
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
20

1 
78

2
A

1
*EP001201782A1*
(11) EP 1 201 782 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication:
02.05.2002 Bulletin 2002/18

(21) Application number: 01919805.0

(22) Date of filing: 06.04.2001

(51) Int Cl.7: C22F 1/08, C22C 9/00

(86) International application number:
PCT/JP01/02986

(87) International publication number:
WO 01/79577 (25.10.2001 Gazette 2001/43)

(84) Designated Contracting States:
DE FR GB IT

(30) Priority: 17.04.2000 JP 2000114756

(71) Applicant: Tanaka Kikinzoku Kogyo K.K.
Tokyo 103-0025 (JP)

(72) Inventor: SHIMA, Kunihiro,
Tanaka Kikinzoku Kogyo K.K.
Hiratsuka-shi, Kanagawa 254-0076 (JP)

(74) Representative: Pidgeon, Robert John et al
Appleyard Lees
15 Clare Road
Halifax West Yorkshire HX1 2HY (GB)

(54) METHOD FOR ADJUSTING PROPERTIES OF CU-AG ALLOY PLATE HAVING HIGH
STRENGTH AND HIGH CONDUCTIVITY, AND METHOD FOR PRODUCING CU-AG ALLOY
PLATE HAVING HIGH STRENGTH AND HIGH CONDUCTIVITY

(57) The present invention provides a method of
modifying conductivity- and strength-related properties
of a Cu-Ag alloy plate produced by predetermined an-
nealing and cold rolling, composed of 4 to 32% by atom
of Ag and Cu accounting for the balance, wherein the
plate rolled at any reduction ratio is heated at different
temperature levels, and strength and conductivity of the
plate after the annealing are measured for each anneal-
ing temperature so as to establish the conductivity-an-
nealing temperature curve and strength-annealing tem-
perature curve as the correlations between annealing
temperature and strength and between annealing tem-
perature and conductivity, then, an optimum annealing
temperature required to provide a desired conductivity
or strength is determined by extrapolating the above-
described conductivity-annealing temperature curve or
strength-annealing temperature curve at the desired
conductivity or strength, and the plate prepared at any
reduction ratio is annealed at the optimum annealing
temperature.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method of
modifying strength- and conductivity-related properties
of high-strength, high-conductivity Cu-Ag alloy plate,
and method of producing high-strength, high-conductiv-
ity Cu-Ag alloy plate.

BACKGROUND ART

[0002] Development of high-strength, high-conductiv-
ity materials has been urged for, e.g., IC lead frames
and conductive materials of magnet for superstrong
magnetic field. These electroconductive materials are
required to have various properties, e.g., sufficient
strength even under a high electromagnetic force pro-
duced by the magnetic field of high strength in which it
is placed, and generate less heat due to the resistance
even in the presence of large current. As the electric/
electronic industries advances recently, these trends
become prominent.
[0003] A Cu-Ag alloy is commonly used as an elec-
troconductive material. However, it is difficult for the con-
ventional Cu-Ag alloy to have sufficiently high strength
and conductivity simultaneously, because ensuring of
the conductivity and ensuring of the strength are not
compatible with each other: increasing Ag content to im-
prove strength decreases conductivity, and increasing
Cu content to secure sufficient conductivity decreases
strength. Therefore, the conventional alloy must keep
Ag content at a very low level of about 0.3 to 0.5% by
atom to secure conductivity, resulting in sacrifice of the
strength.
[0004] Among Cu-Ag alloy materials recently devel-
oped in this context, a high-strength, high-conductivity
Cu-Ag alloy is produced by a method disclosed in Jap-
anese Patent No. 2, 104, 108. The Cu-Ag alloy is pro-
duced through subjecting the alloy ingot containing Ag
at 4 to 32% by atom, and Cu as the balance to casting,
rapidly quenching, cold rolling, and annealing at 300 to
500°C for 0.5 to 5 hours in a vacuum or inert atmos-
phere, then repeating the cold rolling and annealing
steps at least twice. Since the Cu-Ag alloy has a crystal
structure with the Cu/Ag eutectic crystal phase distrib-
uted uniformly and finely, and with the primary Cu and
eutectic crystal phases stretched in filament, and it has
an advantage of very high strength while keeping high
conductivity. It is assumed to be a promising material for
the above purposes. This method employing cold rolling
as the cold treatment step has been used to produce
the high-strength, high-conductivity Cu-Ag alloy plate.
[0005] The above-described high-strength, high-con-
ductivity Cu-Ag alloy material is provided with the prop-
erties of high strength and conductivity by undergoing
cold rolling and annealing twice or more for each treat-
ment. It is normally treated further by finish rolling to

have a desired thickness in the last stage before it be-
comes the final commercial product.
[0006] Its properties of conductivity and strength de-
pend on processing history. More specifically, its prop-
erties depends on reduction ratio at each of the cold roll-
ing steps effected twice or more before finish rolling and
reduction ratio at the finish rolling step. Therefore, its
properties are defined uniquely processing history. Usu-
ally, requirement of the properties for the commercial
product varies to some extent, depending on its purpos-
es; strength taking precedence over conductivity for a
product, and conductivity taking precedence over
strength for another product. It is therefore necessary,
when two or more types of products having different
property requirements are to be produced, to treat the
work at different reduction ratio for each product type.
[0007] Changing reduction ratio for different property
requirements depending on production requirement is
not desirable viewed from production efficiency. Since
the material is produced by undergoing a relatively large
number of production steps, such as undergoing an-
nealing and cold rolling twice or more for each, variation
of reduction ratio for each product provides large influ-
ence on the production efficiency. Moreover, the special
materials, like the high-strength, high-conductivity Cu-
Ag alloy plate of the present invention, are not neces-
sarily produced massively. When a manufacturer runs
the production in low production efficiency because of
requirement of diversified product types produced in a
small quantity, the manufacturer inevitably increases
the product prices.
[0008] The present invention is developed, in the con-
text described above. It is an object of the present in-
vention to provide a method of modifying properties for
the high-strength, high-conductivity Cu-Ag alloy plate
produced by the above-described steps, which allows
to produce the product with two or more required prop-
erties at any reduction ratio, i.e., without changing
processing history or reduction ratio for each property
requirement. It is another object of the present invention
to provide a method of producing high-strength, high-
conductivity Cu-Ag alloy plate, based on the same meth-
od of modifying properties.

DISCLOSURE OF THE INVENTION

[0009] The inventor of the present invention found, af-
ter having extensively studied to solve the above prob-
lems, that annealing of the finish-rolled plate changes
its properties with respect to conductivity and strength.
The inventor further found that the changed properties
as a result of annealing show a certain tendency that
increasing annealing temperature decreases strength
and increases conductivity, irrespective of reduction ra-
tio. The inventor investigated the trends of the properties
changed by the annealing for the plates prepared at var-
ying reduction ratios, and considered that the desired
product could be produced by annealing the plate pro-
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duced at a certain reduction ratio at varying temperature
levels to modify its properties, reaching the present in-
vention.
[0010] The present invention provides a method of
modifying conductivity- or strength-related properties of
a Cu-Ag alloy plate, prepared by the steps of:

(a) casting and rapidly quenching an alloy ingot
composed of 4 to 32% by atom of Ag and Cu ac-
counting for the balance,
(b) cold rolling, then annealing the ingot at 300 to
500°C for 0.5 to 5 hours under a vacuum, or in an
inert gas, reducing gas or mixture of inert and re-
ducing gas atmosphere,
(c) repeating the above step (b) once or more, and
(d) cold rolling as the finish rolling to provide a de-
sired thickness of the plate,

wherein the plate rolled at any reduction ratio in
the steps (b) to (d) is heated at different temperature
levels, and strength and conductivity of the plate after
the annealing are measured for each annealing temper-
ature so as to establish the conductivity-annealing tem-
perature curve and strength-annealing temperature
curve as the correlations between annealing tempera-
ture and strength and between annealing temperature
and conductivity, then, an optimum annealing tempera-
ture required to provide a desired conductivity or
strength is determined by extrapolating the above-de-
scribed conductivity-annealing temperature curve or
strength-annealing temperature curve at the desired
conductivity or strength, and the plate prepared at any
reduction ratio is annealed at the optimum annealing
temperature.
[0011] The method of the present invention for modi-
fying the properties of the Cu-Ag alloy plate is described
more specifically. Figs. 1(a) and 1(b) show the proper-
ties of the high-strength, high-conductivity Cu-Ag alloy
plate, prepared at a certain reduction ratio and anneal-
ing temperature, changing with annealing temperature;
Fig. 1(a) for conductivity and Fig. 1(b) for strength, both
of the annealed alloy plate. Strictly speaking, shape of
each curve is considered to vary with the treatment his-
tory the plate has undergone. However, there is a gen-
eral trend that increasing annealing temperature de-
creases strength and increases conductivity, as shown
in Fig. 1.
[0012] The method of the present invention allows to
find the optimum annealing temperature by obtaining
the conductivity-annealing temperature curve or
strength-annealing temperature curve for the plate pre-
pared at any reduction ratio, and on the basis of the both
curves, extrapolating the both curves at a desired con-
ductivity or strength on the ordinate. Which curve is used
as the standard to determine the optimum annealing
temperature depends on the required properties of the
product. For example, for the product with conductivity
as the priority property, it is preferable to determine the

optimum annealing temperature using the conductivity-
annealing temperature curve and then to consider
strength which would result when the plate is annealed
at the above temperature using the strength-annealing
temperature curve. Recommended annealing time for
establishing the correlation is about 0.5 to 1.0 hour, in
consideration of efficiency of drawing the curve. It is also
preferable that the finish-rolled plate is annealed for
property modification at the optimum annealing temper-
ature determined by the above procedure for the same
time period as that used for establishing the correlation,
in order to avoid the error with respect to the curve.
[0013] To describe the procedure to determine the op-
timum annealing temperature more specifically, consid-
er that the curves shown in Figs. 1(a) and 1(b) are es-
tablished for a plate prepared at a certain reduction ratio.
For example, in the case where the desired conductivity
is "Ca", Fig. 1(a) gives the optimum annealing temper-
ature "Ta" to give a desired conductivity "Ca".
[0014] Next, the strength-annealing temperature
curve, shown in Fig. 1(a), can be used to verify in the
case of the plate heated at the temperature of Ta wheth-
er the optimum temperature "Ta" for the desired conduc-
tivity gives a desired strength by evaluating whether the
strength "Ta" is within an acceptable range.
[0015] The optimum annealing temperature for the
case where strength is given priority over conductivity
can be determined in a similar manner, using the
strength-annealing temperature curve first.
[0016] Hardness or tensile strength (stress) may be
used as the standard parameter for strength in the
above procedure. However, tensile strength is more im-
portant for IC lead frames and magnet conductors work-
ing in a magnetic field of superhigh strength as the major
prospective applicable areas for the high-strength, high-
conductivity Cu-Ag alloy plate of the present invention.
It is therefore preferable to use tensile strength to pre-
pare the strength-annealing temperature curve.
[0017] Thus, even when two or more types of prod-
ucts of different properties are produced for one alloy
plate type prepared under any processing history, such
products can be easily produced, according to the
present invention, by obtaining a characteristic curve for
the case of the plate being preannealed in advance,
then determining an optimum annealing temperature,
based on the characteristic curve, for characteristic re-
quirement of each product, and annealing each type at
the optimum temperature.
[0018] The inventor of the present invention yet fur-
ther found, after having investigated the changed prop-
erties by the annealing for an alloy plate prepared under
two or more different processing history, that annealing
of the plate at temperature in a constant range gives the
product of well-balanced strength and conductivity,
reaching the method of producing a high-strength, high-
conductivity Cu-Ag alloy plate by annealing the finish-
rolled plate at temperature in a given range.
[0019] More specifically, the second invention pro-

3 4



EP 1 201 782 A1

4

5

10

15

20

25

30

35

40

45

50

55

vides a method of producing a Cu-Ag alloy plate, com-
prising the steps of:

(a) casting and rapidly quenching an alloy ingot
composed of 4 to 32% by atom of Ag and Cu ac-
counting for the balance,
(b) cold rolling, and annealing the ingot at 300 to
500°C for 0.5 to 5 hours under a vacuum, or in an
inert gas, reducing gas or mixed inert and reducing
gas atmosphere,
(c) repeating the above step (b) once or more,
(d) cold rolling as the finish rolling to provide a de-
sired thickness of the plate, and
(e) annealing the plate at 150 to 400°C for 0.5 to 5
hours.

[0020] In the above-described method of producing a
Cu-Ag alloy plate, the steps (a) to (c) are similar to those
for the conventional method of producing a high-
strength, high conductivity Cu-Ag alloy plate, described
earlier. The method of the present invention involves the
additional annealing step for the finish-rolled plate at
150 to 400°C for 0.5 to 5 hours.
[0021] It is necessary to anneal the finish-rolled plate
at temperature in a range of 150 to 400°C: a longer an-
nealing time will be required to have the required prop-
erties, because strength and conductivity of the plate will
change only slowly at 150°C or less, whereas strength
will decrease to an unpractical level at 400°C or more
because of softening occurring as a result of the recrys-
tallization, while conductivity is increased, so that prod-
ucts not suitable for actual use will be made. The plate
can be adequately annealed for 0.5 to 5 hours: it may
be difficult to sufficiently change the properties in an an-
nealing time of 0.5 hour or less, and the further effects
may no longer expected when the plate is annealed for
5 hours or more. Therefore, annealing time of 0.5 to 5
hours is adequate in consideration of production effi-
ciency.
[0022] The annealing is effected under a vacuum, or
in an inert gas, reducing gas or mixed inert and reducing
gas atmosphere, in order to prevent oxidation of the ma-
terial.
[0023] The annealing is preferably effected at 150 to
200°C as set forth in Claim 4, when the balance between
conductivity and strength is of special concern, because
the plate tends to decrease in strength relatively signif-
icantly when annealed at 200°C or more.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Fig. 1 schematically illustrates strength and con-
ductivity of a finish-rolled high-strength, high-con-
ductivity Cu-Ag alloy plate, changing during the an-
nealing step;
Fig. 2 shows the relationship between conductivity

and annealing temperature for the finish-rolled Cu
(76% by atom) -Ag(24% by atom) plate, prepared
in a first embodiment;
Fig. 3 shows the relationship between tensile
strength and annealing temperature for the finish-
rolled Cu(76% by atom)-Ag(24% by atom) plate,
prepared in the first embodiment;
Fig. 4 shows the relationship between conductivity
and annealing temperature for the finish-rolled Cu
(76% by atom) -Ag(24% by atom) plate, prepared
in a second embodiment; and
Fig. 5 shows the relationship between tensile
strength and annealing temperature for the finish-
rolled Cu(76% by atom)-Ag(24% by atom) plate,
prepared in the second embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0025] Preferable embodiments of the present inven-
tion will be described with reference to the drawings.

First Embodiment:

[0026] An alloy of Cu(76% by atom)-Ag(24% by atom)
was molten in a vacuum smelting furnace, cast and rap-
idly quenched into the ingot, 50 mm thick and 200 mm
wide. The ingot was then annealed and hot-rolled at 450
°C, and formed by pressing and facing into the 21 mm
thick plate.
[0027] The formed plate was cold-rolled and an-
nealed, each twice, to have a thickness of 10.5 mm,
wherein the annealing was effected at 450°C for 1 hour
in a flow of nitrogen/hydrogen/steam mixture. It was fur-
ther cold-rolled to have a thickness of 6.3 mm, annealed
at 400 °C for 1 hour in a flow of nitrogen/hydrogen/steam
mixture, and cold-rolled to have a thickness of 1.5 mm.
Then, it was adjusted to have a given width, and finished
by cold rolling to have a thickness of 0.4 mm.
[0028] The finish-rolled plate was cut into test pieces
for property evaluation, and they were heated at 100 to
500°C in a flow of nitrogen gas. The test pieces were
heated for two different time periods, 0.5 and 1 hour,
and they heated at each temperature level and time pe-
riod were measured for their conductivity and tensile
strength in two directions, 0° and 90° to the rolling di-
rection.
[0029] Fig. 2 shows the results, the relationship be-
tween conductivity and annealing temperature for the
finish-rolled plate, and Fig. 3 shows the relationship be-
tween tensile strength and annealing temperature. As
shown in Figs. 2 and 3, the observed results also indi-
cate that tensile strength decreases and conductivity in-
creases as annealing temperature increases with this
electroconductive alloy.
[0030] The optimum annealing temperature was de-
termined to secure the conductivity-based properties (i.
e., corresponding to Class IIIHH, conductivity: 80% IACS
or more) using the curve, shown in Fig. 3, established
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with the test piece annealed for 0.5 hour and measured
for its conductivity in the direction of 0 ° in the rolling
direction. The optimum temperature corresponding to
the 80% IACS level was 270°C. The alloy which had not
been annealed was treated at 270°C for 0.5 hour. It was
found to have a conductivity almost equivalent to that
predicted using the curve, and a tensile strength of ap-
proximately 800 MPa.
[0031] It is therefore considered that the alloy plate
prepared by the above-described production steps can
be modified to meet various property requirements
when annealed at the optimum temperature determined
for a given conductivity or tensile strength, thus dispens-
ing with necessity to produce the plates of different prop-
erties by different steps.

Second Embodiment:

[0032] In this embodiment, an alloy plate having the
same composition as that for the first embodiment,
namely 76% by atom of Cu and 24% by atom of Ag, was
prepared at a different reduction ratio of finish rolling.
The finish-rolled plate was annealed at varying temper-
ature levels, to draw the tensile strength-annealing tem-
perature and conductivity-annealing temperature
curves.
[0033] The plate was annealed at the same tempera-
ture and rolled at the same reduction ratio as those for
the first embodiment in the production steps up to the
finish rolling. However, it was rolled at a different reduc-
tion ratio in the finish rolling to have a final thickness of
0.8 mm, and annealed at varying temperature levels.
[0034] Figs. 4 and 5 show the conductivity-annealing
temperature and tensile strength-annealing tempera-
ture curves, respectively, for the alloy plate prepared in
this embodiment. These Figures also indicate that ten-
sile strength decreases and conductivity increases as
annealing temperature increases. The alloy which had
been finish-rolled but not annealed was treated at the
optimum temperature determined for the required con-
ductivity using these Figures. It was also found to have
a conductivity almost comparable with that predicted us-
ing the curve, as was the case with the first embodiment.

INDUSTRIAL APPLICABILITY

[0035] As described above, even when two or more
types of high-strength, high-conductivity Cu-Ag alloy
plates of different properties are to be produced for one
alloy plate type prepared under any processing history,
the present invention can easily produce such products
by annealing each type at the optimum temperature de-
termined to give the required properties based on the
pre-established characteristic curves. This allows to
flexibly cope with the requirements for production of di-
versified products in small quantity, improving produc-
tion efficiency and possibly reducing the product price.

Claims

1. A method of modifying properties of a Cu-Ag alloy
plate prepared by the steps of:

(a) casting and rapidly quenching an alloy ingot
composed of 4 to 32% by atom of Ag and Cu
accounting for the balance,
(b) cold rolling, then annealing the ingot at 300
to 500°C for 0.5 to 5 hours under a vacuum, or
in an inert gas, reducing gas or mixture of inert
and reducing gas atmosphere,
(c) repeating the above step (b) once or more,
and
(d) cold rolling as the finish rolling to provide a
desired thickness of the plate,

wherein the plate rolled at any reduction ratio
in the steps (b) to (d) is heated at different temper-
ature levels, and strength and conductivity of the
plate after the annealing are measured for each an-
nealing temperature so as to establish the conduc-
tivity-annealing temperature curve and strength-an-
nealing temperature curve as the correlations be-
tween annealing temperature and strength and be-
tween annealing temperature and conductivity,
then, an optimum annealing temperature required
to provide a desired conductivity or strength is de-
termined by extrapolating the conductivity-anneal-
ing temperature curve or strength-annealing tem-
perature curve at the desired conductivity or
strength, and the plate prepared at any reduction
ratio is annealed at the optimum annealing temper-
ature.

2. The method of modifying properties of a Cu-Ag alloy
plate according to Claim 1, wherein the optimum an-
nealing temperature is determined through meas-
uring tensile strength of the finish-rolled plate after
annealing, and drawing the strength-annealing
temperature curve based on the tensile strength
value.

3. A method of producing a high-strength, high-con-
ductivity Cu-Ag alloy plate, comprising the steps of:

(a) casting and rapidly quenching an alloy ingot
composed of 4 to 32% by atom of Ag and Cu
accounting for the balance,
(b) cold rolling, then annealing the ingot at 300
to 500°C for 0.5 to 5 hours under a vacuum, or
in an inert gas, reducing gas or mixture of inert
and reducing gas atmosphere,
(c) repeating the above step (b) once or more,
(d) cold rolling as the finish rolling to have a de-
sired thickness of the plate, and
(e) annealing the plate at 150 to 400°C for 0.5
to 5 hours.
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4. The method of producing a high-strength, high-con-
ductivity Cu-Ag alloy plate according to Claim 3,
wherein said annealing step (e) is effected at 150
to 200°C.
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