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Description

[0001] A process for the production of a metal sheet
having a fine composite structure and a metal sheet ob-
tained thereby

Field of the Invention

[0002] The present invention relates to a process for
the production of a metal sheet having a multi-layered
and fine structure which sheet is obtained from at least
two kinds of thin sheets of pure metal thin sheets and/
or alloy thin sheets as raw materials, and a metal sheet
obtained by the above process.

Prior Art of the Invention

[0003] A metal sheet and an alloy sheet are required
to have various appropriate functions such as strength,
magnetism and a thermal expansion coefficient in ac-
cordance with uses thereof. Some of metal sheets hav-
ing a composite structure of different two kinds of metals
and alloys satisfy these functions. For example, an alloy
obtained by finely mixing a soft alloy with a hard alloy
has soft and hard properties in hardness. Further, for
obtaining a metal having a desired thermal expansion
coefficient, it is sufficient to produce an alloy having a
mixed structure of an alloy having a thermal expansion
coefficient greater than the desired thermal expansion
coefficient and an alloy having a thermal expansion co-
efficient smaller than the desired thermal expansion co-
efficient. Magnetic properties can be controlled by the
formation of a composite structure. An alloy having two
or more phases, like above, is known as a eutectic alloy.
However, there is a defect that each phase does not
have desired properties or, generally, a two-phase alloy
is likely to be cracked by hot rolling. Therefore, some-
times, a desired alloy can not be obtained.
[0004] JP-04-040969 discloses a process according
to the pre-characterising portion of claim 1.

Summary of Invention

[0005] It is an object of the present invention to pro-
vide a process for the production of a new developed
metal sheet having desired combining functions.
[0006] According to the present invention, there is
provided a process for the production of a metal sheet
having a multi-layered composite structure, which proc-
ess comprises (a) stacking at least two kinds of pure
metal or alloy sheets alternately so as to have multiple
layers in total wherein each kind of pure metal or alloy
has a melting point; (b) integrating the stacked sheets
by circumferential welding or placing the stacked sheets
in a steel or stainless steel box; and (c) bonding all the
layers of the integrated sheets metallically by hot rolling;
and characterised by: (d) cold rolling said hot rolled in-
tegrated sheets; and (e) heat-treating the cold rolled

sheet at a temperature near the lowest of said melting
points of the pure metal(s) and the alloy(s) from which
the layers were formed, such that particles of the pure
metal or alloy phase having the lowest melting point are
dispersed.
[0007] The process for the production of a metal sheet
having a multi-layered structure may compromise stack-
ing the metal sheets obtained according to the above
production process to have at least ten layers, integrat-
ing the stacked metal sheets by circumferential welding
or placing the stacked metal sheets in a steel or stain-
less steel box to integrate these, and then, bonding all
the layers of the integrated metal sheets metallically by
hot rolling.

Detailed Description of the Invention

[0008] The present inventors have made diligent
studies on finding a process for the production of a metal
sheet which attains the above object, that is, a metal
sheet having desired combining functions. As a result,
the present inventors have found that at least two kinds
of thin sheets selected from thin sheets of pure metals
or thin sheets of alloys are alternately stacked and the
stacked sheets are bonded by hot rolling, whereby an
alloy having desired combining functions can be ob-
tained. The present invention has been completed by
the above finding.
[0009] The production process of the present inven-
tion will be explained hereinafter.
[0010] In the present invention, the pure metals and
the alloys refer to materials which are available as a thin
sheet material. These materials include pure metals
such as Fe, Cu, Al, Ti, Ni, Zr, Mo, Nb, Ag, Au and Ta and
alloys of these. The alloy includes various steels, stain-
less steels, copper alloys such as brass, aluminum al-
loys having a base of Al-Cu, Al-Zn, Al-Si or Al-Mg, nickel
alloys having a base of Ni-Cu, Ni-Fe or Ni-Cr, and tita-
nium alloys having a base of Ti-Al-V, Ti-Mn, etc. Further,
said thin sheet refers to a sheet having a thickness of
0.1 to 10 mm. In view of availability of the sheet and
workability of stacking, it preferably has a thickness of
1 to 5 mm.
[0011] The reason why the number of at least two
kinds of the pure metal thin sheets and/or the alloy thin
sheets to be alternately stacked is preferably at least ten
layers is because it is an object to finally produce a ma-
terial having a multi-layered structure of several hun-
dreds of layers or several thousands of layers in which
pure metals and/or alloys are alternately stacked. That
is, As the number of at least two kinds of the pure metal
thin sheets and/or the alloy thin sheets is increased in
the first stacking, the frequency of re-stackings such as
a second stacking or a third stacking can be decreased.
[0012] In the present invention, the term "bonding all
metal layers metallically" means that metals present on
the interface of different metal layers are atomically
bonded to each other. For example, the above term
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shows that, on the interface of a pure metal A layer and
a pure metal B layer, atoms of the pure metal A and at-
oms of the pure metal B are mutually mixed.
[0013] Metal sheets produced by stacking alternately
at least two kinds of pure metal thin sheets and/or alloy
thin sheets and hot rolling the stacked sheets, are
stacked again and hot rolled, whereby there can be pro-
duced a metal sheet having finer layer structure and
having finer microstructure.
[0014] The properly stacked and hot rolled metal
sheet, like above, is cold rolled, whereby there can be
produced a metal sheet having further finer layer struc-
ture and having finer microstructure.
[0015] The metal sheet obtained through the steps of
hot rolling and cold rolling is further heat-treated nearly
at a lower melting point in the melting points of at least
two kinds of the pure metals and the alloys, whereby the
finely separating of a pure metal or alloy layer having a
lower melting point is advanced so that there can be ob-
tained a metal sheet having a structure in which sepa-
rated particles of the above layer are finely dispersed.
The dispersed particles have a spherical form or an ac-
icular form.
[0016] The metal sheet having a particle-dispersed
structure due to the heat treatment is further hot rolled
or cold rolled, whereby there can be also obtained a met-
al sheet whose structure becomes finer.
[0017] Generally, the metal material comes to have a
finer structure as processing such as rolling or wire
drawing is proceeded with. The present invention is di-
rected to a method of stacking at least two kinds of thin
sheets selected from pure metal thin sheets and alloy
thin sheets alternately and bonding these sheets metal-
lically to make a microstructure finer. Therefore, the step
of stacking and the step of rolling are necessarily re-
quired. With an increase in the number of the above
stacking and rolling steps, the thickness of each layer
of the metal sheet becomes thinner and a structure of
the metal sheet becomes finer, i.e., the grains become
finer.
[0018] When the number of the pure metal thin sheets
and/or the alloy thin sheets to be stacked is few, only
small effect is obtained on the formation of a finer struc-
ture in one rolling step. When the procedures of stacking
and rolling are repeated, the formation of a finer struc-
ture can be proceeded. For carrying out each stacking
procedure, however, the steps of rolling, cutting, im-
provement of flatness, surface cleaning and welding are
required. Therefore, an increase in the repetition of the
stacking procedures causes an increase in the produc-
tion cost. Industrially, it is preferred to stack at least ten
sheets.
[0019] With an increase in the number of the sheets
stacked, the formation of a finer structure proceeds fur-
ther, and there is therefore no special upper limitation
to be imposed on the number of the sheets to be
stacked. Since, however, the above number increases
to excess, the handling thereof comes to be difficult. It

is, therefore, required to determine the number of the
sheets to be stacked from the viewpoint of a required
degree of the formation of a finer structure and working
efficiency.
[0020] The thickness of a metal sheet after the first
rolling procedure is also determined from the viewpoint
of the degree of the formation of a finer structure and a
working efficiency. The thickness of a metal sheet after
the hot rolling is generally about 2 to 10 mm. It is advan-
tageous in view of cost to clean the surfaces of the hot
rolled metal sheets in this step, stack the cleaned metal
sheets and carry out a second rolling procedure. How-
ever, when it is desired to advance the formation of a
finer structure further, it is advantageous in some cases
to carry out cold rolling after the hot rolling to form a met-
al sheet having a thickness of about 1 to 0.1 mm, and
then, move to next stacking and rolling procedures.
[0021] There is a case in which the formation of a finer
structure does not be sufficiently advance by only the
repetition of stacking and rolling procedures depending
on the kind of the pure metals or alloys. Further, some
cases require a high degree of the formation of a finer
structure.
[0022] In these cases, a heat treatment may be car-
ried out nearly at a lower melting point in the melting
points of the pure metal thin sheets and/or the alloy thin
sheets, to form a finer structure and generate finely dis-
persed particles in a spherical form or an acicular form.
[0023] In particular, for controlling magnetic proper-
ties or toughness, etc., the formation of a further finer
metal structure is required to proceed in some cases. In
these cases, it is appropriate to carry out cold rolling af-
ter hot rolling to generate heterogeneous deformation
inside a metal sheet, and then, carry out heat treatment.
[0024] As examples of a pure metal thin sheet, an iron
sheet (Fe) and a copper sheet (Cu) will be explained
more concretely hereinafter.

Embodiments of preferred applications

[0025] Iron having a copper content of 10 to 20 % is
used as a semihard magnetic material due to the effect
of copper particles dispersed finely. Further, when the
copper content is increased, it comes to be a material
having both thermal conductivity and strength. Howev-
er, the melting and casting of an alloy of iron and copper
are difficult and hot rolling thereafter is also difficult so
that the alloy of iron and copper becomes expensive and
the production thereof as a commodity product is small.
In the case of producing an alloy like above in the
present invention, since a fine structure is required for
a semihard magnetic material, copper sheets having a
thickness of about 0.1 to 0.3 mm and iron sheets having
a thickness of about 0.5 to 2 mm are stacked. The for-
mation of a finer structure is not sufficient by one rolling
so that 2 or 3 stacking and rolling procedures are carried
out. On the other hand, in the case of preparing a ma-
terial having both strength and thermal conductivity, it is
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not required to form a structure as fine as the semihard
magnetic material so that it is sufficient to carry out
stacking and rolling once.
[0026] The present invention will be explained with
reference to Examples hereinafter, while the present in-
vention shall not be limited by these Examples.

Example 1

[0027] 21 sheets of austenitic stainless steel, SUS304
(18Cr-8Ni), having a size of 0.5mm 3 80mm 3 200mm
and 20 sheets of ferritic stainless steel, SUS444 (low C-
18Cr-2Mo), having the same size were alternately
stacked. The circumference of the stack of the sheets
was welded to integrate these. Then, the integrated
sheets were heated to 1,150°C and hot rolled to obtain
a sheet having a thickness of 3mm. The sheet was fur-
ther cold rolled to obtain a sheet having a thickness of
1mm. When measured for thermal expansion coeffi-
cient, it showed a thermal expansion coefficient of 13.8
in a range of 20°C to 100°C. This value is about a middle
value of the above-used stainless steels.

Example 2

[0028] Low-carbon steel sheets having a thickness of
0.5mm, a width of 70mm and a length of 140mm and
copper sheets having the same width, the same length
and a thickness of 0.1mm were alternately stacked so
as to have 117 layers in total. The stacked sheets were
enclosed in a box made of iron having a height of 40mm,
a width of 80mm and a length of 170 mm, as an outer
size, by welding. The enclosed sheets were heated up
to 1,000°C and then hot rolled to obtain a stack material
having a thickness of 3mm. Further, the above 3mm
thick sheet was cut to obtain sheets having a length of
100mm, and the cut sheets having a length of 100mm
were stacked to have 10 layers. The stacked sheets
were enclosed in a box made of iron having a height of
30mm, a width of 80mm and a length of 130 mm as an
outer size by welding, and hot rolled again to obtain a
sheet thickness of 3mm. Owing to the above proce-
dures, there was obtained a material having a sheet
thickness of 3mm and having 1170 layers in which Fe
and Cu were alternately stacked.
[0029] At this time, the thickness of a Fe layer was
about 8.5µm and the thickness of a Cu layer was 1.5µm.
The above rolled material was cold rolled to obtain a
rolled sheet having a thickness of 0.5mm. There was
prepared a fine stacked material in which the thickness
of a Fe layer was 0.5µm and the thickness of a Cu layer
was 0.1µm and in which Fe and Cu were alternately
stacked.

Example 3

[0030] Pure iron sheets having a thickness of 5mm, a
width of 70mm and a length of 140mm and copper

sheets having the same width, the same length and a
thickness of 1mm were alternately stacked so as to have
13 layers in total. The stacked sheets were enclosed in
a box made of iron having a height of 40mm, a width of
80mm and a length of 170 mm as an outer size by weld-
ing. The enclosed sheets were heated up to 1,000°C
and then hot rolled to obtain a stack material having a
sheet thickness of 2.3mm (first stacking). At this time,
the thickness of a Fe layer was about 0.28mm, and the
thickness of a Cu layer was 0.055mm. Further, the thus-
prepared 2.3 mm thick sheet was cut to obtain sheets
having a length of 100mm. The cut sheets were stacked
to have 14 layers, and the thus-stacked sheets were en-
closed in a box made of iron by welding. Similarly, hot
rolling was carried out, to obtain a stack material having
a thickness of 2.1mm (second stacking) . In this state,
the total of the Fe layers and the Cu layers was 182 lay-
ers. The thickness of a Fe layer was 20µm, and the thick-
ness of a Cu layer was 4µm. Further, 2.1mm thick stack
materials obtained in the second stacking were stacked
to have 14 layers. Similarly, the stack having 14 layers
was enclosed in a box made of iron by welding and hot
rolling was carried out (third stacking). The thus-ob-
tained stack material had a thickness of 2.6mm. In the
thus-obtained stack material, Fe layers and Cu layers
were alternately stacked to have 2548 layers. The thick-
ness of a Fe layer was 1.5µm, and the thickness of a
Cu layer was 0.3 µm.
[0031] The stack material obtained in the third stack-
ing was cold rolled to have a thickness of 0.5mm. In this
state, copper layers were separated to have a Cu-par-
ticle finely dispersed structure. There was observed a
structure in which Cu having a diameter of about 0.06µm
was dispersed in an acicular form in a Fe matrix. When
the above material was measured for magnetic proper-
ties, it was found that the above material came to be a
semihard magnetic material which had properties of a
coercivity of 100e and a residual magnetic flux density
of 10kG and showed properties of a hard magnetic ma-
terial in contrast with the fact that the iron as a raw ma-
terial was a soft magnetic substance.

Effect of the Invention

[0032] According to the present invention, a new de-
veloped metal sheet having desired combining func-
tions can be easily obtained. The effect thereof is re-
markable.

Claims

1. A process for the production of a metal sheet having
a multi-layered composite structure, which process
comprises:

(a) stacking at least two kinds of pure metal or
alloy sheets alternately so as to have multiple
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layers in total wherein each kind of pure metal
or alloy has a melting point;
(b) integrating the stacked sheets by circumfer-
ential welding or placing the stacked sheets in
a steel or stainless steel box; and
(c) bonding all the layers of the integrated
sheets metallically by hot rolling; and
characterised by:
(d) cold rolling said hot rolled integrated sheets;
and
(e) heat-treating the cold rolled sheet at a tem-
perature near the lowest of said melting points
of the pure metal(s) and the alloy(s) from which
the layers were formed, such that particles of
the pure metal or alloy phase having the lowest
melting point are dispersed.

2. A process according to claim 1, wherein, in step (a),
the sheets are stacked to give at least 10 layers.

3. A process according to any one of the preceding
claims, further comprising:

(f) stacking the metal sheets obtained in step
(c) or (d) to have multiple layers;
(g) integrating the stacked metal sheets by cir-
cumferential welding or placing the stacked
metal sheets in a steel or stainless steel box;
and
(h) bonding all the layers of the integrated metal
sheets metallically by hot rolling.

4. A process according to claim 3, wherein in step (f),
the sheets are stacked to give at least 10 layers.

5. A process according to any one of the preceding
claims, wherein the dispersed particles have a
spherical form or an acicular form.

6. A process for the production of a metal sheet, which
comprises further hot rolling or cold rolling a metal
sheet obtained by a process according to any one
of the preceding claims.

Patentansprüche

1. Verfahren zur Herstellung eines Metallblechs mit ei-
ner mehrlagigen Verbundstruktur, wobei das Ver-
fahren die folgenden Schritte umfasst:

(a) mindestens zwei Arten von Reinmetall- oder
Legierungsblechen werden abwechselnd auf-
einander gestapelt, so dass man insgesamt ei-
ne Vielzahl von Schichten hat, wobei jede Art
von Reinmetall oder Legierung einen Schmelz-
punkt hat;
(b) die gestapelten Bleche werden durch Um-

fangsschweißen in einen Stahl- oder Edelstahl-
kasten integriert bzw. darin angeordnet; und
(c) alle Schichten der integrierten Bleche wer-
den durch Warmwalzen metallisch gebunden;
und

dadurch gekennzeichnet, dass:
(d) die warmgewalzten integrierten Bleche kalt-
gewalzt werden; und
(e) das kaltgewalzte Blech bei einer Tempera-
tur nahe dem niedrigsten der Schmelzpunkte
des(der) Reinmetalls (Reinmetalle) und der Le-
gierung(en), aus denen die Schichten gebildet
wurden, wärmebehandelt wird, so dass Teil-
chen der Reinmetall, oder Legierungsphase
mit dem niedrigsten Schmelzpunkt dispergiert
werden.

2. Verfahren nach Anspruch 1, wobei in Schritt (a) die
Bleche zu mindestens 10 Schichten gestapelt wer-
den.

3. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Verfahren ferner die folgenden
Schritte umfasst;

(f) die in Schritt (c) oder (d) erhaltenen Metall-
bleche werden zu einer Vielzahl von Schichten
gestapelt;
(g) die gestapelten Metallbleche werden durch
Umfangsschweißen in einen Stahl- oder Edel-
stahlkasten integriert bzw. darin angeordnet;
und
(h) alle Schichten der integrierten Metallbleche
werden durch Warmwalzen metallisch gebun-
den.

4. Verfahren nach Anspruch 3, wobei in Schritt (f) die
Bleche zu mindestens 10 Schichten gestapelt wer-
den.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die dispergierten Teilchen kugelförmig
oder nadelförmig sind.

6. Verfahren zur Herstellung eines Metallblechs, bei
dem ferner ein durch ein Verfahren nach einem der
vorhergehenden Ansprüche erhaltenes Metallblech
warmgewalzt oder kaltgewalzt wird.

Revendications

1. Procédé pour fabriquer une tôle métallique à struc-
ture composite multicouche, lequel procédé com-
prend les étapes consistant à :

(a) empiler de façon alternée au moins deux ty-
pes de tôles en métal pur ou en alliage afin

7 8



EP 1 120 243 B1

6

5

10

15

20

25

30

35

40

45

50

55

d'avoir au total de multiples couches, chaque
type de métal pur ou d'alliage ayant un point de
fusion ;
(b) intégrer les tôles empilées par soudage cir-
conférentiel ou en plaçant les tôles empilées
dans un caisson en acier ou en acier
inoxydable ; et
(c) lier métalliquement, par laminage à chaud,
toutes les couches des tôles intégrées ; et
caractérisé par les étapes consistant à :
(d) laminer à froid lesdites tôlées intégrées la-
minées à chaud ; et
(e) traiter thermiquement la tôle laminée à froid
à une température proche du plus bas desdits
points de fusion du/des métaux purs et du/des
alliages dont ont été faites les couches, de fa-
çon que des particules de la phase de métal
pur ou d'alliage ayant le point de fusion le plus
bas soient dispersées.

2. Procédé selon la revendication 1, dans lequel, lors
de l'étape (a), les tôles sont empilées pour créer au
moins dix couches.

3. Procédé selon l'une quelconque des revendications
précédentes, comprenant en outre les étapes con-
sistant à :

(f) empiler les tôles métalliques obtenues lors
de l'étape (c) ou (d) pour créer de multiples
couches ;
(g) intégrer les tôles métalliques empilées par
soudage circonférentiel ou en plaçant les tôles
métalliques empilées dans un caisson en acier
ou en acier inoxydable ; et
(h) fixer les unes aux autres métalliquement,
par laminage à chaud, toutes les couches des
tôles métalliques intégrées.

4. Procédé selon la revendication 3, dans lequel, lors
de l'étape (f), les tôles sont empilées pour créer au
moins dix couches.

5. Procédé selon l'une quelconque des revendications
précédentes, dans lequel les particules dispersées
ont une forme sphérique ou une forme aciculaire.

6. Procédé pour la fabrication d'une tôle métallique,
qui comprend en outre un laminage à chaud ou un
laminage à froid d'une tôle métallique obtenue par
un procédé selon l'une quelconque des revendica-
tions précédentes.
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