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in high magnetic fi él'ypiead pobdbperties requlred of steel sheets for use in

domestic electrical appliances, automobiles, furniture, building

and the like include strength and resistance to rusting. Parts of

television cathode-ray tubes, such as explosion-proof bands and

support frames, should shield the influence of geomagnetism so

20 that electron beams, when passed through a space constituted

thereby, are not deflected. Improved geomagnetic shielding

properties referred to herein mean that the relative permeability

in a d.c. magnetic field around 0.3 Oe corresponding to

. geomagnetism is large. Use of steel sheets satisfying this

25 property requirement even in automobiles, which have more and

more become electrom'éally controlled, creates a possibility of the
prevention of erroneous actuation of instruments.

In general, improved geomagnetic shielding properties can

easily be realized by using non-oriented magnetic steel sheets

30 such as specified in JIS C 2552. In this case, what is required is

' only to increase the relative permeability in a d.c. magnetic field

around 0.3 Oe corresponding to geomagnetism, and, unlike

rotary machines, properties in high magnetic field are not

required. If such steel sheets could be produced in the same

35 equipment as used for the production of steel sheets for press

working, the thickness range of producible sheets could be

broadened and, in addition, the production cost could be
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time of rolling, | eaﬂ'nn%hteo SeF rl?a(\jnﬁr %H \flah{lcmg the amount of steel

products used is contemplated from the viewpoints of a reduction
in weight and life cycle assessment (LCA), a high yield point of, for
example, 250 to 300 MPa or more, is required. This necessitates
20 enhancing the yield point through utilization of one of or a
combination of two or more of solid solution strengthening, fine
grain strengthening, precipitation strengthening, and work
strengthening. In any case, however, geomagnetic shielding
properties rapidly deteriorate with increasing the yield point.
25 Further, when the silicon content is increased, plates are likely to
be broken at the time of rolling, leading to lowered productivity

and yield. This makes it impossible to attain the object.
Accordingly, it is an object of the present invention to solve
the above problems of the prior art and to provide high strength
30 cold rolled steel sheets and high strength plated steel sheets
having improved geomagnetic shielding properties, that is, high
relative permeability in a d.c. magnetic field around 0.3 Oe, and a
process for producing the same. It is another object of the
present invention to provide explosion-proof bands for television
35 cathode-ray tubes or outer magnetic shielding materials using
these high strength cold rolled steel sheets and high strength
plated steel sheets. Cold rolled steel sheets and plated steel
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and yield. This nmakes it inpossible to attain the object.
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steel sheet having improved geomagnetic shielding properties,
that is, having a relative permeability of not less than 500 in a d.c.
magnetic field of 0.3 Oe, comprising, by weight, carbon: 0.0003 to

20 0.0060%, silicon: 0.3 to 1.8%, manganese: 0.2 to 1.8%,
phosphorus: not more than 0.12%, sulfur: 0.001 to 0.012%,
aluminum: less than 0.005%, and nitrogen: not more than
0.0030%, provided that %Mn/%S = 60, with the balance
consisting of iron and unavoidable impurities, said high strength

25 cold rolled steel sheet having a ferrite grain diameter of 10 to 200
pm in its metallographic structure (hereinafter referred to as
“cold rolled steel sheet A”).

The present invention further provides a high strength
cold rolled steel sheet having improved geomagnetic shielding

30 properties, that is, having a relative permeability of not less than
500 in a d.c. magnetic field of 0.3 Oe, comprising, by weight,
carbon: 0.0003 to 0.0060%, silicon: 0.3 to 1.8%, manganese: 0.2
to 1.8%, phosphorus: not more than 0.12%, sulfur: 0.001 to
0.012%, aluminum: 0.005 to 0.04%, nitrogen: not more than

35 0.0030%, and boron: 0.0010 to 0.0030%, provided that %Mn /%S

260 and %B/%N = 0.5, with the balance consisting of iron and
unavoidable impurities, said high strength cold rolled steel sheet
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provides a pr Oggr?:lspljismg the steps of: finish rolling a slab having the same
chemical composition as the cold rolled steel sheet A or B at 750

to 980%C; cold rolling the resultant plate with a reduction ratio of

- 60 to 90%; and, in a continuous annealing equipment, annealing

20 the steel sheet in the temperature range of 750°C to the Ac; point,
or alternatively annealing the steel sheet followed by over aging at
300 to 450°C for not less than 120 sec, thereby producing a high
strength cold rolled steel sheet having a ferrite grain diameter of
10 to 200 i m in its metallographic structure.

25 The present invention further provides a process for
producing a high strength electroplated steel sheet having
improved geomagnetic shielding properties, that is, having a
relative permeability of not less than 500 in a d.c. magnetic field
of 0.3 Oe, produced by electroplating a cold rolled steel sheet with

30 the content of silicon in the surface layer being not more than 5%,
the process comprising the steps of: finish rolling a slab having
the same chemical composition as the plated steel sheet C or D at
750 to 980C; coiling the resultant hoop at 700°C or below; cold
rolling the coil with a reduction ratio of 60 to 90%; and, in a

35 continuous annealing equipment having an over aging zone,
annealing the steel sheet in the temperature range of 750C to
the Ac; point in a dew point of 0°C or below, or alternatively




producing a high strength cold rolled steel sheet having inproved
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The present inthet Aey fpointier opr altelmsativelyociass af ocontinuous annealing
equipment having an over aging zone or in an in-line annealing
type continuous galvanizing equipment, subjecting the steel

20 sheet to annealing in the temperature range of 750°C to the Ac,
point and over aging at 300 to 450°C for not less than 120 sec,
thereby producing a high strength electroplated steel sheet
having a ferrite grain diameter of 10 to 200 u m in its
metallographic structure.

25 According to the present invention, high strength cold
rolled steel sheets and high strength plated steel sheets and high
strength plated steel sheets can be obtained which realize both
high relative permeability in a d.c. magnetic field around 0.3 Oe
corresponding to geomagnetism, that is, improved geomagnetic

30 shielding properties, and high strength such as represented by
yield strength. Further, they can be easily produced using the
same continuous annealing equipment or in-line annealing type
galvanizing equipment as used for the production of steel sheets

_ for press working. _ |

35 Further, when the steel sheets according to the present
invention are applied to explosion-proof bands or support frames
for television cathode-ray tubes, the effect of preventing the




produci ng a high strength el ectropl ated steel sheet having ~ inproved
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Further, when the st sheet S cor ) ‘ rese \ ent ion are
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cat hode-ray t umsentoirs katechoticedr thavtsolid t$siution strengthening of an

ultra low carbon steel having a carbon content of not more than

0.0040% without relying upon precipitation strengthening and

20 refinement of ferrite grains is crucial for realizing both increased

relative permeability in a d.c. magnetic field around 0.3 Oe

corresponding to geomagnetism and enhanced strength such as

represented by yield point. The present inventors have made

extensive and intensive studies and, as a result, have

25 unexpectedly found that solid solution strengthening conducted

mainly by silicon and manganese and, at the same time,

deoxidation with silicon so as for substantially no aluminum to

be left in the steel, or alternatively addition of boron in a given

amount or larger in relation with the amount of nitrogen in the

30 case of deoxidation with aluminum can provide a ferrite grain

diameter of 10 to 30 um and a relative permeability of not less

than 500 in a d.c. magnetic field of 0.3 Oe, that is, improved
geomagnetic shielding properties.

When the carbon content exceeds 0.0040%, the

35 geomagnetic shielding properties are likely to deteriorate with age

due to magnetic aging. On the other hand, when the amount of

silicon and inanganese added is large, it is not always easy to



6 i nfl uence of perpendicular magnetic fields is nuch better than

that of the conventional steel sheets, contributing greatly to an

i nprovenent in quality of television cathdbe-ray tubes. Furt her nor e,
the steel sheets according to the present invention 5 are applicable to a
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to magnetic aghRgspdrtis® AbPS IR thatl'®d' 19%, 28RHAY: %.001 to 0.012%,

aluminum: less than 0.005%, and nitrogen: not more than

20 0.0030%, provided that %Mn /%S > 60 wherein %Mn represents

the manganese content and %S represents the sulfur content,

with the balance consisting of iron and unavoidable impurities,

said high strength cold rolled steel sheet having a ferrite grain

diameter of 10 to 200 um in its metallographic structure and a

25 relative permeability of not less than 500 in a d.c. magnetic field

of 0.3 Oe.

(2) A high strength cold rolled steel sheet having improved

geomagnetic shielding properties, comprising, by weight, carbon:

0.0003 to 0.0060%, silicon: 0.3 to 1.8%, manganese: 0.2 to 1.8%,

30 phosphorus: not more than 0.12%, sulfur: 0.001 to 0.012%,

aluminum: 0.005 to 0.04%, nitrogen: not more than 0.0030%,

and boron: 0.0010 to 0.0030%, provided that %Mn/%S = 60

and %B/%N 2= 0.5 wherein %Mn represents the manganese

content, %S represents the sulfur content, %N represents the

35 nitrogen content, and %B represents the boron content, with the

balance consisting of iron and unavoidable impurities, said high

strength cold rolled steel sheet having a ferrite grain diameter of

O »




silicon and nmanganese added is large, it is not always easy to

7" bring the carbon centent to not nore than 0.0040% This
unfavorably nmakes it difficult to further 8 nprove the geonmagnetic
shiel ding properties. The present inventors have nade further st udi es
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(2) A high strength coI eet haV| n nprove geonmagneti c
shi el di ng propﬁ? -6i magnetigdiel of PadfIs: 0. 0003 to 0.0060%

silicon: @53 to 1. 8%5) M&&ﬁ%ﬁoxﬂp%obﬁbhrﬁi/%r an outer magnetic shielding

material for a television cathode-ray tube using the steel sheet
according to the above item (1), (2), (3), or (4).

(6) A process for producing a high strength cold rolled steel

sheet having improved geomagnetic shielding properties,

20 comprising the steps of: finish rolling a slab having the chemical

composition described in the above item (1) or (2) at 750 to 980%C;

cold rolling the resultant plate with a reduction ratio of 60 to

90%; and, in a continuous annealing equipment, subjecting the

cold rolled plate to annealing in the temperature range of 750°C

25 to the Ac; point to produce a high strength cold rolled steel sheet

having a ferrite grain diameter of 10 to 200 x m in its

metallographic structure and a relative permeability of not less

than 500 in a d.c. magnetic field of 0.3 Oe.

(7) A process for producing a high strength cold rolled

30 steel sheet having improved geomagnetic shielding properties,

comprising the steps of: finish rolling a slab having the chemical

composition described in the above item (1) or (2) at 750 to 980°C;

cold rolling the resultant plate with a reduction ratio of 60 to

90%; and, in a continuous annealing equipment having an over

35 aging zone, subjecting the steel sheet to annealing in the

temperature range of 750°C to the Ac; point and to over aging at

300 to 450°C for not less than 120 sec to produce a high strength



30 phosphorus: not nore than 0.12% sulfur: 0.001 to 0.012% al um num

0-005 to 0.04% nitrogen::not nore than 0.0030% and boron: 0.0010 to
0. 0030% provided .that: %9/ % [err] 60 9and 9B/ %N [err] 0.5 wherein %h
represents the manganese content, % represents the sulfur content, 9N
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of not less than 500 in a d.c. magnetic field of 0.3 Oe.
(9) A process for producing a high strength electroplated
steel sheet having improved geomagnetic shielding properties,
20 comprising the steps of: finish rolling a slab having the chemical
composition described in the above item (3) at 750 to 980°C;
coiling the resultant strip at 700°C or below; cold rolling the coil
with a reduction ratio of 60 to 90%; and, in a continuous
annealing equipment having an over aging zone, annealing the
25 steel sheet in the temperature range of 750°C to the Ac; pointina
dew point of 0°C or below and subsequently subjecting the
annealed sheet to over aging at 300 to 450°C for not less than
120 sec to produce a cold rolled steel sheet having a ferrite grain
diameter of 10 to 200 u m in its metallographic structure and a
30 surface layer silicon content of not more than 5%; and
electroplating the cold rolled steel sheet to produce a high
strength electroplated steel sheet having a relative permeability
of not less than 500 in a d.c. magnetic field of 0.3 Oe.
(10) A process for producing a high strength plated steel
35 sheet having improved geomagnetic shielding properties,
comprising the steps of: finish rolling a slab having the chemical
composition described in the above item (4) at 750 to 980°C; cold
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a high temperature range of 7 0°C to the Ac; point and over aging at
300 to 450°C for not less than 120 sec to produce a high strength
plated steel sheet having a ferrite grain diameter of 10 to 200 u
20 m in its metallographic structure and a relative permeability of
not less than 500 in a d.c. magnetic field of 0.3 Oe.
The present invention will be described in more detail.
At the outset, the reasons for the numerical limitation of
carbon, silicon, manganese, phosphorus, sulfur, aluminum,
25 Dboron, and nitrogen as main additive elements will be described.
Carbon is an element that is very important for enhancing
the yield point by solid solution strengthening or precipitation
strengthening. Even though the proportion of the manganese
. content to the sulfur content is brought to a given value as in the
30 feature of the present invention, geomagnetic shielding
properties are deteriorated due to precipitation of fine carbides
involved in aging, when the carbon content exceeds 0.0040% if
over aging is not carried out, or when the carbon content exceeds
0.0060% even though over aging at 300 to 450°C for not less
35 than 120 sec is carried out in the course of cooling to room
temperature after annealing. On the other hand, a carbon
content of less than 0.0003% necessitates a very long period of



strength el ectroplated steel sheet having a relative perneability of
not less than 500 in a d.e. magnetic field of 0.3 Ce. (9) A
process for producing a high strength eledﬂroplated st eel sheet having
i nproved geomagnetic shiel di ng propertles conprising the steps of:
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carned out, thlS detenorates the adhesion of plating and, in

addition, remarkably deteriorates the suitability - for
electroplating.

20 Manganese, as with silicon, is dissolved as a solid solution
in grains without significantly changing the diameter of ferrite
grains to replace iron atoms. This distorts crystal lattices to
enhance the yield point. On the other hand, manganese does
not significantly affect geomagnetic shielding properties and

25 hence is added in an amount of not less than 0.2% from the
viewpoint of enhancing the yield point. Addition of manganese
in an amount exceeding 1.8%, however, results in significantly
refined ferrite grains. This leads to significantly deteriorated
geomagnetic shielding properties, and very high cost is required

30 for achieving a combination of good geomagnetic shielding
properties with a carbon content falling within the scope of the
present invention. Further, %Mn/%S = 60, wherein %Mn
represents the manganese content and %S represents the sulfur
content, should be satisfied from the viewpoint of preventing the

35 deterioration of geomagnetic shielding properties by aging. In
the case of %Mn/%S < 60, geomagnetic shielding properties are
deteriorated by aging, as can be understood from the fact that,




(11) A process for produci hg a high strength plated steel 10 sheet having

| mpr oved geonmagnetic shielding properties, conprising the steps of:
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degassi ng, unfréb%lg'i\ty 2 TR0 g’&“&ﬁb‘l"%} sheets like those according
to the present invention, addition of a large amount of

phosphorus in combination with silicon renders the steel sheet

very brittle. In order to avoid this, phosphorus is preferably

20 added in an amount of not more than (0.12 - 0.04 x %Si)%
wherein %Si represents the amount of silicon added.

Sulfur forms MnS which inhibits movement of magnetic

. domain walls and at the same time inhibits the growth of ferrite

grains. This deteriorates the geomagnetic shielding properties.

25 For this reason, the upper limit of the sulfur content is 0.012%.

On the other hand, a sulfur content of less than 0.001%

unfavorably brings about significantly increased production cost.

Aluminum is generally used for deoxidation of steels.

Aluminum, however, precipitates as fine AIN which inhibits

30 movement of magnetic domain walls and at the same time

inhibits the growth of ferrite grains. This deteriorates the

geomagnetic shielding properties. For this reason, use of

aluminum in an amount in excess of that required for the

capture of oxygen is unfavorable, and the amount of aluminum

35 added is limited to less than 0.05% so that aluminum is

substantially absent in the steel. When silicon is added,

addition thereof in an amount of less than 0.005% sometimes

(@4



I ncreased production cost. Silicon is dissolved as a solid

solution in grains wthout significantly changing the dianeter of
ferrite grains to replace 5 iron atons. Th3s distorts crystal lattices to
enhance the yield point. On the other hand, silicon does not
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geomagnetic s ﬁlearlorgltmnpﬁrgttmmtlc elthngopmpdﬂquagl ng, as can be
under st 00ggf rom t he Baesn ti8hn element that, when aluminum is present in
the steel, plays a very important role. Specifically, boron is
added to form BN which inhibits the precipitation of fine AIN and
improves the geomagnetic shielding properties. This purpose is
attained when the amount of boron added is not less than

25 0.0010% with %B/%N = 0.5 wherein %N represents the nitrogen
content and %B represents the boron content. On the other
hand, addition of boron in an amount exceeding 0.0030% should
be avoided because this inhibits the growth of ferrite grains and
rather deteriorates the geomagnetic shielding properties.

30 Titanium, niobium, copper, tin, =zinc, zirconium,
molybdenum, tungsten, chromium, nickel and the like are
contained as unavoidable impurities. These elements are
unfavorable from the viewpoint of achieving both good
geomagnetic  shielding properties and high strength

35 contemplated in the present invention. The total content of
these elements is preferably less than 0.3%.

Next, the reasons for the limitation of conditions for the




12 i ndependent|y of the carbon content and of whether or not over
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properties. Farbovta |930°éhas contemplated, the heating temperature should be

unfavorably remarkably raised. The finishing temperature is
particularly preferably 800°C to the Ar; point from the viewpoint
20 of facilitating the growth of ferrite grains after cold rolling and
annealing. The cooling method after hot rolling and the coiling
temperature are not particularly limited. @ However, when
galvanizing is carried out because of unsatisfactory pickling due
to increased scale thickness and enrichment of silicon on the
25 surface layer, the coiling temperature is preferably 700°C or
below from the viewpoint of preventing a deterioration in
adhesion of plating and a significant deterioration in suitability
for electroplating.
Cold rolling may be carried out under conventional
30 conditions. The reduction ratio is not less than 60% particularly
from the viewpoint of efficiently removing scale by pickling. On
the other hand, cold rolling with a reduction ratio exceeding 90%
is unrealistic because a large cold rolling load is necessary.
When annealing is carried out in a continuous annealing
35 equipment or an in-line annealing type continuous galvanizing
equipment, the annealing temperature is 750°C to the Ac; point.
When the annealing temperature is below 750 °C , the




al um num.in an anount in excess of that required for the capture of
oxygen is unfavorable, and the anobunt of alum num 35 added is limted to

| ess than 0.05% so that alumnumis s@bstantially absent in the steel.
When silicon is added, addi tion thereof in an anount of | ess than
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wherein 9N repr e.sent SthSed! tIl‘?l%refore preferably, over aging is carried out
at 300 to 450°C for not less than 120 sec in the course of cooling
to room temperature after the annealing. When the over aging
temperature exceeds 450°C or when the over aging time is less
20 than 120 sec, the precipitation of carbon is unsatisfactory. In
this case, carbides are finely precipitated during use at room
temperature, leading to a deterioration in geomagnetic shielding
- properties with age. On the other hand, when the over aging
temperature is below 300°C, precipitated carbides are refined
25 during over aging. In this case, the geomagnetic shielding
propérties are unsatisfactory, even immediately after the
production of the steel sheet. _
Subsequent optional surface treatment for rust preventive
purposes, such as zinc plating and alloy plating including zinc-
30 nickel plating, and the provision of an organic film on the plating,
do not influence geomagnetic shielding properties which are the
feature of the present invention.
After the annealing, temper rolling and shearing and
working of the steel sheet into contemplated shapes of
35 components lower the relative permeability in a d.c. magnetic
field around 0.3 Oe. Since, however, explosion-proof bands and
support frames of television cathode-ray tubes are used in the



content and 98 represents the boron content. On the other hand,
addition of boron in an anmpunt exceedi ng 0.0030% shoul d be avoi ded
because this inhibits the growh of ferritl§ grains and rather
deteriorateées the geomagnetic shielding properties. Ti t ani um

30
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ti ' ke rtie and . -stren cont e in
geomanct Sy hAEA SRLIRET elea8ol in Al cotlesf dF BinaiRl eBOCE
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o odunt onl; BN REEReallty i Ay AEISS SRIG AIRAG 3O s motoe
descri bed. significanflyy ditffer CMyﬁhﬁnuﬂrﬁthif?hﬁd lim;ﬁié(ﬁuth_ély | afftet aﬂilen
f hot | . eci k4 C.exa es,.thereof include continuous:cas
s?gbso 5 andrgﬁggk@uce tlﬁ;nr::bgligb %B’f%Ye@n@ePﬁ%agP?gc F}éﬁﬁia}{lg
the present irnpropériies sadnipgh steength such asorspresented by thetyieldus
cast i ng-di rECt?[)ﬂ:Hé t%:g;é@gw?erel n hot rolling is carried out

ng. n

I mredi ately affer casti lons for hot rolling I S not . .
particulallly |inited. 10 The finishing tenperature of hot rolling is
750 to 980[err]C When t he finish?gg?%£$%$$9ture is below 750[err]C, a
structure in unrecrystallized sta and deteriorates cold

rollability. r, in this{case, it IS not easy to bri?g the size of
- : . . . . s
[T 5510 fori T, Sl g sl o AR SR g i
other hand, wh&Rt¢hatsiolied te taEhigdmess of 040 6.Q mpennderconditionse
980[err] Ci5s cigidieapediadTablec2 hpatkled, AP o lfbﬂeﬂhﬂilggoaﬁ'ce 0.7t0 1.6
unfavor abl'y reﬂa%‘fé%%& col elgdlle estfele Isstrh:r)lgl tﬁ'@Peerc% ('irroﬁesd steel strips
- were heat treated in a continuous annealing equipment under
conditions indicated in Table 2 and further temper rolled with an
elongation of 0.3%. JIS No. 5 test pieces were taken off from the
20 steel strips, thus obtained, in a direction parallel to the rolling
direction and subjected to a tensile test at room temperature to
determine yield strength (YP) and tensile strength (TS). Further,
samples having a size of 30 mm x 300 mm taken off from the
same steel strips were combined to determine the relative
25 permeability in a d.c. magnetic field of 0.3 Oe by the d.c. Epstein
method according to JIS C 2550. Furthermore, the relative
permeability was measured again after aging at 200°C for 2 hr to
investigate a change in relative permeability with age. Further,
a section was corroded and then observed under an optical
30 microscope at a magnification of 100 times to determine the
average particle diameter of ferrite grains. The results are
summarized in Table 2.
As is apparent from Table 2, sample Nos. 1, 2, 4, 7, 8, 10,
12, 19, 27, 28, 31, 33, and 35, which have chemical compositions
35 specified in the present invention and have a ferrite grain
diameter of 10 to 200 um, have a yield point of not less than 300

MPa and at the same time have a relative permeability of not less




particularly preferably 800[err]C to the Ar3 point fromthe viewoint 20

of facilitating the growh of ferrite grains after cold rolling and

anneal ing. The cooling nethod after hot rqffl ing and the coiling
tenperature are not particularly limted. However, when galvanizing is
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gal vani zing temperaterd, utipropercevenagienpeestilts 11189269[9'5& thbe
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When the silicon content in ace ayer reac 5 0 0f nore,

properties appear to etenoratc with age.

Even in the case of a chemical composition specified in the

present invention, when, as can be understood from sample Nos.

' 9, 11, 15, 30, and 36, the steel sheet has a ferrite grain diameter

20 not in the range of 10 to 200 um due to improper production

conditions and, in particular, contains unrecrystallized grains or

has a mixed grain structure, the steel sheet has a relative

permeability of less than 500 in a d.c. magnetic field of 0.3 Oe

and does not have improved geomagnetic shielding properties.

25 For sample Nos. 5, 6, 13, and 14 wherein the content of silicon in

the surface layer exceeds 5%, the suitability for electroplating is

Very poor.

On the other hand, for sample Nos. 7 and 37 wherein

the %Mn/%S value is less than 60, even after over aging

30 according to the present invention, the relative permeability

significantly deteriorates with age. For sample No. 24 wherein

the silicon content is high, although the chemical composition is

outside the scope of the present invention, this sample steel has

high yield point and large relative permeability, and does not

35 undergo a deterioration in relative permeability with age, but on

the other hand, the suitability for electroplating is poor, making it

impossible to extensively utilize this steel sheet as industrial




the suitability for electroplating is deteriorated. For this reason,
the annealing is preferably carried out at dew point O[err]C or bel ow
When the carbon content exceeds 0.0040% {48e geommgnetic 15 shielding
properties are likely to be deteriorated due to magnetlc ag| ng with

age. Therefor r abl over . a ri ed, ol
4%0[ err]C for%}-é:{ﬁ]‘f‘te &qg%ngeg)t?%r t%ggjc’ﬁj t CCJH‘? r%cope ?g lilb%m
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sur f alcle tr e?;t cally of) i bringing:the ferrite gmanplclhametﬁn:to 49 to 20(| arnng
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p][ ;)grert Lgégle@Qﬁ@%,I‘b&S a T@aﬂgcwmlbtﬁgﬁ'd%lcgmmm 500 in a d.c.

?t eel sheet |‘r51itﬁogconte I ?Ihg gseor%h@gﬁg%%onents t\/\e\fgt e rg% #lve
perneability |gﬁme%§iié? PTQP@té\B%eround 0.3 Ce. Since, however,

expl osi on-pro nd support frames of television cathode-ray
tubes are used In t

state of being conp Gandk i} mwg@mg@bsemmﬁﬁqwéadilgateckml i ng
from about15600'sbld T, thdi%t hos, rdlIbd he ﬁhﬂh&!ﬂ{dést @%1'45551:6(; 6.'08&1%?} unfér
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1.0 to 1.6 mm-thick cold rolled steel strips. The cold rolled steel
strips in their surface layer were then galvanized using an in-line
annealing type continuous galvanizing equipment while
20 performing heat treatment under conditions indicated in Table 2,
followed by temper rolling with an elongation of 0.3%. JIS No. 5
test pieces were taken off from the steel strips, thus obtained, in a
direction parallel to the rolling direction and subjected to a
tensile test at room temperature to determine yield strength (YP)
25 and tensile strength (TS). Further, samples having a size of 30
mm x 300 mm taken off from the same strips were combined to
determine the relative permeability in a d.c. magnetic field of 0.3
Oe by the d.c. Epstein method according to JIS C 2550.
Furthermore, the relative permeability was measured again after
30 aging at 200°C for 2 hr to investigate a deterioration in relative
permeability with age. Further, a section was corroded and then
observed under an optical microscope at a magnification of 100
times to determine the average particle diameter of ferrite grains.
The results are summarized in Table 3.
35 As is apparent from Table 3, sample Nos. 1, 2, 4, and 5,
which have chemical compositions specified in the present
invention and have a ferrite grain diameter of 10 fo 200 #m, are



5 relative perneability in a d.c. magnetic field around 0.3 Ce is not
stgnificantly different fromthat found i mediately after the

annealing. That is, both inproved geomagid®ti c shi el di ng properties and
hi gh strength such as represented by the yield poi nt can be realized.
10
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sample No. 12 (example of the present invention) and sample No.
30 (comparative example) shown in Table 2. The electroplated
steel sheets were applied to explosion-proof bands or outer
20 magnetic shielding materials for television cathode-ray tubes to
evaluate geomagnetic shielding properties.
The geomagnetic shielding properties were evaluated by
the following method.
Under such an environment that a vertical magnetic field
25 of 0.35 Oe and a horizontal magnetic field of 0.3 Oe have been
applied, the direction of the television cathode-ray tubes was
changed to the east, the west, the soﬁth, and the north in that
order. In this case, the color shift of electron beams from the
reference point in each direction, Bh, and the color shift of
30 electron beams upon a change in vertical time to 0.35 Oe with the
horizontal magnetic field being 0 Oe, Bv, were determined. For
each of Bh and Bv, the smaller the absolute value, the smaller the
color shift and the better the geomagnetic shielding properties of
the television cathode-ray tube.
35 The results of the evaluation on the geomagnetic shielding
properties are summarized in Table 4. As is apparent from the
results shown in Table 4, all the absolute values of Bh and Bv for
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17 than 500 in a d.c. magnetic field of 0.3 Ce. In this case, they
caused no aging deterioration. Therefore, it is apparent that t hese
sanpl es have both hi gh-strength and i nprogéd geonmagneti ¢ shi el di ng

properties. By contrast, even though the 5 steel sheet has a chem cal
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hand, for sanple Nos. 7 and 37 wher ein the %h/ % value is | ess than
60, even after over aging 30 according to the present invention, the
relative perneability significantly deteriorates with age. For sanple
No. 24 wherein the silicon content is high, although the chem cal
conposition is outsi de the scope of the present invention, this sanple
st eel has high yield point and |arge relative perneability, and does

not 35 wundergo a deterioration in relative perneability with age, but on



the other hand, the suitability for electrdptating is poor, making it
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geomagnetic shielding properties, conprising, by weight,—ecarbon: _0.0003 to
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2. A high strength cold rolled steel sheet having improved
geomagnetic shielding properties, comprising, by weight, carbon:
0.0003 to 0.0060%, silicon: 0.3 to 1.8%, manganese: 0.2 to 1.8%,
phosphorus: not more than 0.12%, sulfur: 0.001 to 0.012%,
aluminum: 0.005 to 0.04%, nitrogen: not more than 0.0030%,
and boron: 0.0010 to 0.0030%, provided that %Mn/%S = 60
and %B/%N = 0.5 wherein %Mn represents the manganese
content, %S represents the sulfur content, %N represents the
nitrogen content, and %B represents the boron content, with the
balance consisting of iron and unavoidable impurities, said high
strength cold rolled steel sheet having a ferrite grain diameter of
10 to 200 pm in its metallographic structure and a relative
permeability of not less than 500 in a d.c. magnetic field of 0.3
Oe.

3. A high strength electroplated steel sheet having
improved geomagnetic shielding properties according to claim 1
or 2, wherein the relative permeability is not less than 500 in a
d.c. magnetic field of 0.3 Oe, said high strength electroplated
steel sheet obtainable by electroplating a cold rolled steel sheet
with the silicon content of a surface layer being not more than
5%. :

4. A high strength plated steel sheet having improved
geomagnetic shielding properties according to claim 1 or 2,
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7. A process for producing a high strength cold rolled steel
sheet having improved geomagnetic shielding properties,
comprising the steps of: finish rolling a slab having the chemical
composition described in claim 1 or 2 at 750 to 980°C; cold rolling
the resultant plate with a reduction ratio of 60 to 90%; and, in a
continuous annealing equipment having an over aging zone,
subjecting the steel sheet to annealing in the temperature range
of 750°C to the Ac; point and to over aging at 300 to 450°C for
not less than 120 sec to produce a high strength cold rolled steel
sheet having a ferrite grain diameter of 10 to 200 g m in its
metallographic structure and a relative permeability of not less
than 500 in a d.c. magnetic field of 0.3 Oe.

8. A process for producing a high strength electroplated |
steel sheet having improved geomagnetic shielding properties,
comprising the steps of: finish rolling a slab having the chemical
composition described in claim 3 at 750 to 980°C; coiling the
resultant strip at 700°C or below; cold rolling the coil with a
reduction ratio of 60 to 90%; and, in a continuous annealing
equipment, subjecting the steel sheet to annealing in the
temperature range of 750°C to the Ac; point in a dew point of 0°C
or below to produce a cold rolled steel sheet having a ferrite grain
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t he rolled steel sheet to produce a high strength electroplated steel
sheet having a relative permeability of not less than 500 in a d.c.
magnetic field of 0.3 Oe.

10. A process for producing a high strength plated steel
sheet having improved geomagnetic shielding properties,
comprising the steps of: finish rolling a slab having the chemical
composition described in claim 4 at 750 to 980%C; cold rolling the
resultant plate with a reduction ratio of 60 to 90%; and, in a
continuous annealing equipment or in an in-line annealing type
continuous galvanizing equipment, annealing the steel sheet in
the temperature range of 750°C to the Ac; point to produce a
high strength plated steel sheet having a ferrite grain diameter of
10 to 200 pxm in its metallographic structure and a relative
permeability of not less than 500 in a d.c. magnetic field of 0.3
Oe.

11. A process for producing a high strength plated steel
sheet having improved geomagnetic shielding properties,
comprising the steps of: finish rolling a slab having the chemical
composition described in claim 4 at 750 to 980°C; cold rolling the



29 resultant pijmﬂm E’rmmﬁ"y on ratio of 60 to 90% and, in a
¢ont i nuous anne ving an over aging zone or in an in-line
anneal i ng type conti‘nubus™gaf vahi zi ng equd%nent, subjecting the cold rolled
plate to annealing in the tenperature range of 750[err]C to the Ac3 point
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[err] mini teomm¢uereahﬁgr maﬁ%avmgahwcpa;gliﬁgwné prah not

less than 500 an’ if ﬂnc am'(tgeae_“lmC Icy]? | dcontmum% galvanizing equipment,
subjecting the cold rolled plate to annealing in the temperature
range of 750°C to the Ac; point and over aging at 300 to 450C
for not less than 120 sec to produce a high strength plated steel
sheet having a ferrite grain diameter of 10 to 200 ym in its
metallographic structure and a relative permeability of not less
than 500 in a d.c. magnetic field of 0.3 Oe.



