[Designation of Document] Specification

[Title of the Invention] COPPER-ALLOY PLATE FOR
TERMINAL/CONNECTOR MATERIAL, AND METHOD FOR PRODUCING
COPPER-ALLOY PLATE FCR TERMINAL/CONNECTOR MATERIAL
[Technical Field]

[0001]

The present invention relates to a copper alloy
sheet for terminal and connector materials, and a method
for manufacturing a copper alloy sheet for terminal and
connector materials, and particularly to a copper alloy
sheet for terminal and connector materials which is
excellent in terms of tensile strength, proof stress,
Young’s modulus, electric conductivity, bending
workability, stress corrosion crack resistance, stress
relaxation characteristics and soldexability, and a method
for manufacturing a copper alloy sheet for terminal and
connector materials.

The present application claims priority on PCT
International Application No. PCT/JP2013/051602, filed on
January 25, 2013, the content of which i1s incorporated
herein by reference.

[Background Art]
[0002]
A copper alloy sheet having high electric

conductivity and high strength has thus far been used as a



constituent material for connectors, terminals, relays,
springs, switches, semiconductors, lead frames and the
like that are used in electric components, electronic
components, vehicle components, communication devices,
electric and electronic devices and the like. However, in
response to a decrease in the size and weight and an
improvement ©f the performance of such devices in recent
years, there is a demand for extremely strict
characteristic improvement with the constituent materials
used for the above-described devices. For example, an
extremely thin sheet is used in a spring contact section
in a connector, and a high-strength copper alloy
configuring the above-described extremely thin sheet is
required to have high strength or a high degree of balance
between elongation and strength to procure a thin
thickness. Furthermore, the high-strength copper alloy is
required to be excellent in terms of productivity and
economic efficiency and to have no problems with electric
conductivity, corrosion resistance (stress corrosion crack
resistance, dezincification corrosion resistance and
migration resistance), stress relaxation characteristics,
solderability, and the like.

In addition, in the constituent material for
connectors, terminals, relays, springs, switches,

semiconductors, lead frames and the like that are used in



electric components, electronic components, vehicle
components, communication devices, electric and electronic
devices and the like, there is a component and a section
requiring higher strength or higher electric conductivity
to satisfy the requirement of a thin thickness which is a
preconditicon for excellent elongation and excellent
bending workability. However, strength and electric
conductivity are opposing characteristics, and thus the
improvement of strength is generally followed by a
decrease in electric conductivity. In the above-described
circumstance, there 1is a component requiring a high-
strength material having higher electric conductivity
(approximately 30%IACS ox higher, for example,
approximately 36%IACS) at a tensile strength of, for
example, 500 N/mm? or more. In addition, there is a
component requiring superior stress relaxation
characteristics and superior thermal resistance since the
component 1s used under a high-temperature environment
such as near a vehicle engine room.

[0003]

Well-known examples of a copper alloy having high
electric conductivity and high strength generally include
beryllium copper, phosphor bronze, nickel silver, brass
and Sn-added brass. The above-described general high-

strength copper alloys have the following problems, and



cannot satisfy the above-described requirements.

Beryllium copper has the highest strength among
copper alloys, but beryllium is extremely harmful to human
bodies (particularly, in a molten state, even an extremely
small amount of beryllium vapor is extremely dangerous).
Therefore, disposal (particularly, incineration disposal)
of a beryllium copper member or a product including a
beryllium copper member is difficult, and the initial cost
for a dissolution facility used for manufacturing becomes
extremely high. Therefore, to obtain predetermined
characteristics, 1t becomes necessary to carry out a
solution thermal treatment in the final phase of
manufacturing, and thus there is a problem with economic
efficiency including the manufacturing costs.

Since phosphor bronze and nickel silver have poor
hot workability, and are not easily manufactured through
hot rolling, it is common to manufacture phosphor bronze
and nickel silver through transverse continuous casting.
Therefore, the productivity is poor, the energy cost is
high, and the yield is also poor. In addition, since
phosphor bronze for springs or nickel silver for springs
which is a typical copper alloy having high strength
contains a large amount of expensive Sn and Ni, the
electric conductivity is poor, and there is a problem with

economic efficiency.



Brass and Sn-added brass are cheap, but cannot
satisfy the strength, have poor stress relaxation
characteristics and poor electric conductivity, and have a
problem with corrosion resistance (stress corrosion and
dezincification corrosion), and therefore brass and Sn-
added brass are not suitable as a constituent material for
the above-described products regquiring a decrease in size
and an improvement of performance.

Therefore, the above-described general copper alloys
having high electric conductivity and high strength can be
by no means satisfactory as a constituent material for
components of a variety of devices having a tendency of
size decrease, weight decrease and performance improvement
as described above, and there i1s a strong demand for
development of a novel copper alloy having high electric
conductivity and high strength.

[(0004]

As an alloy for satisfying the above-described
requirement o©of high electric conductivity and high
strength, for example, a cu-Zn-Sn alloy as described in
Patent Document 1 is known. However, the alloy according
to Patent Document 1 is also not sufficient in terms of

electric conductivity and strength.

[Related art document]



[Patent Document]

[0005]

[Patent Document 1] Japanese Patent Application
Laid-Open no. 2007-056365
[Disclosure of the Invention]

[Problem that the Invention is to Solve]

[0006]

The invention has been made to solve the above-
described problems of the related art, and an object of
the invention 1s to provide a copper alloy sheet for
terminal and connector materials which is excellent in
terms of tensile strength, proof sfress, Young’'s modulus,
electric conductivity, bending workability, stress
corrosion crack resistance, stress relaxation
characteristics and solderability.

[Solutions to Solve the Problems]

[C007]

Paying attention to the Hall-Petch relationship
saying that the 0.2% proof stress (that is strength when
the permanent strain reaches 0.2%, and, hereinafter, will
be sometimes referred to simply as “proof stress”)
increases in proportion to the inverse of square root of
the crystal grain diameter D (D™%?) (refer to E. ©. Hall,
Proc. Phys. Soc¢. London. 64 (1851) 747 and N. J. Petch, J.

Iron Steel Inst. 174 (1953) 25.), the present inventors



considered that a high-strength copper alloy that can
satisfy the above-described requirements of the times can
be obtained by miniaturizing crystal grains, and carried
out a wvariety of studies and experiments regarding the
miniaturization of crystal grains.

As a result, the following finding was obtained.

Crystal grains can be miniaturized by
recrystallizing a copper alloy in accordance with elements
being added. When crystal grains (recrystallized grains)
are miniaturized to a certain size or smaller, it is
possible to significantly improve strength, mainly tensile
strength and proof stress. That 1s, as the average
crystal grain diameter decreases, the strength also
increases.

Specifically, a variety of experiments were carried
out regarding the influences of elements being added on
the miniaturization of crystal grains. Thus, the
following matters were clarified.

The addition of Zn and Sn to Cu has an effect that
increases the number of nucleation sites of
recrystallization nuclei. Furthermore, the addition of P,
Ni, and furthermore, Co and Fe to a Cu-Zn-Sn alloy has an
effect that suppresses grain growth. Therefore, it was
clarified that a Cu-Zn-Sn-P-Ni-based alloy, a Cu-Zn-Sn-P-

Ni-Co-based alloy, a Cu-Zn-Sn-P-Ni-Fe-based alloy and a



Cu-Zn-Sn-P-Ni-Co-Fe-based alloy having fine crystal grains
can be obtained by using the above-described effect.

That is, & decrease in stacking-fault energy by the
additicn of Zn and Sn which have divalent and tetravalent
atomic valences respectively is considered to be one of
the main causes for the increase in the number of
nucleation sites o©of recrystallization nuclei. The
suppression of the growth of crystal grains which
maintains the generated fine recrystallized grains being
fine 1s considered to result from the generation of fine
precipitates by the addition of P, Ni, Co and Fe. However,
the balance among strength, elongatibn and bending
workability cannot be  obtained simply by ultra-
miniaturizing recrystallized grains. It was clarified
that recrystallized grains are preferably miniaturized in
a certain crystal grain miniaturization range to maintain
the balance. Regarding the miniaturization or ultra-
miniaturization of crystal grains, JIS H 0501 describes
the minimum crystal grain size is 0.010 mm in a described
standard photograph. Based on this description, it is
considered that c¢rystal grains <can be said to be
miniaturized in a copper alloy having an average crystal
grain diameter of approximately 0.008 mm or less, and
crystal grains can be said to be ultra-miniaturized in a

copper alloy having an average crystal grain diameter of



0.004 mm (4 microns) or less.

[0008]

The invention has been completed based on the above
finding by the inventors. That is, the following inventions
are provided to solve the above-described problems.

The invention provides a copper alloy sheet for terminal
and connector materials containing 4.5 mass% to 12.0 mass% of
Zn; 0.40 mass% to 0.9 mass% of Sn; 0.01 mass® to 0.08 mass®% of
P; and 0.20 mass% to 0.85 mass% of Ni with a remainder being Cu
and inevitable impurities, in which a content of Zn [Zn]
(mass%), a content of Sn [Sn] (mass%), a content of P [P]
(mass%) and a conten; of Ni [Ni] (mass%) have a relationship of
11£{Zn]+7.5%x[Sn]+16x[P]+3.5x[Ni]<19, and the copper alloy sheet
is a copper alloy sheet for terminal and connector materials
which further has a relationship of 7<[Ni]/[P]<40 with regard
to a content of Ni and a content of P in a case in which the
content of Ni is in a range of 0.35 mass% to 0.85 mass%, an
average crystal grain diameter is in a range of 2.0 pm to 8.0
um, an average particle diameter of circular or elliptical
precipitates is in a range of 4.0 nm to 25.0 nm or a proportion
of the number of precipitates having a particle diameter in a
range of 4.0 nm to 25.0 nm in the precipitates is 70% or more,
an electric conductivity is 29%IACS or more, a percentage of
stress relaxation is 30% or less at 150°C for 1000 hours as

stress relaxation



resistance, bending workability is R/t<0.5 at W bending,
solderability 1is excellent, and a Young’s modulus is
100x10° N/mm’ or more.

[0009]

According to the copper alloy sheet for terminal and
connector materials of the invention, since the average
grain diameter of the crystal grains and the average
particle diameter of the precipitates are in the
predetermined preferred ranges, tensile strength, proof
stress, Young’s modulus, electric conductivity, bending
workability, stress corrosion crack resistance,
solderability and the like are excellent.

In a case in which the content of Ni is in a range
of 0.35 mass% to 0.85 mass%, since a relationship of
7<[Ni]/[P1<40 1is satisfied, the percentage of stress
relaxation becomes favorable.

Meanwhile, examples of the circular or elliptical
precipitates include not only true circular or elliptical
precipitates but also substantially circular or elliptical
precipitates.

[0010]

In addition, the invention provides a copper alloy
sheet for terminal and connector materials containing 4.5
mass% to 12.0 mass% of Zn; 0.40 mass% to 0.9 mass% of Sn;

0.01 mass% to 0.08 mass% of P; 0.20 mass% to 0.85 mass% of
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Ni; and any one or both of 0.005 mass%$ to 0.08 mass®t of Co and
0.004 mass% to 0.04 mass?® of Fe with. a remainder being Cu and
inevitable impurities, in which a content of 7Zn [Z2n] (mass%), a
content of Sn [Sn] {(mass%), a content of P [P] (mass%), a content
of Co [Co] (mass%) and a content of Ni |[Ni] (mass%) have a
relationship of 11<[Zn]+7.5x[Sn]+16x[P]+10x[Co]J+3.5x[N1]<19, and
the copper alloy sheet is a copper alloy sheet for terminal and
connector materials which further has a relationship of
7<[Ni]/[P]<40 with regard to a content of Ni and a content of P in
a case in which the content of Ni is in a range of 0.35 mass% to
0.85 mass$%, an average crystal grain diameter is in a range of 2.0
pgm to 8.0 pm, an average particle diameter of circular or
elliptical precipitates is in a range of 4.0 nm to 25.0 nm or a
proportion of the number of precipitates having a particle
diameter in a range of 4.0 nm to 25.0 nm in the precipitates is
70% or more, an electric conductivity is 29%IACS or more, a
percentage of stress relaxation is 30% or less at 150°C for 1000
hours as stress relaxation resistance, bending workability is
R/t<0.5 at W bending, solderability is excellent and a Young’s
modulus is 100x10° N/mm’ or more.

[0011]

According to the copper alloy sheet for terminal and
connector materials of the invention, since any one ox both
of 0.005 mass% to 0.08 mass%® of Co and 0.004 mass% to 0.04

mass% of Fe are contained, it is possible to



miniaturize the crystal grains and to increase the
strength.

[0012]

Furthermore, the invention provides a copper alloy
sheet for terminal and connector materials containing 8.5
mass% to 12.0 mass% of Zn; 0.40 mass% to 0.9 mass% of Sn;
0.01 mass% to 0.08 mass% of P; and 0.40 mass% to 0.85
mass% of Ni with a remainder being Cu and inevitable
impurities, in which a content of 2Zn [Zn] {(mass%), a
content of Sn [Sn] (mass%), a content of P ([P] (mass%),
and a content of Ni [Ni] ({mass%) have a relationship of
17<[2n]+7.5%[Sn] +16x[P]+3.5x[Ni]<19 and have a
relationship of 7<[Ni]/[P]<40 and 0.55<[Ni]/[Sn}<1.9, an
average crystal grain diameter is in a range of 2.0 pm to
8.0 um, an average particle diameter of circular or
elliptical precipitates is in a range of 4.0 nm to 25.0 nm
or a proportion of the number of precipitates having a
particle diameter in a range of 4.0 nm to 25.0 nm in the
precipitates is 70% or more, an electric conductivity 1is
29%IACS or more, a percentage of stress relaxation is 30%
or less at 150°C for 1000 hours as stress relaxation
resistance, bending workability is R/t<0.5 at W bending,
solderability is excellent, stress corrosion crack
resistance is excellent and a Young’s modulus is 100x10°

N/mm’ or more.

_12_



[0013]

In addition, the invention provides a copper alloy
sheet for terminal and connector materials containing 8.5
mass% to 12.0 mass% of Zn; 0.40 mass% to 0.9 mass% of Sn;
0.01 mass% to 0.08 mass% of P; 0.40 mass% to 0.85 mass% of
Ni; and any oné or both of 0.005 mass% to 0.08 mass% of Co
and 0.004 mass® to 0.04 mass% of Fe with a remainder being
Cu and inevitable impurities, in which a content of Zn
[Z2n] {(mass%), a content of Sn [Sn] (mass%), a content of P
[P] (mass%), a content of Co [Co] {(mass%) and a content of
Ni [Ni] (mass%) have a relationship of
175[Zn]+7.5x[sn]+l6x[P]+10x[Co]¥3.5x[Ni]Sl9 and have a
relationship of 7<[Ni]/[P]<40 and 0.55<[Ni]/[Sn}<1.9, an
average crystal grain diameter is in a range of 2.0 um to
8.0 pm, an average particle diameter of circular or
elliptical precipitates is in a range of 4.0 nm to 25.0 aom
or a proportion of the number of precipitates having a
particle diameter in a range of 4.0 nm to 25.0 nm in the
precipitates is 70% or more, an electric conductivity is
29%IACS or more, a percentage of stress relaxation is 30%
or less at 150°C for 1000 hours as stress relaxation
resistance, bending workability is R/t<0.5 at W bending,
solderability is excellent, stress corrosion crack
resistance is excellent and a Young’s modulus is 100x10°

N/mm® or more.
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[0014]

According to the copper alloy sheet for terminal and
connector materials of the invention, since the amount of
Zn is set in a range of 8.5 mass% to 12.0 mass$%, the
amount of Ni is set in a range of 0.40 mass% to 0.85 mass%,
the relationship of
17<5[2Z2n]1+7.5x[Sn]+16x[P]+10x[Co]+3.5%x[Ni1]<19 is satisfied,
and a relationship of 7<[Ni]/[P]<40 and 0.55<[Ni]l/[Sn}<1.9
is satisfied, high strength can be obtained, and it dis
possible to improve the balance among strength, stress
relaxation resistance, bending workability, stress
corrosion crack resistance and Youﬁg's modulus.

[0015]

The above-described four copper alloy sheets for
terminal and connector materials according to the
invention, specifically, have an electric conductivity of
29%IACS oxr more, a percentage of stress relaxation of 30%
or less at 150°C for 1000 hours as stress relaxation
resistance, bending workability of R/t£0.5, excellent
solderability, and a Young’s modulus of 100x10° N/mm’ or
more.

[0016]

The above-described four copper alloy sheets for
terminal and connector materials according to the

invention are manufactured using a manufacturing step

_14_



including a cold finish rolling step for cold-rolling a
copper alloy material in which an average crystal grain
diameter is in a range of 2.0 pum to 8.0 pm, an average
particle diameter of circular or elliptical precipitates
is in a range of 4.0 nm to 25.0 nm or a proportion of a
number of precipitates having a particle diameter in a
range of 4.0 nm to 25.0 nm in the precipitates is 70% or
more, when the electric conductivity 1is represented by C
($IACS), tensile strength, proof stress and elongation in
a direction forming 0 degrees with respect to a rolling
direction are represented by Pw (N/mm?) , Py (N/mm?) and L
(%) respectively, C229, Pw2500,
3200< [Pwx{ (100+L) /100)}xC??1<4100 or C229, Py=480,
3100<[Pyx{ (100+L) /100}xC1/2)<4000 after the cold finish
rolling step or after the recovery thermal treatment step,
and a ratio of tensile strength in the direction forming
90 degrees with respect to the rolling direction to
tensile strength in a direction forming 0 degrees with
respect to the rolling direction is in a range of 0.95 to
1.05, or a ratio of proof stress in the direction forming
90 degrees with respect to the rolling direction to proof
stress in a direction forming 0 degrees with respect to

the rolling direction is in a range of 0.95 to 1.05.
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[0017]

In this case, since the balance among electric
conductivity, tensile strength and elongation is excellent,
and the tensile strength and the proof stress are
isotropic, the copper alloy sheets for terminal and
connector materials are suitable for constituent materials
for connectors, terminals, relays, springs, switches,
semiconductors, lead frames and the like,

Meanwhile, in the invention, the copper alloy
material including crystal grains having a predetermined
grain diameter and precipitates having a predetermined
particle diameter is cold-rolled, but it is still possible
to recognize non-rolled crystal grains and non-rolled
precipitates even after cold rolling. Therefore, it is
possible to measure the grain diameter of the non-rolled
crystal grains and the particle diameter of the non-rolled
precipitates after rolling. In addition, since the
crystal grains and the precipitates maintain the same
volumes even after being rolled, the average crystal grain
diameter of the crystal grains and the average particle
diameter of the precipitates do not change before and
after the cold rolling.

[0018]

In addition, in the invention, the recovery thermal

treatment step may be carried out as necessary after the
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cold finish rolling step.

In a case in which the recovery thermal treatment
step is carried out after the cold finish rolling step,
c>29, Pw=500, R/t<0.5, 3200<[Pwx{ (100+L) /100}xC*?1<4100 ox
Cc>29, Py2480, R/t<0.5, 3100<[Pyx{(100+L)/100}xC*?1<4000
after the recovery thermal treatment step, and the ratio
of tensile strength in a direction forming 90 degrees with
respect to the rolling direction to tensile strength in a
direction forming 0 degrees with respect to the rolling
direction is in a range of 0.95 to 1.05, or the ratio of
procf stress 1in a direction forming 90 degrees with
respect to the rolling direction to proof stress in a
direction forming 0 degrees with respect to the rolling
direction may be in a range of 0.95 to 1.05.

In this case, since the recovery thermal treatment
is carried out, the percentage of stress relaxation, the
Young’s modulus, spring bending elastic 1limit and
elcngation improve.

[0019]

The method for manufacturing the above-described
four copper alloy sheets for terminal and connector
materials according to the invention includes a hot
rolling step; a cold rolling step; a recrystallization
thermal treatment step; and a cold finish rolling step in

this order, a hot rolling initiel temperature is in a
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range of 800°C to 940°C in the hot rolling step, a cooling
rate of a copper alloy material in a temperature range of
a temperature after final rolling to 350°% or 650°C to
350°C 1s 1°C/second or more, a percentage of cold working
is 55% or more 1in the c¢old rolling step, the
recrystallization thermal treatment step includes a
heating step for heating the copper alloy material to a
predetermined temperature, a holding step for holding the
copper alloy material at a predetermined temperature for a
predetermined time after the heating step, and a cooling
step for cooling the copper alloy material to a
predetermined temperature after the holding step, and, in
the recrystallization thermal treatment step, when a peak
temperature of the copper alloy material is represented by
Tmax (°C), a holding time in a temperature range of a
temperature 50°C lower than the peak temperature of the
copper alloy material to the peak temperature is
represented by tm (min), and the percentage of cold
working in the cold rolling step 1s represented by RE (%),
550<Tmax<790, 0.04<tm<2, and 460<{Tmax-40xtm */?~-50x (1-
RE/100)'/?}<580.

Furthermore, depending on the sheet thickness of the
copper alloy sheet, a cold rolling step and an annealing
step forming a pair may be carried out once or a plurality

of times between the hot rolling step and the cold rolling
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step.

[0020]

In the method for manufacturing a copper alloy sheet
for terminal and connector materials according to the
invention, the recovery thermal treatment step is carried
out after the cold finish rolling step, and, in the
recovery thermal treatment step, when a peak temperature
of the copper alloy material is represented by Tmax2 (°C),
a holding time in a temperature range of a temperature
50°C lower than the peak temperature of the copper alloy
material to the peak temperature is represented by tm2

(min), and the percentage of cold working in the cold

o

finish rolling step is  represented by RE2 (%),
160<Tmax2<650, 0.02<tm2<200, and 60<{Tmax2-40xtm2 */?-50x(1-
RE2/100)'/?}<360.

Meanwhile, depending on use, there are cases in
which the copper alloy sheet for terminal and connector
materials according to the invention is Sn-plated after
finish rolling, and, since Sn is melted during plating
such as molten Sn plating or reflow Sn plating, and the
temperature of the material surface increases, it is
possible to replace the recovery thermal treatment step
with the above-described plating treatment step even when

the conditions of the recovery thermal treatment are not

satisfied.
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It is possible to improve the percentage of stress
relaxation, the Young’s modulus, the spring bending
elastic limit and elongation by carrying out the recovery
thermal treatment step.

{Advantage of the Invention]

[0C21]

According to the invention, the tensile strength,
proof stress, Young’s modulus, electric conductivity,
bending workability, stress corrosion crack resistance,
solderability and the like of the copper alloy sheet for
terminal and connector materials are excellent.

[Brief Description of the Drawing]

[0022]

Fig. 1 is a transmission electron microscopic
photograph of a copper alloy sheet of Alloy No. 2 (Test No.
T18) .

[Best Mode for Carrying Out the Invention]

[0023]

Copper alloy sheets for terminal and connector
materials according to embodiments of the invention will
be described.

In the present specification, when indicating an
alloy composition, a chemical symbol in parenthesis, such
as [Cul, 1s considered to indicate the content wvalue

(mass%) of the corresponding element. Also, in the
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specification, a plurality of computation formulae will be
proposed using the above-described method for indicating
the content wvalue. However, a content of Co of 0.001
mass% or less and a content of Ni of 0.01 mess% or less
have little influence on the characteristics of the copper
alloy sheet. Therefore, in the respective computation
formulae described below, the content of Co of 0.001 mass$
or less and the content of Ni of 0.01 mass% or less will
be considered as 0 in computation.

In addition, each inevitable impurity &lso has
little influence on the characteristics of the copper
alloy sheet at its content as an inevitable impurity, and
therefore the inevitable impurity will not be included in
the respective computation formulae described below. For
example, 0.0l mass% or less of Cr will be considered as an
inevitable impurity.

In addition, in the specification, as an index
indicating the balance among the contents of Zn, Sn, P, Co
and Ni, a composition dindex fl1 will be specified as
follows.

Composition index
fl=[2n]+7.5x[8n]+16x[P]1+10x[Co]+3.5x[Ni]

In addition, in the specification, as an index
indicating the thermal +treatment conditions in the

recrystallization thermal treatment step and the recovery
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thermal treatment step, a thermal treatment index It will
be specified as follows.

When the peak temperatures of the copper alloy
material during the respective thermal treatments are
represented Dby Tmax (°C), the holding time in a
temperature range of a temperature 50°C lower than the
peak temperature of the copper alloy material to the peak
temperature is represented by tm (min), and the percentage
of cold working of cold rolling carried out between each
of the thermal treatments (the recrystallization thermal
treatment step or the recovery thermal treatment step) and
a step accompanying recrystallization which is carried out
before each of the thermal treatments (hot rolling or
thermal treatment) 1s represented by RE (%), the thermal
treatment index It will be specified as follows.

Thermal treatment index  It=Tmax-40xtm */*-50x(1-
RE/100) '/

In addition, as indexes indicating the balance among
electric conductivity, tensile strength and elongation,
balance indexes £2 and f21 will be specified as follows.

When the electric conductivity is represented by C
(%IACS), the tensile strength is represented by Pw (N /mm?) ,
the proof stress 1is represented by Py (N/mm?), and the
elongation is represented by L (%), the balance indexes f2

and f21 will be specified as follows.
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Balance index f2=Pwx{ (100+L)/100}xC/?

That 1is, the balance index £f2 is the product of Pw,
(100+L) /100 and C*2.

Balance index f£21=Pyx{ (100+L)/100}xC?

That is, the balance index £21 is the product of Py,
(100+L) /100 and C'?.

[0024]

The copper alloy sheet for terminal and connector

materials according to a first embodiment is obtained

through the cold finish rolling of a copper alloy material.

The average crystal grain diameter of the copper alloy
material is in a range of 2.0 pum to 8.0 um. Circular or
elliptical precipitates are present in the copper alloy
material, and the average particle diameter of the
precipitates is in a range of 4.0 nm to 25.0 nm or the
proportion of the number of precipitates having a particle
diameter in a range of 4.0 nm to 25.0 nm in the
precipitates is 70% or more. In addition, the copper
alloy sheet for terminal and connector materials contains
4.5 mass% to 12.0 mass% of Zn, 0.40 mass% to 0.9 mass$%$ of
Sn, 0.01 mass% to 0.08 mass% of P and 0.20 mass% to 0.85
mass% of Ni with a remainder of Cu and inevitable
impurities. The content of Zn [Zn] (mass%), the content
of Sn {Sn] (mass%), the content of P ([P] (mass%) and the

content of Ni [Ni) (mass%) have a relationship of
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11<[2n]+7.5x{Sn]+16x[P]+3.5x[Ni]<19, and have a
relationship of 7<[Ni]/[P]<4C in a case 1in which the
content ¢f Ni is in a range of 0.35 mass% to 0.85 mass%.

Since the average grain diameter of the crystal
grains in the copper alloy material before cold rolling
and the average particle diameter of the precipitates are
in the above-described predetermined preferred ranges in
the copper allcy steel sheet for terminal and connector
materials, tensile strength, proof stress, Young’s modulus,
electric conductivity, bending workability, stress
corrosion crack resistance, solderability and the like are
excellent. In addition, in a case in which the content of
Ni is in a zrange of 0.35 mass% to 0.85 mass%, since
7<[Ni]/[P]1<40 1is satisfied, the percentage of stress
relaxation is more favorable.

The preferred ranges of the average grain diameter
cof the crystal grains and the average particle diameter of
the precipitates will be described below.

[0025]

The copper alioy sheet for terminal and connector
materials according to a second embodiment is obtained
through the cold finish rclling of a copper alloy material.
The average crystal grain diameter of the copper alloy
material is in a range of 2.0 pym to 8.0 pm. Circular or

elliptical precipitates are present in the copper alloy
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material, and the average particle diameter of the
precipitates is in a range of 4.0 nm to 25.0 nm oxr the
proportion of the number of precipitates having a particle
diameter in a range of 4.0 nm to 25.0 nm in the
precipitates is 70% or more. In addition, the copper
alloy sheet for terminal and connector materials contains
4.5 mass% to 12.0 mass% of Zn, 0.40 mass% to 0.9 mass% of
Sn, 0.01 mass% to 0.08 mass% of P, 0.20 mass% to 0.85
mass% of Ni and any one or both of 0.005 mass% to 0.08
mass% of Co and 0.004 mass% to 0.04 mass% of Fe with a
remainder of Cu and inevitable impurities. The content of
Zn [Zn] (mass%), the content of Sn [Sn] (mass%); the
content of P [P] (mass%), the content of Co [Co] (mass%)
and the content of Ni [Ni] {(mass%) have a relationship of
11€[2n]+7.5%x{Sn]+16x[P]+10x{Co]+3.5x[N1]<19, and have a
relationship of 7L£[Ni}/[P]<40 in a case in which the
content of Ni is in a range of 0.35 mass% to 0.85 mass%.

Since any one or both of 0.005 mass% to 0.08 mass%
of Co and 0.004 mass% to 0.04 mass% of Fe are contained,
the crystal grains are miniaturized, and the strength can
be 1increased. In addition, since 7<L[Ni]/[P]1<40 1is
satisfied in a case in which the content of Ni is in a
range of 0.35 mass% to 0.85 mass%, the percentage of
stress relaxation is also favorable.

[0026]
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The copper alloy sheet for terminal and connector
materials according to a third embodiment is obtained
through the cold finish rolling of a copper alloy material.
The average crystal grain diameter of the copper alloy
matexrial is in a range of 2.0 pm to 8.0 um. Circular or
elliptical precipitates are present in the copper alloy
material, and the average particle diameter of the
precipitates is in a range of 4.0 nm to 25.0 nm or the
proportion of the number of precipitates having a particle
diameter in a range of 4.0 nm to 25.0 nm in the
precipitates is 70% or more. In addition, the copper
alloy sheet for terminal and connector materials contains
8.5 mass% to 12.0 mass%$ of Zn, 0.40 mass% to 0.9 mass% of
sn, 0.01 mass% to 0.08 mass% of P, and 0.40 mass% to 0.85
mass% of Ni with a remainder being Cu and inevitable
impurities, and the content of Zn [Zn] (mass%), the
content of Sn [Sn] (mass$%), the content of P [P] (mass%),
and the content of Ni [Ni] (mass%) have a relationship of
17<[2n]+7.5%[Sn] +16x[P]+3.5x [Ni]<19 and have a
relationship of 7<[Ni]/[P}<40 and 0.55<[Ni)/[Sn}<1.9.

[0027]

The copper alloy sheet for terminal and connector
materials according to a fourth embodiment is obtained
through the cold finish rolling of a copper alloy material.

The average crystal grain diameter of the copper alloy
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material is in a range of 2.0 pm to 8.0 um. Circular or
elliptical precipitates are present in the copper alloy
material, and the average particle diameter of the
precipitates is in a range of 4.0 nm to 25.0 nm or the
proportion of the number of precipitates having a particle
diameter in a range of 4.0 nm to 25.0 nm in the
precipitates 1is 70% or more. In addition, the copper
alloy sheet for terminal and connector materials contains
8.5 mass% to 12.0 mass% of Zn, 0.40 mass% to 0.9 mass% of
Sn, 0.01 mass% to 0.08 mass% of P, 0.40 mass% to 0.85
mass% of Ni, and any one or both of 0.005 mass% to 0.08
mass% of Co and 0.004 mass% to 0.04 mass% of Fe with a
remainder being Cu and inevitable impurities, and the
content of Zn [Zn] ({(mass%), the content of Sn [Sn] (mass%),
the content of P [P] (mass%), the content c¢f Co [Co]
(mass%), and the content of Ni [Ni] (mass%) have a
relationship of
17€[2n}4+7.5x[Sn]1+16x[P]+10x[Co]+3.5x[Ni]<18 and have a
relationship of 7<[Nil/[P]<40 and 0.55<[Ni]/[Sn]<1.9.

[0C28)

Since the amount of Zn is set in a range of 8.5
mass% to 12.0 mass%, the amount of Ni is set in a range of
0.40 mass$ to 0.85 mass%, the relationship of
17L[Zn]+7.5x(Sn]+16x [P]+10x [Co]+3.5x[Ni]<19 is satisfied,

and 7<[Ni]/[P}<40 and 0.555[Ni]/{Sn]<1.9 are satisfied,
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higher strength can be obtained, and it is possible to
improve the balance among strength, stress relaxation
resistance, bending workability, stress corrosion crack
resistance, and Young’s modulus.

[0029]

Next, a preferred manufacturing step for the copper
alloy sheet for terminal and connector materials according
to the embodiment will be described.

The manufacturing step seguentially includes a hot
rolling step, a first cold rolling step, an annealing step,
a second cold rolling step, a recrystallization thermal
treatment step, and the above-described c¢old £finish
rolling step. Ranges for manufacturing conditions
necessary for the respective steps are set, and the ranges
are referred to as the set condition ranges. Meanwhile,
since the copper alloy sheet for terminal and connector
materials according to the embodiment is manufactured
using the manufacturing step including the cold finish
rolling as described above, hereinafter, the copper alloy
sheet for terminal and connector materials will also be
referred to as the rolled sheet as appropriate.

{0030]

The composition of an ingot used for the hot rolling
is adjusted so that the copper alloy sheet for terminal

and connector materials contains 4.5 mass% to 12.0 mass$
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of Zn, 0.40 mass% to 0.9 mass% of Sn, 0.01 mass% to 0.08
mass% of P, and 0.20 mass% to 0.85 mass% of Ni with a
remainder being Cu and inevitable impurities, the
composition index £1 is in a range of 11<£1<19, and
7<[Ni]/[P]<40 is satisfied in a case in which the content
of Ni is in a range of 0.35 mass% to 0.85 mass%. An alloy
having the above-described composition will be referred to
as the first invention alloys.

In addition, the composition of an ingot’used for
the hot rolling is adjusted so that the copper alloy sheet
for terminal and connector materials contains 4.5 mass% to
12.0 .mass% of Zn, 0.40 mass% to 0.9 mass% of Sn, 0.01
mass% to 0.08 mass% of P, 0.20 mass% to 0.85 mass% of Ni,
and any one or both of 0.005 mass% to 0.08 mass% of Co and
0.004 mass% to 0.04 mass% of Fe with a remainder being Cu
and inevitable impurities, the composition index £f1 is in
a range of 11<f1<19, and 7<[Ni]/[P]<40 is satisfied in a
case in which the content of Ni is in a range of 0.35
mass% to 0.85 mass%. An alloy having the above-described
composition will be referred to as the second invention
alloy.

Furthermore, the composition of an ingot used for
the hot rolling is adjusted so that the copper alloy sheet
for terminal and connector materials contains 8.5 mass% to

12.0 mass% of Zn, 0.40 mass% to 0.9 mass% of Sn, 0.01
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mass% to 0.08 mass% of P, and 0.40 mass% to 0.85 mass% of
Ni with a remainder being Cu and inevitable impurities,
the composition index £f1 is in a range of 17<f1<18, and
7<[Ni]/[P}<40 and 0.55<[Ni]/[Sn]<1.9 are satisfied. An
alloy having the above-described composition will be
referred to as the third invention alloy.

In addition, the composition of an ingot used for
the hot rolling is adjusted so that the copper alloy sheet
for terminal and connector materials contains 8.5 mass% to
12.0 mass% of Zn, 0.40 mass% to 0.9 mass% of Sn, 0.01
mass% to 0.08 mass% of P, 0.40 mass% to 0.85 mass% of Ni,
and any one or both of 0.005 mass% to 0.08 mass% of Co and
0.004 mass% to 0.04 mass®% of Fe with a remainder being Cu
and inevitable impurities, the composition index £f1 is in
a range of 17<£1<19, and 7<[Nil1/[P]1<40 and
0.55<[Ni]/[Sn]<1.9 are satisfied. An alloy having the
above-described composition will be referred to as the
fourth invention alloy.

The first invention alloy, the second invention
alloy, the third invention alloy and the fcurth invention
alloy will be collectively referred to as the invention
alloys.

[0031]

In the hot rolling step, the hot rolling initial

temperature is in a range of 800°C to 940°C, and the
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cooling rate of a rolled material in a temperature range
of a temperature after final rolling to 350°C or in a
temperature range of 650°C to 350°C is 1°C/second or more.

In the first cold rolling step, the percentage of
cold working is 55% or more.

The annealing step has conditions that satisfy
DOSD1x4x (RE/100) when the crystal grain diameter after the
recrystallization thermal treatment step is represented by
D1, the crystal grain diameter before the
recrystallization thermal treatment step and after the
annealing step is represented by DO, and the percentage of
cold working of the second cold rolling between the
recrystallization thermal treatment step and the annealing
step is represented by RE (%) as described below. The
conditions are that, for example, in a case in which the
annealing step includes a heating step of heating the
copper alloy material to a predetermined temperature, a
holding step of holding the copper alloy material at a
predetermined temperature for a predetermined time after
the heating step and a cooling step of cooling the'copper
alloy material to a predetermined temperature after the
holding step, when a peak temperature of the copper alloy
material is represented by Tmax (°C), a holding time in a
temperature range of a temperature 50°C lower than the

peak temperature of the copper alloy material to the peak
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temperature 1s represented by tm (min), and the percentage
of cold working in the £first cold rolling step is
represented by RE (%), 420<Tmax<800, 0.04<tm<606, and
390<{Tmax-40xtm */?-50x (1-RE/100) */?}<580.

It is important that the annealing step satisfies
DO<D1x4x {RE/100), and, needless to say, the annealing step
may be a batch-type thermal treatment or may be carried
out at a temperature in a range of 420°C to 580°C for
longer than 600 minutes.

The first cold rolling step and the annealing step
may not be carried out in a case in which the sheet
thickness ©of the rolled sheet after the cold finish
rolling step is thick, and the first cold rolling step and
the annealing step may be carried out a plurality of times
in a case in which the sheet thickness is thin. Whether
or not the first cold rolling step and the annealing step
are carried out or the number of times of the first cold
rolling step and the annealing step are determined by the
relationship between the sheet thickness after the hot
rolling step and the sheet thickness after the cold finish
rolling step.

[0032]

The recrystallization thermal treatment step
includes a heating step of heating the copper alloy

material to a predetermined temperature, a holding step of
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holding the copper alloy material at a predetermined
temperature for a predetermined time after the heating
step and a cooling step of cooling the copper alloy
material to a predetermined temperature after the holding
step.

Here, when the peak temperature of the copper alloy
material is represented by Tmax (°C), and the holding time
in a temperature range of a temperature 50°C lower than
the peak temperature of the copper alloy material to the
peak temperature is represented by tm (min), the
recrystallization thermal treatment step satisfies the
following conditions.

(1) 550<peak temperature Tmax<7%0

(2) 0.04<holding time tm<2

(3) 460<thermal treatment index It<580

There are also cases in which a recovery thermal
treatment step is carried out after the recrystallization
thermal treatment step as described below, but the
recrystallization thermal treatment step becomes the final
thermal treatment in which the copper alloy material is
recrystallized.

After the recrystallization thermal treatment step,
the copper alloy material has a metallic structure in

which the average crystal grain diameter is in a range of

2.0 pm to 8.0 pm, circular or elliptical precipitates are
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present, the average particle diameter of the precipitates
is in a range of 4.0 nm to 25.0 nm or the proportion of
precipitates having a particle diameter in a range of 4.0
nm to 25.0 nm in the precipitates is 70% or more.

[0033]

In the cold finish rolling step, the percentage of
cold working is in a range of 20% to 65%.

The recovery thermal treatment step may be carried
out after the cold finish rolling step. In addition,
depending on use, there are cases in which the copper
alloy sheet for terminal and connector materials according
to the embodiment is plated with Sn after finish rolling,
én is melted during plating such as molten Sn plating or
reflow Sn plating, and the surface temperature of the
material increases, and therefore it is possible to
replace the recovery thermal treatment step with a heating
process step during the plating treatment.

The recovery thermal treatment step includes a
heating step of heating the copper alloy material to a
predetermined temperature, a holding step of holding the
copper alloy material at a predetermined temperature for a
predetermined time after the heating step and a cooling
step of cooling the <copper &lloy material to a
predetermined temperature after the holding step.

Here, when the peak temperature of the copper alloy
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material is represented by Tmax (°C), and the holding time
in a temperature range of a temperature 50°C lower than
the peak temperature of the copper alloy material to the
peak temperature is represented by tm (min), the
recrystallization thermai treatment step satisfies the
following conditions.

(1) 1l60<peak temperature Tmax<650

(2) 0.02<holding time tm<200

{3) 60<thermal treatment index It=<360

[0034]

Next, the reasons for adding the respective elements
will be described.

Zn is an important element that configures the
invention, has a divalent atomic wvalence, decreases the
stacking-fault energy, increases the number of generation
sites of recrystallization nuclei during annealing, and
miniaturizes or ultra-miniaturizes recxrystallized grains.
In addition, the formation of a solid solution of Zn
improves tensile strength, proof stress, spring
characteristics and the like without impairing bending
workability, improves the thermal resistance of the matrix,
improves stress relaxation characteristics and stress
relaxation characteristics, and improves solderability and
migration resistance. Zn also has economic merits of a

cheap metal cost and a decrease in the specific gravity of
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the copper alloy. While depending on the relationship
with other elements being added, such as Sn, in order to
exhibit the above-described effects, the content cof 2Zn
needs to be at least 4.5 mass% or more, is preferably 5.0
mass% or more, and optimally 5.5 mass% or more. On the
other hand, while depending on the relationship with other
elements being added, such as Sn, even when more than 12.0
mass% of Zn is contained, regarding the miniaturization of
crystal grains and the improvement of the strength, the
exhibition of the significant effects commensurate with
the content begins to stop such that the electric
conductivity decreases, the Young’s modulus decreases, the
elcngation and the bending workability deteriorate, the
thermal resistance and the stress relaxation
characteristics degrade, the sensitivity of stress
corrosion crack increases, and the solderability also
deteriorates. The content ¢f Zn is preferably 11 mass% or
less. When the content of Zn is in the set range of the
present application, and optimally in a range of 5.0 mass$%
to 11 mass%, the thermal resistance of the matrix improves,
particularly, the stress relaxation characteristics
improve due to the interaction with Ni, Sn and P, and
excellent bending workability, high strength, high Young’s
modulus, and desired electric conductivity are provided.

Even when the content of 2Zn having a divalent atomic
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valence 1is within the above-described range, if 2Zn is
solely added, it is difficult to miniaturize crystal
grains, and therefore, in order to miﬁiaturize crystal
grains to a predetermined grain diameter, it is necessary
to consider the wvalue of the composition index fl1 along
with the co-addition of Zn with Sn, Ni and P described
below. Similarly, in order to improve thermal resistance,
stress relaxation characteristics, Strength and spring
characteristics, it is necessary to consider the value of
the composition index f1 along with the co-addition of Zn
with Sn, Ni and P described below.

Meanwhile, when the content of Zn is 8.5 mass% or
more, and furthermore, 9 mass% or more, high tensile
strength and high proof stress can be obtained; however,
as the amcunt of Zn increases, bending workability, stress
relaxation characteristics, and stress corrosion crack
resistance deteriorate, and, additionally, Young’s modulus
decreases as described above. In order to make the above-
described characteristics superior by improving the
characteristics, the interaction with Ni or Sn and the
value of the composition index fl become important.

[0035]

Sn is an important element that configures the
invention, has a tetravalent atomic valence, decreases the

stacking-fault energy, increases the number of generation
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sites of recrystallization nuclei during annealing in
cooperation with Zn being contained, and miniaturizes or
ultra-miniaturizes recrystallized grains. Particularly,
when 4.5 mass% or more, preferably 5.0 mass% or more and
more preferably 5.5 mass% or more of divalent Zn is added
together, the effect of Sn is significantly exhibited in
spite of a small amount of Sn being contained. In
addition, Sn forms a solid solution in the matrix,
improves tensile strength, proof stress, spring
characteristics and the 1like, improves the thermal
resistance of the matrix, improves stress relaxation
characteristics,’ and also improves stress corrosion crack
resistance. In order to exhibit the above-described
effects, the content of Sn needs to be at least 0.40 mass%
or more, preferably 0.45 mass% or more, and optimally 0.50
mass% Or more, On the other hand, Sn being contained
deteriorates electric conductivity, and, while also
depending on the relationship with other elements such as
Zn, when the content of Sn exceeds 0.9 mass$%, a high
electric conductivity of 29%IACS or more that is
approximately 30% or more of the electric conductivity of
pure copper cannot be obtained, bending workability,
Young' s modulus, solderability, stress relaxation
characteristics and stress corrosion crack resistance are

degraded. The content of Sn is preferably 0.85 mass% or
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less, and optimally 0.80 mass% or less.

[0036]

Cu is a major element that configures the invention
alloys, and thus is treated as a remainder. However, in
order to ensure the electric conductivity and the stress
corrosion crack resistance which are dependent on the
concentration of Cu, and to hold stress relaxation
characteristics, elongation, Young’ s modulus and
solderability for achieving the invention, the content of
Cu is preferably 87 mass% or more. On the other hand, in
order to obtain high strength, the content of Cu is
preferably set to 94 mass% or less.

[0037]

P has a pentavalent atomic wvalence, and has an
action that miniaturizes crystal grains and an action that
suppresses the growth of recrystallized grains; however,
since the content of P is small, the latter action is
greater. Some of P compounds with Ni described below and,
furthermore, Co or Fe so as to form precipitates, thereby
further intensifying the effect that suppress the growth
"of recrystallized grains. In order to suppress the growth
of recrystallized grains, circular and elliptical
precipitates need to be present, the average particle
diameter of the precipitates needs to be in a range of 4.0

nm to 25.0 nm or the proportion of the number of
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precipitated grains having a particle diameter in a range
of 4.0 nm to 25.0 nm in precipitated grains needs to be
70% or more. Precipitates belonging to the above-
described range have a greater action or effect that
suppresses the growth of recrystallized grains during
annealing than precipitation strengthening, and is
differentiated from a strengthening action that is brought
about simply by precipitation. In addition, the above-
described precipitates have an effect that improves the
stress relaxation characteristics. Additionally, P has an
effect that significantly improves stress relaxation
characteristics which 'is one of the main subjects of the
application due to the interaction with Ni along with 2Zn
and 3Sn being contained in the ranges of the application.

In order to exhibit the above-described effect, the
content of P needs to be at least 0.010 mass% or more, is
preferably 0.015 mass% or more, and optimally 0.020 mass%
or more. On the other hand, even when more than 0.080
mass% of P is contained, the effect of the precipitates
that suppressed the growth of recrystallized grains is
saturated, and conversely, when precipitates are
excessively present, elongation and bending workability
degrade. The content of P is preferably 0.070 mass% or
less.

[0038]
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Some of Ni bonds with P or bonds with P and Co so as
to form a compound, and the rest of Ni forms a solid
solution. The interaction of Ni with P, Zn and Sn which
are contained in the concentration ranges specified in the
application improves stress relaxation characteristics,
increases the Young’s modulus of the alloy, and improves
solderability and stress corrosion crack resistance, and
the compound being formed suppresses the growth of
recrystallized grains. In order to exhibit the above-
described actions, the content of Ni needs to be at least
0.20 mass% oOr more. Particularly, the effect that
improves stress relaxation characteristics is
significantly exhibited when the content of Ni is 0.35
mass%, and the effect becomes more significant when the
content of Ni is 0.40 mass% or more, and furthermore 0.50
mass% or more. On the other hand, since an increase in
the amount of Ni impairs electric conductivity, and also
saturates stress relaxation characteristics, the content
of Ni is 0.85 mass% or less, and optimally 0.80 mass% or
less. In addition, regarding the relationship with Sn, in
order to satisfy a relational formulae of the composition
described Dbelow and to particularly improve stress
relaxation characteristics, Young’s modulus and bending
workability, the content of Ni is preferably in a range of

0.5 times to 0.55 times the content of Sn, and more
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preferably 0.6 times or more the content of Sn. This is
because, regarding atomic concentration, when the content
of Ni is equal to or slightly more than the content of Sn,
stress relaxation characteristics improve. On the other
hand, the content of Ni 1s preferably suppressed to 2
times or less the content of Sn, more preferably 1.9 times
or less the content of Sn, and optimally 1.8 times or less
the content of S8Sn in consideration of the relationship
with strength, electric conductivity and stress relaxaticn
characteristics. In summary, in order to obtain excellent
stress relaxation characteristics, high strength and high
electric conductivity, [Nij/[si] is 0.5 or more, and
preferably 0.55 or more, and is 2 or less, and preferably
1.9 or less.

In a case in which it 1is necessary to provide
particularly high strength to terminals and connectors, an
alloy having favorable characteristics such as stress
relaxation characteristics, stress corrosion crack
resistance, bending workability and Young’s modulus 1is
obtained when 17<[Zn]+7.5x[Sn]+16x[P]+10x[Co]+3.5x[N1]<19
described below is satisfied, in a case in which the
content of Zn is 8.5 mass% or more, the content of Ni is
preferably in a range of 0.4 mass% to 0.85 mass%, more
preferably in a range of 0.45 mass% to 0.85 mass%, and

still more preferably in a range of 0.5 mass% to 0.85
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mass%, and [Ni]/[Sn] is 0.55 or more, preferably 0.6 or
more and 1.9 or less and preferably 1.8 or less. In order
to improve the above-described characteristics, it is
necessary to increase the amount of Ni as the content of
Zn increases, and, 1in another expression, regarding the
relationship between Zn and Ni, when a relational formulae
[Ni]1/([2n+1.5] is 0.04 or more, an alloy having favorable
balance between high strength and other characteristics is
obtained.

Meanwhile, the blending ratic of Ni to P 1is
important, and, in order to improve stress relaxation
characteristics, when the content of Ni is in a range of
0.35 mass% to 0.85 mass% or 0.4 mass% to 0.85 mass$,
[Ni]/[P] is preferably 7 or more, and more preferably 8 or
more. In addition, bending workability becomes favorable
when [Ni]/[P] is 8 oxr more. The upper limit may be 40 or
less, and is preferably 30 or Jless, and the strength
becomes higher when [Ni]/[P] is 30 or less.

[0039]

Some of Co bonds with P or bonds with P and Ni so as
to form a compound, and the rest of Co forms a solid
solution. Co suppresses the growth of recrystallized
grains, and improves stress relaxation characteristics.
In order to exhibit the effect, the content of Co needs to

be 0.005 mass% or more, and is preferably 0.010 mass% or
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more. On the other hand, even when 0.08 mass$% or more of
Co is contained, the effect becomes saturated, the effect
that suppresses the growth of crystal grains becomes
excessive, 1t becomes impossible to obtain crystal grains
having a desired size, and electric conductivity degrades
depending on manufacturing steps. Furthermore, since the
number of precipitates increases or the grain diameters of
precipitates become small, bending workability degrades,
and mechanical properties become likely to be anisotropic.
The content of Co is preferably 0.04 mass% or less, and
optimally 0.03 mass% or less.

In order to further exhibit the effect of Co that
suppresses the growth of crystal grains and to suppress
the degradation of the‘ electric conductivity to the
minimum extent, [Col/[P] is 0.15 or more, and preferably
0.3 or more. On the other hand, the upper limit is 2.5 or
less, and preferably 2 or less.

[0040]

Fe can be used in the same manner as Co. That 1is,
when the content of Fe 1is 0.004 mass% or more, similarly
to when Co is contained, due to the formation of a Fe-Ni-P
or Fe-Ni-Co-P compound, the effect that suppresses the
growth of crystal grains is exhibited, and strength and
stress relaxation characteristics are improved. However,

the grain diameter of the Fe-Ni-P compound or the like
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being formed is smaller than that of the Ni-Co-P compound.

As described below, it is mnecessary to satisfy the
conditions that the average particle diameter of the
precipitates is in a range of 4.0 nm to 25.0 nm or the
proportion of precipitates having a particle diameter in a
range of 4.0 nm to 25.0 nm in the precipitates is 70% or
more. Furthermore, since the number of precipitate grains

also has an influence, the upper limit of Fe is 0.04 mass%,
and preferably 0.03 mass%. When TFe is contained in a
combination of P-Ni or P-Co-Ni, the form of the compound
becomes P-Ni-Fe or P-Co-Ni-Fe. When the concentration of
Fe 1is managed in the preferred range, particﬁlarly, a
material having high strength, high electric conductivity
and favorable balance between bending workability and
stress relaxation characteristics is obtained.

Therefore, Fe can be effectively used to procure the
object of the invention.

[0041]

In addition, in the copper alloy sheet for terminal
and connector materials according to the first embodiment
and the copper alloy sheet for terminal and connector
materials according to the second embodiment, the electric
conductivity is 29%IACS or more, the percentage of stress
relaxation is 30% or less at 150°C for 1000 hours as the

stress relaxation resistance, ©bending workability is
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R/t<0.5 &t W bending, solderability is excellent and a
Young’s modulus is 100x10° N/mm®* or more.

[0042]

Furthermore, in the copper alloy sheet for terminal
and connector materials according to the third embodiment
and the copper alloy sheet for terminal and connector
materials according to the fourth embodiment, the electric
conductivity is 29%IACS or more, the percentage of stress
relaxation is 30% or less at 150°C for 1000 hours as the
stress relaxation resistance, Dbending workability is
R/t£0.% at W bending, solderability is excellent, stress
corrosion crack resistance is excellent and a Young’s
modulus is 100x10°® N/mm® or more.

[0043]

Next, the respective characteristics will be
described.

Since terminals and connectors are required to have
strict bending workability such as box bending along with
high strength, bending workability of R/t<0.5 in terms of
W bending becomes an essential condition. Particularly,
in use for terminals and connectors, bending workability
is preferably R/t<0.5 at W bending with respect to bending
in directiocns both parallel and perpendicular to & rolling
direction. Meanwhile, in order to obtain a large contact

pressure and a large spring pressure in terminals and
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connectors with a small displacement, the Young’s modulus
needs to be 100 kN/mm®’, and is preferably 110 kN/mm? or
more. Meanwhile, the upper limit is forcibly expressed to
pe 150 kN/mm? or less. In addition, when used at, for
example, places near vehicle engine rooms, the temperature
of terminals and connectors are increased up to
approximately 100°C, the percentage of stress relaxation
needs to be at least 30% or less in a state in which a
stress of 80% of the proof stress of an alloy is added at
150°C for 1000 hours. This is because, when the percentage
of stress relaxation becomes great, substantially,
strength (contact pressure and spring pressure}’ is
impaired as much as the percentage of stress relaxation.
Furthermore, generally, the surfaces of terminals and
connectors are plated with Sn for corrosion resistance,
contact resistance and Jjoining. Molten Sn plating or
reflow Sn plating is carried out on a copper alloy sheet
in a coil (strip) shape, or Sn plating is carried out
after a terminal or connector shape is formed. Therefore,
in terminal and connector use, Sn platability, that is,
solderability needs to be favorable. Meanwhile, Sn
platability has no problems particularly in a coil shape;
however, in a case in which Sn plating, particularly, Pb-
free sclder plating is carried out after the copper alloy

sheet is molded into a terminal or a connector, there are
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cases 1in which plating is carried out not immediately
after molding but after a certain period of time elapses
for production aspects, and therefore there is a concern
that platability or solderability may deteriorate due to
surface oxidation occurring during the above-described
period of time. 1In terms of materials, there is a demand
for a copper alloy having favorable solderability, being
highly resistant to surface oxidation even after surface
oxidation has somewhat proceeded, and having favorable
solderability after being left in the atmosphere. There
are a variety of methods for evaluating solderability, but
it is appropriate to evaluate solderability uéing a period
of time within which solder becomes soaked from the
viewpoint of industrial production.

[C044)

Meanwhile, in order to obtain the balance between
strength and elongation, high strength, favorable spring
characteristics, high electric conduction, favorable
stress relaxation characteristics, high Young’s modulus
and favorable solderability, it is necessary to consider
not only the mixing amounts of Zn, Sn, P, Ni, Co and Fe
but alsc the correlations between the respective elements.
While the stacking-fault energy can be decreased by Zn
having a divalent atomic valence and Sn having a

tetravalent atomic valence being contained, both of which
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are added 1in a large amount, the miniaturization of

crystal grains by the synergetic effect of P, Ni, Co and
Fe being c¢ontained, the balance between strength and
elongation, the difference in strength and bending
workability between in a direction forming 0 degrees and
in a direction forming 90 degrees with respect to the

rolling direction, electric conductivity, stress

relaxation characteristics, stress corrosion crack
resistance and the like should be taken into consideration.
it was clarified by the inventors’ studies that the

respective elements needs to satisfy
11<[Zn]+7.5x[Sn]+16x[P]+10x[Col+3.5x[Ni]<19 within the

ranges of the contents of the invention alloys. Meanwhile,
regarding Fe, when the content thereof is small, and the

coefficient 1is small, there is 1little influence on the

relational <formulae, and thexrefore Fe can be ignored.

When the above-described relationship is satisfied, a

material that is excellent in terms of strength, bending
workability, stress relaxation characteristics, electric

conductivity, Young’s modulus and the 1like, and has

obtained a high degree of Dbalance among the above-

described characteristics can be obtained (Composition

index fl=[Zn}+7.5x[Sn]+16x[P]+10x[Co]+3.5x[Ni]).

{0045}

That is, in order for a final rolled material to be
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highly electrically conductive with an electric
conductivity of 29%IACS or more and have favorable
strength with tensile strength of 500 N/mm®’ or more, proof
stress of 480 N/mm® or more, high Young’s modulus of
100%x10% N/mm* or more, high thermal resistance, high stress
relaxation characteristics with a percentage of stress
relaxation of 30%vor less at 150°C for 1000 hours, a small
average crystal grain diameter, slightly anisotropic
strength, excellent bending workability of R/t<0.5 at W
bending, favorable elongation and favorable soclderability,
it is necessary to satisfy 11<f1<19. Regarding 11<f1<L19,
the lower limit particularly affects the miniaturization
of crystal grains, strength, stress relaxation
characteristics, and thermal resistance, and 1s preferably
11.5 or more. In addition, the upper limit particularly
affects electric conduction, bending workability, Young’s
modulus, stress relaxation characteristics, stress
corrosion crack resistance and solderability, and 1is
preferably 18.5 or less, and optimally 18 or less. When
Zn, Sn, Ni, P, co and Fe which are major elements are
managed in narrower ranges, a rolled material obtains a
higher degree of balance among electric conduction,
strength and elongation.

In addition, for example, in a case in which high

strength, that is, tensile strength of 550 N/mm’ or more
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is required, the content of Zn is preferably 8.5 mass% or
more, and particularly preferably © mass% or more with
17<[Zn]+7.5x[Sn]+16x[P]+10x[Co]+3.5x[Ni]<19 being
satisfied. However, while the strength of the alloy
increases, stress relaxation characteristics, stress
corrosion crack resistance and Dbending workability
deteriorate, and Young’s modulus becomes small. In order
to obtain favorable stress relaxation characteristics,
favorable stress corrosion crack resistance and favorable
bending workability, and to obtain a more preferred
Young’s modulus of 110x10° N/mm2 or more, the content of Ni
is preferably in a range of 0.4 mass% to 0.85 mass%, more
preferably in a range of 0.45 mass% to 0.85 mass%, still
more preferably in a range of 0.5 mass% 0.85 mass%;
[Ni]/[P] is 7 or more, preferably 8 or more, and is 40 or
less, preferably 30 or less; [Ni]/[Sn] is 0.55 or more,
preferably 0.6 or more, and is 1.9 or less, preferably 1.8
or less. In addition, in the relationship between Zn and
Ni, a relational formulae [Ni]/{[Zn+1.5] is preferably 0.04
or more.

Regarding the spring bending elastic 1limit, <the
maximum surface stress wvalue, that is, the wvalue of KbO.1l
is desirably 400 N/mm* or more when repeated flexural
deformation is provided, and when the permanent

displacement amount becomes 0.1 mm as described in JIS
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H3130 7.4. Meanwhile, the lower limit of the electric
conductivity is approximately 30% or more of that of pure
copper in the present use for terminals and connectors,
and, when quantified, 1is 29%IACS or more, preferably
31%IACS or more, and optimally 34%IACS or mcre. The upper
limit of the electric conductivity is not particularly
required to exceed 44%IACS for members that are the
subjects of the application, and members having high
strength, high Young’s modulus, more favorable stress
relaxation characteristics, excellent bending workability
and excellent solderability are useful. Depending on use,
there are cases in which spot welding is carried out, and;
when the electric conductivity is too high, a disadvantage
may be, sometimes, caused, and therefore the electric
conductivity is preferably set to 44%IACS or less, and
more preferably set to 42%IACS or less.

[0046]

Meanwhile, regarding the ultra-miniaturization of
crystal grains, it is possible to  ultra-miniaturize
recrystallized grains up to 1.5 um in an alloy within the
composition range of the invention alloys. However, when
crystal grains in the present alloy are miniaturized up to
1.5 um, the proportion of crystal grain boundaries formed
in a width of approximately several atoms increases, and

elongation, bending workability and stress relaxation
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characteristics deteriorate. Therefore, in order to have
high strength, high elongation and favorable stress
relaxation characteristics, the average crystal grain
diameter needs to be 2.0 um or more, is preferably 2.5 um
or more, and more preferably 3.0 um or more. On the other
hand, as the size of crystal grains increases, more
favorable elongation and more favorable bending
workability appear, but it becomes impossible to obtain
desired tensile strength and desired proof stress. The
average crystal grain diameter needs to be at least 8.0 pm
or less. The average c¢rystal grain diameter is more
preferably 7.5 um or 1less, and, when strength 1is
considered to be important, 6.0 pum or less, and optimally
5.0 um or less. On the other hand, in a case in which
stress relaxation characteristics are required, when
crystal grains axre too fine, since stress relaxation
characteristics become poor, the average crystal grain
diameter is preferably 2.5 um or more, and more preferably
3.0 pm or more. As described above, when the average

crystal grain diameter is also set in a narrower range, it
is possible to obtain a high degree of excellent balance
among bending workability, elongation, strength, electric
conduction and stress relaxation characteristics.

(0047]

Meanwhile, for example, when a rolled material that
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has been cold-rolled at a percentage of cold working of
55% or more is annealed, while the time &also has an
influence, if the temperature exceeds a certain threshold
temperature, recrystallization nuclei are generated mainly
in crystal grain boundaries in which process strain is
accunmulated. While the alloy composition also has an
influence, in the case of the present invention alloys,

recrystallized grains generated after nucleation are

recrystallized grains having a grain diameter of 1 um or 2

pm or less; however, there is no case in which the entire
processed structure is changed into recrystallized grains
at once even when the rolled material is heated. 1In order
to change all or, for example, 97% or more of the
processed structure into recrystallized grains, a
temperature higher than the temperature at which the
nucleation for recrystallization begins or a time longer
than the time in which the nucleation for
recrystallization begins are required. During this

annealing, the initially-generated recrystallized grains

grow as the temperature and the time increase, and the
crystal grain diameter increases. In order to maintain a
small diameter of recrystallized grains, it 1s necessary
to suppress the growth of recrystallized grains. 1In order
to achieve the object, P and Ni or Co and Fe are contained.

In order to suppress the growth of recrystallized grains,
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things such as ©pins that suppress the growth of
recrystallized grains are required, and, in the invention
alloy, the equivalent of the pin is a compound made up of
P, Ni, Co and Fe which is optimal for playing a role of
the pin. 1In order for the compound to play a role of the
pin, the properties of the compound and the grain diameter
of the compound‘are important. That is, it was found from
the study results that, basically, the compound made up of
P, Ni, Co and Fe rarely impairs elongation within the
composition ranges of the invention, and, particularly,
when the grain diameter of the compound is in a range of
4.0 nm to 25.0 nm, the growth of crystal grains is
effectively suppressed with elongation rarely impaired.
Furthermore, it was clarified from the properties of the
compound that, irrespective of Co and Fe being contained,
when [Ni]/[P] exceeds 7, stress relaxation characteristics
become favorable, and bending workability and isotropy
(the difference in characteristics between 0 degrees and
90 degrees) become favorable, and furthermore, when
[N11/[P] exceeds 8, a greater effect is generated, and the
effect becomes more significant. Similarly, when [Ni]/[P]
is smaller than 40, stress relaxation characteristics
become favorable, strength increases, isotropy becomes
favorable, and furthermore, when [Ni]/[P] is smaller than

30, a greater effect is generated, and the effect becomes

- 55 -~



more significant. Meanwhile, in a case in which P, Ni and
Co or Fe are added together, the precipitates being formed
have an average grain diameter in & range of 4.0 nm to
20.0 nm; the grain diameter of the precipitates decreases
as the content of Co or Fe increases; and the precipitated
grain diameter increases as the content of Ni increases.
In addition, 1in a case in which P and Ni are added
together, the precipitated grain diameter is as large as
5,0 nm to 25.0 nm. In & case in which P and Ni are added
together, the effect that suppresses the growth of crystal
grains becomes weak, and the influence on elongation is
smaller. Meanwhile, in a case in which P and Ni are added
together, the compounding state of the precipitates is
considered to be mainly NizP or Ni,P, and, in a case in
which P, Ni and Co or Fe are added together, the
compounding state of the precipitates is considered to be
Ni,CoyP or NiFe,P (X and y are changed by the contents of
Ni, Co and Fe). Meanwhile, the precipitates obtained in
the application have a ©positive action on stress
relaxation characteristics. Meanwhile, in a case in which
the grain diameter of the precipitates is small, and the
compound is made up of Co or Fe and P as well as Ni, when
the Co content is 0.08 mass% or the Fe content exceeds
0.04 mass%, the amount of the precipitates becomes too

large, and the action that suppresses the growth of
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recrystallized grains is too great such that the grain
diameter of the recrystallized grains bkecomes small, and
conversely, stress relaxation characteristics and bending
workability deteriorate.

[0048]

The properties of the precipitates are important,
and a combination of P-Ni, P-Co-Ni, P-Fe-Ni, or P-Co-Fe-Ni
is preferable, and, when, for example, Mn, Mg, Cr and the
like also form a compound with P and are contained in a
certain amount or more, the composition of  the
precipitates changes, and there is a concern that
elongation may be impaired.

Therefore, it is necessary to manage elements such
as Cr at a concentration at which the elements dc not have
any influence. The conditions are that the concentration
of each element is at 1least 0.03 mass% or less, and
preferably 0.02 mass% or less, or the total content of
elements such as Cr which compound with P is 0.04 mass% or
less, and preferably 0.03 mass% or less. When Cr and the
like are contained, the composition and structure of the
precipitates are changed so that there are huge influences,
particularly, on elongation, bending workability and
solderability. Meanwhile, when the total content of
elements such as Cr which compound with P is 0.04 mass% or

less, there is little influence on the relational formulae
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of f£fl1. 1In addition, in the composition of a drawn copper
product, it is common to consider that Ag is contained in
Cu, and there are cases in which elements such as C, S, Mg,
Ti, Si, As, Ga, Zr, In, Sb, Pb, Bi and Te as well as Ag
are inevitably incorporated, but there is little influence
on the relational formulae of fl1 and the characteristics
as long as the total content of the above~described
elements is 0.2 mass% or less.

As an index that indicates an alloy having a high
degree of balance among strength, elongation and electric
conduction, it 1is possible to evaluate how high the
product of the above-described elements 1is. When the
electric conductivity 4is represented by C (%IACS), the
tensile strength is represented by Pw (N/mm®), and the
elongation is represented by L (%) with an assumption that
the electric conductivity is in a range of 29%IACS to
44%IACS that is the forcibly-expressed upper 1limit, the
product of Pw, {(100+L)/100 and C'/? of a material after the
recrystallization thermal treatment is in a range of 2700
to 3500. The balance among the strength, elongation and
electric conduction of a rolled material after the
recrystallization thermal treatment and the like have a
large influence on a rolled material after cold finish
rolling, a rolled material after Sn plating and

characteristics after the final recovery thermal treatment
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(after low-temperature annealing). That is, when the
product of Pw, (100+L)/100 and CY? is less than 2700, the
final rolled material cannot be an alloy having a high
degree of balance among a variety of characteristics. The
product 1s ©preferably 2750 or more (balance index
£2=Pwx{ (100+L) /100}xC*?) .

[0049]

In addition, in a rolled material after cold finish
rolling, a rolled material that has been subjected to a
recovery thermal treatment after cold finish rolling, or a
rolled material that has been subjected to reflow Sn
plating or molten 8n plating, in a W bend test, cracking
does not occur at R/t=0.5 (R represents the curvature
radius at a bent portion, and t represents the thickness
of the rolled material), and optimally, cracking does not
occur at R/t=0, and, with an assumption that the tensile
strength is 500 N/mm® or more and the electric
conductivity is in a range of 29%IACS to 44%IACS, the
balance index £f2 is in a range of 3200 to 4100. In a
rolled material after a recovery thermal treatment, in
order to have superior balance, the balance index f2 1is
3300 or more, and furthermore, desirably 3400 or more.
Alternately, since there are many cases in which the proof
stress 1s considered to be more important than the tensile

strength for use, the proof stress Py is used instead of

- 59 -~



the tensile strength Pw, and the product of the proof
stress Py and (100+L)/100, C*? is preferably in a range of
3100 to 4000, more preferably in a range of 3200 to 4000,
and optimaliy in a range of 3300 to 4000 (balance index
£21=Pyx{ (100+L) /100}xCc?) . Meanwhile, in the invention
alloys, the proof stress is equivalent to 0.94 to 0.97 of
the tensile strength.

Here, the criterion of the W bend test refers to the
fact that, when the test 1is carried out using test
specimens sampled in parallel and perpendicular to the
rolling direction, cracking does not occur in both test
specimens. In addition, for the tensile strength and the
proof stresé being used in both balance indexes £f2 and £21,
values of the test specimen sampled in parallel to the
relling direction were employed. This is because the
tensile strength and proof stress of the test specimen
sampled in parallel to the rolling direction are equal to
or smaller than the tensile strength and proof stress of
the perpendicularly-sampled test specimen. However,
generally, the bending workability of the test specimen
sampled 1in perpendicular to the 1rolling direction is
pocrer than the bending workability of the test specimen
sampled in parallel.

(0050}

Furthermore, in the case of the invention alloys, it
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is possible to increase the tensile strength and the proof
stress through work Thardening with no significant
impairment of bending workability, that is, no occurrence
of cracking at R/t of 0.5 or less at W bending by adding a
percentage of working in a range of 20% to 65% and
preferably in a range of 30% to 55% in the cold finish
rolling step. Generally, when the metallic structure of a
cold-finish-rolled material is observed, a shape in which
crystal grains are elongated in the rolling direction and
are compressed in the thickness direction is exhibited,
and differences in tensile strength, proof stress and
bending workability are caused in the test specimen
sampled in the rolling direction and the test specimen
sampled in the vertical direction. Regarding the specific
metallic structure, crystal grains are elongated crystal
grains in a cross-section in parallel to a rolled surface,
and are compressed crystal grains in the thickness
direction in a horizontal cross-section, and a rolled
material sampled perpendicular to the rolling direction
has higher tensile strength and higher proof stress than a
rolled material sampled in the parallel direction, and the
ratio exceeds 1.05, and, sometimes, reaches 1.1. As the
ratio becomes higher than 1, the bending workability of
the test specimen sampled perpendicular to the rolling

direction deteriorates. There are also rare cases in
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which the proof stress, conversely, reaches less than 0.95,
A variety of members such as terminals and connectors that
are the subjects of the application are frequently used in
the rolling direction and the vertical direction, that is,
in both directions in parallel and perpendicular to the
rolling direction in actual use, that is, when a rolled
material is worked into a product, and it 1is desirable
that théere 1s no differences in characteristics such as
tensile strength, proof stress and bending workability in
the rolling direction and in the vertical direction on an
actually-used surface and a precduct-worked surface. In
the present invention product, the interaction among Zn,
Sn, P, Ni and Co, that is, a relational formula 11<f1<19
is satisfied, the average crystal grain diameter is set in
a range of 2.0 um to 8.0 um, the sizes of the precipitates
formed of P, Ni and furthermore Co or Fe and the
proportions among the elements are controlled to
predetermined values, and the differences in the tensile
strength and proof stress of the rolled material sampled
in a direction forming 0 degrees with respect to the
rolling direction and the rolled material sampled in a
direction forming 90 degrees with respect to the rolling
direction is removed by producing a rolled material using
a manufacturing step described below. Meanwhile, crystal

grains are preferably fine from the viewpoint of strength,



the roughness of a bending-worked surface and the
generation of wrinkles; however, when crystal grains are
too fine, the proportion of crystal grain boundaries in
the metallic structure increases, and conversely, the
bending workability deteriorates. Therefore, the average
crystal grain diameter is preferably 7.5 upum or less,
preferably 6.0 pm or less in a case in which strxength is
considered to be important, and optimally 5.0 um or less.
The lower limit is preferably 2.5 pum or more, preferably
3.0 pm or more in a case in which the stress relaxation
characteristics is considered to be important, and more
preferably 3.5 um oOr more. When the proportion of the
tensile strength or proof stress in a direction forming O
degrees with respect to the rolling direction to the
tensile strength or proof stress in a direction forming 90
degrees is in a range of 0.95 to 1.05, and furthermore,
when a relational formula of 11<£f1<19 is satisfied, and
the average crystal grain diameter is set in &a more
preferred state, the value in a range of 0.98 toc 1.03, at
which the tensile strength and the proof stress are less
anisotropic, is achieved. As can be determined from the
metallic structure, when a test specimen is sampled in a
direction forming 90 degrees with respect to the rolling
direction and subjected to a bend test, the bending

workability also becomes poorer than that of a test
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specimen sampled in a direction forming 0 degrees; however,
in the invention alloys, the tensile strength and the
proof stress are isotropic, and almost the same excellent
bending workability is obtained in a direction forming 90
degrees and in the direction forming 0 degrees.

However, when the content of Zn is 8.5 mass%, and
furthermore, exceeds 9 mass%, and 17<f1<19 is satisfied,
the tensile strength and the proof stress are anisotropic
both in a direction forming 0 degrees and in a direction
forming 90 degrees, and the bending workability becomes
poor in a direction forming 90 degrees. Particularly,
this tendency becomes significant when the  final
percentage o©of cold rolling 1is increased. The balance
characteristics £f2 and £f21 are improved by providing a
composition in which the content of Ni is set in a range
of 0.4 mass% to 0.85 mass%, preferably in a range of 0.45
mass$% to 0.85 mass%, and more preferably in a range of 0.5
mass% to 0.85 mass%, [Ni]/[P] is set in a range of 7 to 40,
and [Ni]/[$n] is set in a range of 0.55 to 1.9.

[0051]

The initial temperature of hot rolling is set to
800°C or higher, and preferably set to 840°C or higher in
order to form the solid solutions of the respective
elements. The initial temperature is set to 940°C or lower,

and preferably set to 920°C or lower from the viewpoint of



energy cost and hot ductility. In addition, in oxrxder to
form more solid solutions of P, Ni, Co and, furthermore,
Fe, a rolled material is preferably cooled at a cooling
rate of 1°C/second or more in a temperature range of the
temperature of the rolled material when final rolling ends
to 350°C or in a temperature range of 650°C to 350°C so as
to at least prevent the precipitates from becoming coarse
precipitates that impair elongation. When a rolled
material is cooled at a cooling rate of 1°C/second or less,
the precipitates of P, Ni, Co and, furthermore, Fe which
are in a solid solution form begin to precipitate, and the
precipitates become coarsened during the cooling step.
When the precipitates become coarsened in a hot rolling
stage, it 1s difficult to remove the precipitates in the
subsequent thermal treatments such as the annealing step,
and the elongation of the final rolled product is impaired.

In addition, a recrystallization thermal treatment
step in which the percentage of cold working before the
recrystallization thermal treatment step is 55% or more,
the peak temperature is in a range of 550°C to 790°C, the
holding time in a range of “the peak temperature-50°C” to
the peak temperature is in a range of 0.04 minutes to 2
minutes, and the thermal treatment index It satisfies
460<It<580 is carried out.

[0052]
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In order to obtain target recrystallized grains
which do not include mixed grains and are uniform and fine
in the recrystallization thermal treatment step, since
decreasing the stacking-fault energy is not sufficient, it
is necessary to accumulate strain by c¢old rolling,
specifically, strain in crystal grain boundaries in order
to increase the number of generation sites of
recrystallization nuclei. In orxder to accumulate strain,
the percentage of cold working in cold rolling before the
recrystallization thermal treatment step needs to be 55%
or more, 1is preferably 60% or more, and optimally 65% or
more. On the other hand, when the percentage of cold
working in cold rolling before the recrystallization
thermal treatment step is excessively increased, since
problems of strain and the like occur, the percentage of
cold working is desirably 97% or less, and optimally 93%
or less. That is, in order to increase the number of
generaticn sites of recrystallization nuclei by physical
actions, it is effective to increase the percentage of
cold working, and finer recrystallized grains can be
obtained by adding a high percentage of working within a
range in which strain of a product is acceptable.

[0053]

In addition, in order to obtain fine and uniform

crystal grains that are the final target, it i1s necessary
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to speclify a relationship between the crystal grain
diameter after the annealing step that is a thermal
treatment one step before the recrystallization thermal
treatment step and the percentage of working of the second
cold rolling Dbefore the recrystallization  thermal
treatment step. That is, when the crystal grain diameter
after the recrystallization thermal treatment step is
represented by D1, the crystal grain diameter before the
recrystallization thermal treatment step and after the
annealing step 1s represented by DO, and the percentage of
cold working of cold rolling between the annealing step
and the ’'recrystallization thermal treatment step 1is
represented by RE (%), DO<D1x4x{RE/100) is satisfied at RE
in a range of 55 to 97. Meanwhile, the numeric formula
can be applied with RE in a range of 40 to 97. 1In order
to realize the miniaturization of crystal grains and to
make recrystallized grains after the recrystaliization
thermal treatment step fine and more uniform, the crystal
grain diameter after the annealing step is preferably
within the product of four times the crystal grain
diameter after the recrystallization thermal treatment
step and RE/100. Since the number of nucleation sites of
recrystallized nuclei increases as the percentage of cold
working dincreases, fine and more uniform recrystallized

grains can be obtained even when the crystal grain



diameter after the annealing step has a size three times
or more the crystal grain diameter after the
recrystallization thermal treatment step.

When the crystal grain diameter after the annealing
step 1s large, mixed grains are formed after the
recrystallization thermal treatment step, and the
characteristics after the «cold finish rolling step
deteriorate; however, when the percentage of cold working
of cold rolling between the annealing step and the
recrystallization thermal treatment step is increased, the
characteristics after the cold finish rolling step do not
deteriorate even when the crystal grain diameter after the
annealing step is somewhat large.

In addition, the recrystallization thermal treatment
step is preferably a short-time thermal treatment in which
the peak temperature is in a range of 550°C to 790°C, the
heolding time in a range of “the peak temperature-50°C” to
the peak temperature is in a range of 0.04 minutes to 2
minutes, more preferably, the peak temperature is in a
range of 580°C to 780°C, the holding time in a range of
“the peak temperature-50°C” to the peak temperature is in
a range of 0.05 minutes to 1.5 minutes, and the thermal
treatment index It needs to satisfy a relationship of
460<Tt<580. 1In the relational formula of 460<I1t<58C, the

lower limit side 1is preferably 470 or more, and more
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preferably 480 or more, and the upper limit side 1is
preferably 570 or less, and mcre preferably 560 cor less.

Meanwhile, the recrystallization thermal treatment
step can also be carried out in a batch-type annealing
format under the above-described thermal treatment
conditions as long as the average crystal grain diameter
and the grain diémeter of the precipitates are within the
predetermined size ranges, and the recrystallization
thermal treatment step can be carried out at a temperature
in a range of 410°C to 580°C by holding the material for
one hour to 24 hours.

[0054]

Regarding the precipitates of P and Ni that suppress
the growth of recrystallized grains, or Co and Fe,
depending on cases, it is necessary that, in the stage of
the recrystallization thermal treatment step, circular or
elliptical precipitates are present, the average particle
diameter of the precipitates is in a range of 4.0 nm to
25.0 nm or the proportion of the number of precipitates
having a particle diameter in a range of 4.0 nm to 25.0 nm
in the precipitated particles is 70% or more. The average
particle diameter is preferably in a range of 5.0 nm to
20.0 nm or the proportion of precipitates having a
particle diameter in a range of 4.0 nm to 25.0 nm in the

precipitated particles is preferably 80% or more. When
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the average grain diameter of the precipitates decreases,
the recrystallized grains become small due to the
precipitate strengthening of the precipitates and the
excessive effect that suppresses the growth of crystal
grains so that the strength of the rolled material
increases, but the bending workability deteriorates. In
addition, when the size of the precipitates exceeds 50 nm,
and, for example, reaches 100 nm, the effect that
suppresses the growth of crystal grains also almost
disappears, and the bending workability deteriorates.
Further, the circular or elliptical precipitates include
not only true circular or elliptical precipitates but also
approximately circular or elliptical precipitates.

[0055]

When the peak temperature, the holding time or the
thermal treatment index It remains below the lower limits
of the ranges in terms of the conditions of the
recrystallization thermal treatment step, non-
recrystallized portions remain, or ultrafine <crystal
grains having an average crystal grain diameter of less
than 2.0 um are formed. In addition, when annealing is
carried out with the peak temperature, the holding time or
the thermal treatment index It above the upper limits of
the ranges that are the conditions of the

recrystallization thermal treatment step, the excessive
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precipitates form solid solutions again, the predetermined
effect that suppresses the growth of crystal grains does
not work, and a fine metallic structure having an average
crystal grain diameter of 8 pum or less cannot be obtained.
In addition, the electric conduction deteriorates due to
the excessive formation of the solid solutions of the
precipitates.

The conditions of the recrystallization thermal
treatment step are conditions to obtain the target
recrystallized grain diameter and to prevent the excessive
re-formation of solid solutions or the coarsening of the
precipitates, and, when an appropriate thermal treatment
within the numeric formulae is carried out, the effect
that suppresses the growth of recrystallized grains is
obtained, and the solid solutions of an appropriate amount
of P and Ni or Co or Fe are formed again, thereby,
conversely, improving the elongation of the rolled
material. That 1is, when the temperature of the rolled
material begins to exceed 500°C, the precipitates of P and
Ni or Co or Fe begin to form solid solutions of the
precipitates again, and, mainly, small precipitates having
a grain diameter of 4 nm or less which have an adverse
influence on bending workability disappear. As the
temperature and time of the thermal treatment increase,

the proportion of precipitates that form solid solutions
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increases. Since the precipitates are mainly used for the
effect that suppresses recrystallized grains, when a lot
of fine precipitates with a grain diameter of 4 nm or less
or a lot of coarse precipitates having a grain diameter of
25 nm or more remain as the precipitates, the bending
workability or elongation of the rolled material 1is
impaired. Meanwhile, when coocling the rolled material in
the recrystallization thermal treatment step, the rollied
material is preferably cooled wunder a <condition of
1°C/second or more in a temperature range of “the peak
temperature-50°C” to 350°C. When the cooling rate is slow,
coarse precipitates appear, and the elongation of the
rolled material is impaired.

[0056]

Furthermore, a recovery thermal treatment step in
which the peak temperature is in a range of 160°C to 650°C,
the holding time in a range of “the peak temperature-50°C”

to the peak temperature is in a range of 0.02 minutes to
200 minutes, and the thermal treatment index It satisfies
a relationship of 60<It<360 may be carried out after cold
finish rolling.

The recovery thermal treatment step is a thermal
treatment for improving the percentage of stress
relaxation, spring bending elastic limit, bending

workability and elongation of the rolled material or
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recovering the electric conductivity decreased by cold
rolling through a short-time recovery thermal treatment at
a low temperature without causing recrystallization.
Meanwhile, regarding the thermal treatment index It, the
lower 1limit side is preferably 100 or more, and more
preferably 130 or more, and the upper limit side is
preferably 345 or less, and more preferably 330 or less.
When the recovery thermal treatment step is carried out,
the percentage of stress relaxation becomes approximately
1/2, the stress relaxation characteristics improve, the
spring bending elastic limit improves by 1.5 times to 2
times, and the electric conductivity improves by 0.5%IACS
to 1%IACS compared with before the thermal treatment.
Meanwhile, in the Sn plating step such as molten Sn
plating or reflow Sn plating, the invention alloy is
molded into a rolled material, or a terminal or a
connector, depending on cases, at a temperature in a range
of approximately 200°C to 300°C for a short period of time,
and then heated. Even when the Sn plating step is carried
out after the recovery thermal treatment, there is little
influence on the characteristics after the recovery
thermal treatment. On the other hand, a heating step
during the 8n plating step can replace the recovery
thermal treatment step, and improves the stress relaxation

characteristics, spring strength and bending workability
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of the rolled material.

[0057]

As an embodiment of the invention, the manufacturing
step sequentially including the hot rolling step, the
first cold rolling step, the annealing step, the second
cold rolling step, the recrystallization thermal treatment
step and the cold finish rolling step has been exemplified,
but the steps up to the recrystallization thermal
treatment step may not be carried out. In the metallic
structure of the copper alloy material before the cold
finish rolling step, the average crystal grain diameter
may be in a rangé of 2.0 um to 8.0 pm, circular or
elliptical precipitates may be present, the average
particle diameter of the precipitates may be in a range of
4.0 nm to 25.0 nm, or the proportion of the number of
precipitates having a particle diameter in a range of 4.0
nm to 25.0 nm in the precipitates may be 70% or more, and,
for example, a copper alloy material having the above-
described metallic structure may be obtained through steps
such as hot extrusion, forging or a thermal treatment.
[Examples)

[0058]

Specimens were produced using the first invention
alloy, the second invention alloy, the third invention

alloy, the fourth invention alloy and a copper alloy



having a composition for comparison, and various
manufacturing steps. Meanwhile, the third invention alloy
is included in the first invention alloy, and the fourth
invention alloy is included in the second invention alloy.

Tables 1 and 2 describe the compositions of the
first invention alloy, the second invention alloy, the
third invention alloy, the fourth invention alloy and the
copper alloy for comparison which were produced as the
specimens. Here, in a case in which the content of Ce is
0.001 mass% or less, a case in which the content of Ni is
0.01 mass% or less, and a case in which the content of Fe

is 0.003 mass% or less, the cells are left blank.
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[0059]

[Table 1]
Alioy Alloy composition (mass¥%) . )
No. cu %n . p co N Fe th f1 Ni/P Ni/sSn
ers
Pirst
invention 1 Rem. 6.3 | 0.58 | 0.04 0.58 13.32 | 14.3 1.00
alloy
2 Rem. 6.7 ] 0.60 | 0.04 0.03 0.39 13.51 | 8.73 0.65
Second
invention 3 Rem. 7.8 | 0.62 [ 0.05 0.62 | 0.020 15.49 | 12.8 1.03
alloy 5 Rem. 6.5 | 0.54 | 0.05 0.02 3.80 | 0.008 14.35 | 16.0 1.48
First
invention 6 Rem. 5.4 0.80 0.06 0.62 14.53 10.3 0.78
alloy
| Fourth 7 Rem. | 10.1 | 0.47 0.05 | 0.010 0.71 17.01 | 14.2 1.51
invention
alloy 8 Rem. | 10.5 | 0.53 | 0.05 | 0.010 0.59 | 0.006 17.44 | 11.8 1.11
Third
invention ) Rem. 9.7 | 0.69 | 0.04 0.57 17.51 | 14.3 0.83
alloy
First
invention 12 Rem. 7.6 0.62 0.03 0.24 13.57 8.00 0.39
alloy
Second
invention 14 Rem. 6.1 | 0.77 6.04 0.25 | 0.008 13.29 | 6.25 0.33
alloy
First 15 Rem. 7.6 | 0.51 | d.05 0.65 14.50 | 13.0 1.28
invention |~
alloy 16 Rem. 5.5 0.62 0.05 0.71 13.44 | 14.2 1.15
161 Rem. 5.6 [ 0.52 | 0.04 0.01 0.69 | 0.006 13.18 | 17.3 1.17
162 Rem. 5.6 | 0.56 | 0.04 0.01 0.52 12,36 | 13,0 0.93
163 Rem. 5.3 | 0.57 | 0.03 0.01 0.39 11.%2 | 13.0 0.68
Second 166 Rem. 9.2 | 0.53 | 0.04¢ 0.02 0.54 15.51 | 13.5 1.02
invention 167 Rem. 6.4 0.80 0.04 0.01 0.45 14.72 11.3 0.56
alloy 168 Rem. 7.0 | 0.42 | 0.04 0.01 0.77 13,59 | 19.3 1.83
169 Rem. 6.6 | 0.62 | 0.04 0.01 0.54 13,88 | 13.5 | 0.87
17 Rem. 7.5 | 0.63 | 0.03 0.28 | 0.030 13,69 | 9.33 0.44
172 Rem. 6.4 | 0.51 | 0.05 0.02 0.53 ] 0.008 13,08 | 10.6 { 1.04
180 Rem. | 11.1 | 0.52 | 0.04 0.01 0.77 | 0.007 18.44 | 19.3 1.48
_ Fourth 181 Rem. | 10.5 | 0.58 | 0.06 0.01 0.47 17.56 | 7.8 0.81
invention -
alloy | 182 Rem. | 10.0 | 0.73 | 0.04 0.43 | 0.008 17.62 | 10.8 0.59
183 Rem. | 11.3 | 0.60 | 0.04 0.01 0.56 18.5¢ | 14.0 0.93
Third
invention 184 Rem., 11.1 0.41 0.04 .76 17.48 18.90 1.85
alloy
Fourth
invention 185 Rem. 9.8 | 0.58 | 0.02 0.03 0.71 17.26 | 35.5 1.22
alley




[0060]

[Table 2]
alloy Alloy composition (mass%) . Ni/p N /s
No. cu in sn P Co Ni Fe Others
21 Rem. 8.2 0.60 0.03 0.02 0.13 13.84 4,33 0.22
22 | rem. | 6.8 | 061 | %90 | 0,04 | o0.36 13.15 | 51.4 | o0.59
23 Rem. 7.8 0.63 0.04 0.11 0.25 15.14 6.25 0.40
24 Rem. 6.9 0.66 0.11 0.07 0.59 16.24 5,00 0.83
25 Rem. 7.2 Q.63 0.04 0.14 13.0¢6 3.50 0.22
26 Rem. 3.9 0.60 0.04 1 0.03 0.53 11.2¢ 13.3 0.88
34 Rem. .0 0.41 0.02 0.90 11.55 45,0 2.20
28 Rem. . 0.33 0.03 0,44 11.40 14.7 1.33
23 Rem. 7.0 0.51 0.07 0.38 13.28 5.43 0.75
30 Rem. £.5 0.96 0.03 0.23 16,99 7.67 0.24
Compara 31 Rem. 5.8 0.41 5.03 0.30 10.41 10.0 Q.73
tive
example 35 Rem. 5. 0.44 0.03 0.44 10.42 14.7 1.00
36 Rem, . 0.41 0.03 0.02 0.35 10.48 11.7 0.85
28 Rem. 7.6 0.78 | 0.04 0.35 Cr:0.05 { 15.32 } 8.75 | 0.45
39 Rem. 30.2 ,
40 Rem. 12.8 0.47 0.03 0.45 18.38 15.0 0.%¢6
41 Rem. 11.4 0.7% 0.03 0.52 i9.83 17.3 0.66
42 Rem. 10.8 0.78 0.05 0.02 0.5% 19.88 11.0 .71
43 Rem. 11.2 0.72 0.03 0.01 0.14 17.67 4.7 .19
44 Rem. 10.4 0.61 0.07 0.01 .42 17.67 6.0 C.69
45 Rem., 10.2 0.45 0'501 0.01 0.66 16.23 44,9 1.47
46 Rem. 11.5 0.30 0.04 0.02 0.52 16.41 3.0 1.73
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[0061]

Alloy Nos. 21, 25 and 43 have a smaller content of
Ni than the composition range of the invention alloys.

Alloy No. 22 has a smaller content of P than the
composition range of the invention alloys.

Alloy No. 23 has a larger content of Co than the
composition range of the invention alloys.

Alloy No. 24 has a larger content of P than the
composition range of the invention alloys.

Alloy No. 26 has a smaller content of Zn than the
composition range of the invention alloys.

Alloy Nos. 28 and 46 have a smaller content of Sn
than the composition range of the invention alloys.

Alloy No. 29 has a content of Ni of 0.38 mass% and a
smaller [Ni]/[P] than the range of the invention alloys.

Alloy No. 30 has a larger content of Sn than the
composition range of the invention alloys.

Alloy Nos. 31, 35 and 36 have a smaller composition
index f1 than the composition range of the invention
alloys.

Alloy No. 34 has a larger content of Ni than the
composition range of the invention alloys.

Alloy No. 38 contains Cr.

Alloy No. 39 is ordinary brass, and has not been

subjected to a recovery thermal treatment.
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Alloy No. 40 has a larger content of Zn than the
composition range of the invention alloys.

Alloy Nos. 41 and 42 have a larger composition index
f1 than the composition range of the invention alloys.

Alloy No. 44 has a content of Ni of 0.42 mass%, a
content of P of 0.07 mass%, and a smaller [Ni]/[P] than
the range of the invention alloys.

Alloy No. 45 has a content of Ni of 0.66 mass%, &
content of P of 0.015 mass%, and a larger [Ni]/[P] than
the range of the invention alloys.

Three types (A, B and C} of manufacturing steps of
specimens were carried out, and manufacturihg conditions
were further changed in the respective manufacturing steps.
The manufacturing step A was carried out in an actual mass
production facility, and the manufacturing steps B and C
were carried out in an experiment facility. Table 3
describes the manufacturing conditions of the respective
manufacturing steps.

[0062]
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[Table 3]

First s .
Step Hot rolling Cooling Milling cold Annealing Second cold Recr.ystalllzatlon Cold finish Recovery thermal
A _ P thermal treatment .
No. step step step rolling step rolling step te xrolling step treatment step
step step
Initial
temperature, Cooling Sheet Sheet t:z:g::it Sheet Red t,ij:e ;marl]t It Sheet Rred trf‘l;:tma L It
sheet rate thickness | thickness . thickness at mt? thickness ,m?nt
. condition condition condition
thickness
Al Example B60°C, 13mm 3°C/second 12mm 1. 6mm 470°Cx4Hxr 0.48mm 70% | 690°Cx0.09min | 529 0.3mm 37.5% | 420°C%x0.05%min | 202
All Example 860°C, 13mm 3°C/second 12mm 1. 6mun 470°Cx4Hr 0. 56mm 65% | 690°Cx0.09min | 527 0. 3mm 46.44 | 420°Cx0.05min | 204
Az Example 860°C, 13mm 3°C/second 12mm 1, 6mm 470°Cx4Hx 0.48mm 70% | 660°Cx0.08min | 491 0.3mm 37.5% | 420°Cx0.05min | 202
A3 Example B60°C, 13mm 3°C/second 12mm 1. 6mm 470°Cx4Hr 0, 48mm 70% | 720°x0.1lmin | 566 0.3mm 37.5% | 420°Cx0.05min | 202
A3l Example B60°C, 13mm 3°C/second L2rm 1. 6mm 470°Cx4Hr 0.56mm 65% | 690°Cx0.0%min | 527 0.3mm 46.4% | 420°Cx0Q,.05min | 204
C - $ .
. o:i:;;;::ve 860°C, 13mm 3°c/second 12mn 1, 6mm 470°Cx4Hx 0.48mm 70% | 630°%Cx0.07min | 451 0.3mm 37.5% | 420°Cx0.05min | 202
[ i N

ad1 °2§:;;§;"e 860°, 13mm | 3°C/second 120m 1.6mm 470°Cx 4K 0.46mm | T1% { €30°%x0.07min | 452 |  0.3mm | 34.8% | 420°Cx0.05min | 201
as C°2§:;;§;V3 860°C, 13mm | 3°C/second 12mm 1. 6rm 470°Cx4Hr 0.48mm | 70% | 780°Cx0.07min | 601 0.3mm | 37.5% | 420°Cx0.05min | 202
A6 Example 860°C, 13mm 3°C/second 12mm 1.6mm 470°Cx4Hrx 0.48mm 70% | 690°Cx0.09min | 529 0.3mm 37.5% N/A

A7 Example 860°C, 13mm 3°C/second 12mm 1.6mm 470°Cx4Hr 0. 48mm 70% | 690°Cx0.0%min | 529 0. 3mm 37.5% Condition 1

A8 Example 860°C, 13mm 3°C/second 12mm 1.6mm 470°Cx4Hr 0.48mm 70% | 690°Cx0.0%min | 529 0, 3mm 37.5% Condition 2

A9 Example 860°C, 13mm 3°C/second 12mm 1.6mm 470°Cx4Hr 0.48mm 70% 450°Cx4Hr 529 0.3mm 37.5% | 420°Cx0.05min | 202
Bl Evanple 860°C, Bmm 3°C/second Pickling 1. 6mm 610°Cx0.23min 0.48mm T70% | 690°Cx0.0%9min | 529 0.3mm 37.5% | 420°Cx0.05min | 202
BZ21 co:s:;;::’e 860°C, 8mm 0.3°C/second | Pickling 1. 6mm 610°Cx0.23min 0.48mm 70% | 690°Cx0.09min | 529 0.3mm 37.5% | 420°Cx0.0%5min | 202
B31 Example 860°C, B8run 3°C/second Pickling 1.2mm 470°Cx4Hx 0.48mm 60% | 690°Cx0.09min | 525 0. 3mm 37.5% | 420°Cx0.05min { 202
B32 c°2§:;;§:VE 860°C, Smm 3°C/second | Pickling 0.8mm 470°Cx4Hr 0.48mm | 40% | 690°x0.09min | 518 0.3mm 37.54 | 420°Cx0.05min | 202
B4l Example 860°C, 8mm 3°C/second Pickling 1.6mm 510°Cx4Hr 0.48mm 70% | 690°Cx0.09min | 529 0.3mm 37.5% | 420°Cx0.05min | 202
842 C°2§Z;:§;VG 660°C, 8wm | 3°C/second | Pickling 1. 6mm 580°Cx4HT O.48mm | 70% | 650°Cx0.09min | 529 0.3mm | 37.5% | 420°Cx0.05min | 202
B43 Example 860°C, Bmm 3°C/second Pickling N/A N/A 0.48mm 94% | 690°Cx0.09min | 544 0.3mm 37.5% | 420°Cx0.05min | 202
Cl Example 860°C, fmm 3°C/second Pickling 1.6mm 610°Cx0.23min 0.48mm 70% | 690°Cx0.09%min | 529 0.3mn 37.5% | 540°Cx0.04min | 301
c3 Example 860°C, Smm 3°C/second Pickling 1. 6mm 610°Cx0.23min 0.56mm 65% | 690°Cx0.0%min | 527 0.3mm 46.4% | 540°Cx0.04nin | 303




[0063]

In Steps A4, A4l and A5, the thermal treatment index
It is outside the set condition range of the invention.

In Step B21, the cooling rate after hot rolling is
outside the preferred set condition range of the invention.

In Step B32, the Red. of the second cold rolling
step is outside the preferred set condition range of the
invention.

Step B42 is outside the preferred set condition of
the invention: DO<D1x4x(RE/100).

[(0064)]

In Manufacturing Step A (Al, All, A2, A3, A31, A4,
a4l1l, A5, A6, A7, AB and A9), raw materials were melted in
a mid-frequency melting furnace with an inside volume of
10 tons, and ingots having a cross-section with a
thickness of 190 mm and a width of 630 mm were
manufactured through semi-continuocus casting. The ingots
were respectively cut into a length of 1.5 m, and then a
hot rolling step (sheet thickness 13 mm)-a cooling step-a
milling step (sheet thickness 12 mm)-a first cold rolling
step (sheet thickness 1.6 mm)-an annealing step (held at
470°C for four hours)=-a second cold rolling step (a sheet
thickness of 0.48 mm and a percentage of cold working of
70%; however, a sheet thickness of 0.46 mm and a

percentage of cold working of 71% for A4l, and sheet
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thicknesses of 0.56 mm and percentages of cold working of
65% for All and A31l)-a recrystallization thermal treatment
step-a cold finish rolling step (a sheet thickness of 0.3
mm and a percentage of cold working of 37.5%; however, a
percentage of cold working of 34.8% for A4l, and
percentages of cold working of 46.4% for All and A3l)-a
recovery thermal treatment step were carried out.

The hot rolling initial temperature in the hot
rolling step was set to 860°C, the ingots were hot-rolled
to a sheet thickness of 13 mm, and then showered using
water for cooling in the <cooling step. In the
specification, the hot rolling initial temperature and the
ingot heating temperature have the same meaning. The
average cooling rate in the cooling step refers to an
average cooling rate in a temperature range of the
temperature of the rolled material after final hot rolling
to 350°C or in a temperature range of the temperature of
the rolled material of 650°C to 350°C, and the average
cooling rate was measured at the rear end of a rolled
sheet. The measured average cooling rate was 3°C/second.

[0065]

The showering using water for cooling in the cooling
step was carried out in the following manner. A shower
facility 1is provided at a place that 1s above a

transporting roller that transports the xolled material
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during hot rolling and is away from a hot rolling roller.
When the f£final path of hot rolling ends, the rolled
material is transported to the shower facility using the
transportation rocller, and sequentially cooled from the
front end to the rear end while being made t¢ pass a place
in which showering is carried out. In addition, the
cooling rate was measured in the following manner. The
temperature o0f the rolled material was measured at the
rear end portion (accurately, a location that is 90% of
the length of the rolled material from the rolling front
end in the longitudinal direction of the rolled material)
of the rolled material in the final pass of hot rolling,
the temperature was measured immediately before sending
the rolled material to the shower facility after the end
of the final pass, and at a point in time when the
showering ended, and the cooling rate was computed based
on the temperature measured at these times and time
intervals at which the temperatures were measured. The
temperature was measured using a radiation thermometer.
As the radiation thermometer, an infrared thermometer
Fluke-574 manufactured by Takachihoseiki Co., Ltd. was
used. In order to measure the temperature, the rolled
material is put into an air cooling state until the rear
end of the rolled material reaches the shower facility and

shower water 1is applied to the rolled material, and the
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cooling rate at this time becomes slow. In addition, as
the final sheet thickness decreases, it takes a 1longer
time for the rolled material to reach the shower facility,
and therefore the cooling rate becomes slow.

[0066]

The annealing step includes a heating step of
heating the rolled material to a predetermined temperature,
a holding step of holding the rolled material after the
heating step at a predetermined temperature for a
predetermined time, and a cooling step o¢f cooling the
rolled material after the holding step to a predetermined
temperature. The peak temperature was set to 470°C, and
the holding time was set to four hours.

In the recrystallization thermal treatment step, the
peak temperature Tmax (°C) of the rolled material and the
holding time tm (min) in a <temperature range of a
temperature 50°C lower than the peak temperature of the
rolled material to the peak temperature were changed to
(690°C-0.09 min), {660°C-0.08 min), (720°C-0.1 min),
(630°C-0.07 min) and (780°C~0.07 min). Meanwhile, the
recrystallization thermal treatment in Step A9 was carried
out in a batch annealing format wunder conditions of
holding the rolled material at 450°C for four hours.

In addition, the percentage of cold working in the

cold finish rolling step was set to 37.5% (however, 34.8%

- 84 -



for A4l, and 46.4% for All and A31l) as described above.

In the recovery thermal treatment step, the peak
temperature Tmax (°C) of the rolled material was set to
420 (°C), and the holding time tm (min) in a temperature
range of a temperature 50°C lower than the peak
temperature of the rolled material to the peak temperature
was set to 0.05 minutes. However, in Manufacturing Step
A6, the recovery thermal treatment step was not carried
out. In addition, A7 and A8 are specimens obtained by
immersing the specimens obtained in A6 and Al in an oil
bath at 350°C for 3 seconds, and cooling the specimens in
the air. The above-described thermal treatment is a
thermal treatment condition corresponding to molten Sn
plating treatment (Condition 1 in the recovery thermal
treatment column in Table 3 is that the specimen obtained
in Step A6 was immersed in an o0il bath at 350°C for 3
seconds, and cocling the specimens in the air, and
Condition 2 is that the specimen obtained in Step Al was
immersed in an oil Dbath at 350°C for 3 seconds, and
cooling the specimens in the air).

[0067]

In addition, Manufacturing Steps B (Bl, BRB21, B31,
B32, B41l, B42 and B43) were carried out in the following
manner.

An inget for laboratory tests having a thickness of
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40 mm, a width of 120 mm and & length c¢f 190 mm was cut
out from the ingot in Manufacturing Step A, and then a hot
rolling step (sheet thickness 8 mm)-a cooling step
(cooling through shower using water)-a pickling step-a
first cold rolling step-an annealing step-a second cold
rolling step (sheet thickness 0.48 mm)-a recrystallization
thermal treatment step-a cold finish rolling step (sheet
thickness 0.3 mm, percentage of working 37.5%)-a recovery
thermal treatment step were carried out.

In the hot rolling step, the ingot was heated to
860°C, and hot-rolled to a thickness of 8 mm. The cooling
rate (a cooling rate from the temperature of the rolled
material after hot rolling to 350°C or from a temperature
of the rolled material of 650°C to 350°C) in the cooling
step was mainly 3°C/secend, and was 0.3°C/second for some
parts.

After the cooling step, the surface was pickled, the
ingot was cold-rolled to 1.6 mm, 1.2 mm or 0.8 mm in the
first cold rolling step, and the conditions for the
annealing step were changed to (held at 610°C for 0.23
minutes) (held at 470°C for four hours), (held at 510°C for
four hours), and (held at 580°C for four hours). After
that, the ingot was rolled to 0.48 mm in the second cold
rolling step.

The recrystallization thermal treatment step was
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carried out under conditions of Tmax of 6920°C and a
holding time tm of 0.09 minutes. 1In addition, the ingot
was cold-rolled to 0.3 mm (percentage of cold working:
37.5%) in the cold finish rolling step, and the recovery
thermal treatment step was carried out under conditions of
Tmax of 420°C and a holding time tm of 0.05 minutes.

Meanwhile, in B43 step, the first cold rolling step
and the annealing step were not carried out, the ingot was
rolled to a thickness of 0.48 mm in the second cold
rolling step, and a recrystallization thermal treatment
was carried out under conditions of Tmax of 690°C and a
holding time tm of 0.09 minutes. In addition, the ingot
was cold-rolled to 0.3 mm in the cold finish rolling step,
and a recovery thermal treatment step was carried out
under conditions of Tmax of 420°C and a holding time tm of
0.05 minutes.

In Manufacturing Step B and Manufacturing Step C
described below, a step coxrresponding to the short-time
thermal treatment carried out in a continuous annealing
line or the like in Manufacturing Step A was replaced by
the immersion of the rolled material in a salt bath, the
peak temperature was set to the solution temperature in
the salt bath, the immersion time was set to a holding
time, and the ingot was cooled in the air after being

immersed. Meanwhile, as the salt (solution), a mixture of
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BaCl, KC1l and NaCl was used.

{00681

Furthermore, Manufacturing Step C (Cl and C3) was
carried out in the following manner as a laboratory test.
The ingot was melted and cast in an electric furnace in a
laboratory so as to co¢btain predetermined components,
thereby obtaining an ingot for laboratory test having a
thickness of 40 mm, a width of 120 mm and a length of 180
mm, After that, test specimens were manufactured using
the same steps as in Manufacturing Step B. That is, an
ingot was heated to 860°C, hot-rolled to a thickness of 8
mm, and cooled at a cooling rate of 3°C/second in a
temperature range of the temperature of the rolled
material after hot rolling or a temperature of the rolled
material of 650°C to 350°C after hot rolling. After
cooling, the surface was pickled, and the ingot was cold-
rolled to 1.6 mm in the first cold rolling step. After
cold rolling, the annealing step was carried out under
conditions of 610°C and 0.23 minutes after cold rolling,
and Cl1 was cold-rolled to 0.48 mm and C3 was cold-rolled
to a sheet thickness of 0.56 mm in the second cold rolling
step. The recrystallization thermal treatment step was
carried out under conditicns of Tmax of 690°C and a
holding time tm of 0.09 minutes. 1In addition, the ingot

was cold-rolled to 0.3 mm (percentage of cold woxking of
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Cl: 37.5%, percentage of cold working of C3: 46.4%) in the
cold finish rolling step, and the recovery thermal
treatment step was carried out under conditions of Tmax of
540°C and a holding time tm of 0.04 minutes.

[0069]

To evaluate the copper alloys produced using the
above-described methods, tensile strength, proof stress,
elongation, electric conductivity, bending workability,
percentage of stress relaxation, stress corrosion crack
resistance and the spring bending elastic limit were
measured. In addition, the average <crystal grain
diameters were measured by observing the metallic
structures. In addition, the average grain diameters of
precipitates and the proportions o©of the number of
precipitates having a grain diameter of a predetermined
value or less in precipitates of all sizes were measured.

The results of the respective tests are described in
Tapbles 4 to 18. Here, the test results of the respective
test Nos. are described in three tables such as Tables 4,
5 and 6. Further, since the recovery thermal treatment
step was not carried out in Manufacturing Step A6, data
after the cold finish rolling step are described in the
column for data after the recovery thermal treatment step.

In addition, Fig. 1 illustrates a transmission

electron microscopic photograph of a copper alloy sheet
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for terminal and connector materials of Alloy No. 2 (Test
No. T18). The average grain diameter of the precipitates
is 7 nm, and the precipitates are uniformly distributed.

[0070]
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[Table 4]

After recrystallization thermal
treatment step

After recovery thermal treatment step

Characteristics of rolled
Aver}age .cryst.al Average Precipitated particles mate;i:icé(i)o:;agree ‘
step DO {um) grain Averége qf Tensile Proof ity NOGQIQF
diametex grain particles strength stress Elongat (*IACS) {kNN/mm’)
DL (pm) diameter in a range (N/mm*) (8/mm-) ion (%)
(nm) of 4 nm to
25 nm (*)
Tl Al 5 3.8 10.0 94 528 515 9 36.2 127
T2 All 3.8 10.0 24 577 560 5 36.0 128
T3 A2 3.2 9.4 92 539 522 8 36.5 128
T4 Ad 1.8 3.6 65 553 538 4 36.7 124
TS5 A3 5.0 13.0 88 511 503 9 35.8 126
T6 A3l 5.0 13.0 88 558 545 7 35.6 126
T7 A5 13.0 60.0 20 473 455 10 35.1 122
T8 A6 3.8 10.0 94 542 521 4 35.0 121
T9 1 A7 3.8 10.0 94 535 516 6 35.4 124
T10 A8 3.8 10.0 94 526 512 10 36.4 127
T11 A9 4.0 11.0 83 523 508 8 36.4 126
Tl2 Bl 5 3.9 11.0 94 526 515 8 36.1 127
P13 B21 8.5 27.0 65 490 473 7 36.0 124
T14 B31 5 4.1 12.0 92 519 507 8 36.1 126
T15 B32 5 4.5 26.0 68 511 496 6 36.2 122
TL6 B4l 6 4.1 13.0 91 519 504 8 36.3 124
T17 B42 19 4.7 27.0 69 511 492 6 36.4 122
T171 B43 3.5 9.5 92 533 519 8 36.0 125
T18 al 4.5 3.4 7.0 91 537 526 9 36.9 125
T19 a1l 3.4 7.0 91 588 568 5 36.6 125
T20 A2 2.7 6.3 87 550 538 8 37.4 126
TZ21 Ad 1.8 3.5 40 575 553 6 38.0 123
T22 A3 4.4 11.0 92 522 507 10 36.4 124
T23 2 A31 4.4 11.0 92 566 547 6 36.2 123
T24 ns ) T 1ol s T a0 T 2s 471 456 11 |35 121
T25 A7 3.4 7.0 91 543 530 6 36.2 122
T26 A8 3.4 7.0 91 535 527 9 36.9 125
T27 A9 3.6 7.0 90 532 522 8 37.0 124
T28 Adl 1.8 3.5 45 557 536 7 38.0 123
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[Table 5]
After recovery thermal treatment step
Charlalctdezistic.s lof 90 00
rolled materia s S
Test WO, Alloy Step Balance ‘_ Balance (30 degree de.gree/o dzgreelo Bending workability
* No. No. index index direction) degree egree
£2 £21 Tensile Proof tensile proof 90 degree 0 degree
strength stress X . . :

strength | stress ratio ratio direction direction

{N/mm™) {N/mm ) Bad Way Good Way
T1 Al 3463 3377 534 518 1.011 1.006 S 5
T2 All 3635 3528 595 577 1-031 1.030 A S
T3 A2 3517 I 3406 545 ! 525 1.011 1.006 S B
T4 A4 3484 ' 3390 583 . 567 1.054 1.054 B S
T5 A3 3333 3280 523 513 1.023 1.020 S S
TG A3l 3562 3479 572 560 1.025 1,028 A S
T7 A5 3083 2965 497 482 1.051 1.059 A S
T8 A6 3335 3206 555 528 1.024 1.013 S S
T9 A7 3374 3254 542 522 1.013 1.012 S s
T10 ) 1 A8 3491 3398 531 ! 516 1.010 1.008 S S
T11 A9 3408 3310 532 i 515 1.017 1.014 3 S
T12 Bl 3413 3342 532 ; 516 1.011 1.002 ) S
T13 B21 3146 3037 514 493 1.049 1.042 A S
T14 B31 3368 | 3290 529 516 1.019 1.018 8 5
T15 B32 3259 | 3163 538 525 1.053 1.058 B S
T16 B41 3377 ¢ 327% 526 515 1.013 1.022 A S
T17 B42 3268 3146 541 . 521 1.059 1.059 B S
T171 B43 3454 3363 545 i 527 1.023 1.015 S S5
T18 Al 3556 3483 544 | 528 1.013 1.004 S S
T19 All 3735 : 3608 605 i 582 1.029 1.025 A S
T20 A2 3633 | 3553 565 ‘ 546 1.027 1.015 B S
T21 Ad 3757 3613 608 . 588 1.057 1.063 C B
T22 A3 3464 3365 538 522 1.031 1.030 S S
123 2 A3l 3610 | 3489 585 568 1.034 1.038 A S
T24 A5 3119 | 3020 500 482 1.062 1.057 B S
T25 A7 3463 i 3380 560 542 1.031 1.023 s S
126 A8 3542 | 3489 541 . 525 1.011 0.996 S S
T27 A9 3495 1 3429 543 , 526 1.021 1.008 S S
T28 A4l 3674 3535 588 ! 565 1.056 1.054 B B
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[Table 6]
After recovery thermal treatment step
Stress corrosion crack resistance Sp]rlntg. beln‘dlintg Solderability
fest No. Alloy Step Percentage of glastic iim
No . No. stress relaxation Stress 0 degree 90 degree
Stress . Stress s - X :
corrosion 1 coxrosion corrosion 3 dlre::t%on dlrect}on -1 -2 -11
@ 2 (N/mm*) {N/mm )
T1 Al S 15 A A S 487 507 S 5 S
T2 All 4 17 A A S 526 538 S S S
T3 A2 A A A s 480 505 S S 5
T4 A4 B A A 523 542
T5 A3 S 14 A A S
T6 A3l S 15 A A 5 515 526 S S S
T7 A5 A A A
T8 A6 A A A S s S S
T9 1 A7 A 20 2 A S 440 478
T10 Al S 15 A A ) 485 504
T11 A9 ) 18 A A S 483 506 S 5 S
T12 Bl S 15 A A 5 S S 8
T13 B21 A A A
T14 B31 5 A A
- T15 B32 B A A S
Tle B41 A A A S
TL7 B42 B A A S
T171 A43 S 17 A A S 493 518 S S S
T18 Al A 22 A A S 493 510 S 5 S
T19 All A 23 A A S S S
T20 A2 A A A 506 524
T21 Ad B A A 533 554
T22 a3 A 20 A A 5 S S s
T23 2 A3l A 22 A A
T24 AS A A A
T25 AT A 28 A A 435 477
. T26_ A8 A 22 a A 490 515
T2 RS A 25 A RS s 487 305 5.1 s §
28 A4l B A j A 517 530
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[Table 7]
After recrystallization thermal treatment step After recovery thermal treatment step
Average o ) CharacterAistics of rolled

Test Allo step qrystal grain Average ) Precipitated particles mate;;.:icégog)egree Electric Young’ s
No. y No. dlaxnetc?r after crystal grain -~ < - conductiv dul

No. annealing step diameter D1 . Proportion o Tensile Proof ity moculus

DO (um) () A“zerage grain particles in a strength stress I'E:long?t (4 TACS) (kN/mm™)

diameter (nm) range of 4 ‘nm to (N /mmt) (1 /mm’) ion (%)
25 nm (%)

T29 Al 4 3.3 7.0 90 543 527 7 34.2 127
T30 All 3.3 7.0 90 530 571 4 34.0 129
T31 A2 2.8 6.0 87 555 539 7 34.4 127
T32 Ad 1.9 3.5 50 575 560 3 34.6 125
733 A3 4.2 12.0 94 527 516 8 34.0 126
T34 a3l 4,2 12.0 94 573 559 6 33.8 125
T35 AS 10.0 40.0 25 486 167 8 33.4 122
T36 A6 3.3 7.0 90 536 533 4 33.5 121
T37 5 A7 3.3 7.0 90 553 532 5 33.7 125
T38 A8 3.3 7.0 90 543 527 7 34.2 127
T39 A9 3.5 7.0 88 540 525 6 34.4 127
T40 Bl 4 3.3 7.0 90 541 525 7 34.1 126
T41 B21 7.0 25.0 65 488 475 7 34.3 125
T42Z B31 4 3.5 3.0 B9 543 528 6 34.2 126
T43 B32 4 4.0 Mixed grains 531 513 5 34.2 124
T44 R4l 5 3.8 10.0 89 537 519 6 34.3 126
T45 B42 16 5.0 Mixed grains 510 491 4 34.4 125
T46 A4l 1.8 3.4 50 558 543 4 34.6 125
T47 Al 5.2 3.8 2.0 94 524 510 9 35.2 130
T48 all 3.8 9.0 94 570 552 5 35.0 130
T49 A2 3.3 7.0 91 540 527 7 35.5 131
T50 A3 5.4 16.0 90 512 500 10 34.5 128
51 A31 5.4 16.0 a0 557 544 6 34.4 127
TS2 5 A5 14.0 55.0 15 468 450 8 33.8 126
T53 A6 3.8 9.0 94 542 520 5 34,0 123
. T34 _ A7 b . 3.8 _ 8.0 _ 94 540 519 6 34.2 . 12e
T5% A8 3.8 9.0 94 523 508 10 35.4 130
T56 Bl 5.4 3.8 10.0 90 526 515 9 35.0 129
T57 B21 8.5 17.0 65 490 473 7 35.7 128




T58 B31 5.2 4.0 12.0 g8 522 505 9 35.2 128
59 B32 5.2 5.4 Mixed grains 518 498 6 35.5 127
T60 B41 7.0 4.5 12.0 89 516 497 9 35.8 130
T61 B42 22.0 6.0 Mized grains 500 480 7 35.7 127
T611 B43 3.5 9.0 90 534 520 8 34.9 128

-96.
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[Table 8]
After recovery thermal treatment step
Charactexistics
of rolled g0 90
Test | Alloy | Step | Balance ' Balance material (50 degree/0 | degree/0 Bending workability
No. No. No. index | index _degr?e R degr.ee degree
£2 I e _ _direction) | tenmsile proof
] Tensile Proof | strength stress %0 degree | 0 degree
strength stress ratio ratio direction | direction
(N /mm* {8 /mm*) Bad Way Good Way
T29 Al 3398 3298 553 537 1.018 1.019 5 s
T30 All 3578 3463 608 ! 587 1.031 1.028 A S
T31 A2 3483 3383 567 i 553 1.022 1.026 A s
T32 ad 3484 3393 606 ' 589 1.054 1.052 B A
T33 A3 3319 3248 538 526 1.021 1.018 S 3
T34 A31 3521 3445 587 575 1.024 1.029 A ]
T35 A5 3033 2915 512 491 1.053 1.051 A 5
T36 A6 3347 3208 577 550 1,038 1.032 A 5
T37 3 A7 3371 3243 573 548 1.036 1.030 s S
T38 A8 3398 3298 553 $37 1.018 1.019 s S
T39 A9 3357 3264 552 ! 536 1.022 1.021 S s
T40 Bl 3380 3280 552 ) 535 1.020 1.019 3 s
T41 B21 3058 2977 513 496 1.051 1.044 A S
T42 B31 3366 3273 557 539 1.026 1.021 A S
T43 B32 3281 3150 565 547 1,064 1.066 B 5
T44 B4l 3334 3222 549 530 1,022 1.021 S ]
145 B4z | 3111 | 2995 | 538 518 1.055 | 1.055 B . 5
T46 A4l 3414 i3322 587 569 1.052 1.048 A A
T47 Al 3389 3288 532 517 1.015 1.014 S s
T48 all 3541 3429 585 566 1.026 1.025 A S
T49 A2 3443 | 3360 552 532 1.022 1.009 S S
T50 A3 3308 3231 522 510 1.020 1.020 S s
T51 A3l 3463 3382 575 560 1.032 1.029 A S
752 A5 2939 2825 494 | 475 1.056 1.056 B S
T53 26 3318 3184 556 ! 530 1.026 1.018 A S
T54 A7 3347 3217 555 532 1.028 1.025 5 S
T55 5 AB 3423 3325 530 517 1.013 1.018 s s
T56 B1 3392 | 3321 537 524 1.021 1.017 S S
T57 B21 3133 ' 3024 516 497 1.053 1.051 A S
T58 B31 3376 ., 3266 536 520 1.027 1.030 S S
T59 B32 3272 ; 3145 545 523 1.052 1.050 B S
T60 B41 3365 3241 533 512 1.033 1.030 S S
Tol B42 3197 3068 528 507 1.056 1.056 B S
T611 B43 3407 3318 545 531 1.021 1.021 S S
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[Table 9]
After recovery thermal treatment step
Stress corrosion crack rzring bendin B Cns
Percentage resistance élastgic 1imitg Solderability
Test | Alloy | Step of stress
No. No. No. relaxation Stress Stress Stress 0 degree 90 degree
.| corrosion | corrosion | corrosion | direction { direction | -1 | -2 -11
) 1 2 3 (N /mm™) {N/mn )
{n
T28 Al 5 15 A A S 500 520 S s 5
T30 All S 16 A 3 S S S
T31 A2 S A A
T32 Ad B A A
T33 A3 S 13 A A S S s
T34 A31 S 14 A A S S S 5
T35 A5 B A A
T36 26 A A 2 S ) S g
137 3 A7 A 23 A A
T38 A8 S 15 A A
T39 A% 5 18 A A S S5 S S
T40 Bl S A A 3 490 515 S S S
T41 B21 A A A
T42 B31 S A A
T43 B32 B A A
T44 B4l A A A
T45 B42 B A A
.| Td6 241 B A A
T47 Al 8 13 A A S 485 5080 S S S
T48 211 ) 14 A A S 5 S S
T49 A2 S A A 500 520
TS0 A3 S 13 2 2
TS51 A3l S 13 A A 5 S S s
T52 A% A A 2
T53 A6 A A A S S5 S S
T54 A7 5 18 A A
T55% AB S 13 A A
T56 5 Bl S 14 A A S 482 502 S S S
T57 B2l A A A
T58 B31 S A a
T59% B32 A N A
T60 B41 s A A
TEl B42 A A A
T611 B43 5 15 A A s 488 510 S S S
[0076]
[Table 10]
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After recrystallization thermal

treatment step

After recovery thermal treatment step

Characteristics of rolled
Average Precipitated particles material (0 degree
crystal grain Average direction) .

Test No. Aéioy i;fp diametgx after crystal Proportion ;g::ﬁj;;; Young's

. : annealing step grain Average of . : modulus

DO {pm) diameter D1 grain particles Tensile Proof Elongat “lty (kN/mm’)

R i strength stress : - {“*IACS)
(um) diameter in a range (N/mm*) (N/mm:) lon (%)
{nm) of 4 nn to
25 nm {*)

T62 Al 4.5 4.3 10.0 95 525 510 9 35.2 128
T63 All 4.3 10.0 95 574 558 5 35.2 128
T64 A3 5.0 14.0 90 512 498 10 35.0 127
T65 [ a3l 5.0 14.0 90 557 542 5 34.8 126
T66 A6 4.3 10.0 95 535 512 q 34.3 120
T67 A7 4.3 19.0 95 532 515 5 34.5 122
T68 A8 4.3 10.0 95 525 509 9 35.2 128
T&90 Al 4.0 3.5 11.0 94 568 557 8 31.7 121
T691 All 3.5 11.0 94 616 599 7 31.5 120
T692 A2 3.2 9.5 92 584 570 5 31.8 119
T693 A3 5.0 14.0 90 550 540 9 31.5 121
T694 A3l 5.0 14.0 90 594 575 7 31.4 121
TG95 A5 8.0 55.0 20 514 489 9 31.0 117
TG696 A6 3.5 11.0 94 583 568 3 30.7 116
T637 A7 3.5 11.0 24 578 565 4 31.2 117
T698 7 A8 3.5 11.0 94 567 554 8 31.8 120
T699 A9 3.6 11.0 93 565 553 7 31.7 120
T700 Bl 3.6 11.0 93 566 555 7 31.7 121
T701 B21 8.0 30.0 55 516 503 8 31.5 119
T702 B31 3.8 13.0 20 558 544 6 31.6 122
T703 B32 4.5 27.0 65 552 533 5 31.6 118
T704 B4l 4.0 13.0 90 560 538 6 31.7 120
T705 B42 5.0 30.0 65 537 516 4 31.8 118
T70% B43 3.3 9.5 92 573 561 7 31.5 120
T710 Al 4.0 3.2 8.0 94 578 567 7 31.2 118
T711 A2 2.8 6.0 85 597 583 5 31.3 116
T712 A3 3.8 12.0 92 561 540 8 31.1 118
T713 s A3l 3.8 12.0 22 604 SB87 7 31.0 118
T714 Ad 1.8 4.0 55 612 588 3 31.5 116
T715 A7 3.2 8.0 94 595 570 3 30.6 114
T716 A8 3.2 8.0 94 577 564 5 31.3 116
T717 A9 3.2 8.0 23 578 564 7 31.3 117
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[Table 11]
After recovery thermal treatment ste
! Characteristics
of rolled
material (90 80 20 Bending workability
Test | alloy | Step | Balance Balance degree degree/0 | degree/0
No. No. No. index index |._.. _direction} degree degree
£2 £21 ] tensile proof
Tensile Proof strength stress 90 degree 0 degree
strength ' stress ratio ratio direction | dixection
(M /mm®) (N/mm”) Bad Way Good Way
T62 Al 3385 3298 533 518 1.015 1.016 5 S
Té3 A1l 3576 3476 590 575 1.028 1.030 A S
T64 A3 3332 3241 523 505 1.021 1.014 ] S
T65 6 a3l 3483 3389 573 558 1.029 1.030 S S
T6&6 Ad 3259 3118 551 524 1.030 1.023 5 S
T67 A7 3281 3176 547 526 1.028 1.021 S S
T68 A8 3395 3292 532 518 1.013 1.018 S S
TE90 Al 3454 3387 583 ; 568 1.026 1.020 S S
TES1 All 3698 3597 640 : 607 1,039 1.013 A S
T692 A2 3458 3375 606 " 585 1.038 1.026 A A
T653 A3 3365 3304 564 550 1.025 1.019 s S
T6S4 A3l 3562 3448 617 530 1.039 1.026 A S
TEE5 A5 3119 2968 544 512 1.058 1.047 A 8
T686 Ab 3227 3242 605 575 1.038 1.012 A bS]
T697 A7l 3358 3282 598 570 1.035 1.009 A S
T698 7 A8 3453 3374 581 ! 565 1.02% 1.020 ] S
TG99 A9 3404 3331 582 © 562 1.030 1.016 A s
T700 Bl 3410 3344 582 567 1.028 1.022 S §
T701 B21 3128 3049 545 . 529 1.056 1.082 ;% S
T702 B31l 3325 3242 575 . 555 1.030 1.020 A S
T703 B32 3258 3146 584 T 560 1.058 1.051 B A
T704 B41 3342 3211 578 ) 552 1.032 1.0Z6 s 5
T705 Be2 3149 3026 568 543 1.058 1.052 B S
T706 B4&3 3441 3369 592 i 577 1.033 1.029 S S
T710 Al 3455 3389 595 i 580 1.029 1.023 A 5
T711 A2 3507 3425 621 599 1.040 1.027 A A
T712 A3 3379 3252 578 552 1.025 1.022 5 S
T713 A3l 3598 3487 628 604 1.040 1.029 A S
7714 8 24 3538 3399 550 614 1.062 1.044 B B
T715 A7 3390 3248 618 576 1.03% 1.011 A 8
716 A8 3380 3313 593 575 1.028 1.020 A s
T717 AS 3460 3376 597 578 1.033 1.025 A S
[0078]
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[Table 12]

After recovery thermal treatment step

Percentage of Stress corrosion crack resistance Spring bending elastic limit Solderability
Test Alloy | step stress
No. No. No. relaxation Stress Stress Stress 0 degxee 20 degree 1] -2 -11
corrosion 1 corrosion 2 corrosion 3 | direction (N/mm") direction (N/mm®)
(")
T62 Al S 14 A A S 480 495 S S S
T63 all S 15 A A
T64 A3 S 13 A A S S 8 S
T65 6 A3l S 15 A A
T66 A6 A A A S 5 S S
T67 A7 A 21 A A
T68 AB S 14 A A
T690 Al S 15 A A S 527 550 S S S
T651 aAll S 17 A A A 562 590
T692 A2 S A A A
T6%3 A3 5 14 A A S 507 530
T694 a3l S 13 A A S 5 S S
T695 AD B A A A
T696 A6 A A A A 3 S 5
TEB7 A7 A 22 A A A
T698 7 A8 S 16 A A S 522 550
T699 A9 S 17 A A S 515 542 S S S
T700 Bl S 16 A A S 525 548 S S 3
T701 B21 B A A s
T702 B31 S A A S 510 533
T703 B32 B A A A
T704 B41 A A A S
7705 B42 B A A A
T706 B43 N 17 A A S 533 558 S S 3
T710 Al S 17 A A A 540 565 S S S
T711 A2 S A B B
T712 A3 s 17 A A s s | s B
T713 a3l S 18 A A A 562 585
T714 ¢ A4 B B B C
T715 A7 A 24 A A A 495 530
T716 AB S 18 A A S 535 562
T717 A9 A 19 A A A 533 560 S S s
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[Table 13]

Average crystal

After recrystallization thermal treatment

step

After recovery thermal treatment step

Average

Precipitated particles

Characteristics of rolled
material {0 degree

Test Alle st rain diameter i
No. No.y w;? ;}ter annealing crys?al direction) ;zﬁgyzz?; Young’s
step DO (um) _ grain Aver§ge PropPrtion of Tensile Proof ity mOdul%f
diameter D1 grain particles in a strength stress Elongat (=1ACS) {kN/ram®)
{pm) diametex range of 4 nm (N/mm®) (N/mm?) ion (%)
{(nm) to 25 nm (%)
T720 Al 3.5 11.0 94 585 568 7 36.7 117
T721 A2 3.2 9.5 92 602 578 5 30.8 116
T722 A3 5.0 14.0 92 569 551 8 31.8 116
T723 A3l 5.0 14.0 93 615 588 5 33.8 118
T724 9 A6 3.5 11.0 94 605 581 3 30.0 117
T725 A7 3.5 11.0 a4 600 580 4 30.1 117
T726 A8 3.5 11.0 94 584 566 [3 30.8 118
T727 A9 3.6 11.0 93 581 563 7 30.6 117
T728 Bl 3.5 11.0 94 584 566 7 30.8 117
728 B43 3.3 10.0 93 580 570 6 30.7 116
T73 12 Cl 3.9 13.0 95 536 520 9 37.0 123
T74 14 Cl 3.5 8.5 90 537 520 8 38.1 124
T75 15 Cl 3.7 12.0 94 538 525 8 34,7 126
T76 16 c1 5.5 14.0 95 512 500 9 36.0 130
T77 C3 14.0 94 554 535 5 35.8 130
T78 161 Ccl 4.2 8.0 90 522 507 q 36.3 128
T7%9 162 Cl 5.0 9.0 92 513 501 9 38.1 128
T80 c3 10.0 G2 560 543 5 38,9 128
T81 163 Ccl 5.2 12.0 85 505 490 9 40.3 122
T82 166 cl 3.5 6.0 BS 547 530 7 33.2 123
T83 167 Cc1 3.5 10.0 92 546 529 8 34.8 125
T84 168 cl 4.5 12.0 95 507 494 9 36.7 129
T85 169 C1 3.8 11.0 95 533 512 9 35.2 125
T86 C3 12.0 94 580 561 5 35.1 124
T87 17 Cl 2.8 4.9 82 539 515 7 36.1 121
T88 172 Cl 5.0 3.2 6.5 87 531 520 ] 36,3 125
T880 180 Cl 3,0 7.5 93 590 575 7 30.3 114
TER1 181 C1 3.2 8.0 94 582 559 [ 31.1 113
T882 182 C1l 3.0 7.0 90 588 565 7 31.0 109




7883 183 Cl 2.8 8.0 93 593 564 6 30.2 112
T884 184 Ccl 3.6 10.0 90 555 529 6 31.1 114
T885 185 Cl 4.0 12.0 30 561 537 7 31.3 118

204
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(Table 14]
After recovery thermal treatment step
§ Characteristics
. of rolled
' material (90 90 20 Bending workability
Test | Alloy | Step | Balance | Balance degree degree/0 | degree/0
No . No. No. index index Jdirection) degr'ee degree
£2 £21 tensile proof
Tensile Proof strength stress 90 degree | O degree
strength stress ratio ratio direction | direction
(N/mm") {N/mm’} Bad Way Good Way
{
T720 Al 3468 3367 602 | 577 1.029 1.016 LS S
7721 A2 3508 3368 628 ! 597 1.043 1.033 A S
T722 A3 3465 3356 586 562 1.030 1.020 S S
T723 a31 3754 3589 642 €04 1.044 1.027 A g
T724 2X:) 3413 3278 631 600 1.043 1,033 A S
7725 9 A7 3423 3309 624 591 1.040 1.019 A 5
T726 AB 3436 3330 600 574 1.027 1.014 A S
T727 a9 3438 3332 601 574 1.034 1.020 A 5
T728 Bl 3468 | 3361 600 576 1.027 1.018 A S
7729 B43 3465 . 3348 608 582 1.031 1.021 2 3
T73 12 cl 3554 3448 548 531 1.022 1,021 S S
T74 14 Cl 3580 3466 552 533 1.028 1.025 S S
T75 15 c1 3423 3340 550 531 1.022 1.011 S 5
T76 1€ Cci 3348 3270 516 505 1.008 1.010 S S
777 c3 3480 ., 3361 570 552 1.028 1.032 3 S
T78 161 3} 3397 i 3299 530 514 1.015 1.014 s ]
T8 | g, | CL f 3496 1 3413 523 508 ) 1018 ) 1.014 S B3
T80 c3 3667 3556 580 561 1.036 1.033 A S
T81 163 cl 3494 3381 511 495 1.012 1.010 s s
T82 166 c1 3372 3268 585 i 545 1.033 1.028 A s
T83 167 cl 3479 3370 558 : 536 1.022 1.013 S s
T84 168 cl 3348 3262 519 | 504 1.024 1,020 s S
T85 169 Ccl 3447 3358 542 524 1.017 1.010 3 s
T86 c3 3608 3480 598 578 1.031 1.030 A s
T87 17 Cl 3465 i 3311 557 530 1.033 1.029 A 5
T88 172 c1 3455 3384 547 534 1.030 1.027 S S
T880 180 Cc1 3475 3387 614 ) 568 1.041 1.023 A S
T§81 181 Ccl 3440 3304 608 . 583 1.045 1.3043 A S
T882 182 cl 3503 | 3366 6l4 E S84 1.044 1.034 A 5
T883 183 c1 3454 : 3285 619 | 585 1.044 1.037 A A
T884 | 184 c1 3281 | 3127 579 , 551 1.043 1.042 a S
T885 i85 cl 3358 3215 583 552 1.0398 1.028 A S

- 103
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[Table 15]
After recovery thermal treatment step
tress corrosion crack Spring bendin .
Percentage resistance eplastgic limit‘i3 Solderability
Test | Alloy | Step of stress
No. No. No. relaxation Stress Stress Stress 0 degree 90 degree
corrosion | corrosion | corresion | direction | direction | -1 | -2 | ~11
) 1 2 3 {N/mm") {N/mm”)
{%
T720 Al S 1.8 A A A 530 585 S S S
T721 A2 2 A A B
T722 A3 S 17 A A A
T723 A3l S 18 A B B S S S5
T724 g A6 A A A B s s S
T725 A7 A A A A 505 555
1726 AB E] 18 A A A 527 550
7727 A9 A 20 A A A S S S
T728 Bl S A A A 525 552 S S S
T729 B43 S A A A 531 560 S s S
173 12 cl ). 28 A A S A S
774 14 C1 A 28 A A S A S
T75 15 c1l s 14 A A S S 8
T76 16 Ccl S 14 A A S S S
T77 C3 S 16 A A
T78 161 Cl S 13 A A 470 485 S S S
T79 162 C1l S 16 A A 5 S S
T80 c3 S 17 A A
T81 163 cl A 286 A A S S S5
T82 166 Cl A 22 A A S A S
T83 167 Ccl A 27 A A 5 S S
T84 168 Cl A 19 A A S S S
T8B5 169 Ci S 15 A A 485 495 S S S
T86 c3 S 17 A A 515 520
T87 17 cl A 28 A A 495 520 S S ]
TBS 172 cl A 19 A A 504 516
T880 180 cl A 23 A A B 545 567 S S s
T881 | 181 | c1 ES 27 \ A | B B | . 540 565 4.5 1.2 S
T882 | 162 c1 A | z8 2 2 B 542 567 s | a s
T883 183 Ccl 2 24 A B B 545 570 S A S
T884 184 Ccl A 26 A A A 5 S S
T885 185 C1l A 286 A A A 497 522 5 S S
[0082]
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[Table 16]

Average crystal

After recrystallization thermal treatment

step

After recovery thermal treatment step

Precipitated particles

Characteristics of rolled
material (0 degree

Test | Alloy Step grain diameter Average direction) Electric " ,
No. No. No. after annealing | crystal grain a ° iy " conductiv ngggu:
step DO (um) diameter D1 verage roportion o Tensile Proof ity "
grain particles in a Elongat o { kb /mm”)
(pm) R strength stress s - {*IACS)
diameter range cf 4 nm (N /mm) (8/ e’y icn (%}
{nm) to 25 nm (¥)
T89 21 Cl 3.8 527 511 9 35.2 117
T90 27 Cl 10.0 40.0 45 470 445 9 35.8 118
TS1 C3 10.0 507 483 5 35.5 119
T92 23 c1l 1.9 3.2 30 548 530 4 35.2 120
193 24 Cl 2.2 3.4 30 $42 528 4 34.8 123
T94 25 c1 5.0 15.0 85 510 492 8 36.8 118
T95 C3 556 538 4 36.4 117
T96 26 Ccl 8.5 18.0 85 457 436 9 39.2 118
T97 c3 496 472 4 38.8 117
T98 34 Cl 9.0 27.0 65 453 430 9 37.8 118
T100 28 cl 8.5 14.0 88 464 445 8 38.5 115
T101 29 Ccl 5.0 15.0 85 506 483 7 36.5 122
T102 30 Ccl 2.8 7.0 87 558 538 4 31.5 119
T103 31 Ccl 9.3 27.0 60 446 431 g 41.5 117
T105 35 c1 10.0 35.0 40 444 419 g 41.0 117
T106 16 ci 7.5 19.0 70 453 430 9 41.6 116
T107 c3 489 467 5 41.3 115
T108 38 cl 1.8 550 522 3 34.8 121
T109 39 ci 25.0 532 486 4 28.0 98
T110 40 c1 3.8 12.0 90 564 555 5 29.8 105
T111 41 C1 3.5 11.0 90 593 562 6 28.3 107
T112 42 Cl 2.8 7.0 90 600 570 5 28.4 113
T113 43 Cl 3.5 10.0 a5 588 565 5 30.9 107
1114 44 C1l 3.2 8.0 94 581 557 7 31.1 113
T115 45 Ccl 6.0 16.0 82 533 511 8 31.5 122
T1llé6 46 Cl 6.0 14.0 85 540 512 6 32.6 108




{0083]

[Table 17]
After recovery thermal treatment ste
Charactexristics
of rolied
: material (90 S0 90 Bending workability
Test | Alloy | Step | Balance Balance degree degree/0 dggree/o
No. | No. | No. | index | index |....direction} degree | degree
£2 ; £21 i tensile proof
i Tensile : Proof strength stress S0 degree | ¢ degree
strength .| stress ratic ratio direction | direction
(N/m?) {N¥/mm’) Bad Way Good Way
T89S 21 Ccl 3408 © 3305 543 524 1.030 1.025 A S
TS0 29 cl 3065 i 2902 487 ) 460 1.0386 1.034 3 S
T91 - c3 3172 ' 3022 530 503 1.045 1.041 B S
T92 23 cl 3381 . 3270 580 565 1.077 1.066 C A
T93 24 Cl 3325 3239 580 566 1.089 1.072 C A
T94 25 Cl 3341 - 3223 524 : 505 1.027 1.026 S S
T85 - c3 3489 3376 575 555 1.034 1.632 S S
T96 26 Cl 3119 2975 476 . 453 1.042 1.039 B 5
797 Cc3 3213 ; 3058 5290 . 4385 1.048 1.049 A S
TS98 34 Ccl 3036 i 2882 470 443 1.038 1.030 A s
T100 28 cl 3108 2982 484 463 1.043 1.040 S S
T101 29 c1 3271 - 3122 524 502 1.036 1.039 S S
T102 30 C1 3257 31490 585 562 1.048 1.045 A s
T103 31 Ccl 3103 2999 466 448 1.045 1.038 S S
T105 35 Cl . 3058 2824 464 , 435 1.045 1.038 S S
T1C6 3G [od} 3185 3023 470 | 444 1.038 1.033 S S
T107 €3 | 3300 3151 514 | 490 | 1.051 | 1.049 £y s
‘rige | 28 c1 3342, 3172 591 560 1.075 1.073 < B
T109 39 Cc1 2928 2675 578 . 528 1.086 1.086 [ B
T110 40 Cl 3347 3181 617 588 1.057 1.059 B S
T111 41 Cl 3344 3169 627 591 1.057 1.052 B A
T112 42 c1 3357 | 3190 635 600 1.058 1.053 B ]
T113 43 | c1 3432 | 3298 620 593 1.054 1.050 B 2
T114 44 Cl 3467 ! 3324 614 591 1.057 1.061 B A
T115 45 Ccl 3231 . 3087 563 540 1.056 1.057 A A
T1llée 46 Cl 3268 | 3089 568 i 539 1.052 1.053 B s
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[0084]

[Table 18]
After recovery thermal treatment step
Stress coxxosion crack Spring bendin fas
Percentage resistance eplastgic .‘\.il'nitg Solderabllity
Test § Alloy | Step of stress
No. No. No. relaxation Stress Stress Stress 0 degree | 90 degree
corrosion | corrosion | corrosion | direction | direction | -1 | ~2 -11
1 2 3 (N/mwm* ) (N/mm- )
()
T8% 21 cl B 34 A A 420 475
T9¢0 22 cl B 33 A A 360 425
T91 ok} B 35 A A 440 470
T92 23 Ccl C 44 A A 480 515
T93 24 Cl A 26 A B
T94 25 cl B 36 A A
TO5 “ c3 B 37 2 A
T96 26 Ccl B 33 A A 352 388
T97 Cc3 B 34 A A
TS8 34 Cc1 A 27 A A
T100 28 c1 B 32 2 A 355 390
T101 29 Cl B 32 A A 405 450
T102 30 Cl C 42 A B
T103 31 Ccl C 40 A A
T105 35 cl1 B 32 A A
T106 36 Ccl B 36 A A 348 387
T107 Cc3 B 37 % A
T108 38 Ccl C 50 A A
T109 39 cl C 70 C C C S C A
Til0 40 Cl B 34 B B C S A A
T11ll 41 1 B 35 A B Cc
T112 42 Cl B 33 A B 3
T113 43 cli C 46 B B [+4
T114 44 cl B 36 A B B
T115 45 Cl B 35 A A A 500 522
T116 46 Cl B 34 A B B
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[0085]

The tensile strength, the proof stress and the
elongation were measured using the methods regulated in
JIS Z 2201 and JIS 7 2241, and the test specimens had a
shape of No. 5 test specimen. The Young’s modulus was

computed from the stress-strain curve during the tensile

test.

[0086]

The electric conductivity was measured using an
electric conductivity meter (SIGMATEST D2.068)

manufactured by Foerster Japan Limited. Meanwhile, in the
specification, “electric conduction” and “conduction” are
used with the same meaning. In addition, since thermal
conduction and electric conduction have a strong
correlation, higher electric conductivity indicates more
favorable thermal conduction.

[C087]

The bending workability was evaluated wusing W
bending at a bending angle of 920 degrees regulated in JIS
H 3110. A bend test (W bend test) was carried out in the
following manner. The bend radius (R) at the front end of
a bent jig was set to 0.67 times (0.3 mmx0.67=0.201 mm,
bend radius=0.2 mm, R/t=0.67), 0.5 times (0.3 rmmx0.5=0.15
mm, bend radius=0.15 mm, R/t=0.5) and 0 times (0.3 mmx0=0

mm, bend radius=0 mm, R/t=0) of the thickness (t) of =&
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material. Samples were taken in a direction forming 80
degrees with respect to the rolling direction which 1is
called ‘bad way’ and in a direction forming 0 degrees with
respect to the relling direction which is called ‘good
way' . The bending workability was determined based on
whether or not cracking was observed using a 20~times
stereomicroscope, copper alloys in which the bend radius
was 0.5 times the thickness of the material (R/t=0.5) and
cracking did not occur were evaluated to be A, copper
alloys in which the Dbend radius was 0.67 times the
thickness of the material (R/t=0.67) and cracking did not
occur were evaluated to be B, and copper alloys in which
the bend radius was 0.67 times the thickness of the
material (R/t=0.67) and cracking occurred were evaluated
to be C. In particular, a material having £favorable
bending workability was evaluated to be S when cracking
did not occur at a thickness of 0 times (R/t=0). Since
the object of the application is the total balance such as
strength and bending workability being excellent, the
bending workability was strictly evaluated. Meanwhile,
the bending workability satisfying R/t<0.5 means that
cracking do not occur in the bending test in which the
bend radius 1is 0.5 times or less the thickness of the
material (R/t=0.5).

[0088]
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The percentage of stress relaxation was measured in
the following manner. A cantilever screw-type Jjig was
used in the stress relaxation test of a material under
test. The test specimens were taken in a direction
forming 0 degrees (parallel) with respect to the rolling
direction, and the shape of the test specimen was set to a
sheet thickness of t x a width of 10 mm x a length of 60
mm. The stress loaded on the material under test was set
to 80% of the 0.2% proof stress, and the test specimen was
exposed for 1000 hours in an atmosphere at 150°C. The
percentage of stress relaxation was obtained using

Percentage of stress relaxation=(dislocation after
opening/dislocation under stress load)x100(%).

In the invention, the percentage of stress
relaxation is preferably small.

For the test specimens taken in parallel to the
rolling direction, a percentage of stress relaxation of
30% or 1less was evaluated to Dbe A (excellent), a
percentage of stress relaxation in a range of more than
30% to 40% was evaluated to be B (unacceptable), and a
percentage of stress relaxation of more than 40% was
evaluated to be C (unacceptable, particularly poor). A
percentage of stress relaxation of 18% or less was
evaluated to be S (particularly excellent).

Meanwhile, for the rolled material produced in
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Manufacturing Steps 2al, All, A3, A31l, A7, A8 and A9,
Manufacturing Steps Bl and B43, and Manufacturing Steps Cl
and C3, test specimens were also taken in a direction
forming 90 degrees (perpendicular) to the rolling
direction, and tested. For the above-described specimens,
the average of the percentages of stress relaxation in
both test specimens taken in a direction parallel to the
rolling direction and test specimens taken in a direction
perpendicular to the rolling direction was described in
Tables 6, 9, 12, 15 and 18, The percentage of stress
relaxation of the test specimens taken in a direction
perpendicular to the rolling direction is larger than that
of the test specimens taken in the parallel direction,
that is, has poor stress relaxation characteristics.

[0089]

The stress corrosion crack resistance was measured
using a test container and a test solution regulated in
JIS H 3250, and a solution obtained by mixing the same
amounts of ammonia water and water.

First, mainly, a residual stress was added to a
rolled material, and the stress corrosion crack resistance
was evaluated. The test specimen bent into a W shape at R
(radius 0.6 mm) that was twice the sheet thickness was
exposed to an ammonia atmosphere, and evaluated using the

method used in the evaluation of the bending workability.
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The evaluation was carried out using a test container and
a test solution regulated in JIS H 3250. The test
specimen was exposed to ammonia using a solution obtained
by mixing the same amounts of ammonia water and water,
pickled using sulfuric acid, the occurrence of cracking
was 1lnvestigated using a 10-times stereomicroscope, and
the stress corrosion crack resistance was evaluated.
Copper alloys in which cracking did not occur in 48-hour
exposure were evaluated to be A as being excellent in
terms of stress corrosion crack resistance, copper alloys
in which cracking occurred in 48-hour exposure but
cracking did not occur in 24-hour exposure were evaluated
to be B as being favorable in terms of stress corrosion
crack resistance (no practical problem), and copper alloys
in which c¢racking occurred in 24-hour exposure were
evaluated to be C as being poor in terms of stress
corrosion crack resistance (practically somewhat
problematic). The results are described in the column of
stress corrosion 1 of the stress corrosion crack
resistance in Tables 6, 9, 12, 15 and 18.

[0090]

In addition, separately from the above-described
evaluation, the stress corrosion crack resistance was
evaluated using another method.

In another stress corrosion crack test, in order to
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investigate the sensitivity of stress corrosion crack
against additional stress, a resin cantilever screw-type
jig was used, a rolled material to which a bend stress as
large as 80% of the proof stress was added was exposed to
the ammonia atmosphere, and the stress corrosion crack
resistance was evaluated from the percentage of stress
relaxation. That is, when fine cracks occur, the rolled
material cannot return to the original state, and, when
the degree of the cracks increases, the percentage of
stress relaxation increases, and therefore the stress
corrosion crack resistance can Dbe evaluated. Copper
alloys in which the percentage of stress relaxation was
25% or less in 48-hour exposure were evaluated to be A as
being excellent 4in terms of stress corrosion crack
resistance, copper alloys in which the percentage of
stress relaxation was more than 25% in 48-hour exposure
but the percentage of stress relaxation was 25% or less in
24~-hour exposure were evaluated to be B as being favorable
in terms of stress corrosion crack resistance (no
practical problem), and copper alloys in which the
percentage of stress relaxation was more than 25% in 24-
hour exposure were evaluated to be C as being poor in
terms of stress corrosion crack resistance (practically
somewhat problematic). The results are described in the

column of stress corrosion 2 of the stress corrosion crack
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resistance in Tables 6, 9, 12, 15 and 18.

Meanwhile, the stress corrosion crack resistance
required in the application is a characteristic with an
assumption of high reliability and strict cases.

[0091]

Furthermore, for another measurement of the stress
corrosion crack resistance, the atmosphere of the
telecommunication industry technical standard (CES M0010-4
amended on 1978. 2. 24.) was employed. That is, 107 g of
ammonium chloride (NH4Cl) was dissolved in 700 ml of
distilled water, and the solution was adjusted using
distilled water so that the total amount reached 1000 ml
when pH reached 10.1 by adding a solution obtained by
dissolving 60 g of sodium hydroxide (NaCH) in 250 ml of
distilled water, thereby obtaining a test solution. The
above-described test soclution was provided to the bottom
of a dedicator, and exposed at a location 70 mm away from
the test specimen. The dedicator was left to stand at a
location at room temperature of 20°C to 22°C for 72 hours.
Meanwhile, the present test solution, the test apparatus
and the test method are based on the methods described in
ASTM Rg858-06 Standard Test Method for Ammonia Vapor Test
for Determining Susceptibility to tress corrosion
Cracking in Copper Alloys. The stress corrosicn crack

resistance required in the application is based on an
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assumption of high reliability or stricter cases, and
therefore the test specimens were exposed for 72 hours in
the specification while exposed for 24 hours in the ASTM
method.

Regarding the test specimens, similarly to what has
been described above, in order to investigate the
sensitivity of stress corrosion crack against additional
stress, a resin cantilever screw-type 7jig was used, a
rolled material to which a bend stress as large as 80% of
the prcof stress was added was exposed to the above-
described atmosphere, and the stress corrosion crack
resistance was evaluated from the percentage of stress
relaxation. Under 72-hour exposure, copper alloys in
which the percentage of stress relaxation was 15% or 1less
were evaluated to be S as being particularly excellent in
terms of stress corrosion crack resistance, copper alloys
in which the percentage of stress relaxation was 30% or
less were evaluated to be A as being favorable in terms of
stress corrosion crack resistance, and copper alloys in
which the percentage of stress relaxation was 45% or less
were evaluated to be B as being favorable in terms of
stress corrosion crack resistance {no practically
problematic). In a case in which the percentage of stress
relaxation was 45% or more and cracks were visually

observed after pickling, copper alloys were evaluated to
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be C as being poor in terms of stress corrosion crack
resistance (practically problematic) irrespective of the
percentage of stress relaxation. The results were
described in the column ©0f stress corrosion 3 of the
stress corrosion crack resistance in Tables 6, 9, 12, 15
and 18.

[0092]

The spring bending elastic limit was measured using
a method described in JIS H 3130, evaluated using a
repeated deflection test, and the test was carried out
until the permanent deflection amount exceeded 0.1 mm.

(C093]

The solderability was evaluated using the
meniscograph method. An SAT-5200 manufactured by PHESCA
(RHESCA Co., Ltd.) was used as the test facility. Test
specimens were taken in the rolling direction, and cut
into t:0.3xW:10xL:25 (mm). Sn-3.5%Ag-0.7%Cu and pure Sn
were used as solder. Acetone defatting—>15% sulfuric acid
washing—water washing—>acetone defatting were carried out
as pretreatments. The standard rosin flux (NA200
manufactured by Tamura Kaken Co., Ltd.) was used as the
flux. The evaluation test was carried out under
conditions of a solder bath temperature of 270°C, an
immersion depth of 2 mm, an immersion rate of 15 mm/sec,

and an immersion time of 15 seconds.
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The solderability was evaluated using =zero cross
time. That is, the zerc cross time refers to a time
necessary for solder to be fully soaked after being
immersed in a bath, and, when the zero cross time was 5
seconds or less, that 1is, the solder was fully soaked
within 5 seconds after being immersed in the solder Dbath,
the solderability was evaluated to be A as Dbeing not
practically problematic, and, in a case in which the zerc
cross time was 2 seconds or less, the solderability was
evaluated to be S as being particularly excellent. When
the zero cross time exceeded 5 seconds, the solderability
was evaluated to be C as being practically problematic.
Meanwhile, the used specimen was obtained by carrying out
finish rolling or washing using sulfuric acid after the
final step of the recovery thermal treatment, polishing
the surface using No. 800 polishing paper so as to obtain
a non-oxidized surface, and leaving the surface to stand
in an indoor environment for one day. Meanwhile, for Sn-
3.5%Rg-0.7%Cu, a specimen obtained by leaving the surface
to stand in an indoor environment for ten days was also
used. In Tables 6, 9, 12, 15 and 18, “-1” indicates the
test results in Sn-3.5%Ag-0.7%Cu after one day, “-2”
indicates the test results in Sn-3.5%Ag-0.7%Cu after ten
days, and "“-11” indicates the test results in pure Sn

after one day.
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[0024]

The average grain diameter of recrystallized grains
was measured by selecting an appropriate magnification
depending on the sizes of crystal grains in 600-times,
300-times and 150-times metal microscopic photographs, and
using a gquadrature method of the methods for estimating
average grain size of wrought copper and copper-alloys in
JIS H 0501. Meanwhile, twin crystals are not considered
as crystal grains. Grains that could not be easily
determined using a metal microscope were determined using
an electron back scattering diffraction pattern (FE-SEM-
EBSP) method. That is, a JSM-7000F manufactured by JEOL
Ltd. was used as the FE-SEM, TSL solutions OIM-Ver. 5.1
was used for analysis, and the average crystal grain size
was obtained from grain maps with analysis magnifications
of 200 times and 500 times. The quadrature method (JIS H
0501) was used as the method for computing the average
crystal grain diameter.

Meanwhile, a crystal grain is elongated due to
rolling, but the volume of crystal grains rarely changes
due to rolling. When the average wvalues of the average
crystal grain diameters measured using the respective
guadrature methods are obtained in cross-sections obtained
by c¢utting a plate material in parallel to the rolling

direction and vertically to the rolling direction, it is
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possible to estimate the average crystal grain diameter in
the recrystallization stage.

[0055]

The average grain diameter of precipitates was
obtained in the following manner. On transmission
electron images obtained using 500,000-times and 150,000-
times (the detection 1limits were 1.0 nm and 3 nm
respectively) TEMs, the contrasts of precipitates were
elliptically approximated using image analysis software
“Win ROOF”, the synergetic average values of the long axes

and the short axes of all precipitated grains in a view

were obtained, and the average value of the synergetic '

average values was considered as the average (Jgrain
diameter. Meanwhile, the detection limits of the grain
diameters were set to 1.0 nm and 3 nm respectively in
measurements of 500,000 times and 150,000 times, grains
below the detecticn limits were treated as noise, and were
not included in the computation of the average grain
diameter. Meanwhile, the average grain diameters were
obtained at 500,000 times for grains as large as
approximately 8 nm or less, and at 150,000 times for
grains as large as approximately 8 nm or more. In the
case of a transmission electron microscope, since the
dislocation density is high in a cold-worked material, it

is difficult to obtain the precise informaticn of
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precipitates. In addition, since the sizes of
precipitates do not change due to cold working,
recrystallized grains before the cold finish rolling step
and after the recrystallization thermal <treatment step
were observed. The grain diameters were measured at two
places at 1/4 sheet depth from the front and rear surfaces
of the rolled material, and the values measured at the two
rlaces were averaged.

[0096]

The test results will be described below.

(1} The copper alloy sheet which 1is the first
invention alloy, and was obtained through cold finish
rolling of a rolled material in which the average crystal
grain diameter after the recrystallization thermal
treatment step was 2.0 pm to 8.0 pm, the average particle
diameter of precipitates was 4.0 nm to 25.0 nm or the
proportion of the number of precipitates having a particle
diameter in a range of 4.0 nm to 25.0 nm in the
precipitates was 70% or more 1is excellent in terms of
tensile strength, proof stress, Young’s modulus, electric
conductivity, bending workability, stress corrosion crack
resistance, solderability and the like (refer to Test Nos.
T8 and T66).

(2) The copper alloy sheet which 1is the second

invention alloy, and was obtained through cold finish
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rolling of a rolled material in which the average crystal
grain diameter after the recrystallization thermal
treatment step was 2.0 um to 8.0 pm, the average particle
diameter of precipitates was 4.0 nm to 25.0 nm or the
proportion of the number of precipitates having a particle
diameter in a range of 4.0 nm to 25.0 nm in the
precipitates was 70% or more 1is excellent in terms of
tensile strength, proof stress, Young’s modulus, electric
conductivity, bending workability, stress corrosion crack
resistance, solderability and the like (refer to Test Ncs.
T36 and T53).

(3) The copper alloy which is the third invention
alloy, and was obtained through cold finish rolling or the
recovery thermal treatment after cold rolling of a rolled
material in which the average crystal grain diameter after
the recrystallization thermal treatment step was 2.0 um to
8.0 pum, the average particle diameter of precipitates was
4.0 nm to 25.0 nm or the proportion of the number of
precipitates having a particle diameter in a range of 4.0
nm to 25.0 nm in the precipitates was 70% or more is
excellent in terms of tensile strength, and favorable in
terms of proof stress, Young’s  modulus, electric
conductivity, bending workability, stress corrosion crack
resistance, solderability and the like (refer to Test Nos.

T720, T884 and the like).
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(4) The copper alloy which is the fourth invention
alloy, and was obtained through cold finish rolling or the
recovery thermal treatment after cold rolling of a rolled
material in which the average crystal grain diameter after
the recrystallization thermal treatment step was 2.0 pm to
8.0 pm, the average particle diameter of precipitates was
4,0 nm to 25.0 nm or the proportion of the number of
precipitates having a particle diameter in a range of 4.0
nm to 25.0 nm in the precipitates was 70% or more is
excellent 1n terms of tensile strength, proof stress,
Yound's modulus, electric conductivity, bending
workability, stress corrosion crack resistance,
solderability and the like (refexr to Test Nos. T696, T712,
7880 and the like).

(5) The copper alloy sheets which are the first
invention alloy, the second invention alloy, the third
invention alloy and the fourth invention alloy, and were
obtained through cold finish rolling of a rolled material
in which the average crystal grain diameter after the
recrystallization thermal treatment step was 2.0 um to 8.0
um, the average particle diameter of precipitates was 4.0
nm to 25.0 nm or the proportion of precipitates having a
grain diameter of 4.0 nm to 25.0 nm in the precipitates
was 70% or more have an electric conductivity of 29%IACS

or more and a tensile strength of 500 N/mm’ or more,
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satisfy 3200=<£2<4100, have a ratio of the tensile strength
in a direction forming 90 degrees with respect to the
rolling direction to the tensile strength in a direction
forming 0 degrees in a range of 0.95 to 1.05, and has a
ratio of the proof stress in a direction forming S0
degrees with respect to the rolling direction to the proof
stress in a direction forming 0 degrees in a range of 0.95
to 1.05. These copper alloy sheets are excellent in terms
of tensile strength, proof stress, Young’s modulus,
electric conductivity, bending workability, stress
corrosion crack resistance, solderability and the 1like
{refer to Test Nos. T8, T36, T53, T66, T696 and T724)

(6) The copper alloy sheets which are the first
invention alloy, the second invention alloy, the third
invention alloy and the fourth invention alloy, and were
obtained through «c¢old finish rolling and a recovery
thermal treatment of a rolled material in which the
average crystal grain diameter after the recrystallization
thermal treatment step was 2.0 um to 8.0 um, the average
particle diameter of precipitates was 4.0 nm to 25.0 nm ox
the proportion of precipitates having a grain diameter of
4.0 nm to 25.0 nm in the precipitates was 70% or more have
an electric conductivity of 29%IACS or more and a tensile
strength of 500 N/mm’ or more, satisfy 3200<£2<4100, have

a ratio of the tensile strength in a direction forming 90
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degrees with respect to the rolling direction to the
tensile strength in a direction forming 0 degrees in a
range of 0.95 to 1.05, and has a ratio of the proof stress
in a direction forming 90 degrees with respect to the
rolling direction to the proof stress in a direction
forming 0 degrees in a range of 0.95 to 1.05. These
copper alloy sheets are excellent in terms of tensile
strength, proof stress, Young's modulius, electric
conductivity, bending workability, solderability, stress
corrosion crack resistance, Spring bending elastic limit
and the like (refer to Test Nos. T1, T2, T18, T22, T4&7,
T48, Ted4, T690, T710, T76, T78, T883, T884 and the like).

[0097]

(7) It is possible to obtain a copper alloy sheet
described in the above-described (5) using manufacturing
ceonditions which sequentially include the hot rolling step,
the cold rolling step, the recrystallization thermal
treatment step and the cold finish rolling step, and in
which the hot rolling initial temperature of the hot
rolling step is 800°C to 940°C, the cooling rate of the
copper alloy material in a temperature range of a
temperature after final rolling of 650°C to 350°C is
1°C/second or more, the percentage of cold working in the
cold rolling step is 55% or more, in the recrystallization

thermal treatment step, the peak temperature Tmax (°C) of
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the rolled material is 550<Tmax<790, the holding time tm
(min) is 0.04<tm<2, and the thermal treatment index It is
460<1t<580 (refer to Test Nos. T8, T36, T53, T66, T696 and
T724) .

(8) It is possible to obtain a copper alloy sheet
described in the above-described (6) using manufacturing
conditions which sequentially include the hot rolling step,
the cold 1rolling step, the recrystallization thermal
treatment step, the cold finish rolling step and the
recovery thermal treatment step and in which the hot
rolling initial temperature of the hot rolling step 1is
800°C to 940°C, the cooling rate of the copper alloy
material 1in a temperature range of a temperature after
final rolling of 650°C to 350°C is 1°C/second or more, the
percentage of cold working in the cold rolling step is 55%
or more, in the recrystallization thermal treatment step,
the peak temperature Tmax (°C) of the rolled material is
550<Tmax<790, the holding time tm (min) is 0.04<tm<2, the
thermal treatment index It is 460<It<580, in the recovery
thermal treatment step, the peak temperature Tmax2 (°C) of
the rolled material is 160<Tmax2<650, the holding time tmZ2
(min) is 0.02<tm2<200, and the thermal treatment index It
is 60%5It<£360 {(refer to Test Nos. T1, T2, T18, T22, T47,
T48, T64, T690, T71C, T720, T76, T78, T883, T884 and the

like) .
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[0098]

In a case in which the invention alloy was used, the
following results were obtained.

(1) In the example alloys of Manufacturing Step A in
which a mass production facility was used and
Manufacturing Step B in which an experimental facility was
used, as long as the manufacturing conditions were similar,
the metallic structures after the recrystallization
thermal treatment after both steps had similar sizes of
crystal grains and precipitates, had almost similar
average grain diameters, and obtained almost similar
characteristics (refer to Test Nos. T1l, T12, T29, T40, TA47,
T56 and the like).

(2) In a case in which the manufacturing conditions
are 1in the set condition ranges of the invention, the
amount of Ni is 0.35% or more or 0.4% or more, and
[Ni]/[P] is 7 or moxe, the percentage of stress relaxation
is favorable (refer to Test Nos. TS5, T31, T58, T65, T€93
and the like).

(3) In a case in which the manufacturing conditions
are in the set condition ranges of the invention, the
percentage of stress relaxation is A or greater even when
the amount of Ni is small (refer to Test Nos. T73, T87 and
the like).

When Co and Fe are contained, the average crystal
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grain diameter becomes small, and the tensile strength and
the procf stress become high, but the elongation is low,
and the bending workability slightly deteriorates.

In a case in which the content of Zn is 8.5% or more,
and the composition index fl is 17 or more, high-strength
alloys having a tensile strength of 550 N/mm’ or more are
obtained in almost all steps. On the other hand, the
Young’s modulus becomes slightly 1low, the electric
conductivity, the bending workability and the stress
corrosion crack resistance deteriorate. When the amount
of Ni is 0.4% or more, [Ni]/[P] is set to 7 or more and 40
or less, and [Ni]/[Sn] is set to 0.55 or more and 1.9 or
less, it is possible to suppress the deterioration of the
above-described characteristics and the balance indexes f£2
and f21 to the minimum extent (refer to Alloy Nos. 7 and
the like/Test Nos. T690, T710, 7880, T884 and the like).

(4) With a larger average crystal grain diameter
such as in a range of 3.5 pum to 5.0 pm rather than in a
range of 2 pum to 3.5 um, and with Steps A3 and A31 rather
than Steps Al and All, the tensile strength is slightly
low, but the stress relaxation characteristics become
slightly favorable (refer to Test Nos. T18, T18, T22, T2Z3
and the like).

With a lower percentage of finish rolling, and with

Steps Al and A3 rather than Steps All and A31l, the tensile
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strength is slightly low, but the ratios of the tensile
strength and proof stress in the direction forming 0
degrees with respect to the rolling direction to the
direction forming 90 degrees are closer to 1.0, and the
stress relaxation characteristics tecome slightly
favorable.

(5) When the average recrystallized grain diameter
after the recrystallization thermal treatment step is in a
range of 2.5 pm to 4.0 um, the respective characteristics
such as tensile strength, proof stress, electric
conductivity, Dbending workability and stress corrosion
crack resistance are favorable (refer to Test Nos. Ti, T2,
T18, T29, T47 and the 1like}. In addition, when the
average recrystallized grain diameter is in a range of 2.5
pm to 5.0 um, the ratios of the tensile strength and proof
stress in the direction forming 0 degree with respect to
the rolling direction to the direction forming 90 degrees
are in a range of 0.98 to 1.03, and the temnsile strength
and proof stress are almost iscotropic (refer to Test Nos.
T1l, Tl4, T26, T29, T85 and the like).

(6) The average recrystallized grain diameter after
the recrystallization thermal treatment step is smaller
than 2.5 pum, and particularly, when the  average
recrystallized grain diameter is smaller than 2.0 um, the

pending workability deteriorates (Test Nos. T21, T332, T92
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and the 1like). In addition, the ratios of the tensile
strength and proof stress in the direction forming O
degrees to the direction forming 90 degrees with respect
to the rolling direction deteriorate. 1In addition, the
stress relaxation characteristics also deteriorate.

When the average recrystallized grain diameter 1is
smaller than 2.0 um, the bending workability or isotropy
does not significantly improve even when the percentage of
cold working in the final cold finish rolling is low
(refer to Test Nos. T28 and T46).

(7) When the average recrystallized grain diameter
after the recrystallization thermal treatment step is
larger than 8.0 upm, the tensile strength becomes low
(refer to Test Nos. T7, T24, T35, T52, T90, T105 and the
like) .

(8) When the thermal treatment index It in the
recrystallization thermal treatment step is smaller than
460, the average recrystallized grain diameter after the
recrystallizaticn thermal treatment step becomes small,
and the bending workability and the percentage of stress
relaxation deteriorate (refer to Test Nos. T4 and the
like} . In addition, when It is smaller than 460, the
average grain diameter of the precipitated particles
becomes small, and the bending workability deteriorates

(refer to Test Nos. T4, T21, T32 and the like). In
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addition, the ratios of the tensile strength and proof
stress in the direction forming 0 degrees to the direction
forming 90 degrees with respect to the rolling direction
deteriorate.

{9) When the thermal treatment index It in the
recrystallization thermal treatment step is greater than
580, the average grain diameter of the precipitated
particles after the recrystallization thermal treatment
step becomes large, and the tensile strength and the
electric conductivity degrade. 1In addition, the isotropy
of tensile strength or proof stress deteriorates (refer to
Test Nos. T7, T24, T35, T52 and the like).

(10) When the cooling rate after hot xrolling 1is
slower than the set condition range, the average grain
diameter of the precipitated grains is slightly large, the
precipitated grains form a non-uniform precipitation state,
the tensile strength is low, and the stress relaxation
characteristics deteriorate (refer to Test Nos. T13, T41,
T57 and the like).

In the copper alloy sheets on which the thermal
treatment is carried out with It of 565 and 566 near the
upper limit of the condition range (460 to 580) of the
thermal treatment index It in the recrystallization

thermal treatment step, the average crystal grain diameter

is slightly increased to approximately 5 um, but the
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tensile strength is slightly low, the precipitated
particles are uniformly distributed, and the stress
relaxatiocn characteristics are favorable (refer to Test
Nos. Tb, T6, T22, T23, T33, T34, T50, T51 and the like).
When the percentage of c¢old working of final c¢old finish
rolling is set to be high, the strength of the invention
alloy rolled material of the application improves without
impairing the bending workability and the stress
relaxation characteristics (refer to Test Nos. T2, T19,
T63, T80, T6, T23 and the like).

(11) In a case in which the temperature condition of
the annealing step is 580°C and four hours, or when the
percentage of cold working in the second cold rolling step
is smalier than the set condition range, the relationship
of DO<D1x4x(RE/100) 1is not satisfied, the precipitated
particles after the recrystallization thermal treatment
step become large, and the recrystallized grains turn into
a mixed grain state in which large crystal grains and
small crystal grains are mixed. As a result, the average
crystal grain diameter becomes slightly large, the tensile
strength or proof stress becomes anisotropic, and the
bending workability deteriorates (refer to Test Nos. T17,
T45 and the like).

(12) When the percentage of second cold rolling is

low, the precipitated particles after the
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recrystallization thermal treatment step become large, and
the recrystallized grains turn into a mixed grain state in
which large crystal grains and small crystal grains are
mixed. As a result, the average crystal grain diameter
becomes slightly large, the tensile strength oxr proof
stress becomes anisotropic, and the bending workability
deteriorates (refer to Test Nos. T15, T43 and the like).

The Young’s modulus is 100 kN/mm* or more for all
alloys of the invention, but the Young's modulus is high
as the content of Ni increases, or the content of Zn
decreases. In addition, when the recovery thermal
treatment is carried out, the Young’s modulus becomes high.
Comparative example alloy No. 39 failed to xeach 100
kN /mm? .

The solderability was excellent or favorakle for all
invention alloys. Only & few alloys decreased in the
solderability after being left to stand for ten days, and
the solderability became more favorable as the content of
Ni increases, or the content of Zn decreases.

(13) When the copper allcoy material after £inish
rolling is thermally treated under the condition
corresponding to Sn plating, the stress relaxation
characteristics, bending workability, balance indexes f£2
and £21, elongation, isotropy, electric conductivity and

the like of the copper alloy material improve. Even when
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the recovery thermal treatment 1s not «carried out,
favorable characteristics are provided (refer to Test Nos.
T9, T25, T37 and the like).

(14) After the recovery thermal treatment, even when
the copper alloy material is thermally treated under the
condition corresponding to Sn plating, the characteristics,
such as tensile strength, proof stress, isotropy, spring
characteristics, Young’s modulus, stress relaxation
characteristics, bending workability, elongation, electric
conductivity, correcsion resistance and balance indexes f£2
and f21 as favorable as the characteristics of the copper
alloy material before the recovery thermal treatment are
maintained (refer to Test Nos. T10, T26, T38 and the like).

(15} Even when the final thermal treatment is
carried out in a batch annealing format at 450°C for four
hours, as long as the average crystal grain diameter and
the size of the precipitates are within the ranges
regulated in the application, the tensile strength, proof
stress, isotropy, spring characteristics, stress
relaxation characteristics, elongation and balance indexes
f2 and £f21 become slightly poor compared with short-time
annealing at a high temperature, but favorable
characteristics are obtained (refer to Test Nos. T11, T27,
T39 and the like).

(16) Even when the first cold rolling step and the

- 133 -



annealing step are not carried out, and only the second
cold rolling step and the «recrystallization thermal
treatment step are carried out (Step B43), since the
metallic structure after the recrystallization thermal
treatment step has similar crystal grains and similar
sizes of precipitated grains, an average crystal grain
diameter in a range of 2.0 pum to 8.0 pm, and an average
particle diameter of the precipitates in a range of 4.0 nm
to 25.0 nm, almost the same characteristics such as
tensile strength, proof stress, isotropy, Spring
characteristics, Young’ s modulus, stress relaxation
characteristics, bending workability, elongation, electric
conductivity, corrosion resistance and balance indexes £2
and f21 as the characteristics of the alloy produced using
a step including the first cold rolling step and the
annealing step (Step Bl) are obtained (refer to Test Nos.
T12, Ti71, T56, T61ll and the like).

[0099)

The composition was as described below.

(1} When the contents of P and Co are larger than
the condition range of the second invention alloy, since
the intrinsic influences of P, Co and Fe become weak and
the average grain diameter of the precipitated particles
after the recrystallization thermal treatment step become

small, the average crystal grain diameter becomes small,
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and the balance indexes f£f2 and f21 become small. The
isotropy of tensile strength and proof stress, the bending
workability and the percentage of stress relaxation
deteriorate (refer to Alloy Nos. 23 and 24/Test Nos. T92,
T93 and the like).

(2) When the contents of Zn and Sn are smaller than
the condition ranges of the first and second invention
alloys, since the average.crystal grain diameter after the
recrystallization thermal treatment step becomes large,
the tensile strength becomes small, and the Dbalance
indexes f2 and f£f21 become small. In addition, the
isotreopy of tensile strength and proof stress detericrates,
the percentage of stress relaxation deteriorates, and the
Young’s modulus also becomes small (refer to Alloy Nos. 26
and 28/Test Nos. T96, T1l00 and the like). Particularly,
the effect commensurate with the content of Ni cannot be
obtained in spite of Ni being contained, and the stress
relaxation characteristics are poor.

Since the balance indexes f2 and £f21, the tensile
strength and the stress relaxation characteristics are
satisfied, the amount of Zn near 4.5 mass$% is the boundary
value (refer to Alloy Nos. 6, 16, 161, 162, 163 and the
like).

Since the balance indexes f2 and £21, the tensile

strength and the stress relaxation characteristics are
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satisfied, the amount of Sn near 0.4 mass% is the boundary
value (refer to Alloy Nos. 7, 168, 184 and the like).

(3) When the content of Zn is larger than the
condition range of the invention alloy, the balance
indexes f2 and f21 become small, the electric conductivity,
the isotropy of tensile strength and proof stress, the
percentage of stress relaxation and the  bending
workability deteriorate. In additioen, the stress
corrosion crack resistance also deteriorates, and the
Young’'s modulus becomes small (refer to Alloy No. 40/Test
No. T110 and the like).

When the content of Sn is large, the electric
conductivity becomes poor, and the bending workability is
also not favorable (refer to Alloy No. 30/Test No. T102).

In alloys in which the amount of Ni exceeds 0.35
mass% and the stress relaxation characteristics are
excellent, when the Ni/P value is outside a range of 7 to
40, and the Ni/Sn value 1s outside a preferred range of
0.55 to 1.9, the effect commensurate with the content of
Ni cannot Dbe obtained, and the stress relaxation
characteristics are not favorable (refer to Alloy Nos. 29,
44, 45 and the like). When a lot of Ni is contained, the
Young's modulus becomes high. Particularly, regarding the
stress relaxation characteristics, Ni/Sn:0.55 and

Ni/Sn:1.9 are considered to be one of the threshold values
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for alloys having a content of Zn of 8.5% or more and £l
of 17 or more (refer to Alloy Nos. 182, 184 and the like).
Similarly, Ni/P:7 and Ni/P:40 are considered to be one of
the threshold values (refer to Alloy Nos. 181, 185 and the
like).

(4) When the composition index f1 is smaller than
the condition range of the invention alloy, the average
crystal grain diameter after the recrystallization thermal
treatment step becomes large, the tensile strength is
small, and the isotropy of tensile strength or proof
stress is also poor. In addition, the percentage of
stress relaxation is poor (refer to Test Nos. T103, T105,
T106 and the like). Particularly, the effect commensurate
with the content of Ni cannot be obtained even when 0.35%
or more of Ni is contained, and the stress relaxation
characteristics are poor. In addition, the wvalue of the
composition index f1 of approximately 11 is the boundary
value for satisfying the balance indexes £2 and f21, the
tensile strength and the stress relaxation characteristics
(refer to Alloy No. 163 and the like). 1In addition, when
the value of the composition index fl exceeds 12, the
balance indexes f£f2 and £f21, the tensile strength and the
stress relaxation characteristics become more favorable
{(refer to Alloy Nos. 166, 167 and the like).

(5) When the composition index fl1 is greater than
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the condition range of the invention alloy, the electric
conductivity is low, the balance indexes £f2 and f21 are
small, and the isotropy of tensile strength and proof
stress and the bending workability are also poor. In
addition, the Young’'s modulus is low, and the stress
corrosion crack resistance and the percentage of stress
relaxation are also poor (refer to Test Nos. T11l1l, 112 and
the like). In addition, the value of the composition
index fl of approximately 19 is the boundary value for
satisfying the balance indexes f2 and £f21, the electric
conductivity, the bending workability, the Young’s modulus,
the stress corrosion crack resistance, the stress
relaxation characteristics and the isotropy (refer to
Alloy Nos. 183, 41, 42 and the like). Furthermore, when
the value of the composition index fl is smaller than 18,
the balance indexes f2 and £f21, the electric conductivity,
the stress corrosion crack resistance, the stress
relaxation <characteristics, the 1isotropy of tensile
strength and proof stress, and the bending workability
become favorable (refer to Alloy Nos. 7, 8, 9 and the
like).

As described above, even when the concentrations of
Zn, Sn, Ni, P, Co and Fe are within the predetermined
concentration ranges, 1f the wvalue of the composition

index fl1 1is outside a range of 11 to 19, it 1is not
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possible to satisfy all the balance indexes £2 and £21,
the electric conductivity, the stress corrosion crack
resistance, the stress relaxation characteristics and the
isotropy.

(6) When 0.05 mass% of Cr is contained, the average
crystal grain diameter becomes small, and the Dbending
workability and the isotropy become poor (refer to Alloy
No. 38/Test No. T108).

[Industrial Applicability]

[0100]

The copper alloy sheet for terminal and connector
materials of the invention has high strength, high Young’s
modulus, favorable corrosion resistance, excellent balance
anmong electric conductivity, tensile strength and
elongation, excellent solderability, isotropic tensile
strength and disotropic proof stress. Therefore, the
copper alloy sheet for terminal and connector materials of
the invention can be preferably applied as a constituent
material or the like not only for connectors and terminals
but also for relays, springs, switches, semiconductor use,

lead frames, and the like.
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Claims

1. A copper alloy sheet for terminal and connector materials
comprising:

4.5 mass% to 12.0 mass% of Zn;

0.40 mass% to 0.9 mass% of Sn;

0.01 mass% to 0.08 mass% of P; and

0.20 mass% to 0.85 mass% of Ni,

with a remainder being Cu and inevitable impurities,

wherein a content of Zn [Z2n] (mass$%$), a content of Sn [Sn]
(mass%), a content of P [P] (mass%) and a content of Ni [Ni] (mass%)
have a relationship of 11<[Zn]+7.5x[Sn]+16x[P]+3.5x[Ni]<19, and
the copper alloy sheet is a copper alloy sheet for terminal and
connector materials which further has a relationship of
7<[Ni]/[P]<40 with regard to a content of Ni and a content of
P in a case in which the content of Ni is in a range of 0.35 mass%
to 0.85 mass%,

an average crystal grain diameter is in a range of 2.0 pm
to 8.0 pm,

an average particle diameter of circular or elliptical
precipitates is in a range of 4.0 nm to 25.0 nm or a proportion
of the number of precipitates having a particle diameter in a
range of 4.0 nm to 25.0 nm in the precipitates is 70% or more,

an electric conductivity is 29%IACS or more,

a percentage of stress relaxation is 30% or less at 150°C

for 1000 hours as stress relaxation resistance,
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bending workability is R/t20.5 at W bending,

solderability is excellent, and

a Young’s modulus is 100x10° N/mm? or more.

2. A copper alloy sheet for terminal and connector materials
comprising:

4.5 mass% to 12.0 mass% of Zn;

0.40 mass% to 0.9 mass® of Sn;

0.01 mass?® to 0.08 mass% of P;

0.20 mass% to 0.85 mass% of Ni; and

any one or both of 0.005 mass% to 0.08 mass% of Co and 0.004
mass% to 0.04 mass% of Fe,

with a remainder being Cu and inevitable impurities,

wherein a content of Zn [Zn] (mass$%), a content of Sn [Sn]
(mass%), a content of P [P] (mass%), a content of Co [Co] (mass%)
and a content of Ni [Ni] (mass%) have a relationship of
11£(Zn}+7.5x[Sn]+16x[P}+10x[{Co]+3.5x[Ni]<£19, and the copper
alloy sheet is a copper alloy sheet for terminal and connector
materials which further has a relationship of 7<[Ni]/[P]<40 with
regard to a content of Ni and a content of P in a case in which
the content of Ni is in a range of 0.35 mass% to 0.85 mass%,

an average crystal grain diameter is in a range of 2.0 pm

to 8.0 pm,

an average particle diameter of circular or elliptical

precipitates is in a range of 4.0 nm to 25.0 nm or a proportion
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of the number of precipitates having a particle diameter in a
range of 4.0 nm to 25.0 nm in the precipitates is 70% or more,
an electric conductivity is 29%IACS or more,
a percentage of stress relaxation is 30% or less at 150°C
for 1000 hours as stress relaxation resistance,
bending workability is R/t<0.5 at W bending,
solderability is excellent, and

a Young’s modulus is 100x10° N/mm? or more.

3. A copper alloy sheet for terminal and connector materials
comprising:

8.5 mass% to 12.0 mass% of Zn;

0.40 mass®% to 0.9 mass% of Sn;

0.01 mass% to 0.08 mass% of P; and

0.40 mass% to 0.85 mass% of Ni,

with a remainder being Cu and inevitable impurities,

wherein a content of Zn [Zn] (mass%), a content of Sn [Sn]
(mass%), a content of P [P] (mass%), and a content of Ni [Ni]
(mass%) have a relationship of
17<{Zn]+7.5x[Sn]+16x[P]+3.5x[N1i]£19 and have a relationship of
7<[Ni]/([P]<40 and 0.55<[Ni]/[Sn]<1.9,

an average crystal grain diameter is in a range of 2.0 um
to 8.0 pm,

an average particle diameter of circular or elliptical

precipitates is in a range of 4.0 nm to 25.0 nm or a proportion
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of the number of precipitates having a particle diameter in a

range of 4.0 nm to 25.0 nm in the precipitates is 70% or more,

an electric conductivity is 29%IACS or more,

a percentage of stress relaxation is 30% or less at 150°C

for 1000 hours as siress relaxation resistance,

4.

bending workability is R/t<0.5 at W bending,
solderability is excellent,

stress corrosion crack resistance is excellent and

a Young’s modulus is 100x10% N/mm? or more.

A copper alloy sheet for terminal and connector materials

comprising:

mass$%

8.5 mass% to 12.0 mass% of Zn;

0.40 mass% to 0.9 mass% of Sn;

0.01 mass% to 0.08 mass% of P;

0.40 mass% to 0.85 mass% of Ni; and

any one or both of 0.005 mass® £to 0.08 mass% of Co and 0.004
to 0.04 mass% of Fe,

with a remainder being Cu and inevitable impurities,

wherein a content of Zn [Zn] (mass$%), a content of Sn [Sn]

(mass%), a content of P [P] (mass%), a content of Co [Co] (mass%)

and a content of Ni [Ni] (mass$%) have a relationship of

17<[Zn]+7.5x[Sn]+16x[P}+10x{Co]+3.5%x[Ni]<19 and have a

relationship of 7<[Ni]/[P]1<40 and 0.55<[Ni}/[Sn]<1.9,

an average crystal grain diameter is in a range of 2.0 um
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to 8.0 pm,

an average particle diameter of circular or elliptical
precipitates is in a range of 4.0 nm to 25.0 nm or a proportion
of the number of precipitates having a particle diameter in a
range of 4.0 nm to 25.0 nm in the precipitates is 70% or more,

an electric conductivity is 29%IACS or more,

a percentage of stress relaxation is 30% or less at 150°C
for 1000 hours as stress relaxation resistance,

bending workability is R/t<0.5 at W bending,

solderability is excellent,

stress corrosion crack resistance is excellent and

a Young’s modulus is 100x10° N/mm?® or more.

5. The copper alloy sheet for terminal and connector materials
according to any one of Claims 1 to 4,

wherein the copper alloy sheet for terminal and connector
materials is manufactured using a manufacturing step including:
a cold finish rolling step for cold-rolling a copper alloy
material in which an average crystal grain diametexr is in a range
of 2.0 um to 8.0 pm, an average particle diameter of circular
or elliptical precipitates is in a range of 4.0 nm to 25.0 nm
or a proportion of the number of precipitates having a particle
diameter in a range of 4.0 nm to 25.0 nm in the precipitates is
70% or more,

when the electric conductivity is represented by C ($IACS),
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tensile strength, proof stress and elongation in a direction
forming 0 degrees with respect to a rolling direction are
representedkniPw{N/mmﬁ, Py(N/mm% and L (%) respectively, C229,
Pw>500, 3200<[Pwx{ (100+L)/100}xC*?]1<4100 or C>29, Py>480,
3100<[Pyx{ (100+L) /100}xC*?1<4000 after the cold finish rolling
step,

a ratio of tensile strength in the direction forming 90
degrees with respect to the rolling direction to tensile strength
in a direction forming O degrees with respect to the rolling
direction is in a range of 0.95 to 1.05, or a ratio of proof stress
in the direction forming 90 degrees with respect to the rolling
direction to proof stress in a direction forming 0 degrees with

respect to the rolling direction is in a range of 0.95 to 1.05.

6. The copper alloy sheet for terminal and connector materials
according to any one of Claims 1 to 4,

wherein the copper alloy sheet for terminal and connector
materials is manufactured using a manufacturing step including:
a cold finish rolling step for cold-rolling a copper alloy
material in which an average crystal grain diameter is in a range
of 2.0 um to 8.0 pm, an average particle diameter of circular
or elliptical precipitates is in a range of 4.0 nm to 25.0 nm
or a proportion of the number of precipitates having a particle
diameter in a range of 4.0 nm to 25.0 nm in the precipitates is

70% or more; and a recovery thermal treatment carried out after
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the cold finish rolling step,

when the electric conductivity is represented by C ($IACS),
tensile strength, proof stress and elongation in a direction
forming 0 degrees with respect to a rolling direction are
represented by Pw (N/mm?), Py (N/mm?) and L (%) respectively, C229,
Pw>500, 3200<[Pwx{ (100+L)/100}xC'?]<4100 or C>29, Py2480,
3100<[Pyx{ (100+L) /100}xC*21<4000 after the recovery thermal
treatment step,

a ratio of tensile strength in the direction forming 90
degrees with respect to the rolling direction to tensile strength
in a direction forming 0 degrees with respect to the rolling
direction is in a range of 0.95 to 1.05, or a ratio of proof stress
in the difection forming 90 degrees with respect to the rolling
direction to proof stress in a direction forming 0 degrees with

respect to the rolling direction is in a range of 0.95 to 1.05.

7. A method for manufacturing the copper alloy sheet for
terminal and connector materials according to any one of Claims
1 to 6, the method comprising, in this order:

a hot rolling step;

a cold rolling step;

a recrystallization thermal treatment step; and

a cold finish rolling step,

wherein a hot rolling initial temperature is in a range

of 800°C to 940°C in the hot rolling step, a cooling rate of a
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copper alloy material in a temperature range of a temperature
after final rolling to 350° or 650°C to 350°C is 1°C/second or
more,

a percentage of cold working is 55% or more in the cold
rolling step,

the recrystallization thermal treatment step includes: a
heating step for heating the copper alloy material to a
predetermined temperature; a holding step for holding the copper
alloymaterial at a predetermined temperature for a predetermined
time after the heating step; and a cooling step for cooling the
copper alloy material to a predetermined temperature after the
holding step, and

in the'recrystallization thermal treatment step, when a
peak temperature of the copper alloy material is represented by
Tmax (°C), a holding time in a temperature range of a temperature
50°C lower than the peak temperature of the copper alloy material
to the peak temperature is represented by tm (min), and the
percentage of cold working in the cold rolling step is represented
by RE (%), 550<Tmax<790, 0.04<tm<2, and

460<{Tmax-40xtm /?>~50x (1-RE/100)1/2}<580.

8. The method for manufacturing a copper alloy sheet for
terminal and connector materials according to Claim 7,
wherein a recovery thermal treatment step is carried out

after the cold finish rolling step, and
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in the recovery thermal treatment step, when a peak
temperature of the copper alloy material is represented by Tmax2
(°C), a holding time in a temperature range of a temperature 50°C
lower than the peak temperature of the copper alloy material to
the peak temperature is represented by tm2 (min), and the
percentage of cold working in the cold finish rolling step is
represented by RE2 (%), 160<Tmax2<650, 0.02<tm2<200, and

60<{Tmax2-40xtm2 1/?-50x (1-RE2/100) */?}<360.
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