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(57) L mvention porte sur un procede de production d un
materiau magnetique semi-rigide ayant un rapport de
rectangulanite¢ ¢leve et un excellent trempage
magnetisant. Ce procede permet de produire €galement,
de maniere approprice, un materiau de polarisation de
marqueur magnetique. Ce procede consiste a chauffer un
matériau plaqueé multicouche obtenu par passage par
diffusion dune couche A comprenant principalement Fe
avec une couche B comprenant principalement un meétal
non magnetique du groupe Cu, découper la couche B, et
former a froid le matériau, ce qui permet de produire un
materiau magnetique semi-rigide ayant un rapport de
rectangulanit¢ ¢leve et un excellent trempage
magnetisant, ainst qu'un mateériau de polarisation de
marqueur magnetique.
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(57) A method of producing a semirigid magnetic
material having a high rectangulanty ratio and an
excellent magnetizing steepness, and suitably a magnetic
marker bias material, the method comprising the steps of
heating a multilayer clad material formed by diffusion-
joming a layer A mainly consisting of Fe with a layer B
mainly consisting of a Cu group nonmagnetic metal,
shredding the layer B, and then cold-plastic-forming the
material, thereby making 1t possible to produce a
semirigid magnetic material having a high rectangularity
ratio and an excellent magnetizing steepness and a

magnetic marker bias material.
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ABSTRACT

The invention relates to a semi-hard magnetic
material having rectangular hysterisis loop and superior
magnetiza-tion steepness and a method of producing a
bias material preferably used for a magnetic marker.
This method comprises the steps of preparing a
multilayer clad material 1in which layers “A” each
containing Fe as the main component thereof and layers
*B” containing as the main component thereof a Cu group
metal are diffusion-bonded, heating the multilayer clad
material, subjecting the material to a dividing
treatment, and applying cold working thereto. By this
method, it becomes possible to obtalin the semi-hard
magnetic material having high squareness ratio and
superior magnetization steepness, and to obtain the bias

material for the magnetic marker.
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SPECIFICATION

SEMI-HARD MAGNETIC MATERIAL, METHOD OF PRODUCING SAME,

AND MAGNETIC MARKER USING SAME

TECHNICAL FIELD

The invention relates to a semi-hard magnetic
material used for relays and blas materials of a
magnetlic marker, a method of producing the semi-hard
magnetic material, and a magnetic marker using the semi-
hard magnetic material.

A semi-hard magnetic material which can
maintaln a magnetizing state and which can also perform
the demagnetization thereof has been used as a material
for relays. As a representative semi-hard material,
there 1s known such a Fe-Cr-Co based alloy and etc. as
disclosed in JP-B-51-18884.

As regards the semi-hard magnetic material,
there have been proposed various alloys other than the
above Fe-Cr-Co based alloy, 1n view of required, various
magnetic characteristics such as coercivity, saturation
magnetic flux density and etc.

Further, regarding the use of the semi-hard
magnetic material, 1t 1s possible to utilize it for
producing such a bilias element for a magnetic marker as
to be used for monitoring articles, as disclosed 1in JP-
A-8-82285. This bias element 1s combined with a

magnetostriction element made of an amorphous magnetic

E4807
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material etc. so that i1t may be used to regulate
magnetostrictive vibration.

A semi-hard magnetic material used as a bilas
material for relays or magnetic markers is required to
have easiness of regulating coercivity, high saturation
magnetic flux density, and clearness of the on-off of a
magnetizing state and another demagnetizing state.

The respect that the material has the
clearness of the on-off means that 1t 1s possible to
observe that the semi-hard materlial has a rectangular
hysteresis loop and a squarish corner regarding each
quadrant of the B-H curve with the result that the shape
of the B-H curve is similar to or approaches a rectangle
(, which is called below “magnetization steepness”).

The respect that the corner 1s squarish means that, 1n a
magnetic material, the displacement of domaln walls and
the rotation of magnetic domains occur simultaneously by
an applied magnetic field of a predetermined intensity.

As one of the semi-hard materials, the present
inventors have found out a Fe-Cu based alloy which 1s
separated into two phases because these two elements are
low each other in solid-solubility. The Fe-Cu based
alloy is known to have easiness regarding the regulating
of coercivity by adjusting the amount of a non-magnetic
Cu phase to be dispersed in a matrix containing as the
main constituent thereof Fe with magnetism.

However, 1in a case of actually producing the

semi-hard magnetic material of Fe-Cu based alloy by use
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of a melting process, since there is a large difference
between the solidification points of Fe and Cu, there
have occurred such problems as Cu is condensed at the
central portion of an alloy ingot when the ingot is made
and as the ingot 1s inferior in workability and
particularly in hot-workability due to the separation of
the Cu phase with the result of the occurrence of
cracks, so that this material is far from the mass
production thereof insofar as a method of plastically

working the ingot of the material is concerned.

On the other hand, as a method of producing a
composite body of different kinds of metals, there is
known, as dilsclosed in “Heat Treatment” Vol.38, No.2,
pages 75 to 79, 1issued in April, 1998, a method of a
multilayer metal body, comprising the steps of providing
a layered body of different metals, and repeating the
rolling of the layered body so that the multilayer metal
body may be produced.

In a case of applying this method to the Fe-Cu
based alloy, since the sheets of Fe and Cu are stacked,
it becomes possible to remove such difficulties in
ingot-formability and in workability. Thus, in this
multilayer metal body, there occurs such a structure as
Fe and Cu are layered with very small intervals, so that
the coercivity thereof become somewhat enhanced.

However, 1n this multilayer metal body, Cu
exists 1n the state of foil, so that it is not

sufficient as a semi-hard magnetic material. Of course,
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raising a ratio of Cu existing therein makes 1t possible
to raise the coercivity, however, 1t will lead to the

drop of the saturation magnetic flux density thereof.

DISCLOSURE OF THE INVENTION

In view of the above-explalined problems, the
object of the inventlion is to obtain a method of
producing a novel, semi-hard magnetic material, the
semi-hard magnetic material produced by the method which
material has a superior magnetic characteristic, and a
magnetic marker using the semi-hard magnetic material.

The present inventors have repeated researches
of multi-layered metal structure of Fe and Cu 1n order
that a semi-hard magnetic materilial may be produced from
the Fe-Cu multilayer material. As a result thereof, the
present inventors found out a surprising phenomenon
that, by heating the Fe-Cu multi-layered metal body, Cu
layers are agglomerated to become spheres, with the
result that the Cu layers is divided 1nto a discrete
phase fine in size.

Further, the present inventor found out that
cold working of the structure having the discrete, fine
Cu phase makes the structure anisotropic and leads to
raise remarkably the coercivity thereof.

Namely, according to the first aspect of the
invention, there is provided a method of produciling a
semi-hard magnetic material, comprising the steps of

preparing a multilayer body in which both a layer "A”




10

15

20

25

CA 02308204 2000-05-01

S

containing Fe with magnetism as a main constituent
thereof and another layer “B” containing non-magnetic
metal of the Cu group are stacked, heating the
multilayer body so that the layer “B” may be divided
into a discrete phase, and performing the cold working
thereof.

As regards the dividing treatment, it is
preferred to perform the Cu layer-dividing treatment at
a holding temperature of 680 to 1085TC for a holding
period of time of 10 to 180 minutes.

In the present invention, it is preferred to
perform a magnetization steepness-generating heat
treatment for enhancing the squareness ratio and the
magnetization steepness, and it is preferred to perform
the magnetization steepness-generating heat treatment at
a holding temperature of 400 to 700C for a holding
period of time of 2 to 120 minutes.

According to the second aspect of the
invention, there is provided a method of producing a
semi-hard magnetic material which is a sheet having a
thickness of 0.03 to 1.0 mm by cold working.

The semli-hard magnetic material of the
invention has such a structure as a plurality of layers
"B” each 1ncluding partially divided, strip-like
portions of Cu as the main thereof are laminated with
the layer “A” being interposed therebetween.

According to the third aspect of the

invention, there is provided a magnetic marker produced
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by locating the semi-hard magnetic material of the
inventlon so that a bias magnetic field may be applied

to the magnetostriction element of the magnetic marker.

BRIEF DESCRIPTIOIN OF THE DRAWINGS

Fig.l 1s a diagram showing the steps of
producing the semi-hard magnetic material of the
invention;

Fig.2 1is a photograph showing a micro
structure of a comparative semi-hard magnetic material;

F1g.3 1s a photograph showing a metal
structure of a comparative semi-hard magnetic material
subjected to a dividing treatment;

Fig.4 1s a photograph of a metal structure of
another semi-hard magnetic material of the invention:

Fig.5 is a photograph of a metal structure of
still another semi-hard magnetic material of the
invention;

Fig.6 1s a graph showing the measurement
result of the magnetic characteristic regarding a semi-
hard magnetic material of the invention;

Fig.7 1s a graph showing the measurement
result of the magnetic characteristic regarding another
seml-hard magnetic material of the invention;

Fi1g.8 1s a graph showing the measurement
result of the magnetic characteristic regarding still
another semli-hard magnetic material of the invention;

and
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Fig.9 is a perspective view showling one
example of the structure of a magnetic marker in which a

bias material of the invention for the magnetic marker

is comblned.

THE BEST MODE FOR WORKING THE INVENTION

The basic technique of the invention resides
in the respect that, by the steps of dividing through
the heat treatment the Cu layers of the multilayer body
having the stacked layers of Fe and Cu, and cold working
to make the structure anisotropic, the properties of the

coercivity, squareness ratio and magnetization steepness

thereof are enhanced.

The invention is explained in detail below.
In the multilayer body which is a blank 1in the

invention, the layer “A” containing the main component

of Fe with magnetism is necessary to keep basic,
magnetic characteristics. As the layer "A” containing
the main component of Fe with magnetism, it need not Dbe
pure iron, and deoxidizing elements, Al and/or Si and/or
Mn, may remain in the layer “A” as occasion demands. In
addition, corrosion resistive elements, Cr and etc., Or
C contributing to strength may be contained in the layer
“A" .

Further, in the invention, as the layer “B”,
not only pure Cu but also a non-magnetic metal of the Cu
group, that is, Cu or Ag or Au may be used in the state

of a simple substance or an alloy. These elements are
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hardly dissolved in Fe and exist 1in the structure

as the second phase which impedes the displacement of
the magnetic domain walls and/or the rotation of the
magnetic domains, whereby these elements have such a
function as to enhance the coercivity. Of course, the
phase of the non-magnetic metal of the Cu group may
contain a slight amount of other components and/or
additives dissolved i1in the non-magnetic metal of the Cu
group.

In the Cu group elements, since Cu can be got
cheapest, 1t 1s most preferred to use Cu.

The multilayer body may be made, for example,
by the steps of: stacking alternately both of a metal
sheet containing as the main component thereof Fe with
magnetism which becomes the layer “A” and another non-
magnetic metal sheet of a Cu group element; and bonding
the layers to each other by hot, hydrostatic pressing or
by hot rolling or by the combination of them, etc. 1In
addition to these steps, cold rolling may be added.

In order to enhance the coercivity, 1t 1s
preferred to distribute Cu fined in size as small as
possible, and i1t 1s desired that the non-magnetic metal
layer of the Cu group, which 1s the raw material of the
multilayer body, is thinned as thin as possible. For
making these possible, there are a method having the
steps of stacking a plurality of multilayer bodies each
having been previously produced by stacking and

thinning, and bonding these, and another method having
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the steps of pressing thicknesswise a multilayer body
having more, stacked layers.

As regards the regulation of the required
coercivity, this regulation is readily performed by
changing the combination of the metal sheet contalning
as the main component thereof Fe having magnetism which
metal sheet becomes the layer “A” with the other non-
magnetic, Cu group metal sheet which becomes the layer
“B”  which readiness is one of the features of the
invention.

In this case, regarding the non-magnetic Cu
group metal sheets which become the layers “B”, 1t 1s
preferred to regulate the ratio of a non-magnetic Cu
group metal contained in the multilayer body so that the
content thereof may be in the range of 3 to 30 mass S
and more preferably it is in the range of 8 to 20
mass 3s.

By heating up to a proper temperature the
multilayer body obtained by the various methods
explained above, in which the layers of both of Fe and a
non-magnetic Cu group metal are stacked, each of the
layers "B" is divided, which treatment is called "a

dividing treatment” in thils invention.

The temperature of the dividing treatment 1is

preferably a temperature between the melting point of
the non-magnetic Cu group metal and a level lower about

300C than it, such as 685 to 1085C, in a case of using

cu as the non-magnetic Cu group metal.
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By heating the multilayer body up toO this
temperature range, it 1s possible to finely divide the
Cu layers. Thus, when the sectional structure of the
multilayer body is observed, a plurality of partially
divided, sheet-like Cu layers are stacked (, that 1s,
laminated) while interposing therebetween layers "A"

having magnetism.

Further, regarding the holding period of time
in the dividing treatment, a short period may be adopted
in a case where the heating temperature is high.
However, since an insufficient period of time does not
divide the Cu layers sufficiently, it 1s preferred to
adopt the holding period of time of at least about 10
minutes. Further, since a too long holding period of
time impedes the producibility thereof, the holding
period of time may be about 180 minutes at most, and
more preferably it is in the range of 30 to 60 minutes.
Furthermore, if the holding period of time 1s regulated
to be about 5 minutes while preventing the Cu layers
from melting and flowing out of the edges of the
multilayer body, the multilayer body may be held at a
temperature not less than the melting point of Cu, that

is, about 1085 to 1200C.

Then, by cold working the heated body,

magnetic anisotropy is applied to the body so that the
properties of coercivity, squareness ratio and
magnetization steepness can Dbe enhanced. Namely, the

divided, non-magnetic Cu group metal layers are
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elongated by the plastic working such as rolling or
drawlng, and 1t becomes possible to obtain such a
structure as longitudinally elongated, non magnetic
ranges are dispersed while having a width in a direction
vertical to the rolling or drawing direction. By more
finely dividing the non-magnetic layers "B", it becomes
possible to remarkably enhance the coercivity in
comparison with a case where Cu exists as complete
sheets.

Further, by this plastic working, it is
possible to proceed with the texturing of the matrix
containing as the main component thereof Fe having
magnetism. By proceed with the applying of the plastic
working to the alloy containing as the main component
thereof Fe having magnetism, the material become to have
a texture. 1In a case where cold rolling is adopted as
the plastic working, the rolling direction becomes <110>
direction, and there occurs the texture of {001} <110>
and {112} <110>. Also, in the invention, the textures
of {100} <110> and {112} <110> is formed regarding the
layer "A" having magnetism. Further, since the non-
magnetic layers "B" are finely divided by the dividing
treatment, the cold rolling applied (as one of the
plastic working) to the structure brings about such a
structure as a plurality of partially broken, sheet-like
layers "B" are stacked in the texture of the matrix
containing as the main component thereof Fe having

magnetism. The forming of the texture leads to restrict
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the kinds of the factors which impede the dispalcement
of the domain walls and/or the rotation of the magnetic
domains, so that the displacement of the magnetic domain
walls and/or the rotation of the magnetic domains come
to occur simultaneously at a certain magnetic field
applied thereto. Namely, the squareness ratio and the
magnetization steepness are enhanced.

In the semi-hard magnetic material of the
invention, it i1s preferred for the thin sheet to have a
thickness of 0.03 to 1.0 mm. By providing this level of
thickness, when this material 1s used as the bias
material of a magnetic marker, the magnetic marker can
be formed to have a small-size design. Further, 1t goes
without saying that a bar-like or rod-like shape as well
as the sheet-like shape may be adopted, however,
regarding the cold working, the cold rolling is superilor
to other processes such as drawing and etc. 1n respect
of the productivity. Regarding the thickness of the
material, the thinner the thickness of the material, the
more readily the small design of the magnetic marker
becomes possible, although it depends on the magnitude
of an intended bias magnetic field and on the usage
thereof.

In addition, in the present invention, by
performing an steepness-affording heat treatment Ior
enhancing the squareness ratio and the magnetization
steepness by heating the material after the cold plastic

working, it becomes possible to further improve the
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magnetic characteristics. This heat treatment 1s
usually called “an aging treatment”. 1In a case where
there are much strain by the plastic working remalins 1n
the material, the displacement of the magnetic domailn
walls and the rotation of the magnetic domains 1n the
matrix come to be impeded although the matrix containing
Fe as the main component thereof inherently has superior
soft magnetism. In this state of the semi-hard magnetic
material, the squareness thereof becomes small and the
shape of the B-H curve becomes gently-sloping, that 1s,
the squareness and the magnetization steepness of the
material are inferior.

Thus, by the aging treatment, the strain of
the matrix can be relieved, so that the displacement of
the magnetic domain walls and/or the rotation of the
magnetic domains may be easy, and the main factors
impeding the displacement of magnetic domalin walls
and/or the rotation of the magnetic domains may be
limited to the non-magnetic Cu group metal dispersed 1n
the material, whereby it becomes possible to obtain such
a semi-hard magnetic material as to have enhanced
squareness ratio and a B-H curve approaching a
rectangular shape (, that is, good magnetization
steepness). Thus, in the invention, the aging treatment
is called “steepness-affording heat treatment” 1n view
of the meaning that the aging treatment brings about
enhanced magnetization steepness.

The magnetization steepness is a particularly
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important factor as one of the characteristics required
in the magnetic marker, and the ratio of Br/B8k 1is
preferred to be not less than 80% (, in which the Br 1S
residual, saturation magnetic flux density, and in which
the B8k is magnetic flux density in the magnetic field
of 8000A/m). The holding temperature of the steepness-
affording heat treatment is preferred to be 1n a range
of 400 to 700C. 1In a case where the holding temper-
ature is too low, it become impossible to sufficiently
relieve the strain of the matrix having magnetism.

Thus, the more preferable holding temperature 1s 1in a
range not less than 450C. In another case where the
holding temperature is too high, the divided, non-
magnetic Cu group metal layers agglomerate each other to
become coarse in size, with the result that there occurs
such a fear as the effect of impeding the displacement
of the magnetic domain walls and/or the rotation of the
magnetic domains can not be obtained sufficiently.

Thus, the more preferable holding temperature 1is 1in a
range of 450 to 600TC.

The holding period of time for the steepness-
affording heat treatment is preferred to be 1n a range
of 2 to 120 minutes. In a case where the holding period
of time is too short, it becomes impossible to suffici-
ently relieve the strain of the matrix having magnetilsm.
Thus, the more preferred holding period of time 1s not
less than 3 minutes. However, in another case where the

holding period of time is too long, the divided, non-




10

15

20

23

CA 02308204 2000-05-01

15

magnetic layers "B" agglomerate each other to become
coarse in size, with the result that there occurs such
a fear as the effect of impeding the displacement of the
magnetic domain walls and/or the rotation of the
magnetic domains can not be obtained sufficiently.
Further, in view of the productivity, the holding period
of time is preferred to be as short as possible. Thus,
the more preferred, holding period of time 1s not more
than 60 minutes.

By use of the above explained method, the
semi-hard magnetic material comes to have such a
structure as, when viewed the sectional structure
thereof, a plurality of partially divided, sheet-like
layers “B” including as the main component thereof Cu
are stacked each other through the layers “A” 1ncluding
as the main component thereof Fe having magnetism. One
specific example thereof is a metal structure shown 1in
Fig.4. This semi-hard magnetic material is superior 1in
the squareness ratio and the magnetization steepness,
and particularly it becomes a material preferred as a
bias material for a magnetic marker. That is, the semi-
hard magnetic material of the invention is combined, as
3 bias element (7), with a magnetostrictive element (9),
for example as shown in Fig.9, so that a magnetic marker
is produced.

As one specific example, the magnetostrictive
element is regulated to have a thickness of 0.03mm, a

width of 6 mm and a length of 38 mm, and the bilas
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element (7) is regulated to have a thickness of 0.05 mm,
3 width of 6 mm and a length of 32 mm so that an
intended bias magnetic field may be applied to this
magnetostriction element. The bias element (7) 1s then
backed with resin or is interposed between resin sheets
so that a pack (8) may be formed, which pack (8) 1s
located in the vicinity of the magnetostriction element
(9) made of an amorphous material and is sealed 1n a
plastic case (10) comprising an upper 1lid provided with
a recess and a lower lid, whereby the magnetic marker
is formed. As the magnetostriction element, 1t 1s
necessary to select, in compliance with magnetic field
obtained in the semi-hard magnetic material, the
amorphous alloy and etc. disclosed 1n U.S. Patent
No.5,628,840. Further, although in this example the
bias element and the magnetic marker both having a sheet
shape are disclosed, a bar-like or column-like shape may

be used.

(Embodiments)

The basic steps of the method for producing
the semi-hard magnetic material of the inventilon 1s
shown in Fig.l.

Electromagnetic, mild iron thin sheets and
oxygen-free copper sheets were stacked to thereby
provide a composite material including 13% Cu in terms
of mass ratio, the composite material beiling then hot-

rolled to provide a rolled product. A plurality of
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rolled products were then stacked and hot-rolled,
whereby a multilayer body (1) was obtained which was
used as the blank of the invention having a thickness of
3 mm and a lavered, sectional structure as shown 1in
Fig.2. 1In Fig.2, it is observed that the layers each
appearing to be black in color and each contalning as
the main component thereof Fe having magnetism and the
other layers each appearing to be white in color and
each containing as the main component thereof Cu are
stacked and alternated with each other. The number of
those layers was about 1500.

To this blank of the multilayer body (1) was
applied a dividing treatment (2) of 800 to 1075C and 60
to 180 minutes, whereby each of the Cu layers was
divided. Figs. 3A to 3D show one example thereof, 1in
which a dividing treatment of 800 C and 60 minutes was
applied. Each of Figs. 3A and 3B 1s a sectional
structure taken in a rolling longitudinal direction,
each of Figs. 3C and 3D being a sectilonal structure
taken in a rolling width direction. It is confirmed 1in
the photographs that, in both of the longltudinal
direction and the width direction, each of the Cu layers
are divided at places. After the dividing treatment,
cold rolling (3) was afforded as the plastic working,
whereby there were obtained semi-hard magnetic materilals
having various thickness. Further, some of the semi-

hard magnetic materials were subjected to the softening

annealing (4) of 800 and 30 to 60 minutes after the
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cold rolling (3). Even by this softening annealing, the
dividing of the Cu layers can be expected. After that,
cold rolling (5) 1s performed as the cold working,
whereby semi-hard magnetic material of various thickness
were obtained.

From these resultant semi-hard magnetic
materials, there were cut off samples for measuring
magnetic characteristics (Nos. 1 to 10). Further, the
steepness—-affording heat treatment (6) was applied to
other samples, and the magnetic characteristics thereof
after the steepness-affording treatment were measured
(Nos. 11 to 20).

The treatment applied to each of the samples
and the measurement results of the magnetic
characteristics are shown 1n Tables 1 and 2, respec-
tively. As one of the measurement results, the B-H
curve of the sample No. 7 is shown 1n Fig.7, and the B-H
curve of the sample No. 17 is shown in Fig.8. The
magnetic characteristics of the multilayer body (1) used
as the blank thereof was also measured as comparative
sample No.21, the measurement result thereof being shown

in Table 2, and the B-H curve thereof is shown in Fig.6.
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Table 1
sam-— dividing cold softening cold | steepness-
ple treatment |roll-| annealing |roll-| affording
No. | 1ng (dividing ing heat
treatment) treatment
| °C min- % °C min- - °C min-
utes utes utes
1075 e0 | - | - | - | 8 | - | -
1075 | 60 | - [ - | - [ 96 [ - | - _
1075 | 60 | 80 | 800 | 30 | 88 | - | -
800 | 60 | - | - | - | 80 | - | -
"800 | 60 | - | - | - [ 98 | - | - _
800 | 60 | 73 | 800 | 30 | 93 | - | -

93
800 | 60 | 80 | 800 | 30 | 91 | - | -

800 180

goo | 180 | - | - | - | 98 | - | -
800 | 180 | 80 | 800 | 30 | 91 | - | -

e Ll Baad Kt Ul o R ’
mm’bwm*_,o\oooqmm.tswmr—a

1075 | 60 | - | - | - | 80 | 500 | 30

1075 | 60 | - | - | - | 96 | 500 | 30

1075 | 60 80 800 | 30 88 500 30

800 60 - - - 80 500 30

800 | 60 | - | - | - 98 | 500 | 30

800 | 60 | 73 | 800 30 | 93 500 30

17 | 800 | 60 | 80 | 800 | 30 | 91 | 500 | 30
18 | 800 | 180 | - | - [ - | 80 | 500 | 30
19 800 180 | - | - - 98 500 30
20 | 800 | 180 | 80 | 800 500 | 30

30 91
21 | - | - 1 - ] - =- -
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Table 2

sam- | coercivity | residual | magne-
ple (A/m) magnetic tic
No. flux flux

density | density

Br(T) B8k (T)
1 1360 1.45 1.64
2 1320 1.42 1.70
3 1520 1.44 1.71
4 960 1.23 1.53
5 1400 1.34 1.63
3 1280 1.35 1.60
7 1320 1.32 1.58
8 960 1.24 1.53
9 1200 1.40 1.67
10 1240 1.37 1.60
11 | 1480 1.45 1.62
12 1600 1.45 1.64
13 2040 1.47 1.66
14 840 1.30 1.56
15 1440 1.41 1.62
16 1536 1.37 1.58
17 1480 1.36 1.58
18 800 1.27 1.53
19 1376 1.36 1.58
20 1440 1.37 1.58
21 1360 1.20 1.51

sequare- remarks
ness
Br/B8k

(%)

88.4 the
invention
invention
invention
invention
invention

84.4 the
invention

83.0 the
invention

81.0 the
invention

83.8 the
invention

85.6 the
invention

89.5 the
invention

88.4 the
invention !

88.6 the
invention

83.3 the
invention

87.0 the |
invention

86. 7 the
invention

86.1 | the
invention

83.0 the
invention

86.1 the
invention

invention

718.4

compara-
tive
material
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As shown in Table 2, 1t 1s apparent that, 1in
each of Sample Nos. 1 to 20 of the semi-hard magnetic
materials according to the invention, higher squareness
is obtained in comparison with the comparative sample
No.21. Also, the Br/B8k values of most of the samples
of this invention exceed 80%, and some exceed 85%, and
it is apparent that these samples have seml-hard
magnetism preferred as the bias material of a magnetic
marker. Further, in comparison with the gently curved
B-H curve of the comparative sample No. 21 shown 1n
Fig.8, the B-H curve shown 1n Fig.6 relating to the
sample No. 7 of the semi-hard magnetic material
according to the invention approaches a rectangular
shape, and it is apparent that it has superior
magnetization steepness. In addition, 1in comparlson
with the B-H curve of the sample No.7 shown in Fig.6,
the B-H curve of the sample No. 17 shown 1in Fig.7 has a
shape more like a rectangle, and 1t 1s apparent that the
magnetization steepness 1s greatly improved by the
steepness—-affording heat treatment.

The microstructure of the semi-hard magnetic
material of the invention was observed by an electron
microscope. Some of the microstructure thereof are
shown in Figs. 4A to 4C and Figs. 5A to 5C. Figs.3A to
3D are the microstructures of the semi-hard magnetic
material of the invention, wherein Fig.3A 1s the
microstructure of a section taken longitudinally 1n a

rolling direction, and Figs. 3B and 3C are the
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microstructures of sections taken transversely in the
rolling direction. In each of the microstructures, it
is found that, in the matrix of a dark color containing
as the main component thereof Fe having magnetism, each
5 of the layers “B” 1is divided which contains Cu as the

maln component thereof, the Cu phase being dispersed in
the shape of strings or dots of white color, and that
the multitudinous partially divided, sheet-like lavers
“B” containing Cu as the main component thereof are

10 stacked through the layers “A” containing as the main
component thereof Fe having magnetism. In these
photographs, the lateral direction of each of Figs. 3A,
47 and 5A is the longitudinal direction of the cold
rolling, and the Cu phase i1s shown to be strings

15 extending in this lateral direction. In each of Figs.
3B, 3C, 4B, 4C, 5B and 5C, 1t 1s clearly shown that the
layers each containing Cu as the main component thereof
are divided. Thus, the Cu phase 1s actually in a sheet-
like shape and is extended in the longitudinal direction

20 of the cold rolling while being dispersed in the matrix
containing as the main component thereof Fe having
magnetism. Namely, the semi-hard magnetic material of
the invention 1is provided, when viewing the sectional
structure thereof, with such a structure as the multiple

25 partially divided, sheet-like layers “B” containing a Cu
group non-magnetic metal as the maln component thereof
are stacked through the layers “A” containing as the

main component thereof Fe having magnetism.
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Figs. 5A to 5C are the microstructures of
Sample No. 17 of the semi-hard magnetic material
according to the invention. F1g.5A 1s the microstructure
of the longitudinal section taken in the rolling
direction, and Fig.5B and 5C are the microstructures of
the transverse sections taken widthwise of the rolling
direction. From these structures, 1t 1s found that
granular Cu phase exists among the partially divided
layvers containing Cu as the main component thereof. The
granular Cu is brought about from the steepness-
affording heat treatment, which 1s deemed to be a factor
of the increment of coercivity brought about after the

steepness-affording heat treatment.

POSSIBILITY OF INDUSTRIAL USE

According to the production method of the
invention, it becomes possible to obtain the semi-hard
magnetic material having superlor squareness and
superior magnetization steepness and to obtain the bias
material for the magnetic marker which bias material 1is
the material of the bias element combined with the
magnetostrictive element for the magnetic marker,

without causing such problems as Cu agglomerates 1n the

center portion of an alloy ingot when making the ingot
by use of a conventional melting method and as the hot
workability is particularly deteriorated due to the

separation of Cu phase.
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WHAT IS CLAIMED IS

1. A method of producing a semi-hard magnetic
material, comprising the steps of: preparing a
multilayer body in which layers “A” each containing as
the main component thereof Fe having magnetism and
layers “B” each containing a non-magnetic Cu group metal
as the main component thereof are stacked each other;
heating the multilayer body so that the layers “B” are
subjected to a dividing treatment; and applying a cold
plastic working to the multilayer body.

2. A method of producing the semi-hard magnetic
material according to claim 1, wherein the dividing
treatment 1s performed at a holding temperature of 685
to 1085C for a holding period of time of 10 to 180
minutes.

3. A method of producing the semi-hard magnetic
material according to any one of claims 1 and 2, further
comprising the step of performing an steepness-affording
heat treatment so that squareness ratio and magnetil-
zation steepness are enhanced by heating the multilayer
body.

4. A method of producing the semi-hard magnetic
material according to claim 3, whereln the steepness-
affording heat treatment for enhancing the squareness
ratio and the magnetization steepness by use of the
heating is performed at a holding temperature of 400 to
700C for a holding period of time of 2 to 120 minutes.

5. A method of producing the semi-hard magnetic
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material according to claiml, further comprising the
step of performing cold working so that the multilayer
body becomes a thin sheet having a thickness of 0.03 to
1.0 mm.

6. A semi-hard magnetic material having a
structure in which layers “A” each containing as the
mailn component thereof Fe having magnetism and layers
“*B” each containling a non-magnetic Cu group metal as the
mailn component thereof are stacked each other, each of
salid layers “B” being provided with a shape of sheet
partially divided.

7. A magnetic marker having the semi-hard
magnetic material according to claim 6, sald semi-hard
magnetic material 1s located so that a bilias magnetic
field is applied to a magnetostrictive element used for

sald magnetic marker.
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