EP 3 381 678 B1

(19)

(12)

(49)

(21)

(22)

Europdisches
Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 3 381 678 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
14.08.2024 Bulletin 2024/33
Application number: 18164741.3

Date of filing: 28.03.2018

(51) International Patent Classification (IPC):
B32B 15/09 (2006.01) B32B 15/20 (2006.07)
B32B 37/10(2006.01) B32B 37/12(2006.07)
HO1K 1/02 (2006.07)

(562) Cooperative Patent Classification (CPC):
B32B 7/12; B32B 15/06; B32B 15/08;
B32B 15/082; B32B 15/085; B32B 15/088;
B32B 15/09; B32B 15/092; B32B 15/095;
B32B 15/098; B32B 15/20; B32B 25/04;
B32B 25/14; B32B 25/16; B32B 25/20; (Cont.)

(54)

LAMINATED BODY AND METHOD OF PRODUCING SHAPED ARTICLE
LAMINIERTER KORPER UND VERFAHREN ZUR HERSTELLUNG EINES GEFORMTEN ARTIKELS
CORPS STRATIFIE ET PROCEDE DE PRODUCTION D’ARTICLE FORME

(84)

(30)

(43)

(73)

(72)

(74)

Designated Contracting States:

AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 31.03.2017 JP 2017070415

Date of publication of application:
03.10.2018 Bulletin 2018/40

Proprietor: JX Advanced Metals Corporation
Tokyo 105-8417 (JP)

Inventor: TANAKA, Koichiro
Hitachi-shi, Ibaraki 317-0056 (JP)

Representative: Mewburn Ellis LLP
Aurora Building

Counterslip

Bristol BS1 6BX (GB)

(56) References cited:
EP-A1-2581220 US-A-5573 857

* DATABASE WPI Week 201663, Derwent World
Patents Index; AN 2016-56925X, XP002782692

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR) (Cont. next page)



EP 3 381 678 B1

(52) Cooperative Patent Classification (CPC): (Cont.) B32B 2307/54; B32B 2307/712; B32B 2307/732;
B32B 27/06; B32B 27/16; B32B 27/281; B32B 2307/748; B32B 2307/752; B32B 2309/105;
B32B 27/283; B32B 27/302; B32B 27/304; B32B 2367/00; B32B 2457/00; B32B 2605/00

B32B 27/306; B32B 27/308; B32B 27/32;

B32B 27/34; B32B 27/36; B32B 27/365;

B32B 27/38; B32B 27/40; B32B 27/42;

B32B 38/12; HO5K 9/0084; B32B 2250/03;

B32B 2250/40; B32B 2250/42; B32B 2255/06;
B32B 2255/10; B32B 2255/205; B32B 2255/26;
B32B 2262/0269; B32B 2262/101; B32B 2262/106;
B32B 2307/202; B32B 2307/204; B32B 2307/208;
B32B 2307/212; B32B 2307/306; B32B 2307/50;




10

15

20

25

30

35

40

45

50

55

EP 3 381 678 B1
Description
TECHNICAL FIELD

[0001] The presentinvention relates to a laminated body of at least one metal foil and resin layers, which is suitable
for drawing. The present invention also relates to a method of producing a shaped article using the laminated body.

BACKGROUND ART

[0002] Recently, high attention has been widely focused on global environmental issues, and environmentally-friendly
motor vehicles equipped with secondary batteries such as electric vehicles and hybrid vehicles have progressively
prevailed. These motor vehicles often employ a mode of converting direct current generated from the mounted secondary
battery into alternating current through an inverter, and then supplying required electric power to the alternating current
motor to provide driving force. Electromagnetic waves are generated due to switching operation of the inverter and the
like. The electromagnetic waves are emitted not only from the motor vehicles but also from many electric and electronic
devices including communication devices, displays and medical devices.

[0003] The electromagnetic waves may cause erroneous operation of precision devices, and cause radio disturbance
of on-board audio equipment, radio equipment and the like. An adverse effect on a human body is further concerned.
Therefore, countermeasures have been taken to cover the electric/electronic devices such as inverters with an electro-
magnetic wave shielding material formed by press-forming a metal sheet (for example, Japanese Patent Application
Publication No. 2003-285002 A).

[0004] Weightreduction is required for many electric and electronic devices, which is also required for electromagnetic
wave shielding materials. It is desired to reduce the thickness of the metal sheet for the weight reduction. However, if
the thickness of the metal sheet is reduced, then ductility will be decreased, which cause a problem that the metal sheet
is broken during a molding process. Therefore, there has been proposed a technique for improving an electromagnetic
wave shielding property, a weight reduction property and formability by alternately laminating metal foils and resin layers
(for example, Japanese Patent Application Publication No. 2017-5214A1).

[0005] Drawing is known for a method of molding a laminated body of a metal foil and a resin layer. The drawing is a
working method of forming bottomed containers having various shapes such as cylinders, square tubes, cones, and the
like from a single metal sheet, which is said to be the highest degree of difficulty among press forming processes.
Referring to FIG. 1, molds called a punch 10, a die 12 and a blank holder 14 are used for the drawing. The punch 10 is
lowered in a state where a blank (a molding material) 16 is sandwiched between the plane surface of the die and the
surface of the blank holder while applying predetermined force (blank holding force) to press the blank 16 into a die hole
18, so that the blank 16 is molded into a bottomed shape.

[0006] In the drawing, a certain area of the molding material is extended, as well as the molding material is molded
by inflow of the molding material from the periphery of the die hole. The bottom surface of the container has a smaller
strain because the bottom surface of the container is restrained by being brought into close contact with the punch, and
the molding material flows in an upper portion of the side wall of the container, so that the plate thickness of the upper
portion increases. Although the plate thickness decreases in a lower portion of the side wall because tensile strain is
applied, the decrease in the plate thickness is smaller than that of stretch forming. Further, if the material is thin at the
inflow portion, the portion will buckle to form wrinkles. In order to prevent this, the blank holding force must be increased.
The increasing of the blank holding force results in increased friction between the mold and the molding material,
increased resistance to material inflow, and easy breakage. Accordingly, there has been a problem that for a thinner
molding material, particularly a molding material having a thickness of 500 um or less, wrinkles are generated in the
side wall of the container when the blank holding force is small, whereas the molding material is broken when the blank
holding force is larg. Therefore, there has been no choice but to increase the plate thickness.

[0007] To solve this problem, a technique of improving drawability has been proposed. In the technique, the drawablity
is improved by laminating a metal foil and a resin layer to increase the strength of a material while making the metal foil
itself thin, and at the same time adjusting a dynamic friction coefficient of the resin layer. For example, Japanese Patent
No. 4580079 B discloses that fine irregularity having a height of 0.1 to 25 um is provided on a surface of an unstretched
thermoplastic resin film, thereby lowering the dynamic friction coefficient and increasing a height limit during deep
drawing. Further, Japanese Patent No. 5474678 B proposes that a thermal bonding polyolefin resin layer is formed on
a first surface of a stainless steel foil and a urethane resin layer containing polyethylene-fluorine resin particles is formed
on a second surface of the stainless steel foil. The polyethylene-fluororesin particles are dispersed in the urethane resin
layer to provide a dynamic friction coefficient of 0.2 or less on the surface, thereby imparting lubricity and improving the
drawability.
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CITATION LIST
Patent Literatures
[0008]

Patent Document 1: Japanese Patent Application Publication No. 2003-285002 A
Patent Document 2: Japanese Patent Application Publication No. 2017-5214 A
Patent Document 3: Japanese Patent No. 4580079 B

Patent Document 4: Japanese Patent No. 5474678 B

[0009] EP 2581220 A1 proposes a copper foil complex.
[0010] US 5573857 proposes a shielding tape.
[0011] WO 2016140244 proposes a method for manufacturing a shielding tape.

SUMMARY OF INVENTION
Technical Problem

[0012] The use of the laminated body of the metal foil and the resin layer as an electromagnetic wave shielding material
is useful in terms of weight reduction. However, there would be a need for a thinner metal foil in order to achieve further
weight reduction. Particularly, the drawing of a thinner metal foil into a complicated shape cannot cope with only by
adjusting the dynamic friction force conventionally proposed, and there would be a need for further technical improvement.
The present invention has been made in view of the above circumstances. An object of the present invention is to provide
a laminated body of at least one metal foil and resin layers, which is suitable for drawing. Another object of the present
invention is to provide a method of producing a shaped article using such a laminated body, more particularly a drawn
article.

Solution to Problem

[0013] When atensile stress is applied to a single metal foil, the entire metal foil is not uniformly deformed but is locally
deformed. The stress concentrates on the local deformed portion and results in breakage, so that the ductility is not
high. On the other hand, the resin layer tends to be uniformly deformed as a whole, so that it has higher ductility than
that of the metal foil. When the metal foil and the resin layer are laminated in close contact with each other, the resin
layer supports the metal foil, so that the metal foil is also uniformly deformed, the ductility is improved and the breakage
during molding is suppressed. The ductility is further improved by supporting both surfaces of the metal foil by the resin
layers, as compared with the supporting of only one surface of the metal foil by the resin layer.

[0014] Further, in the drawing, whether or not molding is possible is determined by a balance between the inflow
resistance of the molding material and the strength of the molding material to be brought into contact with shoulder
portion of the punch. The inflow resistance is determined by the blank holding force and some properties (strength,
dynamic friction coefficient of the surface, r value) of the molding material. As described above, for the thinner molding
material, the blank holding force should be increased in order to suppress the generation of wrinkles, so that the inflow
resistance exceeds the strength of the molding material to be brought into contact with the shoulders of the punch, and
as a result, the molding material is often broken at the shoulders of the punch. However, if the black holding force is
decreased, the wrinkles are generated, so that a shaped article with good appearance cannot be obtained.

[0015] Because of these problems, the thinner metal foil could not be molded by the drawing. However, as a result of
extensive studies, the present inventor has found that a laminated body in which at least one metal foil and resin layers
are laminated can achieve both of lower inflow resistance and higher strength when 5% strain stress of the laminated
body and tensile strength of the metal foil in the laminated body satisfy a predetermined relationship, and can have
improved drawability. The present invention has been completed on the basis of the findings.

[0016] Thus, in one aspect, the present invention provides a laminated body as set forth in claim 1.

[0017] In one embodiment of the laminated body according to the present invention, the laminated body has an r value
(Lankford value) at a logarithmic strain of 0.4 of from 0.7 to 4.0.

[0018] In another embodiment of the laminated body according to the present invention, the surfaces of the resin
layers forming both outermost layers comprise a dynamic friction coefficient of from 0.15 to 0.45.

[0019] In yet another embodiment of the laminated body according to the present invention, both sides of each metal
foil are closely laminated to the resin layers with an adhesive strength of 0.2 N/mm or more, respectively.

[0020] In another aspect, the present invention provides a method of producing a shaped article comprising molding
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the laminated body according to the present invention.
[0021] Inone embodiment of the method of producing the shaped article according to the presentinvention, the method
comprises carrying out the molding by drawing.

Advantageous Effects of Invention

[0022] According to the present invention, it is possible to obtain a thin and light laminated body having improved
drawability. The laminated body can be molded to use a shaped article for various packaging materials, as well as the
laminated body can be suitably utilized as an electromagnetic wave shielding material for electrical and electronic devices,
because the laminated body contains the metal foil as a component.

BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG. 1 is a schematic view for explaining drawing.
DESCRIPTION OF EMBODIMENTS

(1. Metal Foil)

[0024] Materials of the metal foil(s) forming the laminated body according to the present invention are selected from
the group of: copper, copper alloy, aluminum, nickel, iron and stainless steel. Metal materials with high conductivity are
preferred in terms of improving a shielding property against an alternating magnetic field and an alternating electric field.
Specifically, the metal foil may be preferably formed by a metal having a conductivity of 1.0 X 108 S/m (a value at 20
°C; the same will apply hereinafter) or more. The conductivity of the metal may be more preferably 10.0 X 108 S/m or
more, and still more preferably 30.0 X 108 S/m or more, and most preferably 50.0 X 108 S/m or more. Examples of the
metals include iron having a conductivity of about 9.9 X 108 S/m, nickel having a conductivity of about 14.5 X 108 S/m,
aluminum having a conductivity of about 39.6 X 106 S/m, copper having a conductivity of about 58.0 x 10® S/m, and
silver having a conductivity of about 61.4 X 108 S/m. In view of both electric conductivity and costs, aluminum or copper
may be preferably employed for practical use. All of the metal foils forming the laminated body according to the present
invention may be made of the same metal, or different metals may be used for each layer. Further, alloys containing the
metals mentioned above may be used.

[0025] Various surface-treated layers may be formed on the surface(s) of the metal foil(s) for the purpose of adhesion
promotion, environmental resistance, heatresistance and rust prevention. For example, the metal foil(s) may be subjected
to Au plating, Ag plating, Sn plating, Ni plating, Zn plating, Sn alloy plating (Sn-Ag, Sn-Ni, Sn-Cu, and the like), a chromate
treatment or the like, in order to improve environmental resistance and heat resistance that will be required when the
metal surface is the outermost layer. These treatments may be combined. The Sn plating or the Sn alloy plating may
be preferred in terms of costs. Further, the metal foil(s) may be subjected to the chromate treatment, a roughening
treatment, Ni plating or the like in order to improve adhesion between the metal foil and the resin layer. These treatments
may be combined. The roughening treatment may be preferred because it will easily provide the adhesion. Further, it
is possible to provide at least one metal layer having high relative magnetic permeability in order to improve the shielding
effect against the direct current magnetic field. Examples of the metal layer having high relative magnetic permeability
include Fe-Ni alloy plating, Ni plating, and the like.

[0026] When using the copper foil, copper having a high purity may be preferred because it will improve the shielding
performance. The purity may be preferably 99.5% by mass or more, and more preferably 99.8% by mass or more.
Examples of the copper foil that can be used include rolled copper foils, electrolytic copper foils, metallized copper foils
and the like. Among them, the rolled copper foils may be preferred because they have good flexibility and formability
(the formability encompasses drawability; the same applies hereinafter). When at least one alloy element is added to
the copper foil to form a copper alloy foil, the total content of the alloy element(s) and unavoidable impurities may be
less than 0.5% by mass. In particular, the copper foil may preferably contain one or more selected from the group
consisting of Sn, Mn, Cr, Zn, Zr, Mg, Ni, Si, and Ag in the total amount of from 200 to 2000 ppm by mass, in order to
improve elongation as compared with a pure copper foil having the same thickness.

[0027] The thickness of the metal foil(s) forming the laminated body according to the present invention is 4 pum or
more per foil. The thickness of less than 4 um may lead to difficulty of handling, as well as significantly decreased ductility
of the metal foil, resulting in insufficient formability of the laminated body. Also, if the thickness of one foil is less than 4
pm, the lamination of a large number of metal foils will be required for obtaining the excellent electromagnetic shielding
effect, thereby causing a problem of an increase in manufacturing costs. From such viewpoints, the thickness of one
metal foil may be preferably 10 wm or more, and more preferably 15 pwm or more, and still more preferably 20 um or
more, and even more preferably 25 pm or more, and still more preferably 30 um or more. On the other hand, if the
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thickness of one foil exceeds 100 um, the strength will be excessively increased, so that the effect of weight reduction
may be deteriorated. Therefore, the thickness of one foil is 100 um or less, and preferably 50 um or less, and more
preferably 45 um or less, and even more preferably 40 pm or less.

[0028] Although one metal foil may be used for the laminated body, a plurality of metal foils forming the laminated
body may be preferably laminated via resin layers, in terms of improving the formability and shielding performance. More
preferably, three or more metal foils are laminated via the resin layers in terms of ensuring the excellent electromagnetic
wave shielding property while decreasing the total thickness of the metal foils. The lamination of three or more metal
foils significantly improves the shielding effect as compared with the single metal foil layer or two metal foil layers
laminated via a resin layer, even if the metal foil(s) have the same total thickness. Even if the metal foils are directly
stacked, the shielding effect will be improved due to an increase in the total thickness of the metal foils, but a remarkable
improvement effect cannot be obtained. In other words, when a plurality of metal foils forming the laminated body are
laminated via the resin layers, the total thickness of the metal foils needed to obtain the same electromagnetic wave
shielding effect can be decreased, thereby achieving both of the weight reduction of the laminated body and the elec-
tromagnetic wave shielding effect.

[0029] The reason would be that the presence of the resin layers between the metal foils increases the number of
reflections of electromagnetic waves to attenuate the electromagnetic waves. However, although the lamination of an
increased number of metal foils tends to improve the electromagnetic shielding property, the increased number of the
laminated metal foils increases the number of lamination steps, which will lead to an increase in manufacturing costs
and will not provide further improvement of the shielding effect. Therefore, the number of the metal foils forming the
laminated body may be preferably 5 or less, and more preferably 4 or less.

[0030] Therefore, in one embodiment of the laminated body according to the present invention, the total thickness of
the metal foils may be 100 uwm or less, or 80 uwm or less, or 60 wm or less, or 40 wm or less. In one embodiment of the
laminated body according to the present invention, the total thickness of the metal foils may be 4 um or more, 8 um or
more, 12 um or more, or 16 uwm or more.

(2. Resin Layer)

[0031] In general, resin layer have higher ductility than metal foils. Therefore, by supporting both surfaces of each
metal foil by resin layers, the ductility of the metal foil can be remarkably improved and the formability of the laminated
body can be significantly improved. Even if the metal foils are directly stacked to each other, the effect of improving the
formability cannot be obtained.

[0032] Resin layers having a larger impedance difference from the metal layer may be preferred in order to obtain the
excellent electromagnetic shielding effect. To generate the larger impedance difference, the resin layers should have a
smaller relative dielectric constant. More specifically, the relative dielectric constant may preferably be 10 (a value at 20
°C; the same will apply hereinafter) or less, and more preferably 5.0 or less, and still more preferably 3.5 or less. In
principle, the relative dielectric constant is never smaller than 1.0. For generally available materials, the relative dielectric
constant is at least about 2.0. Even if the relative dielectric constant is lowered to be close to 1.0, the increase in the
shielding effect is limited, while a special and expensive material must be used. In view of the balance between the cost
and the effect, the relative dielectric constant may preferably be 2.0 or more, and more preferably 2.2 or more.

[0033] For materials making up the resin layers, synthetic resins are used for their processability. Further, for the
materials making up the resin layers, those in the form of film are used. The resin layer may contain fiber reinforcing
materials such as carbon fibers, glass fibers and aramid fibers. In terms of availability and processability, the synthetic
resins used in the present invention include PET (polyethylene terephthalate), polyamides and polyimides. PET, polya-
mides and polyimides are used for their tensile strength and ductility. All the resin layers used in the laminated body
according to the present invention may be made of the same resin or they may be made of different resins for each layer.
[0034] The surfaces of the resin layers may be subjected to various surface treatments for the purpose of promoting
adhesion to the metal foil, or the like. For example, the adhesion to the metal foil can be enhanced by performing primer
coating or corona treatment on the surfaces of the resin films bonded to the metal foil.

[0035] Interms of enhancing the effect of improving the ductility of the metal foil, the total thickness of the resin layers
is 18 wm or more, and more preferably 20 um or more, and more preferably 40 wm or more, and still more preferably
80 pwm or more, and even more preferably 100 wm or more. However, the total thickness of the resin layers may preferably
be 500 wm or less, and more preferably 400 um or less, and more preferably 300 wm or less, in terms of cost reduction.
[0036] Also, in view of ease of handling, the thickness of one resin layer is 9 um or more, and preferably 10 pum or
more, and more preferably 20 wm or more, and still more preferably 40 wm or more, and even more preferably 80 um
or more, and even more preferably 100 wm or more. However, if the thickness of one resin layer is excessively increased,
the costs will be increased. Therefore, the thickness of one resin layer is 500 wm or less, and may be preferably 250
wm or less, and more preferably 200 pm or less.

[0037] Closely laminating the resin layers and the metal foil(s) is performed by bonding with an adhesive The adhesive



10

15

20

25

30

35

40

45

50

55

EP 3 381 678 B1

will result in lower strength than the resin films as described below. Therefore, it is necessary to appropriately select the
thickness or tensile elasticity of the adhesive so as not to inhibit the effect of improving the ductility of the metal foil that
will be obtained by laminating the resin layers thereon. There are resin materials in which the thermocompression bonding
is difficult, such as PET. Therefore, in the present invention, adhesive is used.

[0038] In general, adhesives have lower strength than resin films. Therefore, the adhesive layer having excessively
large thickness tends to prevent improvement of the ductility of the metal foil that will be obtained by laminating of the
resin layers thereon. On the other hand, if the adhesive layer is too thin, it will be difficult to apply the adhesive to the
entire boundary surface between the metal foil and the resin film, and an unbonded portion will be formed. Therefore,
the thickness of the adhesive layer may preferably be 1 um or more and 20 pm or less, and more preferably 1.5 um or
more and 15 um or less, and still more preferably 2 um or more and 10 pm or less.

[0039] The strength of the adhesive layer may be increased so as not to prevent improvement of the ductility of the
metal foil that will be obtained by laminating the resin layers thereon. However, if the strength is excessively increased,
the ductility of the adhesive layer will tend to be decreased, thereby conversely preventing the improvement of the
ductility. On the other hand, if the adhesive layer is too soft, the improvement of the ductility will be prevented, even
within the thickness range as described above. The tensile elasticity of the adhesive layer may preferably be from 1
MPa to 1500 MPa, and more preferably from 3 MPa to 1000 MPa, and still more preferably from 5 MPa to 800 MPa. In
the present invention, the tensile elasticity of the adhesive layer is measured according to JIS K7161-1: 2014, on an
adhesive film obtained by applying the adhesive to be measured onto a substrate such as a film, drying and curing the
adhesive, and then being peeled off from the substrate.

[0040] If the resin layers and the metal foil forming the laminated body are peeled off during the drawing, the effect of
improving ductility cannot be obtained. Therefore, it is desirable that both sides of each metal foil are closely laminated
to the resin layers with an adhesive strength of 0.2 N/mm or more, and preferably 0.4 N/mm or more, and even more
preferably 0.6 N/mm or more, respectively.

[0041] In the present invention, the adhesive strength between the metal foil and the resin layer is measured by a
180° peel test according to JIS-C 5016: 1994. First, a sample having a width of 12.7 mm is prepared from the laminated
body. One surface of the sample was fixed to a stainless steel plate, and measurement is carried out by peeling off the
metal foil (plus the resin layer) from the resin layer at a peeling angle of 180° and at a rate of 50 mm/min in a direction
perpendicular to the width direction of the sample.

(3. Laminated body)

[0042] The laminated body has a structure in which one, preferably two or more, and more preferably three or more
metal foils, is/are closely laminated via the resin layers. In this case, each metal foil may preferably have such a structure
that both surfaces of each metal foil are closely laminated to the resin layers, in order to improve the ductility of the metal
foil to provide improved formability of the laminated body. In other words, embodiments where both outermost layers
are formed of the resin layers, and embodiments where the resin layers and the metal foils are alternately laminated
one by one is more preferable than embodiments where the metal foil(s) form(s) the outermost layer(s) of the laminated
body, and embodiments where the inner layers of the laminated body have a position(s) in which a plurality of metal
foils are laminated without interposing the resin layer(s).

[0043] Examples of the laminated structure of the laminated body include the following structures:

(1) aresin layer / a metal foil / a resin layer;
(2) a resin layer / a metal foil / a resin layer / a metal foil / a resin layer; and
(3) aresin layer / a metal foil / a resin layer / a metal foil / a resin layer / a metal foil / a resin layer.

[0044] Here, it should be understood that a single "resin layer" as used herein includes a laminated body of a plurality
of resin layers without interposing a metal foil(s). In other words, in the present invention, a plurality of resin layers
laminated via no metal foil(s) are considered to be the single resin layer. Further, in the present invention, the adhesive
layer is also considered to be the resin layer.

[0045] Therefore, for example, when the laminated body has a laminated structure as shown in the following item (4),
a laminated portion of "a resin film / an adhesive layer" is considered to be a single "resin layer", and the laminated body
is considered to have a laminated structure as shown in the following item (4’).

[0046] (4) (aresin film / an adhesive layer) / a metal foil / (an adhesive layer / a resin film layer); (4’) a resin layer / a
metal foil / a resin layer.

[0047] Similarly, when the laminated body has a laminated structure as shown in the following item (5), a laminated
portion of "a resin film / an adhesive layer" and a laminated portion of "an adhesive layer / a resin film / an adhesive
layer" are considered to be a single "resin layer", respectively, and the laminated body is considered to have a laminated
structure as shown in the following (5’).
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(5) (a resin film / an adhesive layer) / a metal foil / (an adhesive layer / a resin film layer / an adhesive layer) / a
metal foil / (an adhesive layer / a resin film);
(5’) a resin layer / a metal foil / a resin layer / a metal foil / a resin layer.

[0048] In terms of improving the formability of the laminated body, the thickness of the laminated body is 25 wm or
more, and preferably 50 um or more, and more preferably 100 wm or more. However, in terms of weight reduction, the
thickness of the laminated body is 500 wm or less, and preferably 400 wm or less, and more preferably 300 pwm or less.
[0049] In the drawing, as the strength, specifically 5% strain stress, of the molding material is decreased, bending
resistance and unbending resistance at the shoulder portion of the die is decreased accordingly. Since the resistance
at the shoulder portion of the die are increased as a drawing depth becomes deeper, it is important to reduce the
resistance when deeply drawing the molding material. According to the test results obtained by the present inventor,
assuming that a nominal stress at a nominal strain of 5% (which may be referred to as "5% strain stress of the laminated
body", hereinafter) when performing a tensile test according to JIS K 7127: 1999 is defined as Y (MPa), the value of
oY is 150 MPa or less, and preferably 135 MPa or less, and more preferably 120 MPa or less. On the other hand, if the
value of oY is too small, buckling tends to occur at the inflow portion of the material and wrinkles tends to be generated.
Therefore, the value of cY is 60 MPa or more, and preferably 70 MPa or more, and more preferably 80 MPa or more.
[0050] Inthe presentinvention, the 5% strain stress (cY) of the laminated body is measured by the following method.
Four samples each having a width of 12.7 mm X a length of 150 mm are cut out of the laminated body. The tensile
direction of the laminated body is changed by varying the longitudinal directions of the samples such that the longitudinal
direction of the second sample differs by 30°, the longitudinal direction of the third sample differs by 60°, and the
longitudinal direction of the fourth sample differs by 90°, relative to the longitudinal direction of the first sample. The 5%
strain stress (oY) of each sample is measured by subjecting each sample to a tensile test in the longitudinal direction
of each sample at a temperature of 25 °C and at a tensile rate of 50 mm/min in accordance with JIS K 7127: 1999, and
an average value for the four samples is considered to be the measured value.

[0051] Further, if the strength of the molding material to be brought into contact with the shoulder portion of the punch
is sufficiently high relative to the resistance at the shoulder portion of the die, the molding material is not broken and can
be deeply drawn. Here, a nominal stress at a nominal strain at which the metal foil(s) in the laminated body is broken
when the tensile test according to JIS K 7127: 1999 is performed on the laminated body (the nominal strain may be
referred to as "tensile strength (cb) of the metal foil in the laminated body", hereinafter) is defined as ob (MPa). According
to the examination results obtained by the present inventor, the laminated body is hardly broken and the drawability are
significantly improved when the 5% strain stress of the laminated body (cY) and the tensile strength (ob) of the metal
foil(s) in the laminated body satisfy the relationship: 1.4 < ob / cY. Preferably, they may satisfy the relationship: 1.5 <
ob /oY, and more preferably the relationship: 1.6 < cb / Y. Although the upper limit of the ratio b / Y is not specifically
set, it is usually 3.0 or less. In the laminated body, the value of cb is larger than the tensile strength of the metal foil
alone, because both surfaces of the metal foil are supported by the resin layers.

[0052] In the present invention, the tensile strength (cb) of the metal foil in the laminated body is measured by the
following method. Four samples each having a width of 12.7 mm X a length of 150 mm are cut out of the laminated
body. The tensile direction of the laminated body is changed by varying the longitudinal directions of the samples such
that the longitudinal direction of the second sample differs by 30°, the longitudinal direction of the third sample differs
by 60°, and the longitudinal direction of the fourth sample differs by 90°, relative to the longitudinal direction of the first
sample. The tensile strength (cb) of the metal foil in each sample is measured by subjecting each sample to a tensile
testin the longitudinal direction of each sample at a temperature of 25 °C and at a tensile rate of 50 mm/min in accordance
with JIS K 7127: 1999, and an average value for the four samples is considered to be the measured value.

[0053] It is preferable that in addition to the oY and ob / oY, an r value (Lankford value) of the laminated body is
appropriately adjusted in order to reduce the blank holding force. The r value (Lankford value) is a value which is obtained
by dividing "logarithmic strain in the plate width direction" at the time of application of strain in the longitudinal direction
by "logarithmic strain in the plate thickness direction", and which indicates that deformation in the plate width direction
tends to occur as the value is larger. When a drawing force is applied, a material having a larger r value tends to shrink
in the circumferential direction, and wrinkles due to buckling are hardly generated, so that a decreased blank holding
force can be chosen. According to the examination results obtained by the present inventor, the r value of the laminated
body at the logarithmic strain of 0.4 is preferably 0.7 or more, and more preferably 1.0 or more, and even more preferably
1.1 or more, and still more preferably at least 1.2. On the other hand, if the r value is too large, the material tends to
excessively shrink in the circumferential direction and causes the wrinkles. Therefore, the r value of the laminated body
at the logarithmic strain of 0.4 may preferably be 4.0 or less, and more preferably 3.5 or less, and still more preferably
3.0 or less.

[0054] In the present invention, the r value is measured by the following method. Four samples each having a width
of 12.7 mm X a length of 150 mm and each marked with 2.5 mm square lattice throughout its surface are cut out of the
laminated body. The tensile direction of the laminated body is changed by varying the longitudinal directions of the



10

15

20

25

30

35

40

45

50

55

EP 3 381 678 B1

samples such that the longitudinal direction of the second sample differs by 30°, the longitudinal direction of the third
sample differs by 60°, and the longitudinal direction of the fourth sample differs by 90°, relative to the longitudinal direction
of the first sample. Each lattice is composed of sides parallel to the longitudinal direction of each sample and sides in a
direction perpendicular to the longitudinal direction of each sample. In accordance with JIS K 7127: 1999, the logarithmic
strain of 0.4 is applied to each sample in the longitudinal direction of each sample at a tensile rate of 50 mm/min and at
a temperature of 25 °C, and then unloaded. The lattice near the center of each sample is selected and displacements
in the longitudinal direction and in the width direction are measured by means of a toolmaker’s microscope. Further,
assuming that the volume of the laminated body is constant before and after the tensile test, the thickness of each
sample is calculated from the displacements in the longitudinal direction and in the width direction. The r value of each
sample is calculated from the actually measured displacement in the width direction and the calculated thickness, and
an average value for the four samples is considered to be the measured value.

[0055] When a dynamic friction coefficient between the molding material and the die as well as a dynamic friction
coefficient between the molding material and the blank holder are small during the drawing, the frictional force can be
reduced even if the blank holding force is increased, so that the molding material is hardly broken during the drawing.
Therefore, the dynamic friction coefficient of the surface of the resin layers that form both outermost layers of the laminated
body may preferably be 0.45 or less, and more preferably 0.40 or less, and even more preferably 0.35 or less. However,
the dynamic friction coefficient of the surface of the resin layers that form both outermost layers of the laminated body
is excessively small, the inflow resistance will be excessively decreased, which causes the wrinkles. Therefore, the
dynamic friction coefficient may preferably be 0.15 or more, and more preferably 0.18 or more, and still more preferably
0.2 or more. In the present invention, the dynamic friction coefficient is measured in accordance with JIS K7125: 1999.
[0056] Asused herein,the "stress" refers to "nominal stress" and the "strain" refers to "nominal strain", unless otherwise
noted.

[0057] Properties of the laminated body depend on properties of the resin layers, properties of the metal foil(s) and a
volume ratio of both. Therefore, parameters such as the 5% strain stress (cY), the ratio ob / cY, the r value and the
dynamic friction coefficient of the laminated body can be controlled by adjusting the properties of the resin layers, the
properties of the metal foil(s), and the volume ratio of both.

[0058] The 5% strain stress (c) of the laminated body becomes higher by increasing the 5% strain stress (oY) of the
resin layer(s), increasing the 5% strain stress (oY) of the metal foil(s) or increasing the thickness of either the resin
layer(s) or the metal foil(s) having higher 5% strain stress (cY). Conversely, the 5% strain stress (cY) of the laminated
body becomes lower by decreasing the 5% strain stress (cY) of the resin layer(s), decreasing the 5% strain stress ()
of the metal foil(s), or increasing the thickness of either the resin layer(s) or the metal foil(s) having lower 5% strain
stress (c). For example, the 5% strain stress (oY) of a biaxially stretched film such as a PET film is generally increased
as the draw ratio is increased, and is decreased as the draw ratio is decreased. The 5% strain stress (cY) of the resin
layer(s) can also be adjusted by incorporating plural types of monomers to copolymerize them. The 5% strain stress
(cY) of the metal foil(s) is increased as the degree of rolling is increased, and is decreased as the degree of rolling is
decreased. The 5% strain stress (cY) can also be changed by adding an element(s) to the metal foil(s).

[0059] When the ductility of the laminated body is increased, work hardening until breakage is increased so that the
ratio ob / Y is increased. To increase the work hardening of the laminated body, a resin exhibiting large work hardening
may be used. For example, in a biaxially stretched resin, the work hardening can be increased by decreasing the draw
ratio or by blending monomers which inhibit crystallization during stretching. Also, it is necessary to optimize the com-
bination of the resin layer and the metal foil in order to increase the ductility. In general, the resin layer has higher ductility.
Therefore, the ductility can be increased by increasing the volume fraction of the resin layer.

[0060] The rvalue of the metal foil can be adjusted by adding an element(s) or depending on the producing methods.
For example, the r value is increased as the rolling reduction ratio of the final rolling is increased. The r value of the resin
layer can be controlled by adjusting the draw ratio, the drawing rate, the temperature during the drawing, the proportion
between the draw ratio in the longitudinal direction and the draw ratio in the width direction, and the like.

[0061] The dynamic friction coefficient of the surface of the resin layer varies depending on the composition of the
resin and additives, and resins having various values are commercially available. The dynamic friction coefficient can
be changed while maintaining the mechanical properties by forming a separate layer with a thickness of several nanom-
eters having a molecular structure different from the resin layer on the outermost surface of the resin layer (primer
treatment).

[0062] Various shaped articles can be produced by molding, especially drawing, the laminated body according to the
present invention. The resulting shaped article can be used as a packaging material. The laminated body according to
the present invention can be suitably used as an electromagnetic wave shielding material for electric and electronic
devices. In particular, the laminated body according to the present invention can be suitably used for applications of
shielding electromagnetic waves emitted from electric/electronic devices (for example, inverters, communication devices,
resonators, electron tubes/discharge lamps, electric heating devices, electric motors, generators, electronic components,
printed circuits, medical devices and the like).
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EXAM PLES

[0063] Examples ofthe presentinvention are described below together with comparative examples, which are provided
for better understanding of the present invention and its advantages, and are not intended to limit the invention.

(1. Preparation of Metal Foil)

[0064] The following materials were prepared as metal foils. The conductivity was measured by the double bridge
method of JIS C 2525: 1999.

Cu: a rolled copper foil (electric conductivity at 20 °C: 58.0 X 106 S/m; thickness: see Table 1); only in Example 14,
an electrolytic copper foil (conductivity at 20 °C: 58.0 X 108 S/m; thickness: see Table 1)

* For the rolled copper foil, "a pure copper foil" with no added element and "a copper alloy foil" with 0.2 wt% of Ag
added, which decreased the 5% strain stress, were used. In should be noted that there is substantially no change
in the conductivity because of the addition of a minor amount of Ag.

Al: an aluminum foil (conductivity at 20 °C: 39.6 X 108 S/m; thickness: see Table 1)

Ni: a nickel foil (conductivity at 20 °C: 14.5 X 106 S/m, thickness: see Table 1)

Fe: an iron foil (conductivity at 20 °C: 9.9 X 106 S/m; thickness: see Table 1)

SUS: a stainless steel foil (conductivity at 20 °C: 1.4 X 108 S/m; thickness: see Table 1)

<Surface Treatment>

[0065] The surface treatmentwas carried out on both surfaces of the metal foil according to the conditions as described
in Table 1 depending on the test numbers. In the tables, the symbol "-" means that no surface treatment was carried out.
[0066] Roughening Treatment: using a roughening treatment solution (Cu: from 10 to 25 g/L; H,SO,: from 20 to 100
g/L; temperature: from 25 to 35 °C), electrolysis was performed at a current density of from 30 to 70 A/dm?2 for 1to 5
seconds. Then, Ni-Co plating was performed at a temperature of from 30 to 50 °C and at a current density of from 1 to
4 Aldm2 using a Ni-Co plating solution (Co ion concentration: from 5 to 15 g/L; Ni ion concentration: from 5to 15 g /L).
[0067] Silane Treatment: the immersion treatment in an epoxysilane treatment solution (epoxy silane: an aqueous
solution of 0.1 to 2 wt%) was carried out.

[0068] Chromate Treatment: electrolysis was carried out at a current density of from 0.5 to 2 A/dm?2 using a chromate
bath (K,Cr,07: from 0.5 to 5 g/L; temperature: from 50 to 60 °C).

[0069] Ni Plating + Chromate Treatment: using a Ni plating bath (watts bath with a Ni ion concentration of from 15 to
25 g/L), Ni plating was carried out at a plating solution temperature of from 30 to 50 °C and at a current density of from
1 to 4 A/dmZ2, and the chromate treatment was then carried out in the same way as described above.

(2. Preparation of Resin Layer)

[0070] The following materials were prepared as resin films. All of them are commercially available products. The
relative dielectric constant was measured by the method B described in the standard JIS C2151: 2006.

PET: a polyethylene terephthalate film (relative dielectric constant at 20 °C: from 3.0 to 3.5; melting point: 220 °C;
thickness: see Table 1)

* For PET, the 5% strain stress, the r value and the dynamic friction coefficient of the PET film alone were changed
by using PET films having various grades from multiple manufacturers. By changing the 5% strain stress, the r value
and the dynamic friction coefficient of the PET film alone, the 5% strain stress, the r value and the dynamic friction
coefficient of the laminated body are also changed.

PI: a polyimide film (relative dielectric constant at 20 °C: 3.5; melting point: none; thickness: see Table 1)

PA: a polyamide film (relative dielectric constant at 20 °C: 6.0; melting point: 300 °C; thickness: see Table 1)

[0071] In addition, the following isocyanate-curing type polyurethane adhesive was prepared as the adhesive.
[0072] Adhesive: a main agent: RU-80; a curing agent: H-5, all of which are available from Rock Paint Co., Ltd.
[0073] The tensile elasticity after curing of the adhesive was measured using a precision universal testing apparatus
AGS-X available from Shimadzu Corporation according to the method as described above and was found that it was
600 MPa.
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(3. Preparation of Laminated body)

[0074] Various laminated bodies having the laminated structures as shown in Table 1 were produced using the metal
foils and the resin films as described above. In Table 1, the order of members described in the column of "Laminated
Structure" and the order of members described in the column of "Thickness of Each Member" are the same. The metal
foil and the resin film were laminated such that the areas of the bonding surfaces were the same and they did not protrude
from each other. In Examples where the PET was used for the resin layer, the adhesive was applied onto the bonding
surface of the PET by means of a bar coater (available from Daiichi Rika Co., Ltd.). The thickness of the adhesive layer
was adjusted by the solid content of the adhesive and the count of the bar coater. The adhesive was then dried at 80
°C for 1 minute to volatilize excess solvent. The metal foil was attached, and then maintained at 40 °C for 7 days to
promote the curing reaction such that the metal foil and the resin layer were closely laminated. In this case, one resin
layer is made of a laminated body of PET and an adhesive layer, according to the definition as described above.

(4. Tensile Test)

[0075] For each laminated body obtained by the above procedures, four samples each having a width of 12.7 mm X
a length of 150 mm were cut out. The tensile direction of the laminated body was changed by varying the longitudinal
directions of the samples such that the longitudinal direction of the second sample differed by 30°, the longitudinal
direction of the third sample differed by 60°, and the longitudinal direction of the fourth sample differed by 90°, relative
to the longitudinal direction of the first sample. The 5% strain stress (oY) of each sample and the tensile strength (cb)
of the metal foil in each sample were measured by subjecting each sample to a tensile test in the longitudinal direction
of each sample at a temperature of 25 °C and at a tensile rate of 50 mm/min, using a tensile tester Model AGS-X available
from Shimadzu Corporation, in accordance with JIS K 7127: 1999, and average values for the four samples were
considered to be the 5% strain stress (oY) of the laminated body and the tensile strength (cb) of the metal foil in the
laminated body. The results are shown in Table 1.

(5. Measurement of r value)

[0076] For each laminated body obtained by the above procedures, four samples each having a width of 12.7 mm X
a length of 150 mm and each marked with 2.5 mm square lattice throughout its surface were cut out. The tensile direction
of the laminated body was changed by varying the longitudinal directions of the samples such that the longitudinal
direction of the second sample differed by 30°, the longitudinal direction of the third sample differed by 60°, and the
longitudinal direction of the fourth sample differed by 90°, relative to the longitudinal direction of the first sample. Each
lattice was composed of sides parallel to the longitudinal direction of each sample and sides in a direction perpendicular
to the longitudinal direction of each sample. In accordance with JIS K 7127: 1999, the logarithmic strain of 0.4 was
applied to each sample in the longitudinal direction of each sample at a tensile rate of 50 mm/min and at a temperature
of 25 °C, using a tensile tester Model AGS-X available from Shimadzu Corporation, and then unloaded. The lattice near
the center of each sample was selected and displacements in the longitudinal direction and in the width direction were
measured by means of a toolmaker’s microscope. Further, assuming that the volume of the laminated body was constant
before and after the tensile test, the thickness of each sample was calculated from the displacements in the longitudinal
direction and in the width direction. The r value of each sample was calculated from the actually measured displacements
in the width direction and the calculated thickness, and an average value for the four samples was considered to be the
measured value for the r value. The results are shown in Table 1.

(6. Dynamic Friction Coefficient)

[0077] Using a surface property measuring instrument (TYPE-HEIDON-14, available from Shinto Scientific Co., Ltd.),
the dynamic friction coefficient according to JIS K 7125: 1999 was determined by measuring a load generated when a
steel ball having a diameter of 10 mm was pressed against the surface of each laminated body obtained by the above
procedures under a load of 1 N and slided at a rate of 150 mm/min. The results are shown in Table 1.

(7. Molding Test)

[0078] Circular blanks having a diameter of from 50 to 65 mm were prepared from each laminated body obtained by
the above procedures. Each blank was subjected to a molding test for drawing into a cylindrical article using a punch
having a diameter of 30 mm. A plurality of punches and dies were prepared, and clearance (a gap when the punch
entered the die), punch shoulder R, and die shoulder R were adjusted according to the thickness of the blank. The
presence or absence of wrinkle and crack of the shaped article after the molding test was observed. Cracks was confirmed
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by observing not only the outermost layer of the shaped article, but also the interior with X-ray CT (micro-CT scanner,
TOSCANER 32251 u.hd, available from TOSHIBA IT CONTROL SYSTEMS CORPORATION; a tube current of 120 pA;
a tube voltage of 80 kV). The drawing height of the shaped article that was most deeply drawn, among those that could
be drawn without generating wrinkle and crack, was measured. The shaped article having a drawing depth of 12 mm
or more was represented by "©" (a double circle), the shaped article having a drawing depth of 9 mm or more and less
than 12 mm was represented by "o" (a single circle), the shaped article having a drawing depth of 6 mm or more and
less than 9 mm was represented by "A" (a triangle), and the shaped article having a drawing depth of less than 6 mm
was represented by "X" (a cross). The results are shown in Table 1.

(8. Adhesive Strength)

[0079] For the laminated bodies according to Examples 1 to 3, the adhesive strength between the metal foil and the
resin layer was measured by a 180° peel test according to JIS-C 5016: 1994. First, a sample having a width of 12.7 mm
was prepared from each laminated body. One surface of each sample was fixed to a stainless steel plate, and meas-
urement was carried out by peeling off the metal foil (plus the resin layer) from the resin layer at a peeling angle of 180°
and at a rate of 50 mm/min in a direction perpendicular to the width direction of the sample. The results are shown in
Table 1. Among the adhesive strengths in Table 1, the values on the left side represent the adhesive strength between
the resin layer on the left side and the metal foil at the center, and the values on the right side represent the adhesive
strength between the resin layer on the right side and the metal foil at the center.

[Table 1-1]
Laminate
Adhesive
Strength
Thickness between
Thickness of Each Metal Foil
of Each Adhesive and Resin Total
Surface Memb | L Thick
Treatmentof ember ayer ayer ickness
Laminated Structure Metal Foil Mm pm N/mm mm
PET/Copper Alloy Roughening | 200, 70,
Example 1 Foil/PET Treatment 200 10 0.62, 0.63 490
PET/Pure Copper Roughening 100, 18,
Example 2 Foil/PET Treatment 100 6 0.61, 0.58 230
PET/Copper Alloy
Example 3 Foil/PET 50, 18, 50 3 0.38,0.42 124
PET/Pure Copper Roughening
Example 4 Foil/PET Treatment 50, 18, 50 3 - 124
PET/Pure Copper Roughening
Example 5 Foil/PET Treatment 25,9, 25 3 - 65
PET/Copper Alloy Roughening
Example 6 Foil/PET Treatment 50, 18. 50 10 - 183
PET/Pure Copper Roughening
Example 7 Foil/PET Treatment 38,18,3S | 3 - 100
PET/Copper Alloy Roughening
Example 8 Foil/PET Treatment 50, 18, 50 3 - 124
PET/Copper Alloy Roughening
Example 9 Foil/PET Treatment 50,18,50 3 - 124
PET/Copper Alloy Roughening
Example 10 Foil/PET Treatment 50, 18, 50 10 - 138
PET/Copper Alloy Chromate
Example 11 Foil/PET Treatment 50, 18, 50 3 - 124
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(continued)
Laminate
Adhesive
Strength
Thickness between
Thickness of Each Metal Foil
of Each Adhesive and Resin Total
Surface Memb | L Thick
Treatment of ember ayer ayer ickness
Laminated Structure Metal Foil Mm pm N/mm mm
PET/Electrolytic Copper | Roughening | 100, 18,
Example 12 Foil/lPET Treatment 100 10 - 238
100, 20,
Example 13 | PET/SUS/PET - 100 10 - 240
100, 20,
Example 14 | PET/FE/PET - 100 6 - 232
100, 20,
Example 15 | PET/Ni/PET - 100 10 - 240
Example 16 | PET/AI/PET - 25,10,25 | 3 - 66
Example 17 | PET/AI/PET - 50,20,50 | 3 - 126
PET/Copper Alloy
Foil/PET/Copper Alloy 50, 18, 50,
Foil/PET/Copper Alloy Roughening 18,50, 18,
Example 18 Foil/lPET Treatment 50 3 - 272
PET/Copper Alloy 100, 35,
Foil/PET/Copper Alloy Roughening | 100, 35,
Example 19 Foil/PET Treatment 100 10 - 410
50, 20, 50,
Example 20 | PET/AI/PET/AI/PET - 20, 50 3 - 202
PET/Copper Alloy Roughening
Example 21 Foil/PET Treatment 25,9, 25 3 - 65
PET/Copper Alloy Roughening
Example 22 Foil/PET Treatment 50, 18, 50 6 - 130
Ni Plating +
PET/Copper Alloy Chromate
Example 23 Foil/PET Treatment 50, 18, 50 3 - 124
PET/Copper Alloy Roughening | 100, 18,
Example 24 FoillPET Treatment 100 10 - 238
Comparative | PET/Pure Copper Roughening
Example 1 Foil/PET Treatment 50, 18, 50 3 - 124
Comparative | PET/Copper Alloy Roughening | 100, 18,
Example 2 Foil/lPET Treatment 100 10 - 238
Comparative
Example 3 SuUs - 150 0 - 150
Comparative
Example 4 Pure Copper - 200 0 - 200
Comparative
Example 5 Al - 200 0 - 200
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[Table 1-2]
Properties Results of Drawing
oY | ocb/cY | rvalue | Dynamic Friction Coefficient | Drawing depth | Evaluation
MPa mm

Example 1 85 1.65 2.02 0.32 157 ©
Example 2 100 1.7 2.02 0.32 15.6 ©
Example 3 75 1.52 1.5 0.25 11 O
Example 4 92 1.99 3 0.29 13.7 ©
Example 5 90 1.96 3 0.29 12.3 ©
Example 6 74 1.59 0.7 0.28 8.7 A
Example 7 85 1.88 3.8 0.29 15.3 ©
Example 8 75 1.52 1.5 0.45 117 O
Example 9 75 1.52 1.5 0.15 14.4 ©
Example 10 64 1.45 1.3 0.3 7.7 A
Example 11 81 142 1.5 0.3 11 O
Example 12 102 1.55 2.02 0.32 104 O
Example 13 110 1.44 2.02 0.32 11.5 O
Example 14 105 1.52 2.02 0.32 10.6 O
Example 15 111 1.42 2.02 0.32 94 O
Example 16 88 1.64 3 0.29 12.9 ©
Example 17 88 1.8 3 0.29 14.5 ©
Example 18 86 1.36 3 0.29 14 ©
Example 19 89 1.52 2.02 0.32 11.2 O
Example 20 85 177 3 0.29 15.1 ©
Example 21 86 1.41 0.6 0.32 6.3 A
Example 22 75 1.52 1.5 0.48 7.7 A
Example 23 146 14 1.3 0.3 8.5 A
Example 24 132 1.42 1.3 0.3 9.2 O
Comparative Example 1 82 1.2 1.2 0.15 56 X
Comparative Example 2 38 1.4 0.9 0.15 4.9 X
Comparative Example 3 | 205 2.5 1.1 0.3 4.6 X
Comparative Example 4 | 200 1.1 0.9 0.3 4.3 X
Comparative Example 5 | 167 2.1 0.9 u.3 4.4 X

(9. Discussion)

[0080] The laminated bodies according to Examples 1 to 24 each had the appropriate thickness, Y and ob / Y.
Therefore, the drawability was excellent. Further, the laminated bodies in which all of cY, ob / cY, the r value and the
dynamic friction coefficient were suitable exhibited the highest evaluation for the drawability.
[0081] On the other hand, Comparative Example 1 had inappropriate ocb / Y and thus exhibited poor drawability as
compared with Examples. Comparative Examples 2 to 5 had inappropriate oY values and thus exhibited poor drawability
as compared with Examples.

14
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Claims

1. A laminated body comprising at least one metal foil and at least two resin layers, the laminated body having a
thickness of 25 to 500 wm, each metal foil having a thickness of 4 to 100 wm, and each resin layer having a thickness
of 9 to 500 pm,

wherein both surfaces of each metal foil are closely laminated to the resin layers with an adhesive;

wherein each resin layer is at least one selected from the group of a polyethylene terephthalate film, a polyimide
film and a polyamide film;

wherein each metal foil is at least one selected from the group of a copper foil, a copper alloy foil, an aluminum
foil, a nickel foil, iron foil and a stainless steel foil; and

wherein the relationships: 60 < ¢Y < 150, and 1.4 < b / cY are satisfied, in which cY represents a nominal
stress (MPa) at a nominal strain of 5% when a tensile test according to JIS K 7127: 1999 is performed on the
laminated body, and cb represents a nominal stress (MPa) at a nominal strain at which the metal foil in the
laminated body is broken when a tensile test according to JIS K 7127: 1999 is performed on the laminated body.

2. Thelaminated body according to claim 1, wherein the laminated body has an r value (Lankford value) at a logarithmic
strain of 0.4 of from 0.7 to 4.0.

3. Thelaminated body according to claim 1 or 2, wherein the surfaces of the resin layers forming both outermost layers
comprise a dynamic friction coefficient of from 0.15 to 0.45.

4. Thelaminated body according to any one of claims 1 to 3, wherein both sides of each metal foil are closely laminated
to the resin layers with an adhesive strength of 0.2 N/mm or more, respectively.

5. A method of producing a shaped article, comprising molding the laminated body according to any one of claims 1 to 4.

6. The method of producing the shaped article according to claim 5, wherein the method comprises carrying out the
molding by drawing.

Patentanspriiche

1. Laminatkdrper, der zumindest eine Metallfolie und zumindest zwei Harzschichten umfasst, wobei der Laminatk&rper
eine Dicke von 25 bis 500 pm aufweist, jede Metallfolie eine Dicke von 4 bis 100 pwm aufweist und jede Harzschicht
eine Dicke von 9 bis 500 um aufweist,

wobei beide Oberflachen jeder Metallfolie mit einem Kleber dicht an die Harzschichten laminiert sind;

wobei jede Harzschicht zumindest eine, ausgewahlt aus der aus einem Polyethylenterephthalat-Film, einem
Polyimid-Film und einem Polyamid-Film bestehenden Gruppe ist;

wobei jede Metallfolie zumindest eine, ausgewahlt aus der aus einer Kupferfolie, einer Kupferlegierungsfolie,
einer Aluminiumfolie, einer Nickelfolie, einer Eisenfolie und einer Edelstahlfolie bestehenden Gruppe ist; und
wobei die Beziehungen: 60 < cY <150 und 1,4 <cb/ oY erfiillt sind, wobei oY flr die Nominalbeanspruchung
(MPa) bei einer Nominaldehnung von 5 % steht, wenn eine Zugprifung geman JIS K 7127: 1999 mit dem
Laminatkdrper durchgefiihrt wird, und ob fiir die Nominalbeanspruchung (MPa) bei einer Nominaldehnung
steht, bei der die Metallfolie im Laminatkorper reif3t, wenn eine Zugprifung geman JIS K 7127: 1999 mit dem
Laminatkorper durchgefihrt wird.

2. Laminatkdrper nach Anspruch 1, wobei der Laminatkorper einen r-Wert (Lankford-Wert) bei einer logarithmischen
Dehnung von 0,4 von 0,7 bis 4,0 aufweist.

3. Laminatkdrper nach Anspruch 1 oder 2, wobei die Oberflachen der Harzschichten, welche die duersten Schichten
bilden, einen dynamischen Reibungskoeffizienten von 0,15 bis 0,45 aufweisen.

4. Laminatkérper nach einem der Anspriiche 1 bis 3, wobei beide Seiten jeder Metallfolie mit einer Haftfestigkeit von
0,2 N/mm bzw. mehr dicht an die Harzschichten laminiert sind.

5. Verfahren zur Herstellung eines Formkérpers, welches das Formen eines Laminatkdrpers nach einem der Anspriiche
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1 bis 4 umfasst.

6. Verfahren zur Herstellung eines Formkdrpers nach Anspruch 5, wobei das Verfahren das Ausfiihren des Formens
durch Verstrecken umfasst.

Revendications

1. Corps stratifi€ comprenant au moins une feuille métallique et au moins deux couches de résine, le corps stratifié
présentant une épaisseur de 25 a 500 um, chaque feuille métallique présentant une épaisseur de 4 a 100 pm, et
chaque couche de résine présentant une épaisseur de 9 a 500 pum,

dans lequel les deux surfaces de chaque feuille métallique sont stratifiées de maniere serrée sur les couches
de résine a l'aide d’un adhésif ;

dans lequel chaque couche de résine est au moins une sélectionnée dans le groupe constitué par un film de
polyéthylene téréphtalate, un film de polyimide et un film de polyamide ;

dans lequel chaque feuille de métal est au moins une feuille sélectionnée dans le groupe constitué d'une feuille
de cuivre, d’une feuille d’alliage de cuivre, d’'une feuille d’aluminium, d’une feuille de nickel, d’une feuille de fer
et d’une feuille d’acier inoxydable ; et

danslequellesrelations : 60<cY <150, et 1,4 <cb/cY sont satisfaites, dans lequel oY représente une contrainte
nominale (MPa) a une déformation nominale de 5 % lorsqu’un test de traction selon JIS K 7127 : 1999 est
effectué sur le corps stratifié, et ob représente une contrainte nominale (MPa) a une déformation nominale a
laquelle la feuille métallique dans le corps stratifié est cassée lors d’un test de traction selon JIS K 7127 : 1999
est effectué sur le corps stratifié.

2. Corps stratifié selon la revendication 1, dans lequel le corps stratifié présente une valeur r (valeur de Lankford), a
une déformation logarithmique de 0,4, de 0,7 a 4,0.

3. Corps stratifié selon la revendication 1 ou 2, dans lequel les surfaces des couches de résine formant les deux
couches les plus externes comprennent un coefficient de frottement dynamique compris entre 0,15 et 0,45.

4. Corps stratifié selon 'une quelconque des revendications 1 a 3, dans lequel les deux cotés de chaque feuille
métallique sont stratifiés de maniére serrée sur les couches de résine a l'aide d’'une force d’adhérence, respective-

ment, de 0,2 N/mm ou plus.

5. Procédé de production d’'un article formé, comprenant le moulage du corps stratifié selon 'une quelconque des
revendications 1 a 4.

6. Procédé de production de l'article formé selon la revendication 5, dans lequel le procédé comprend la réalisation
du moulage par étirage.
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