufachurers Assodation, Inc * Automotive industry in lapan 2001*

Our results suggest that the group of electric arc furnace parts for which
manufacturability was found not to be a problem in our evaluations could substitute for the
parts represented in this tensile strength range of 22.4% for hot-rolled sheet of 440 MPa or
less used in automobile bodies. Moreover, as can be seen the composition of raw materials
used in regular and compact cars (Table 1) given in IEEJ2002’s “Study on the Contribution
of Steel Products to Energy Conservation from the Perspective of LCA” announced in August
2002, the percentage of hot-rolled steel sheet (excluding high tensile steel) used in regular
and compact cars in 2001 was 15.4%. Usage is shifting from hot rolled sheet to cold-rolled
sheet and to thinner steel sheet. Or as with suspension members, some parts have tensile
strength close to 590 MPa. Given these conditions, it is thought that approximately 10% of
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the steel used in cars could be replaced with electric arc furnace steel from the point of
manufacturability. For a vehicle with a mass of 1300 kg, the weight of electric arc furnace
steel products that passed the test of manufacturability in our research would amount to
130 kg. Estimating a press yield rate of 50% would mean the amount of electric arc furnace
material used in automobile manufacture could be 260 kg/ unit.

3-3. Calculation of CO2 emissions when manufacturing electric arc furnace steel
and the CO2 reduction benefits when substituting blast furnace steel with electric arc
furnace steel

Using the factory operations data, calculation of the CO2 emissions for the manufacturing
processes used in the joint trial manufacture of parts for our product evaluation was done
by Tohoku University. The range of the calculation started with the stockpiled scrap at the
factory to the manufacture of coil after hot rolling and pickling. Manufacturing-from
smelting to rolling-was carried out at Tokyo Steel Co., Ltd.’s Tahara Plant while pickling was
done at the Company’s Okayama Plant. To calculate the CO2 emissions related to the
transport of the hot-rolled coil from the Tahara Plant to the Okayama Plant, we selected
several means of transport and conducted case studies. If the pickling process was to be
done at the Tahara Plant, these transportation-related CO2 emissions would be eliminated.

Chart 9 shows the basic units of CO2 emissions for our electric arc furnace steel. We
compared this data with the data for steel equivalent to blast furnace steel to calculate the
CO2 reduction benefit if blast furnace steel was replaced with the electric arc furnace steel
evaluated by our research project.

Electricity — Others

LPG Electricity
Y Steel A
Electricity
0.68
. t-CO,
Othc’:rsli
Al S
Electricity Others
B EAF B LF : Special process B cc
: Electricity for factory operation I : Rolling : Acid cleaning

Chart 9. Results of CO2 emission calculations for electric arc furnace steel manufactured
for use in manufacturability evaluations

As a suitable model for calculating the CO2 reduction, we separated vehicles into compact
and large-sized. As seen in Table 2, the model is configured base on approximately 10% of
the mass of the vehicle being electric arc furnace steel. In Table 3, the upper section shows
CO2 emissions when 100% blast furnace steel is used, while the lower section show those
emissions when 10% of the vehicle’s mass has been replaced with electric arc furnace steel.
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Based on this model, we determined that replacing 10% of the steel used in a car with
electric arc furnace steel would reduce steel-manufacturing-related CO2 emissions by 7%.

Table 2.  Model specifications for use of electric arc furnace steel at a glance

Type of Weight of an Production Total weight of

automobiles |automotive body |amount automotive body
Class B 800kg | 2.10X10%unit 1,680kt
Class L 1,000kg | 1.26 X108 unit 1,260kt

Table 3. Comparison of CO2 emissions of steel manufacturing using 100% blast furnace/
convertor steel and electric furnace steel (manufacturability evaluated steel)

Steel ratio of Weight of Required CO,
automobiles automotive body amount of steel | emissions
100% BOF steel 2,940kt 5,880kt | 11,226kt
90% BOF steel | BOF steel | 2,623kt 5,246kt
+ 10,445kt
10% Steel A Steel A 317kt 634kt

3.4 Project Feasibility
<Project Feasibility from a Technical Perspective>

In our verification project, we confirmed that the manufacturing quality of automobile
parts manufactured using 0.30% Cu-enriched experimental materials was on a par with
currently used automobile parts manufactured using blast furnace steel. In addition, our
investigation of the effect of tramp elements on the surface quality of steel sheet showed
that the phenomenon of Cu embrittlement was not seen using test materials with
Cu-enrichment varying from 0.04 to 0.30%. Moreover, there was no deterioration in the
depth of the internal oxide layer or Cu-induced unevenness (roughness) of the surface due
to the Cu enrichment. Furthermore, we found that Si, Mn and other tramp elements may be
useful in improving the quality characteristics of the steel sheet surface. If the automobile
industry permitted automobile steel sheet to have Cu-enrichment up to 0.30%, it would be
possible to use waste scrap on a large scale. However, to achieve that goal, it will be
important to understand the mechanisms of the use of Si, Mn, Cr and other elements in high
temperature oxidation during the hot rolling process and clarify the relationship with
manufacturing quality. In addition, we determined that an electrochemically abnormal
electric potential layer existed in the trial pickled steel sheet picked. When the layer is
electrochemically heterogeneous, in consideration of the impact it could have on the
evenness of the chemical coating responsible for rust proofing, we believe it will be
important to understand the mechanism while at the same time establishing processing
technology to control the stability of the surface physical properties.

There also is a need to elucidate the impact of Cu and other tramp elements on the
properties of automobile parts. However, since it is difficult to imagine that the Cu
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dissolved in the base material would have a negative effect on those properties, there is a
strong possibility that these tramp elements would improve the quality of blast furnace
steel sheet with the above Cu-enrichment standard.

The press yiekl of steel plate for automobile e—— = —
badies: 65-70%. The remainder s new scrap e : in scrap market m g
waste MRS ateria
Steel sheet for automobile bodies; 700 kg/unit = Cii: 025 (LN
new scrap waste: 220 kg Hﬁmi-ﬂ oke
I Vehicle production volume: 10 million units/year Sn:0.02%
Mo:0.03%

l New scrap waste: 2.2 million metric tons/year I Vi

Trampelements utilized
effectively in production of steel
sheetfor automobiles

power train systems.

)

l Scrap generated by production of drive and @

For esample, Many Cr:1.0%, Mo:0.1% B 23
o, e bonkainid dhpending 06 2 Increase steel grades (high tensile steel)

part system. applicable to automaobiles,
o Expandthe automobile s*electric arc furnace
Domestic production : 3 million sets/year steel pipeline.

Chart 10: Recycling for the Automobile Industry

<Project Feasibility from an Economic Perspective>

The possible use of waste scrap on a large scale was mentioned in the previous section on
project feasibility from a technical perspective. Used on a large scale, it would also provide
an extremely large economic benefit. The reason is, to begin with, waste scrap is cheaper
than new scrap waste and other high-grade steel waste. In addition, because new scrap
waste is exported to Korea, China, and other countries as well as being used as raw material
by Japanese blast furnace steel makers, use of large amounts of new scrap waste would
create an issue with a stable supply of raw materials. On the other hand, waste scrap offers
both cost and supply advantages since there is always a surplus. These advantages would
extremely effective for Tokyo Steel Manufacturing in terms of business profitability. At the
same time, from the point of view of cost competitiveness with blast furnace steel makers, it
could allow Tokyo Steel Manufacturing to establish superior cost competitiveness based on
raw materials. In this sense, technology to enable the use of waste scrap in automobile steel
sheet is a type of innovation.
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4. Going Forward

Implementing the knowledge and methodology learnt from our research projects, we
plan to verify our methods effectiveness in achieving quality steel surfaces in the coil
manufacturing process. The methods implemented will be those regarding scale formation
in the hot-rolling process and pickling conditions. In automobile part evaluation, a
remaining issue is evaluation of the properties of the parts. By expanding our evaluation to
include other properties, we want to expand the range of application of steel produced by
electric arc furnace mills for the automotive industry to 10% of current blast furnace steel
products.

Furthermore, to address the issue of achieving high-tensile strength, it will be important
to achieve an appropriate steel sheet surface quality based on enriching the steel with Si.
We want to reflect the knowledge and methodology learnt from our research projects in the
basic elucidation of the high temperature oxidation of multiple elements and in the
hot-rolling and pickling processes.

Reference Sources:

1) Web site of the Japan Ferrous Raw Materials Association:
http://www.tetsugen.gol.com/

2) M. Hatano, K. Kunishige, and Y. Komizo, Tetsu-to-Hanagé, Vol 88 (2002), No. 3, page 36.

3) M. Hatano, Doctoral Thesis, Waseda University Faculty of Science and Engineering
materials, Faculty Report 1974 edition
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3.3

KFM: Kelvin Force Microscopy
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3.3.2
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42 Cu

42.1
3 Cu 421
421 Cu
C Si Mn P S Cu Ni Cr Mo
Cu30 0.04 0.02 0.27 0.018 | 0.003 | 0.30 0.11 0.13 0.03
Cu26 0.06 0.02 0.28 0.017 | 0.001 | 0.26 0.08 0.13 0.03
Cu20 0.06 0.02 0.34 | 0.015 | 0.001 | 0.21 0.07 0.10 0.02
0.09 0.02 0.34 0.012 | 0.005 0.02 0.02 0.02 0.01
\ Nb Ti Al Sn Pb B Ca N(ppm)
Cu30 |0.002 |0.001 |0.002 |0.021 |0.018 | 0.000 | 0.000 |O0.001 54
Cu26 |0.001 | 0.000 |0.001 |0.025 |0.017 | 0.001 | 0.000 | 0.002 36
Cu20 |0.000 | 0.000 |0.001 |0.020 |0.019 | 0.001 |0.000 |0.001 35
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4.2.2

Cu 4.2.2
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Cu30 285 1391 |729 411 [19.2 |0.171 | 144 1189 | 2.1 LC | G
Cu26 270 | 392 |689 |44.2 |[21.0 |0.189 | 122 ]193 | 2.1 LC | G
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5.2 Test Piece

5.2.1
1
2
a
51 JIS 72241 5
,e e
e
L
—_____\ ]
| ~_ |
51
b
52 5.2
52
C% Cu% | Cr% | Ni% Yp TS El n HY
] ] ] ]
MPa | MPa % e0 £0.05 0.1 0.2
0.09 | 0.02 | 0.02 | 0.02 278 391 | 41.4 | 0.166 | 120 137 151 162
B1| 0.04 | 0.30 | 0.13 | 0.11 285 391 | 41.1 | 0.171 | 126 150 160 172
B2| 0.06 | 0.26 | 0.10 | 0.08 270 392 | 44.2 | 0.189 | 121 146 163 171
B3| 0.06 | 0.21 | 0.02 | 0.07 271 391 | 44.7 | 0.189 | 121 148 154 172
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6.2.2.2

6.2.4 6.2.5
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6.2.1

57 |EBERT,| EMLEEM | EBERT<
IBENEE | (ABRVI7E) OFHEEESR
B 93X 800kg | 2108 & (30%) 1,680 kt
L95X 1,000kg | 12658 (18%) 1,260 kt
6.2.2 CO2
SHERTD | EHERTD N =
100% ERtFER 2,940kt 5,880kt | 11,226kt
90% $oiFSR | SnkREA | 2,623kt 5,246kt
- 10,445kt
10% Steel A | Steel A 317kt 634kt
6.2.3 CO2
6.2.3.1
L km Vt
CO2
JEMAI: Japan Environmental Management Association for
Industry LCA Life Cycle Assessment MILCA
ver. 1.1.4.3 20t CO2
6.2.3.2
6.2.3 L km vVt
CO2
6.2.3 CO2
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10% Steel A 634kt  Steel A Steel A

739kt
Steel A 10% CO2 6.2.5
Steel A CO2 100km
6.88% CO:2
Steel A CO2 CO2
CO2 CO2
CO2
6.2.6 CO2
10) CO2 19%
56% Steel A
CO:2 6.88% 0.74% CO2
6.24

5y | EBERTS | ABERT IR Eggsﬁjiﬁigﬁ DSt AXWETZD | BBELEM
DEMERR |SndSe ADER | o VeI VIR | LEBLRAYTIIR | BRAITYTR

B 452 1,680 kt 179 kt 357 kt 1 416 kt
Lo5A 1,260 kt 139 kt 277 kt A 323 kt
6.2.5 CO2
BRI59T | A5 _ e | HERIZBITS -
Steel AD : #HAo5yIERIZE &t
DEHEIREE | DEYREERE . CO. @ CO,Hllif 3
igE (kt) (km) ITHCO.HEHE (k) (kt) (kt)
0% —_ —_ — 11,226 | 11,226 —
100 9 10,454 | 6.88%
10% 739 200 18 10,445 110,462 | 6.80%
300 26 10,471 | 6.72%
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6.3.4

Steel A
CO
6.3.3 6.3.3
2,432kt
6.3.1 Steel A Steel A CO
Steel A 30% 2,218kt
220km
CO2 20.4%
CO2 2.19% CO2
1,165 kt
1. 533 Kt
2,432 kt
6.3.3
6.3.1 CO>
BRI S0\ BRI 59T AT YT BRI g o - 4n &
Steel AD " P B8 | EIRIERE | #1500 B g o= BHECO, BEF |6
m) (kt)
0% - - - 11,226 | 11,226 -
10% 739 50 4 10,445 | 10,449 6.92%
20% 1,479 150 26 9,664 | 9,690 13.7%
30% 2,218 220 58 8,883 8,941 20.4%
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6.2.3 Steel A

Steel A
CO2
vVt CO2 2
l. 20t
6.2.3.1 433km
1.

6.2.3.1 MiILCA CO2

C 600km
6.5.1 | ]| CO2 25.6%
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6.5.1 CO2
A1 F)F
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52.7x FV 135XV
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6.5.2 CO
SRS TENRIC | WEBIZHBIHS | a4 OEEIZE e
Steel AD | 2D ? A BB T BEIC
REBE | BEsE :tal'r%?g;ﬁtul Coﬁﬁtl]ﬁl Hécgfﬁﬂil Stk 514500, BIFE
0% - 11,226 11,226 -
- 10,449 6.92%
10%% = o o 9 10,445 6 10,456 6.86%
kSl 33 10,483 6.62%
- 9,681 13.8%
20% = 26 9,664 13 9,703 13.6%
kSl 67 9,757 13.1%
- 8,941 20.4%
30% AT+ 58 8.883 19 8,960 20.2%
kS 100 9.041 19.5%
6.5.3 CO
Steel AD | AA/J)LD | BFt | BEBHERT(REIC | BHESA I/
REE #@EAE| (k) H11+5CO, 4 E D CO,HllE =
0% - 11,226 - -
- 10,449 6.92% 0.74%
10% AT+ 10,456 6.86% 0.74%
koo 10,483 6.62% 0.71%
- 9.681 13.8% 1.48%
20% avT+ 9,703 13.6% 1.46%
A2 9,757 13.1% 1.41%
- 8.941 20.4% 2.19%
30% avTFr 8,960 20.2% 2.17%
oo 9,041 19.5% 2.09%
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