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ATMOSPHERE CORROSION RESISTING STEEL PLATE HAVING HIGH STRENGTH AND

EXCELLENT BENDING FORMABILITY AND METHOD FOR PRODUCTION THEREOF

(57)  Thepresentinvention: provides a steel material
that withstands bending work after blasting or the like
and has weather resistance while securing an ultra-high
strength of 700 MPa or higher in terms of yield strength,
and a method for producing said steel sheet; and is a
weather-resistant high strength steel sheet excellent in
bendability, said steel sheet containing, in mass,

C: 0.05t0 0.15%,
Si: 0.5% or less,
Mn: 0.5 to 2.0%,

p: 0.02% or less,

S: 0.005% or less,
Ni: 0.2 to 2.0%,

Cu: 0.2 to 0.5%, and
Cr: 0.2t0 1.0%, and

one or more of
Ti: 0.03 to 0.2%,
Nb: 0.01 to 0.07%,
V: 0.01 to 0.07%, and
B: 0.0005 to 0.0050%,

with the balance consisting of Fe and unavoidable im-

purities, and being produced by heating it to a temper-
ature of 1,200°C or higher, thereafter finish-rolling it in
the temperature range from 850°C to 950°C, and coiling
it in the temperature range from 500°C to 650°C.
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Description
Technical Field

[0001] The present invention relates to a steel material, used for railcars and containers for land or marine transpor-
tation, required to have strength, workability after blasting or the like and weather resistance, and a method for producing
the steel material.

Background Art

[0002] A material having the properties of low weight, long life and weather resistance has heretofore been desired
for containers and thus a material produced using aluminum has mainly been used for such applications. However,
such a material has the disadvantages of a high cost and low strength and therefore a steel material having both high
strength and weather resistance has been sought. As a conventional weather-resistant steel material, there is a highly-
weather-resistant rolled steel material of the 50 kgf/mm?2 (490 MPa) class in tensile strength as stipulated in JIS G3125.
With regard to a steel material having a higher strength than that, Japanese unexamined Patent Publication No.
H3-2321 discloses a method for producing a weather-resistant steel sheet having a tensile strength of 60 kgf/mm2 or
higher and good cold-workability.

[0003] In the meantime, with the increasing use of marine containers, the environment becomes even move severe
and instances where even a painted container suffers local corrosion and cannot withstand long-term use are increas-
ing. To cope with the problem, Japanese Unexamined Patent Publication No. S63-72853 discloses that a life-span
increase can be realized by adding Nb, Ti, v and B to a high-p steel.

[0004] Inrecentyears, however, a high strength and low weight container is further desired and an ultra-high strength
weather-resistant steel material having a yield strength of 700 MPa or higher and good bendability has been sought.
Moreover, as bending work is applied after a steel material is subjected to blasting or the like, with the aim of improving
paintability at the time of painting, fatigue properties and surface hardenability, the levels of both the strength and
workability required of the steel material are very high. The reason why the required strength is not expressed in terms
of tensile strength but yield strength is that it must be assured to maintain stiffness even when the thickness of a
material is reduced in order to obtain both ultra-high strength and low weight. Therefore, such specifications are not
fulfilled by the components and production method disclosed in Japanese Unexamined Patent Publication No. H3-2321.
[0005] Further, with such component types as proposed in Japanese Unexamined Patent Publication No. S63-72853
that is aimed at a longer life, though the longer life due to weather resistance is secured, cracking occurs during blasting
and bending in the process of the manufacturing of a container and therefore the requirements have not been satisfied.
The object of the present invention is, by solving the aforementioned problems, to provide: a steel material withstanding
bending work after blasting or the like and having weather resistance while securing an ultra-high strength of 700 MPa
or higher in yield strength; and a method for producing the steel material.

Disclosure of the Invention
[0006] The means for attaining the above object according to the present invention is;
(1) a weather-resistant high strength steel sheet excellent in bendability, characterized by containing, in mass,

C: 0.05 to 0.15%,
Si: 0.5% or less,
Mn: 0.5 to 2.0%,

P: 0.02% or less,

S: 0.005% or less,
Ni: 0.2 to 2.0%,

Cu: 0.2 to0 0.5%, and
Cr: 0.2 t0 1.0%, and

one or more of

Ti: 0.03 t0 0.2%,

Nb: 0.01 to 0.07%,

V: 0.01 to0 0.07%, and
B: 0.0005 to 0.0050%,
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with the balance consisting of Fe and unavoidable impurities, and the production method thereof is;
(2) a method for producing a weather-resistant high strength steel sheet excellent in bendability, characterized by:

heating a steel material containing, in mass,
C:0.05t0 0.1%,

Si: 0.5% or less,

Mn: 0.5 to 2.0%,

P: 0.02% or less,

S: 0.005% or less,

Ni: 0.2 to 2.0%,

Cu: 0.2 t0 0.5%, and

Cr: 0.2t0 1.0%, and

one or more of

Ti: 0.03 to 0.2%,

Nb: 0.01 to 0.07%,

V: 0.01 to 0.07%, and
B: 0.0005 to 0.0050%,

with the balance consisting of Fe and unavoidable impurities to a temperature of 1,200°C or higher;
thereafter, finish-rolling the steel material in the temperature range from 850°C to 950°C; and
coiling the rolled steel material in the temperature range from 500°C to 650°C.

[0007] The reasons for limiting a steel sheet and a production method according to the present invention are here-
under explained in detail.

Brief Description of the Drawings
[0008]

Fig. 1 is a graph showing the effects of an Ni amount and a P amount on a corrosion loss.
Fig. 2 is a schematic showing the outline of a press bending test.
Fig. 3 is a graph showing the influence of a P amount on a corrosion loss and a bend R (radius).

Best Mode for Carrying out the Invention

[0009] The presentinventors investigated and studied methods for producing steel sheets comprising various kinds
of steels in order to solve the aforementioned problems and thus established the present invention. The present in-
vention is hereunder explained in detail.

[0010] In general, the same kind of rust appears on a weather-resistant steel material as appears on an ordinary
steel during an early stage of exposure in the atmosphere. However, it is said that, thereafter, some of the rust of a
weather-resistant steel material forms dense rust closely adhering to the base material, the rust plays the role of a
protective film and, as a result the progress of rust caused by an environment is prevented. It is also said that it is
effective. to contain Cu,.Cr and P in order to create such rust.

[0011] In the case of a conventional material having a tensile strength of 50 to 60 kgf/mm?2 (490 to 590 MPa), by
containing such types of components, the material has been applicable to a container as a weather-resistant steel
material. In recent years, coupled with global environmental issues, the weight reduction of an automobile aimed at
the improvement of a fuel efficiency has been publicized and there is a strong need also for the weight reduction of a
container used for land or marine transportation. The target thickness of a steel material has become thinner for the
purpose of a greater weight reduction than ever and a yield strength of 700 MPa or higher is required for the purpose
of the securement of stiffness. Meanwhile, in the production of a container, roughness is applied on the surface of a
steel sheet, by blasting, wherein shot, sand, grit or the like is blown on the steel sheet in order to improve descaling
performance and paintability. The process makes the surface thereof hard and therefore bend cracking tends to occur
at the subsequent bend forming. In the case of a steel material having a yield strength exceeding 700 MPa, in particular,
cracking susceptibility appears conspicuously and the selection of additive elements has a large influence.

[0012] As it has been explained above, in order to produce a weather-resistant steal material, having a yield strength
exceeding 700 MPa and capable of withstanding bending work after subjected to blasting, it is necessary to fulfill the
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following requirements simultaneously;

@ Enhancement of material strength,
@ Securement of bendability, and
@ Securement of weather resistance.

[0013] when P is used abundantly in the production of such a high strength steel material having weather resistance,
various problems arise. Firstly, when a slab 200 to 300 mm in thickness is cast in a production process, p tends to
cause center segregation and concentrates at the thickness center portion which is the finally solidified portion. The
portion where P concentrates is likely to cause embrittlement cracking. Further, as a high strength steel material itself
has a high cracking susceptibility, a P-added weather-resistant high-strength steel sheet causes slab cracking fre-
quently and also a very low yield.

[0014] Furthermore, even if a steel sheet can be produced, the material is brittle because of the addition of P and
therefore the workability thereof is poor. Generally speaking, as the strength of a steel material increases, the elongation
thereof lowers. Therefore, the workability of a P-added material further lowers and moreover, as the object material is
subjected to bending work after shot blasting or the like, the material is very susceptible to bend cracking. In addition,
weld cracking is likely to occur when such a steel material is fabricated into a container by welding. As a result of
investigating precisely the characteristics of Cu, Cr and P that have been utilised as weather-resistant elements in a
conventional steel, it has been clarified that P adversely influences the above requirement(® very much and cannot
be utilized in a high strength steel material. The present inventors investigated the relationship between a P amount
and the conditions of generating bend cracking in the 90-degree press bending test shown in Fig. 2 while the R (radius)
of the punch tip was varied. At the same time, the present inventors investigated the relationship between P addition
and a corrosion loss and showed the results in Fig. 3. It is obvious that, though a corrosion loss decreases and weather
resistance improves as a P amount increases, the increase of a P amount causes the critical bend R (radius), below
which bend cracking occurs, to increase and the bendability of a steel sheet deteriorates. Therefore, in order to secure
bendability, it is necessary to study a method of securing weather resistance without the use of P. Cu and Cr less
adversely influence bendability. However, merely with the increase of their amounts, weather resistance is hardly se-
cured. Moreover, the steel material cannot withstand bending work after blasting or the like.

[0015] In this light, as a result of repeating various tests, the present inventors have found that: weather resistance
can be secured by the use of Ni instead of P; bendability can be secured by lowering C to improve workability, reducing
the addition of P to the utmost, and reducing S to the utmost to suppress the formation of MnS that adversely affects
bendability; and the adjustment of strength can be attained by utilizing a precipitation effect caused by combining one
or more of Ti, Nb, V and B.

[0016] Fig. 1 shows the effect of an Ni amount on a corrosion loss in comparison with the effect of a P amount. It
has been found that, as an Ni amount increases, a corrosion loss decreases and an effect similar to the case of P
addition is obtained.

[0017] Further, Ni, in contrast with P, does not segregate during the casting of a slab, slab cracking does not matter,
and also a yield is good. Furthermore, Ni causes no problem in workability and weldability and therefore bending work
after shot blasting or the like and weld cracking do not matter. Accordingly, Ni is an element very suitable for the
production of a weather-resistant high strength steel sheet excellent in bendability. With regard to weather resistance,
Ni exhibits the effect by the joint use with Cu and Cr.

[0018] The presentinventors repeated experiments on the basis of the above conditions and established the present
invention. The reasons for limiting the additive elements according to the present invention are hereunder described
in detail. C:

[0019] C is exploited as an element for enhancing strength. It is utilized not only as a solid solution strengthening
element but also, by combining with Ti and Nb and forming carbide, as a precipitation strengthening element. However,
when C is used excessively, workability deteriorates. Since workability lowers as the strength of a steel material in-
creases, a low C amount is desirable. The reason why the lower limit of a C amount is set at 0.05% is that, when it is
lower than that amount, a yield strength of 700 MPa or higher is hardly secured. On the other hand, the reason why a
C amount is limited to 0.15% or lower is to prevent cracking caused by bending work.

Si:

[0020] Siis an element that is likely to form fayalite (2FeO-SiO,) on the surface of a steel sheet, make fine Fe,O4
remain on the most surface, and generate red scale. When red scale is created on the surface of a steel sheet, mottling
appears and the product is not accepted by users. In order to avoid the problem, the upper limit of an Si amount is set
at 0.5%.
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Mn:

[0021] Mn is an element necessary for enhancing the strength of a steel material. When an Mn amount is less than
0.5%, a high strength steel material is hardly produced. In contrast, when Mn is added in excess of 2.0%, workability
is hardly secured. For those reasons, an Mn amount is limited in the range from 0.5 to 2.0%.

P:

[0022] P is an element effective in the enhancement of strength and beneficial to the improvement of weather re-
sistance and has heretofore been exploited for a weather-resistant steel material. However, in the production of an
ultra-high strength steel material having a yield strength exceeding 700 MPa, P causes slab embrittlement during the
production of the steel material and also deteriorates weldability. On top of that, P also deteriorates bendability, and
therefore a P amount should be as low as possible. Accordingly, the upper limit of a P amount is set at 0.02%.

S:

[0023] S forms sulfide MnS combining with Mn. This sulfide is easy to deform, is elongated by rolling and is present
in a steel material. MnS deteriorates the bendability and workability of a steel material. In the case of a high strength
steel material in particular, S should be reduced to the utmost because it raises cracking susceptibility. Therefore, the
upper limit of an S amount is set at 0.005% as the commercially attainable limit.

Ni:

[0024] Ni is an element that enhances strength and weather resistance and is also effective in the prevention of
embrittlement. In particular, Ni is effective in weather resistance under an environment largely influenced by salinity.
As it has been explained earlier, in a high strength steel material, P that is effective in weather resistance badly affects
workability and thus cannot be utilized. Ni can be utilized as an element substituting for p and neither causes slab
cracking nor deteriorates the workability of a steel material in contrast with P. Ni must be added by 0.2% or more in
order to effectively utilize the feature of weather resistance. On the other hand, Ni is an expensive metal and moreover
the effect does not improve any more even when an Ni amount exceeds 2.0%. Therefore, the upper limit of an Ni
amount is set at 2.0%. Containers are used for both land and marine transportation and are affected by the salinity of
seawater in the case of the marine transportation and by salinity from snowmelt salt scattered in a cold region in the
case of land transportation. Therefore, Ni is an element important for weather resistance. In an environment other than
a saline environment, the elements Cu and Cr, which are described below, are effective and therefore the combined
addition of those elements is also effective.

Cu:

[0025] Cuisimportantinimproving weather resistance and is an element effective in forming stable rust. A Cuamount
of 0.2% or more is necessary for securing the effect against a corrosive environment. However, when a Cu amount
exceeds 0.5%, surface defects are likely to appear. For those reasons, a Cu amount is limited in the range from 0.2
to 0.5%.

Cr:

[0026] Cr is also important in improving weather resistance and is an element effective in forming stable rust. A Cr
amount of 0.2% or more is necessary for securing the effect against a corrosive environment. However, the effect does
not improve any more even if a Cr amount exceeds 1.0%. For those reasons, a Cr amount is limited in the range from
0.2 to 1.0%. When a steel material having a yield strength of 700 MPa or higher is produced, the exploitation of pre-
cipitation strengthening is effective. The following four elements that allow a precipitation effect to appear compensate
the insufficiency of strength and the compensation can be attained by using one or more of those elements.

Ti:
[0027] Tiforms a carbide and a nitride by combining with C and N and thus enhances the strength of a steel material.

The effect appears when Ti is added by 0.03% or more and does not improve any more even if Ti is added by 0.2%
or more.
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Nb:

[0028] Nb also forms a carbide and a nitride by combining with C and N and thus enhances the strength of a steel
material. The effect appears when Nb is added by 0.01% or more and does not improve any more even if Nb is added
by 0.07% or more.

V:

[0029] V also forms a carbide and a nitride by combining with C and N and thus enhances the strength of a steel
material. The effect appears when V is added by 0.01% or more and does not improve any more even if V is added
by 0.07% or more.

B:

[0030] B is an element that forms a carbide and a nitride and is effective in enhancing hardenability and strength.
The effect appears when B is added by 0.0005% or more and the effect does not improve any more even if B is added
by 0.0050% or more.

[0031] Next, the reasons for limiting production conditions are explained hereunder.

[0032] The purpose of limiting a reheating temperature to 1,200°C or higher is to dissolve carbide and nitride at the
stage of a slab in order to make use of the precipitation effect of Ti, Nb, V and B, and by so doing to form fine precipitates
during the production of a steel sheet so that the precipitation effect may be fully utilized.

[0033] It is necessary to keep a rolling finish temperature at 850°C or higher in order to fractionize precipitates.
However, when a rolling finish temperature exceeds 950°C, problems such as increased likeliness of the coarsening
of crystal grains, the formation of scale defects, etc. arise. Therefore, a rolling finish temperature is limited in the range
from 850°C to 950°C.

[0034] A coiling temperature affects the size of precipitates and the degree of precipitation effect varies in accordance
with a coiling temperature. When a coil is coiled at a high temperature, precipitates grow too large and a strengthening
effect lowers. In contrast, when a coiling temperature is too low, the growth of precipitates is insufficient and the en-
hancement of strength is not expected. For those reasons, a coiling temperature is limited in the range from 504°C to
650°C as an appropriate temperature range wherein the enhancement of strength is expected.

[0035] In production processes, there is no restriction on the use of a high-pressure descaling device and a bar
heater, and the application of continuous-continuous hot rolling wherein bar-joint materials after subjected to rough
rolling are rolled continuously. Rather, by using those apparatuses, it is possible to prevent scale defects from forming
and to improve a yield while improving process capability in temperature control.

Examples

[0036] Steels of Steel Nos. 1 to 12 having various components as shown in Table 1 were tapped and, thereafter,
steel materials were produced under the rolling conditions shown in Table 2, samples were taken and shot blasting
treatment was applied to the surfaces thereof, and subsequently properties of the samples were evaluated. In the
evaluation, tensile tests were applied and yield strength, tensile strength and total elongation were measured. In ad-
dition, bending work was applied with the bend angle of 90 degrees by using a punch the tip radius (R) of which was
3 mm and the existence of cracks at a bent portion was examined.

[0037] Weldability was judged by the existence of weld cracks after arc welding was applied. with regard to weather
resistance, salt water spray treatment was applied and, thereafter, corrosion accelerating tests, wherein wet and dry
were alternately repeated, were applied, the weight of each sample was measured before the test was applied and
after rust was removed after the test, and resultantly each corrosion loss was obtained. As a comparative example, a
commercially available 490 MPa class Corten steel was employed and the data thereof were used as the standard,
and then each sample was evaluated as X when the corrosion loss of the sample was larger than the standard and
as O when the corrosion loss thereof was equal to or smaller than the standard.

[0038] Further, a surface appearance was evaluated by observing the surface of each steel material after rolling.
The rolling conditions of Test Nos. 1 to 12 were all within the ranges stipulated in the present invention. In the case of
Test No. 7, the Ni amount was small and thus the weather resistance thereof was poor. In the case of Test No. 8, though
the weather resistance was good, the P amount was large and therefore the weldability was poor and cracking appeared
at the bending work. As the Si amount was large in the case of Test No. 9 and the Cu amount was too large in the case
of Test No. 10, scabs and mottling appeared on the surfaces and thus surface appearance was poor in both the cases.
In the case of Test No. 11, the amounts of C and Mn were too large and therefore the bendability and the weldability
were poor. In the case of Test No. 12, the S amount was large and therefore cracking appeared at the bending test.
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[0039] In the cases of Test Nos. 13 to 17, the steel material of Steel No. 2 produced within the ranges stipulate in
the present invention was used and'the rolling conditions were varied. In the case of Test No. 13, the reheating tem-
perature was too low, and therefore precipitation strengthening could not be utilized and the yield strength thereof could
not exceed the target value 700 MPa. In the case of Test No. 14, the rolling temperature was high and therefore the
surface appearance was poor. In the case of Test No. 15, the rolling temperature was low and therefore the strength-
ening by the fractionization of precipitates did not show up and the target strength could not be obtained. In the case
of Test No. 16, the coiling temperature was high and therefore the steel material softened and the target strength could
not be obtained likewise. In the case of Test No. 17, the coiling temperature was too low, and therefore; though the
strength increased, a hardened layer developed and cracking occurred after bending work.

[0040] In the cases of Test Nos.1 to 6 that fulfilled the ranges of components and the rolling conditions stipulated in
the present invention, any of the properties was acceptable and good evaluation results were obtained.

[0041] Further, Test Nos. 18 to 20 according to the present invention were the cases where, in the hot rolling process,
descaling treatment was utilized in order to remove surface scale from each of the rough bars by high-pressure des-
caling after rough rolling and further continuous-continuous hot rolling was utilized, wherein rough bars were heated
with a bar heater and jointed. In any of the cases, the material properties stipulated in the present invention were
satisfied and the effects of the utilization of the above process means were obtained. In the case of Test No. 18, the
bar heater was used, and resultantly the temperature of a rough bar before finish rolling was high and uniform, thus
precipitation was controlled evenly, the quality deviation of the material decreased, and the deviation of elongation was
reduced to 3.8% whereas the elongation deviation of a steel of this class was usually about 6%. Test No. 19 was the
case where a high-pressure descaling apparatus and continuous-continuous hot rolling were applied. By the adoption
of the high-pressure descaling, the surface appearance of the steel material improved remarkably. In addition, by the
adoption of continuous-continuous hot rolling, the shapes at the ends of a coil improved and the material yield improved
up to 97% whereas the material yield was usually about 95%. Further, Test No. 20 was the case where a bar heater
and continuous-continuous hot rolling were utilized. The deviation of elongation decreased to 3.2% and the material
yield improved up to 98%.
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Industrial Applicability

55

A steel material according to the present invention has bendability and weather resistance simultaneously

[0042]

while also having a high strength. By using the steel material, the weight reduction of a steel material for a container

or the like that requires weather resistance can be realized and a longer service life is also realized because of the
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weather resistance. Therefore, the present invention makes it possible to provide environment-friendliness by the
weight reduction and economic effect by the longer service life.

Claims
1. A weather-resistant high strength steel sheet excellent in bendability, characterized by containing, in mass,

C: 0.05 to 0.15%,
Si: 0.5% or less,
Mn: 0.5 to 2.0%,

P: 0.02% or less,

S: 0.005% or less,
Ni: 0.2 to 2.0%,

Cu: 0.2 t0 0.5%, and
Cr: 0.2 t0 1.0%, and

one or more of

Ti: 0.03 t0 0.2%,

Nb: 0.01 to 0.07%,

V: 0.01 to 0.07%, and
B: 0.0005 to 0.0050%,

with the balance consisting of Fe and unavoidable impurities.

2. A method for producing a weather-resistant high strength steel sheet excellent in bendability,
characterized by;

heating a steel material containing, in mass, C: 0.05 to 0.15%,
Si: 0.5% or less,

Mn: 0.5 to 2.0%,

P: 0.02% or less,

S: 0.005% or less,

Ni: 0.2 to 2.0%,

Cu: 0.2 t0 0.5%, and

Cr: 0.2t0 1.0%, and

one or more of
Ti: 0.03 to 0.2%,
Nb: 0.01 to 0.07%,
V: 0.01 to 0.07%, and
B: 0.0005 to 0.0050%,

with the balance consisting of Fe and unavoidable
impurities to a temperature of 1,200°C or higher;

thereatfter, finish-rolling the steel material in the temperature range from 850°C to 950°C; and
coiling the rolled steel material in the temperature range from 500°C to 650°C.

10



CORROSION LOSS (g/dw?)

EP 1 486 580 A1

Fig.1

80 EXPRESSIONS TN
PARENTHESES REPRESENT
(P=0.01%) " P ADDITION EQUIVALENTS
70 ~
o (P=0.02%)
60+
50 (P=0.07%)
(P=0.1%) )
(P>0.1%)
L0F .
30— —- ‘
0.1 0.3 1.0 3.0

NL{%)

1



EP 1 486 580 A1

12



EP 1 486 580 A1

> aV14300Y

¥ x . x

!

) I I I I |

|—= 31914300V

0.1

| S I I I O
003

§ IS T {

001

(um)y a3g

0
0
L0

G"P/2)$S077 NOISONYDD

30

P{%)

13



EP 1 486 580 A1

International application No.
PCT/JP03/00676

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
Int.cl’ C22C38/00, 38/58, C21D9/46

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.cl” C22C38/00-38/60, C21D8/02-8/04, 9/46-9/48

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho  1994-2003

Kokal Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho  19396-2003

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
P,X JP 2002-105596 A (Pohan Aian and Sutiru Co., 1-2
Ltd.),
10 April, 2002 (10.04.02),
Claims
& CN 1345984 A & KR 2002-25571 A
X JP 10-1745 A (Nippon Steel Corp.), 1
06 January, 1998 (06.01.98)},
Claims; column 3, lines 28 to 30
(Family: none)
X JP 2000-63981 A (Nippon Steel Corp.), 1
29 February, 2000 (29.02.00),
Claims; column 3, lines 27 to 31
(Family: none)

Further documents are listed in the continuation of Box C.

[] Seepatent family annex.

* Special ies of cited dc

“A” document defining the general state of the art which is not
considered to be of particular relevance

“E” earlier document but published on or after the international filing
date

“L” * document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later

than the priority date claimed

“T"  later document published after the international filing date or
priority date and not in conflict with the application but cited to
understand the principle or theory underlying the invention
document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such
combination being obvious to a person skilled in the art

document member of the same patent family

“X?

res

Date of the actual completion of the international search

25 March, 2003 (25.03.03)

Date of mailing of the international search report
08 April, 2003 (08.04.03)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 1998)

14




	bibliography
	description
	claims
	drawings
	search report

