[ Desi gnati on of Docunent] Specification [Title of the

I nventi on] SI LVER- WHI TE COPPER ALLOY AND METHOD OF PRODUCI NG
SI LVER- WHI TE COPPER ALLOY [ Technical Field] [0001] The present
invention relates to a silver-white copper alloy and a method of
producing a silver-white copper alloy.In particular, the present
invention relates to a silver-white copper alloy which has high

strength,

superior workability such as hot workability, cold

wor kabi lity, or press property, superior nechanical properties,

f ast ness,

col or

superjor bactericidal and anti bacterial properties, and N

al l ergy resiStHE@ 1 8Rd°a FELRBATbf provfifdinGg®5u¥h a silver-white

copper al I oy, [Backarpound Artl ., SILVER-WHITE COPPER ALLOY

AND METHOD OF PRODUCING SILVER-WHITE COPPER ALLCY
{Technical Field]

[0001]

The present invention relates to a silver-white
copper alloy and a method of producing a silver-white
copper alloy. In particular, the present invention
relates to a silver-white copper alloy which has high
strength, superior workabhility such as hot workability,
cold workability, or press property, superior mechanical
properties, <c¢olor <fastness, superior bactericidal and
antibacterial properties, and Ni allergy resistance; and =a
method ¢of producing such a silver-white copper alloy.
[Background Art]

[0002]

In the related art, a copper alloy such as Cu-Zn is

used for various uses such as piping materials,

construction materials, electric and electronic
apparatuses, daily necessaries, and mechanical parts. In
addition, a white (silver—-white} tone having color

fastness is regquired for use in decorative and
construction metal £ittings such as railings and door
knobs, western tableware, and keys. In order to satisfy

such requirement, copper alloy products may be subjected



[ 0002] In the related art, a copper alloy such as Cu-Zn is
used for various uses such as piping materials, construction
materials, electric and el ectronic apparatuses, daily necessaries,
and nmechanical parts. In addition, a white (silver-white) tone having
color fastness is required for use in decorative and construction
metal fittings such as railings and door knobs, western tabl eware,
and keys. In order to satisfy such requirenent, copper alloy products
may be subjected to a plating treatnment such as nickel -chrone

pl ati ng. However, such Elated products have a praoblemthat a

plating | ayE? drlatiny f aed HRBF oDt §SpRef it 6@F°ﬁ?t¥ﬁaqaﬂﬁg term use.
In addition, the bacter|C| I g g nti bac ége&}les f t he
copper al | oy det P8tk e. S e Pef &F p%? gsbaﬁﬁl? SRR 2Rk foy i s
proposed. [0003] As _such_a. |1 X

7941 spe0|f gs agfrla eéuf?ing nlggy ﬁ?§§?fcg§t egaeg Stéénassw

to 64.0 %%?? (1gsé naSngth&éaeiogass%%e PQaéé%fidT@§§9659dl 8
ance

mass% , and the like. 1n addition, Patent Docunent 1

di scl oses aam}:Ia%tEQPQPrpﬁL Q¥ iggntai aﬂléﬂgc%)be(ﬁwalﬁzogaé&/eﬁ%x%e
mass%, N (10.1 mass%to 14.0 nass% 5 mass% to 3.0 mass%,

and Zn (bal anetorkn adgiddsenwnPad ent-nDogrnentoy2idi sedoses. a
| ead-free white copper alloy containing Cu (40.0 mass%to 45.0
mass%, N (5.0 mass% to 20.0 mass%, M (1.0 nmass%to 10.0 mass%,
Si (0.5 mass%to 3.0 mass%, Sn (2.0 mass%to 6.0 mass%, and P and
Sh (at | east one?2ki mdch0a0Zurtiss?s t 8l hy2 nEss%xample, JIS C 7941
specifies a free-cutting nickel silver containing Cu (60.0
mass% to 64.0 mass%), Ni (16.5 mass% to 19.5 mass%), Pb
{0.8 mass% to 1.8 mass%), Zn (balance), and the like. 1In
additicon, Patent Document 1 discloses a white ceopper alloy
containing Cu (41.0 mass% to 44.0 mass%), Ni {10.1 mass%
to 14.0 mass%), Pb (0.5 mass% to 3.0 mass%), and Zn
{balance) . In addition, Patent Document 2 discloses a
lead-free white copper alloy containing Cu (40.0 mass% to
45,0 mass%), Ni (5.0 mass% to 2C0.0 mass%), Mn (1.0 mass¥
to 10.0 mass%), Bi (0.5 mass% to 3.0 mass%}, Sn (2.0 mass%
to 6.0 mass%), and P and Sb {at least one kind; 0.02 mass%
to 0.2 mass%).
[0004]
However, since the copper alloys disclesed in JIS C
7943 and Patent Document 1 centain a large amcunt of Ni

and Pb, there are problems pertaining to health and

sanitation and thus, the use thereof is limited. Ni



[ 0004] However, since the copper alloys disclosed in JIS C
7941 and Patent Docunent 1 contain a |arge amount of Ni and Pb, there
are problens pertaining to health and sanitation and thus, the use
thereof is limted. NN causes N allergy which is particularly
severe anong netal allergies, and Pb is a well-known harnfu

material. Therefore, there are problens for use in construction netal
fittings such as railings, which my be touched by human skin, and
dai ly necessities such as hone appliances. In addition, when a | arge
anount of Ni is contained, workability such as hot morkabilit¥a?nd

press propefdiFdetier PbtHies “Ahgh bedXUdecRiaTy SEF8RSI Y% e
production cost i.s increased. Therefor he use thereof is lLimted.
I'n addition?f¥ﬁ§188ppé?“glﬁgy dF sct od&d i n@ﬁfe%PngE§né%Feflaggs not
contain Pb, . which is rnful_to h n. _hod and_inpro r ity
(nachinabil??%ﬁe|$§thq%$Fekb%%%e?go fm%s gé%eﬁg? ﬁgViﬁgaﬂﬂﬁgﬁgﬁglting

poi nt . Thgrﬁggle,fiitgiggg gu stéjg Pa'ﬁ]QBBQ[ ﬂﬁi&y,mﬁj nee Blichsqppgsent

inamtrix as the net antially”w thout bei'ng dissolved

therein, Bipjsamehktigd duifg 1hohecolditngsanged her eohs Aoprieblem in
hot workability. In addition, N, Sn, and Bi are expensive netals,

and thus thefeaaserPiobl efdn i B tie/ge oimc@st @ndupr aducddryainben
these netals are added in | arge amounts. [0005] I n addition
in a Cu-Zn-Mriadioytpl abehdisscl iosedwodrkaHiSiH31b0d( pltses angestyi ps
of phosphor bronze and nickel silver) of the related art, 8.5 mass%
or greater aoftadiocantedOambsIHoonsgr Bat bs ofpddsigere tonht@iavedtion the
o cost is increased. Therefore, the use thereof is limited.
In addition, the copper alloy disclosed in Patent
Document 2 does not centain Pk, which is harmful to human
body, and improves workability (machinability} wusing Bi.
However, Bi 1s a metal having a low melting point.
Therefore, in the case ¢f & copper alloy, since Bi is
present in a matrix as the metal substantially without
being dissclved therein, Bi is melted during hot rolling
and there is a problem in hot workability. In addition,
Ni, Sn, and Bi are expensive metals, and thus there are
problems in terms of cost and production when these metals
are added in large amounts.
[C005]
In addition, in a Cu-Zn-Ni alloy plate disclosed in
JIS H3110 (plates and strips of phosphor bronze and nickel

silver) of the related art, 8.5 mass% or greater of Ni and

60 mass% or greater of Cu are contained; or the Zn



concentration is less than 30 mass% Since a netal structure of such a
plate is the a single-phase structure at a high tenperature and
normal tenperature, hot workability is |ow. Therefore, such a
Cu-Zn-N alloy is produced by casting an ingot with a cross-section
havi ng, for exanple, a thickness of about 15 mmand a w dth of about
400 mm wi t hout hot rolling; heating the ingot at a high tenperature
of about 700C for several hours; perform ng a honogeni zi ng heat
treatnment for alleviating the segregati on of components during
casting; and repeating cald rolling and anneal i ng. The productivity
thereof is FOWEIEREACE hdts ofS%h F%@%t For "#31® 1 ol ISTRGEWI @ hmgtal
cross-section having, for exanple, a thickness of about 200 mm and a
width of abdtfrdo§enft Fradditliads, 18vERe vhet THE "RBADY eHi ZiCHY  Reat

treatnment is_perforned at _a high tenperature tfor_a |long period of
time, the dagred g?ﬂﬁégﬁﬁﬁgffgnu% aIF%yrggﬁﬁoneﬁ?m RS gﬁFgerg?ﬁan

that of a helorglihed, phat eosublactatele hol.d ol | Lng, Wil chycguses &

problemin quality. Tn particular, in a aving, for

thickness of;Jyy@uonLyhighern phtaiingdet Rrgugh production, prpcesses in
whi ch an annealing pfocess is performed only once or twice; a plate

obt ai ned t hrough: PrAdUCtd aMmiRKkEEESSBS hPowhi Ch &R apaeal LNGLPr eeess
is perforned multiple times and a retention tinme after heating at a
recrystal | i zisditon e mperatHeer atothiglernys hehardeerthehangd0 at nat es;
and a plate obtained through production processes in which an

anneal i ng thigh | sdmpagaamte an ANRealtng7b@rperatur esvardionernut-ban
(recrystallization tenperature+100C), the segregation is not

el i mi nat ed. P§:0008}ing a hompgerfing dreata taeppeental foy &blhewAny o
have bactericidal action. In medical institutions such as hospitals,
there are cHE¥es PePNAHAERCA p&EI eMOTPSN¢ M ct @K W0t h I&ELRBET a RBYI ng

resi stance to drugs such as anti biotics, for exanple, staphyl ococcus
aur eus or repeating ccld rolling and annealing. he preductivity

thereof is lower than that of an ingot for hot rolling
with a cross-section having, for example, a thickness of
about 200 mm and a width of about 800 mm. In addition,
even when the homogenizing heat treatment is performed at
a high temperature for a long period of time, the degree
of segregation of alloy components is larger than that of
a not-rolled plate subjected to hot rolling, which causes
a problem in cguality. In particular, in a plate having,
for example, &a thickness of 1 mm or higher obtained
through production processes in which an annealing process
is performed only once or twice; a plate obtained through
production processes in which an annealing process 1is
performed multiple times and & retention time after

heating at a recrystallization temperature or higher is



pseudononas aerugi nosa (generally called hospital infection), which
is a serious problem There are many infection routes of bacteria

t hrough hospital infection. For exanple, bacteria spread by a patient
wi th bacteria touching an object; and another patient or nedical

staff touching that touched object. It is expected that, by formng
an object, which may be touched by patients or nedical staffs, froma
copper alloy, these bacteria are destroyed or reduced, infection
routes are renoved correspondingly, and thus hospital infection is
reduced. For_exanple, it_is expected that, %ﬁ form ng knobs, |ever

handl es, do%?aﬁéﬂﬁlE%mlaﬁ% FRBUFF e, 20i ¢h TS nideeRe WESHPRal |

froma copper i nfection routes of bacteria are. reduce

addi ti on toﬁ%@%&é’& SFOhDEHTT al™ YRt Fond %i-eEEi Shg’emﬁﬁhq%% ous
bacteria in B¥bl|c pla%%geg fh as tralnstuggses Barks ca@hbe
prevent ed by ormng a conponé%t WATESA may be ?ouche

unspecified,n er opl e, from bo aI haV|n act ericidal
and antlbac{erl tﬁ?%l ELOH temperagu +I[]‘ICEJ‘\:/E)er g Eno%s | ever

handl es, doggthgﬁq53§te@nd the |ike forned fronla copper alloy are
used in practice, there is a difference in color tone between a
portion, which aregotfen touched by human body, and the other
portions. In addition, after |long-termuse, since a discolored |ayer
(oxide) is slow ynfoss@iticn,the posddean which arze ehten twauchedeby
human body or the portion is physically renoved, the color tone

t hereof is dadtffeerientalir emtihat ofId heediber postiionsiohportuansawhi ch
are barely touched by human body). Accordi ngly, the external

appear ance houkis-édad. Theyefare casencen ablwiodt aalpiatt bet copperfealtkdy
knobs for these uses are used in a state where a copper alloy surface
i s coated W't a PAGEtAg f VPR arefEHicnc8at ithg, AHES bastERi cPdal
and antlbacterlal properties of a copper alloy are not exhibited.

tibilotics, for example, staphylococcus aureus or
pseudomonas aeruginosa (generally called hospital
infection), which is a serious problem. There are many

infection routes of bacteria through hospital infection.
For example, bacteria spread by a patient with bacteria
touching an object; and another patient or medical staff
touching that touched object. It is expected that, by
forming an object, which may be touched by patients ox
medical staffs, from a copper alloy, these bacteria are
destroyed or <zreduced, infection routes are removed
correspondingly, and thus hospital infection is reduced.
For example, it 1is expected that, by forming knobs, lever
handles, door handles, and the like, which are inside the
hospital, from a copper alloy, infection routes of

bacteria are reduced. 1In addition to the case of hospital



[ Rel ated art docunment] [Patent Docunent] [0007] [Patent Docunent 1]
JP- A-9-087793 [ Patent Docunent 2] JP-A-2005-325413 [ Disclosure of
the I nvention]

infection, infections with wvarious bacteria in public
places such as trains, buses, or parks can be prevented by
forming a component, which may be touched by an
unspecified number of people, from a copper alloy having
bactericidal and antibacterial properties.

However, when these knobs, lever handies, door
handles, and the like formed from a copper alloy are used
in practice, there is a difference in color tone between a
pertion, which are often touched by human body, and the
other portions. In addition, after long-term use, since a
discolored layer ({oxide} 1is slowly formed in the portion
which are often touched by human body ¢xr the portion is
physically removed, the color tone therecf is different
from that of the c¢ther portions (portions which are barely
touched by human body). Accordingly, the external
appearance looks bad. Therefore, since almost all the
copper alloy knobs for these uses are used in a state
where a copper alloy surface is coated with a plating film
or a clear coating, the bactericidal and antibacterial
properties of a copper zlloy are not exhibited.

[Related art document]
[Patent Document)
{00071
[Patent Document 1] JP-A-9-087763

[Patent Document 2] JP-~A-2005-325413



[ Problemthat the Invention is to Solve] [0008] The present

i nvention has been made in order to solve the above-described
problens of the related art, and an object thereof is to provide a
silver-white copper alloy which has high strength, superior

wor kabi lity such as hot workability, cold workability, or press
property, superior nechanical properties, color fastness, superior
bactericidal and antibacterial properties, and Ni allergy resistance;
and a net hod of producing such a silver-white copper alloy. [Mans
for Solving the Problens] [0009] In order to solve the

above- descr  BetF19P8BF ek, thendnpeRE et i nventors have investigated
conpositions_and netal structures of a silver-white copper alloy and
have found tHePFSM 60f hothS AdvRgsion 15 o $¢lveloy-zn-Ni al I oy havi ng
a Cu concentratiqB g% 50 mass% or |ower, a |arge anmount of p phases
appear during hot P ]ing al t hough it depends on contents of Cu and

Ni. As aresult, h?gﬁﬂ%hgﬂﬁf%Eﬁ%&kﬂﬂqrﬁﬁgs%%ﬁﬁenb%e'Qﬂ%aggdépetQOt

deformability is Wever, en an area ratio of ases at

nor mal t enpes Afng o( Lo 1LNReE BLANS)oh Srdl §A16le 1R3R:0a We,t NEg
ductility, the col d roll1ng
an object thereof is to provide a silver-white copper
alloy which has high strength, superior workability such
as hot workability, cold workability, or press property,
superior mechanical properties, color fastness, superior
bactericidal and antibacterial properties, and Ni allergy
resistance; and a methced of producing such a silver-white
copper alloy.
[Means for Sclving the Problems)

[0009]

In order to solve the above-described problems, the
present inventors have investigated compositions and metal
structures of a silver-white copper alloy and have found
the fellowing findings.

In a Cu-Zn-Ni alloy having a Cu concentration of 50
mass% or iower, a large amount of [ phases appear during
hot rolling although it depends on contents of Cu and Ni.
As a result, the hot deformation resistance is low and the
hot deformability is high. However, when an area ratio of
p phases at normal temperature (room temperature) is

greater than 0.%%, the ductility, the cold rolling



property in the subsequent process, the color fastness, and the N

all ergy resistance are increased. Even when a Cu concentration is

hi gher than 50 nass% if a value of a conposition index fl described
below is less than 65.5, a small anount of p phases appear during hot
rolling. As a result, cracks are likely to be generated in phase
boundari es between a phases in which the hot deformation resistance
is high and the hot defornmability is |ow and p phases in which the
hot deformation resistance is | ow and the hot deformability is high.
The reason is that, when an area ratio of p phases during hot rolling
i s appr oxi NRFSF V06 Hw %Rﬁ%ﬁ%ﬁﬁPFoﬁrPge%%nc%ﬁﬁr%ﬁ%ﬁf(ﬁ%%ﬁ%@sﬁ
phases and a- P_Phase boundarles and thus cracks are likely to be
generat ed. tHentHh MHr &4t ?5?Yor%ﬁlq5aﬁﬁ§s@§e|%P9feﬁ8Fdrol§Wﬁ? phEPeat

rmwmltmmrauneg mte ure emert@m %t

ductility a % THECOI lﬁk8pe% AR Fﬁ SUbsequeﬁﬁuﬁrSCess
deteriorate, dQQ%QLo index QQ%% SL@PRGAII NG 1 B2 QU an-N Salgoy
t‘%@r %qh : ot

are harder nmor e an those appearing in o copper

al I oys, fg[Fﬁngnﬂﬁ%un@ G- §”$£ﬂéé%yapbgagd&ﬂélﬁ%“hgé PQfE%ﬁ% Of a8 »

Cu- Zn- Ni oy are superi or n col o tness "and corrosion

resistance t&sihosecobcas Curdn al oy, Heweyer,qdhdplases fhergakeare
lowin color fastness and corrosion resi stance, and there is no

si gni ficantpgiddarencecbptmeen potdtalioysi cMheRe anoar @asdatac@onf p
phases in a netal structure of a Cu-Zn-N alloy is greater than 0.9%

there are adyersanetfestsigm ductdnki hyt betanceibetyween i engt B and
ductility, color fastness, corrosion resistance, and N allergy
resi st ance. phases pgmefisiabl ehe Hatt tdedoamegaion resistance is low and

the hot deformability is high. The reason 1is that, when
an area ratio of P phases during hot rolling is
approximately 1% to 5%, deformation is concentrated on the
fp phases and «-B phase boundaries and thus cracks are
likely to be generated. When an area ratic of B phases in
a hot-rolled plate at normal temperature {room
temperature) is greater than 0.9%, the ductility and the
cold rolling property in the subsequent process
deteriorate.

[0010]

} phases appearing in a Cu-Zn-Ni alloy are harder
and more brittle than those appearing in other copper
alloys, for example, a Cu-Zn alloy. In addition, « phases
of a Cu-Zn-Ni alloy are superior in color fastness and

corrosion resistance to those of a Cu-%n alloy. However,

B phases thereof are low in color fastness and corrosicn



ratio of p phases be less than 0.4% It is nost preferable that the
area ratio of p phases be close to or equal to 0. A netal structure
in which p phases are about to appear, as it is called, is
preferable. In this state, the hot workability is high, the strength
is highest, the ductility is high, the balance between strength and
ductility is superior, the corrosion resistance, color fastness,
bactericidal and anti bacterial properties are superior, and the N
allergy resistance is reduced. In the state in which 0 phases are
about to appear, in a tensile test, the tensile strength and the

pr oof st r esESHedERCal nd Qﬂﬁéenﬁil?ﬁuﬁﬁ&@ﬂﬁ%Ca%qu9l§F8ﬁ%ﬁﬁq(ﬂﬁtvﬁPﬁe
approaches al nost the maxi num val ue, and the bal ance between strength
and ductlI|?9¢hsa%ﬁﬁ@rloWheFuF¥héF%%rEﬁt%Q19§ §hé§@ﬁﬁ§ tPedt MSHELsuch
as pressing pres no rove resen e of a
aral | Canount I BEEhaTed Gr 1 5P ATh u%c?grﬁrsf% Fruni e
phases are 20Ul <0C.PLEaIPLL LG 111@ St SLLLELEN YL SR 2

smal | anmoun stru ureyéta elna oun ary rn which

p_phases ar&@bgﬁﬁtfﬂtwp%ﬁokSfQéﬁstamc%rrEQ%n'§T1s_1s'%a9EQer ah@

efficiently precipitaté C and Pb he state in p phases are

about to beyprgeipidat edisagbbect irve.id QQkkkrabie thdhetpé esens
i nvention has conpléeted based on the above-described findings of the

present inveptf SorTh@t drSsebn ¥ daksto salveot be, aboye- describbed
probl ens, according to the present invention, there is provided a

silver- mh|t§r@ﬂﬁﬁ@ueath@w-uﬁmb@ealngtl&iy@;mgﬁs%éﬁau5&ﬂ&sﬁass@bﬁf Cu;
9.0 mass% to 12.5 mass% of Ni; 0.0003 nmass%to 0.010 nass% of C,

0. 0005 mass&tiad o030 mMassYeof sPbhictand tthewhiadhaficeheteZe@ndbout
inevitable inpurities, in which a relationship of

65. 5[ Cu] +1. 2X[34H°Rg, 02F sl*sd{sl §ﬁ|1é*éldbe‘tﬁwé>éﬁfar%1blrﬂ -enfn ofhicy steqt
(mass% and a content of Ni [Ni] (mass%, and in a netal structure

t her eof, ant2® &l é[’tolréaB%ljptYpHésé%gHr spet ST erAthnt 3 HHHSS PP x i s

0%to 0'996d£995%ky

is high, the balance between strength and
ductility 4is superior, the corrosion resistance, color
fastness, bactericidal and antibacterial properties are
superior, and the W1 allergy resistance 1s reduced. In
the state in which [} phases are about fto appear, in a
tensile test, the tensile strength and the proof stress
reach almost the maximum point, the elongation wvalue
approaches almost the mazimum wvalue, and the balance
between strength and ductility is superior. Furthermore,
in a shearing treatment such as pressing, the press
moldability is improved in the presence cof a small amount
of B phases or in a grain boundary state in which B phases
are about to be precipitated. In order to efficiently use

a small amcunt of € and Pb, the structure state in a



According to the present invention, it is possible to obtain a
silver-white copper alloy which has high strength, superior

wor kabi lity such as hot workability, cold workability, or press
property, superior mechanical properties, color fastness, superior
bactericidal and antibacterial properties, and NI allergy resistance.
[ 0013] In addition, according to the present invention, there
is provided a silver-white copper alloy containing: 51.0 mass%to
58.0 mass% of Cu; 9.0 mass%to 12.5 mass% of Ni; 0.05 mass%to 1.9
mass% of Mh; 0.0003 mass% to 0.010 mass% of C; 0.0005 nmass%to 0.030
mass% of Phyounsgriheibalvdrict of Zmassd i aevi tadiohe ih?.)uréiﬁpieéﬁ in

whi ch a relatlonshlg of 65.55 [Cu] +1.2x[ Ni]+0.4x[M1]5 70.0Q0 is
satisfied DRtSHES conthéit 167 &R PELST (rRasddhiciant TﬁﬁFlBFtﬂfe[Nl

(mass%, and a content and in a nmetal structure

t hereof, an®af@A Patlah%fsbaﬁ%aéé WH?§$/25883?%5aﬁr%.ﬂﬁﬁ§é TatPFx is

0%to 0.9% Qg to the present invention, the
strength, H%nég%% ed kﬁgggg%?%%erty of a silver-white copper all oy

can be inproved. [bQQﬂﬁl

The present invention has conmpleted based on the
above-described findings of the present inventors. That
is, 1in order to solve the above-described problems,
according to the present invention, there is provided a
silver-white copper alloy containing: 51.0 mass% to 58.0
mass% of Cu; 9.0 mass% to 12.5 mass% of Ni; 0.0003 mass%
to 0.010 mass% of C; 0.0005 mass% to 0.030 mass% of Pb;
and the balance of Zn and inevitable impurities, in which
a relationship of 65.5L[Cul+1.2x[Ni]<70.0 is satisfied
between a content of Cu [Cu] (mass%) and a content of HNi
[Ni] {mass%), and in a metal structure thereof, an area
ratio of § phases dispersed in an w-phase matrix is 0% to
0.9%.

[0012]

Ahceording to the present invention, 1t is possible
to obtain a silver-white copper alloy which has high
strength, superior workability such as hot workability,
cold workability, or press property, superior mechanical
properties, coleor fastness, superior bactericidal and

antibacterial properties, and Ni allergy resistance.

- 10 -



In addition, according to the present invention, there is provided a
silver-white copper alloy containing: 51.5 mass%to 57.0 mass% of Cu;
10.0 mass% to 12.0 mass% of Ni; 0.05 mass%to 0.9 mass% of Mn1; 0.0005
mass% to 0.008 mass% of C, 0.001 nass%to 0.009 mass% of Pb; and the
bal ance of Zn and inevitable inpurities, in which a relationship of

66. O[ Cu] +1. 2x[ Ni ] +0. 4x[ Mh] 69.0 is satisfied between a content of Cu

[Cu] (rass%, a content of Ni [NI] (mass%, and a content of M [ W]
(mass%, and in a netal structure thereof, an area ratio of p phases

di spersed in an a-ghase matrix is 0%to 0.4% [0016] Accor di ng
to the present in?8ht!on, contents of Cu Ni, M, C, and Pb are in
preferabl e ranges and the area ratio of phases is red

Therefore, it is Bosasqdﬁlté to &Sfarﬁlrhg sFPveﬁheV\kﬁereseé%ppjer}veﬁitllW whi ch

has hi gh stre nl%th %erl oF wor. abi | |H/tsuch as hgfL WO[. krgcbl I|t¥ cold

éo Etl silver— -4 o} co
wor kabi i ty, or pre propeéer superior ani ca )E)roper i eés; col or

fastness, supefiQlg pag%e%_c@ ﬁQEsQrk?f L1 Qagtrﬁ’a(ésa' tBrﬁQ% Lr(La%%a ged N

al I ergy resi stance. i$ preferabl e t

si |l ver-whitg; coppes @lskQy cbuit hep, conta mmone, @@Omaessselt%ctoegl@rom a
gr oup con5|st|ng of 0.0l nmass%to 0.3 mass% of A, 0.005 mass%to

0.09 nass%@fs &k 03; MBSEPhs 0nsQ9 taRISY50! 1Shst 0081 PRRSSHEL €nd. 09
mass% of As, and 0.001 mass%to 0.03 mass% of M.

balance of Zn and inevitable impurities, 1in which a
relationship of 65.5<[Cu] +1.2%x[N1]+0.4x[Mn]<70.0 is
satisfied between a content of Cu [Cu] (mass%), a content
of Ni [Ni] {mass%), and a content of Mn [Mn] {mass%), and
in a metal structure thereof, an area ratio of P phases
dispersed in an ¢-phase matriz is 0% to 0.9%.

[0014]

According to the present invention, the strength,
bendability, press property of a silver-white copper alloy
can be improved.

f0015]

In addition, according to the present invention,
there 1s provided a silver-white copper alloy containing:
51.5 mass% to 57.0 mass% of Cu; 10.0 mass% tc 12.0 masss
of Ni; 0.05 mass% to 0.9 mass® of Mn; 0.0005 mass% to
0.008 mass% of C; 0.001 mass% to 0.008 mass% of Pb; and
the balance of Zn and inevitable impurities, in which a
relationship of 66.0<[Cu]+1.2x[Ni]+0.4x[Mn]<6£9.0 is

satisfied between a content o¢f Cu [Cu] (mass%), & content



[ 0018] According to such a preferable nethod, when A, P, and

My are cont ai ned,

the strength, color fastness, and corrosion

resi stance are inproved; and when Sb and As are contai ned, the
corrosion resistance is inproved. [0019] I n addition

according to the

present invention, there is provided a nmethod of

producing a silver-white copper alloy, in which a cooling rate of a

hot-rol |l ed materi
than or equal to

a a-phase matri x
of Ni

al in a tenperature range of 400C to 500C i s higher
1C/ sec. [0020] The area ratio of p phases in

I S easilg adjusted to 0% to 0.9%
[Ni] (mass%), and a content of Mn [Mn}] (mass%), and

in a metal structure thereof, an area ratio of [ phases

disper

sed in an a-phase matrix is 0% to 0.4%.

[0016]

According to the present invention, contents of Cu,

Ni, Mn, C, and Pb are in preferable ranges and the area

ratio

of B phases is reduced. Therefore, it is possible

to obtain a silver-white copper alloy which has high

streng

th, superior workability such as hot workability,

cold workability, or press property, superior mechanical

proper

antiba

furthe

consis

ties, colcor fastness, superior bactericidal and
cterial properties, and Ni allergy resistance.

[0017]

It is preferable that the silver-white copper alloy
r <contain one or more selected from a group

ting of 0.01 mass% to 0.3 mass? of Al, 0.005 mass%

to 0.09 mass% of P, 0.0 mass% to 0.09 mass%s of Sb, 0.01

mass%

of Mg.

to .09 mass% of As, and 0.001 mass% to 0.03 mass$

[0018]

According to such a preferable method, when Al, P,

and Mg are contained, the strength, coler fastness, and

COorros

ion resistance are improved; and when Sb and As are

conteined, the corrosion resistance is improved.

[(0019]
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[ 0021] In addition, according to the present invention, there
is provided a nethod of producing a silver-white copper all oy,

i ncluding: a heat treatnent process of heating a rolled material to a
predeterm ned tenperature, naintaining the rolled material at a
predeterm ned tenperature for a predetermined time, and cooling the
rolled material to a predeterm ned tenperature, in which, when a

maxi mum achi eved tenperature of the rolled material in the heat
treatment process is represented by Tmax (C) and a retention tine of
the heat treatnment process in a teggerature range fr%ma t enper at ur e,

which is 50C | owef® tH&H ThEB mdd T B hit8v ed™t eRpei =t ur 61 ‘the

rolled materjal, to the maximima hléaxgg tenperature is relp_rw%g%gt ed

by th (mn) &xpradsPoRE 6 52( FETRaxCT. 87806 1%t RS

47021 " max-9 - 7@%9 are. satisfied .4 C Lng.rafe during.he
cool i ng of ?ﬁée&r%l fe rfat%}i gflil n ga c?%fd%g? a?glrcée rggngge %‘?yfoog% %io
500Cis hig shan;qr egEHgl - ~Ro tgydeal ; i.bed
in the heatll’&%eelfatﬁler:%tg.I ?)roc éegg?%%%%g%ev@ déed@fgi If’)rgsﬁfdof}nesd grgnkt he

rol led mateghal .o Q8421 o 1°¢/sddie area ratio of '3 phases in a
a-phase matrix is easily adjusted to 0% to 0.9% and a-phase crystal

grains are small , [obhereby obtaining a high nechanical strength.
[ Advant age of the Invention] [0023]

The area ratio of B phases in a w-phase matrix is
easily adjusted to 0% to 0.9%,

[0021]

In addition, according to the present invention,
there 1is provided a method of producing a silver-white
copper alloy, including: a heat treatment process of
heating a rolled material to a predetermined temperature,
maintaining the rolled material at a predetermined
temperature for a predetermined time, and cooling the
rolled material to a predetermined temperature, in which,
when a maximum achieved temperature of the rolled material
in the heat treatment process is represented by Tmax (°C)
and a retention time of the heat treatment process in &
temperature range from a temperature, which is 50°C lower
than the maximum achieved temperature of the rolled
material, to the maximuam achieved temperature is
represented by th (min), expressicns of 5205Tmaxs800,
0.1<th<90, and 470<Tmax-90xth™/’<620 are satisfied and a

cooling rate during the cooling of the rolliled material in

- 13 -



According to the present invention, it is possible to obtain a
silver-white copper alloy which has high strength, superior

wor kabi lity such as hot workability, cold workability, or press
property, superior mechanical properties, color fastness, superior
bactericidal and antibacterial properties, and NI allergy resistance.
[Brief Description of the Draw ngs] [0024] [Fig. 1] Fig. 1is a

diagramillustrating conpositions of a first alloy according to the
present invention to a third alloy according to the present

i nvention. gFig. 2] Fig. 2 is a diagramillustrating a conposition
of an al | oy2 safpPErFiarrecaipari §6n400°F Frg. SBI°Crilg. M3oPgrathpBweEhart

illustrating production processes. ) , _
gqual to 1°C/sec. “Rolled material” described in the heat

treatment process includes welded pipes formed f£rom the
rolled material.

[0022]

The area ratio of P phases in a o-phase matrix is
easily adjusted to 0% to 0.9%, and a-phase crystal grains
are small, thereby obtaining a high mechanical strength.
[Advantage of the Invention]

[0023]

According to the present invention, it is possible
to obtain a silver-white copper alloy which has high
strength, superior workability such as hot workability,
cold workability, or press property, superior mechanical
properties, color fastness, superior bactericidal and
antibacterial properties, and Ni allergy resistance.

[Brief Description of the Drawings]

[0024]

[Fig. 1] Fig. 1 is a diagram iilustrating compositions
of a first alloy according to the present invention to a
third alloy according to the present invention.

[Fig. 2] Fig. 2 1s a diagram illustrating a composition
of an alloy sample for comparison.

[Fig. 3] Fig. 3 is a flow chart illustrating production

processes.

- 14 -



[Fig. 4] Fig. 4 is adiagramillustrating the results of tests in a

production process Pl. [Fig. 5] Fig. 5is a diagramillustrating
the results of tests in the production process Pl. [Fig. 6] Fig. 6
is adiagramillustrating the results of tests in the production
process Pl. [Fig. 7] Fig. 7 is a diagramillustrating the results
of tests in the production process Pl. [Fig. 8 Fig. 8 is a diagram
illustrating the results of tests in a production process P2. [ Fig.
9] Fig. 9 is a diagramillustrating the results of tests in the

production process 22. [Fig. 10] Fig. 10 is a.dia%ran1illustrating
the results dfiflests Fh%a Ppricddctidh-yit deésstpiing the results of

fests in a producticn process Pl.

[Fig. 5] Fig. 5 is a diagram illustrating the results of
tests in the production process FPl.

[Fig. 8] Fig. & is a diagram illustrating the results of
tests in the production process Pl.

[Fig. 7} Fig. 7 is a diagram illustrating the results of
tests in the production process Pl.

[Fig. 8] Fig. 8 is a diagram illustrating the results of
tests in a production process PZ.

[Fig. 9] Fig. 9 is a diagram illustrating the results of
tests in the production process PZ.

[Fig. 10] Fig. 10 is a diagram illustrating the results
of tests in a production process P3.

[Fig. 11] Fig. 11 is a diagram i1llustrating the results
of tests in the production process P3.

[Fig. 12] Fig. 12 is a diagram illustrating the results
of tests in the production process P3.

[Fig. 13] Fig. 13 is a diagram illustrating the results
of tests in the production process P3.
[Best Mode for Carrying Out the Invention]

[0025]
Silver-white copper alloys according to embodiments

of the present invention will be described.

As the copper allcys acceording to the present

- 15 -



[Fig. 11] Fig. 11 is a diagramillustrating the results of tests in

t he production process 23. [Fig. 12] Fig. 12 is a diagram
illustrating the results of tests in the production process P3.

[Fig. 13] Fig. 13 is a diagramillustrating the results of tests in

t he production process P3. [Best Mde for Carrying Qut the Invention]
[ 0025] Silver-white copper alloys according to enbodi ments of
the present invention wll be described. As the copper alloys
according to the present

invention, first to third alloys according to the present
invention will ke proposed. In this specification, when
the alloy composition is expressed, the symbol for an
element with square brackets such as [Cu] represents the
content (mass%) of the element. In addition, in this
specification, plural expressions will be described using
this method of representing the content,. In these
expressions, when the element is not contained, the
content is O. In addition, the first to third alloys
accerding to the present invention will be collectively
called the alloys according to the present invention.

[0026]

The first alloy according to the present invention
contains 51.0 mass% te 58.0 mass% of Cu; 9.0 mass% to 12.5
mass% of Ni; 0.0003 mass% to 0.010 mass% of C; 0.0005
mass% to 0.030 masst of Pb; and the balance of Zn and
inevitable impurities, in which a relationship of
65.5<€[Cu]+1.2x[N1i]1<70.0 is satisfied between a content of
Cu [Cu] (mass%) and a content of Ni [Ni] {mass$%).

[0027]

The second alloy according to the present invention
contains 51.0 mass% to 58.0 mass% of Cu; 9.0 mass% to 12.5
mass% of Ni; 0.05 mass% to 1.9 mass®% of Mn; 0.0003 massk
to 0.010 mass% of C; 0.0005 mass% to 0,030 mass% of Pb;

and the balance of Zn and inevitable impurities, in which

- 16 -



invention, first to third alloys according to the present invention
wi Il be proposed. In this specification, when the alloy conposition
is expressed, the synbol for an elenent with square brackets such as
[Cu] represents the content (mass% of the elenent. In addition, in
this specification, plural expressions will be described using this
met hod of representing the content. In these expressions, when the

el ement is not contained, the content is 0. In addition, the first to
third all oys according to the present invention will be collectively
called the alloys according to the present invention. [0026

The first a#l oyeﬂa@z:wmg t@ft hé%fo‘éh@ﬁﬁlu AVEBHLI*En 18 B I&7AsC 5110

mass% to 58. 0 mass% of : mass%to 12. 51ﬂgss@6o Ni ; 0.0003 nmss
%to 0.010 HASSHGE éettﬁe?}bo?s Crﬁi’st&?’ttBI o3¢ Had®9ett PF EEPhe

bal ance of Zp an evitahle uritie elaglonshlp of
65. 5[ Cu] +1. 2X fﬁ‘qyﬁ? Y?%“% flsnB d‘ﬁ”&ﬁ%gnogwgbﬁp ﬂt A T cul

(mass% and a coq ?% of NI [Ni] (mass% . [0027] The second
all oy according t e present invention contains 51.0 nass%to 58.0

mass% of Cu; 9. OTE{ES%?{%Q 121 0y MBEhAhGNc s @n85 piBSSn 0 1:rehidofBSS %
of M; 0.0003 mass%to 0.010 nass% of C; 0.0005 mass% to 0.030 nmass%
of Pb; and thehalsaree ehndncafishdiR@vwht abt ech M i tirgs.c,i Bpwhizgh
Zn as those of the first or second alloy according to the
present invention and further c¢ontains one or more
selected from a group consisting c¢f 0.01 mass® to 0.3
mass% of Al, 0.005 mass% to 0.09 mass% of P, 0.01 mass% to
0.09 mass% of Sb, 0.0l mass% to 0.0% mass% of As, and
0.001 mass% to 0.03 mass% of Mg.

[0029]

In this specification, a composition index £f1 is
specified as follows as an index indicating the balance
between the contents of Cu, Ni, and Mn.
fl1=[Cu]l+1.2x[Ni]+0.4x [Mn]

[0030]

Next, production processes of the silver-white
copper alloys according to the present invention will be
described. The producticon processes include a hot rolling
process. In the hot rolling process, a cooling rate of a
hot-rolled material in a temperature range of 400°C to
500°C is higher than or equal to 1°C/sec.

In addition, at any time after the hot rolling

- 17 -



arel ationship of 65.5.-5[ Cu] +1. 2x[ Ni | +0. 4x[ Mr" 70. Oi s sati sfied between
a content of Cu [Cu] (mass%, a content of Ni [Ni] (mass%, and a
content of Mh [M1] (mass% . [0028] The third all oy according
to the present invention contains the same conpositions of Cu, N,

Mh, C, Pb, and Zn as those of the first or second alloy according to
the present invention and further contains one or nore selected from
a group consisting of 0.01 mass%to 0.3 nmass% of Al, 0.005 mass%to
0.09 mass% of P, 0.01 mass%to 0.09 nmass% of Sb, 0 01 mass%to 0 09
mass% of As, and 0.001 mass%to 0.03 mass% of M. 29]

this specifPEHIGn, & 58%0§|—F?B‘heri‘tnd8¥<°‘¥qsﬁ sogpééf"ﬁ%ﬁ as I1”0&I1F€Ws as

an |ndex |nd|cat| g the ba ¢e bet en the contents, of Cuy, N| and
V. Tl = o] B ﬁ@% féwﬁ tenperagERt, B GO BA

processes of he S|Iver | oyis ccordln to t resent
i nventi on mn?#fhe e%%?%%ed The % L?f%n %roc sestuh%lﬁgépa hot

rol ling pro;?fﬁ(?éeter iLbg bat. rolld 1921 6 CBfte gﬁggg ggggfl £ 4 gher

hot-rol | ed erial 1n atenperature ra ge of
than or equﬁ%e&é%e%ﬁéﬁ@& temperature is performed. In this heat

treatment process, when a maximum achieved temperature of
the rolled material 1is represented by Tmax (°C) and a
retention time of the heat <{reatment process in a
temperature range from a temperature, which is 50°C lower
than the maximum achieved temperature of the rolled
material, to the maximum achieved temperature is
represented by th (min), the following conditions (1} to
(4) are satisfied.

(1) 520<Tmax<800

{2) 0.1<th=<20

{3) 470<L1tL620 (wherein a heat treatment index It is
represented by Tmax-90xth /%)

(4) A cocling rate in a temperature range of 400°C
to 500°C is higher than or egqual to 1°C/sec

[0031]

Next, the reascn why each element 1s added will be
described.

Cu i1s an important element for improving mechanical
strengths such as tensile strength and proof stress and

obtaining bactericidal and antibacterial properties and

_18_



In addition, at any tine after the hot rolling process, a heat
treatment process of heating a rolled material to a predeterm ned
tenperature, maintaining the rolled material at a predeterm ned
tenperature for a predetermned tine, and cooling the rolled nmateri al
to a predeterm ned tenperature is perfornmed. In this heat treatnent
process, when a maxi num achi eved tenperature of the rolled materi al
is represented by Tnax (C) and a retention tinme of the heat treatnent
process in a tenperature range froma tenperature, which is 50C | ower
than the maxi num achi eved tenperature of the rolled material, to the

maxi mum achFe%ed HeenpBhial 8 FEREupT edeRbedS byt tRmin)l- & MEss®,

followng conditions (1) to (4) are satisfied.

5205. Trax58802¢ ) 6. PBeHeD 2re prec%{ﬂé—)ﬁt&%l PPreeR T tWRRY éfm)ﬁi &OReat

E:‘)g?lt gﬁ alt gg%)fpean' nﬁ{éegggg%ga ggggy&}grr%(%wt h%’@ﬁéglfjs‘:lﬁ ghergf’%%an or

equal to 1C%§§§5acterial properties cannot be obtained although these
actions also depend on the content of Ni, In addition,
there is a problem of Ni allergy. Furthermore, the hot
and cold reclling properties deteriorate and cracks are
likely to be generated. In addition, P phases are likely
to appear during the production of a welded pipe.

The content of Cu is greater than or equal to 51.0
mass%, preferably greater than or equal to 51.5 mass%, and
most preferably greater than or egual to 52.0 mass%. On
the c¢ther hand, when the content of Cu is greater than
58.0 mass%, the mechanical strength deteriorates and the
workability such as hot rolling property or moldability
deteriorates. In addition, the bactericidal and
antibacterial properties deteriorate and Ni allergy is
likely to occur although these actions also depend on the
contents of Ni and Zn. The content of Cu is less than or
equal to 58.0 mass%, preferably less than or equal to 57.0
mass%, and most preferably less than or equal to 56.0
mass%. In general, a copper allecy has supericr
bactericidal and antibacterial properties. However, it is

known that the action thereof depends on the content of

copper and that the content of copper 1s greater than or

- 19 -



[ 0031] Next, the reason why each elenent is added will be
descri bed. Cu is an inportant elenent for inproving nmechanica
strengths such as tensile strength and proof stress and obtaining
bactericidal and antibacterial properties and the |ike. Wen the
content of Cuis less than 51.0 nass% fragile O phases are
precipitated, the ductility and color fastness deteriorate, and the
bactericidal and anti bacterial properties cannot be obtained although
t hese actions al so depend on the content of Ni. In addition, there is

a probl em Oé%d\gl ald %r(Jg}ﬁasgyréﬁrﬂ&%@ra*ﬁeﬁ%’c@gdtﬁﬁ ot %I@iamgto

properties deteriorate and cracks are 0 be generated. In

addi tion, p;phases .arend iklynt gn@PRgRTLidUrbag: dhe i Rroducddonipl a
wel ded pi pe. The content of Cu is greater than or equal to

51. 0 mass% aps ef:@rabtyd geat eheh hatte Aoneghal of @pbed MBSS4s andnnost
preferably greater than or equal to 52.0 mass% On the other hand,

when the cosierigual @b | 58 gmeater ashaim 58h6 naseY ot hehaeghanksal
strength deteriorates and the workability such as hot rolling
property orimwdrdalonl i tis debetr i Onatesierhntaddiitthongn t bedbatt.er i €ndal
and antibacterial properties deteriorate and Ni allergy is likely to
occur al t hoadhitilpese Bt i oresiual sof depend compediesicont éndex off INi 1and
Zn. The content of Cu is less than or equal to 58.0 mass% preferably
| ess than o™ik to 57.0 mass96, and nost preferably |ess than or
equal to 56.0 mass% _In general, a copper alloy has superior
bact eri ci dal and ‘QAfFbacteri al properties. However, it is known that

the action thereqf depends on the content of copper .and_that the
cont ent of coppe%nis”§¥%ﬁF8rf%ﬁ%ﬁnﬁ?gf 5%reng§h§)such &5 Qen51Te

strength and proof stress and workability; and improves
silver-white properties and color fastness although these
actions also depend on the content of Ni., In addition, Zn
is an important element for obtaining the copper alloy
properties of, for example, obtaining the bactericidal
effect and reducing Ni allergy.

in addition, the content of Zn is preferably greater
than or equal to 31.5 mass% and most preferably greater
than or equal to 32.5 mass% from the viewpoints of
bactericidal properties and Ni allergy resistance.

However, when the content of Zn is greater than or
equal tc 36.5 mass%, [ phases appear, the ductility and
color fastness deteriorate, and bactericidal and
antibacterial properties are not obtained. In addition, B
phases are likely %o appear during the production of a

welded pipe. The content ¢f Zn is preferably less than or



equal to 60 nmass% and preferably greater than or equal to 70 mass%
The reason why superior bactericidal properties are exhibited even
when the content of copper is less than or equal to 58 mass%as in
the case of the present invention, is that Cu interacts with Zn and
Ni. In addition, the value of the conposition index fl is inportant.
[ 0032] Zn inproves nechani cal strengths such as tensile
strength and proof stress and workability; and inproves silver-white
properties and coIor fast ness al though these actions al so depend on
the content of Ni. In addition, Zn is_an inportant el enment for

obt ai ni ng t F&*&LoFer *al I8P op%“’?“tl}‘@s}le Wi téB?aﬁﬁPEEHBQfaizﬁi ny the

bact dal_effect and red t th
cont ent of 1 %ﬂ%ﬂ%%gé'rra B B o1 et 5516 as Sk and

nost preferg ]% ?%teaaa|301é5bfﬁg%gsd£9%§ Sg%%fﬁghte 1€3i4a1

vi ewpoi nts o1 proper rergy resistance

Hovever, “hgﬁhtgﬁtfgﬂﬁﬁﬂﬁanéﬁg i tﬂ%§aﬁg£e£ tgaeﬁQ%%h ﬂot%@sé

mass% p phases appear, the Ity and col st ness deterlorate

and bact eri ghd@dnsand santkbact £rdale HRr eRaELh€s @f%lﬂcﬁndo%@! ngd. o
addition, p phases are likely to appear during the production of a

wel ded pi pereshhe ,cant gnte@fy 48 1 skdnef-er bty .l ess than or equal to
36.0 nmass?). Meanwhil e, when the content of Zn is |less than 31 nass%
mechani cal strengohs3geteriorate, hot workability and noldability
deteriorate, and bactericidal and anti bacterial properties
deteriorate althoughst kResergettaons alegendefendsbonining dduet emtiseof Ni

and Cu. As a result, N allergy is likely to occur.
properties (silver-white properties}) and color fastness of

a copper alloy. However, when the content of Ni is
greater than a given amount, the following defects are
likely to be generated.

- The fluidity during casting deteriorates.

- A surface or edges are cracked during hot rolling.

- Workability and press moldability deteriorate.

- An allergy {(Ni allergy) occurs.

However, when the content of Ni is small, the color
tone and color fastness of a copper alloy deteriorate and
the strength deteriorates. From these points of view, the
content of Ni 1is greater than or egqual to 9.0 masss,
preferably greater than or equal tc 10.0 mass%, and most
preferably greater than or equal to 10.5 mass%.

Meanwhile, from the wviewpoint of the Ni allergy
resistance and hot rolling property, the content of Ni is

less than or egqual to 12.5 mass%, preferably less than or
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[ 0033] Ni is an inportant el enent for obtaining the white
properties (silver-white properties) and col or fastness of a copper
all oy. However, when the content of Ni is greater than a given
anount, the followi ng defects are |likely to be generated. The
fluidity during casting deteriorates. A surface or edges are cracked
during hot rolling. Workability and press noldability deteriorate.

An allergy (N allergy) occurs. However, when the content of N
is small, the color tone and col or fastness of a copper alloy
deteriorate and the strength deteriorates. Fromthese points of view,
the content®®t2INit3-§ Jraater vhaiPtr RIGEEFPYY oL T Sedd$oy pr ABRADI y
greater thaP 8{ egggl to 10.0 nmass% and nost preferably greater than
or equal to'l0 FeFE&s% Meanwhi | e, fromthe viewpoint of the N

al | ergy resistan%ﬁeanq:h%tigg%iing 5¥opﬁgtwa}hqy§Q%&§ggdgf N LS

| ess than or equal "to 25 nasé@% préferably | es¥ than or
antibacterial properties 1is small, and Ni may inhibit
bactericidal and antibacterial properties in some cases.
Therefore, the composition index fl indicating the mixing
ratio thereof to Cu and Zn is important. That 1s, when
the contents of Cu, Zn, and Ni are in the above-described
ranges and the expression of the composition index fl1 is
satisfied, bactericidal and antibacterial properties can
be improved.

[0034]

Mn serves as a HNi-substitution element for obtaining
white properties with a slight yellowish tint althcugh
this action also depends on the mixing ratio thereof to Ni.
In addition, Mn improves strength, wear <resistance,
bendability, and press property. On the other hand, when
the content of Mn is too great, the hot rolling property
is idinhibited. The contribution of Mn alone to color
fastness and bactericidal and antibacterial properties is
small, and Mn may inhibit Dbactericidal and antibacterial
properties in some cases. Therefore, the mixing ratio
therecf to Cu, Zn, and Ni is important. In addition, when
Mn is contained, the fluidity of molten metal is improved.

From the pcint of wview, the content of Mn is 0.05 mass% to



equal 12.0 mass% and nost preferably |ess than or equal 11.5 nass.
The contribution of Ni to bactericidal and antibacterial properties
is small, and NN may inhibit bactericidal and anti bacteri al
properties in sone cases. Therefore, the conposition index fl
indicating the mxing ratio thereof to Cu and Zn is inportant. That
is, when the contents of Cu, Zn, and Ni are in the above-descri bed
ranges and the expression of the conposition index fl is satisfied,
bactericidal and antibacterial properties can be inproved. [0034]

Mh serves as a Ni-substitution element for obtaining white properties
with a slight®yBesoni strafierePay t Aoliyhmati%s et on 24586 déPpEndSShn t he

mxing ratio thereof to Ni. |n addition, M inproves strength, wear
resistance,pﬁ%%ﬁ€§'Viby?IﬁﬁﬁﬁpF%s ~brGpFty. On the other hand, when
t he content of 0i§5 00 great, the hot rolling property is

i nhi bi ted. The cditfibution of M alone to color fastness and

bact eri ci dal andwggbig%%;erikeg§gpgﬁ%i%ﬁligﬂgna%hz and, My _may_

i nhibit bacterici antibacfterial properties in sone cases.

Therefore, Hb& Hi%eRY Katho hbeLeofrf QrGl, ndR, oand MNie i Scd QL ANt .
In addition, when M is contained, the fluidity of nolten nmetal is

i mproved. Frompdhie pofNtrrekeVi &Mmdnlte cont ent sof e | soPedtiBEE% tO

1.9 mass% preferably 0.05 mass%to 0.9 mass% and nost preferably

0.5 nmass % borkkeh MasS%ntents of these elements be considered. In
particular, the wvalue of the composition index f1 is
important for improving the mechanical strengths, the
ductility, the balance between strength and ductility, the
color fastness, the hot workability, the bactericidal and
antibacterial properties, the Ni allergy resistance, the
press property, the bendability, and the weldability
during the production of a welded pipe. In this way, in
order to obtain superior bactericidal and antibacterial
properties in spite of a small content of copper, the
correlations between Cu, Ni, and Mn, that is, the wvalue of
the composition index £f1 is important.

[(0036]

Next, the composition index fl will be described.

When the wvalue of £f1 (fl=[Cul+1.Z2x{Nil+0.4x[Mn];
wherein, in the case of a material to which Mn is not
added, [Mn]=0, that is, fl=[Cul+1.2x[Ni]l) is less than
65.5, the hot and cocld rolling properties, color fastness,

and bactericidal and antibacterial properties deteriorate
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[ 0035] When the contents of Cu, Ni, M1, and Zn are determ ned,
it is necessary that not only the respective contents of these

el ements but also the correlations between the contents of these

el enents be considered. In particular, the value of the conposition
index fl is inportant for inproving the nmechanical strengths, the
ductility, the balance between strength and ductility, the color
fastness, the hot workability, the bactericidal and anti bacteri al
properties, the Ni allergy resistance, the press property, the
bendabi lity, and the weldability during, the production of a wel ded

pi pe. In thfRAWdyE Mtn2bt Ry PSO%EﬁEﬁ ﬁssﬁﬁﬁ?? Yact ericidal and

anti bacterial propert.i |n spite of content_of co
correl ati ons bet eﬁdeﬁg 4%&8 ﬁﬁ Y?éhe %? PRECVAH R %gﬁefl
composi tion, i ndex. i, Gs”@%%@% th0301 o NeXLy, Lhe, corRON ign, | ndex

fl will be escrl

(Fasfon g a0 o0, PR TPt 1 S

than 65.5, gbeihot and ol dgalbhng RALOReTaess g%%k@ﬁ n@ﬁsbeand

bactericidal and antlbacterlal properties deteriorate and t

al l ergy propafidih ia¥tepcreasediling. Therefore, the ductility during
cold rolling deteriorates, which causes a problem in cold
rolling property and cold drawability. In addition, the
color fastness and bactericidal properties deteriorate and
the Ni allergy property is increased. From these points
cf wview, when the contents of Cu, Ni, and Mn are in the
above-described ranges, the composition index fl1 is
greater than or egqual to 65.5, preferably greater than or
equal to 66.0, and most preferably greater than or egual
to 66.5.

Or the other hand, when the value 0f the composition
index f1 is too great, the hot workability, workability
such as press property, and weldability during welding
deteriorate, the mechanical strengths are reduced, and the
balance between strength and ductility deteriocrates. In
addition, when the wvalue of the composition index f1 is
teo high, the bactericidal properties deteriorate. The
value of the composition index fl is less than or equal to

70.0, preferably less than or equal to 6%.0, and most

preferably less than or egqual to 68.0. The range of the
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In addition, when the value of conposition index fl is less than 65.5
during the production of a wel ded pipe, p phases remain in a joint
portion and a portion, to which welding heat is applied, and p phases
are likely to be remain after hot rolling. Therefore, the ductility
during cold rolling deteriorates, which causes a problemin cold
rolling property and cold drawability. In addition, the color
fastness and bactericidal properties deteriorate and the N allergy
property is increased. Fromthese points of view, when the contents
of Cu, NI, and Mh are in the above-described ranges, the conposition

i ndex fl |sc©?%§F§ﬁ°Fh&ﬁd6F éauafrW% 855, tpr dPePabisy tfleat@r thRan or

equal to 66.0, and nost referaH reater than or _equal to 66.5.

On the othe?pﬁﬁﬁﬁla&ﬁeﬁa SFal pPﬁét% Sﬁ index fl is too
great t he hot ng}llty, morkablllty such as press property, and
wel dability duri ding deteriorate, the nmechanical strengths are

reduced, and theygalgﬁ§e gg%pqgﬁﬁgl%ggtijngnﬂgptkg %¥@ggg rEB at es.

In addltlon when 't he va ue of conposition i ndex i gh,

the bacteri %P‘]@Ablﬁ epert es Q%ta‘%ﬁhgf L8t Valle Lof ;FJE%SEH&POQ' tion
index fl is less than or equal 0.0, preferably less than or equal

to 69.0, angormstingr efrebebbye | e 4fam 0k equdktt 8£68p0andhe Lange of
the conposition index fl from65.5 to 70.0 is set to the appropriate

range of theotoapesiitie@n dtndexrdall. tpAPSFdture in Pbcarwh-Giarloy
contained in order to inprove the workability of a shearing treatnent
such as pressviig anpoki Hinggetpiedarenktadr dtreckike. Mositerof tRb and
C are not dissolved at nornmal tenperature in a Cu-Zn-Ni alloy having
an a singl ecphtard-smettaFust Fuctline andh¥n ehe vorthented oyt -GescrZhedN ,
and Mh are in the above-described ranges; the conposition index fl is
in the appr&piisitie FehgeomRifd ‘tRe Redext Féatifent’ | ReRex2PRIGREIAEBM 470

to 620, Pb and C are reC| itated mainly in a grain boundary during
cool i ng af t 8#"¥uit 2F6l E’P%gh utFRGEHE ¢ é&?i‘nbt of® tiemha At %% &afnent,

d | ft th d ed S dC
Finel'y procPp e2ed er%b“f%?'f?%%‘%@dan%meqaarﬁE’?esgr'atqﬁﬁ SOrADY | (y
of a Sheari pg. Li.ealqmni. such.3s pLessing, @ ROLLShiRg LGGLAENLe o

the like is 1nmpro an e t he
content of Phe g gr %%%Eméﬁi‘@“ cQIrlﬁguéJaoiﬂng 49Q3 Gﬁésv@?dldlg%@f grably

greater than or equal to 0.001 mass% The content of Cis greater
than or equatid<y @:18003 ms‘ytpgn@lncprc,efa%abwew ealeef pt P Phsegyal to

0. 0005 mass% On the ot her hand, when the content of Pb or Cis too
great, therpagtieiadvense CefpfaeﬁILSléH‘} tthe duekkbilyty hof & odHdan@ng
property,
treatment such as pressing, a polishing treatment, or the
like is improwved.
In order to exhibit such an effect, the content of
Pb is greater than or egqual to 0.0005 mass% and preferably
greater than or egual to 0.001 mass%. The content of C is
greater than or equal to 0.0003 mass% and preferably
greater than or equal to 0.0005 mass%. On the other hand,

when the content of Pb or C is Loo great, there are

adverse effects on the ductility, hot rolling property,



and wel dability of an alloy. The content of Pb is |less than or equal
to 0.030 mass% preferably less than or equal to 0.015 mass% and
nost preferably less than or equal to 0.009 mass% In particular,
since Pb is a harnful material, the less the better. The content of C
is less than or equal to 0.010 nass% and preferably | ess than or

equal to 0.008 mass% [0038] Next, A, P, Sh, As, and My wll be
descri bed. In particular, A, P, and My i nprove strength,

col or fastness, and corrosion resistance. There are nany cases
in which scrap materials are used_as a material of a copper all oy,

and these sBPAp“Hretdritary ﬁﬁyaﬁoﬁ%é?h-Sf?§UF¥ﬁanEoﬁﬁoﬁgnﬂ§.lﬁﬁscan
renmove the S components.in the form of MS when such_scrapes
Contai ni ng EHE SEoRBbReNtS A6 BomFereed BrRLo Al o3 netet i GF.
Even if MyS renmins jn e alloy, there are adverse effects on
Corrosi on r B8 ael VT SE T o s e LR nanee apeof

convert ed ié‘ﬁga%@?o toh.%oBr%asssQJ.OpeELYtﬂa%tk é)ﬁ’edsir\/}FlaieEgFS%tsicégpes

containing t conponent are used w thout ., 'Sis

present in g, or&hn ReuRdary ofc anal oy, pwhieh mMmyhLals®ent of ¢
grai n-boundary corrosion. Therefore, color fastness deteriorates.

However, iniordess fiofant ke addhii 08 0foI =@ sef kel gRétyrdpngvents
gr ai n- boundary
than or equal to 0.008 mass%.

[0038]

Next, Al, P, Sbh, As, and Mg will be described.

In particular, Al, P, and Mg improve strength, coclor
fastness, and corrosion resistance.

There are many cases in which scrap materials are
used as a material of a copper alloy, and these scrap
materials may contain 3 (sulfur) components. Mg can
remove the S components in the form of MgS when such
scrapes centaining the § components are converted into an
alloy material., Even if MgS remains in the alloy, there
are no adverse effects on corrosion resistance. In
addition, When the 8 components are converted into Mgs,
the press property is improved. When the scrapes
containing the S ccomponent are used without Mg, $ is
likely to be present in a grain boundary of an alloy,
which may cause grain-boundary corrosion. Therefore,
colcr fastness deteriorates. However, in order for the

addition o¢f Mg to efficiently prevent grain-boundary



corrosion and to exhibit the action thereof, it is necessary that the
content of My be 0.001 nmass%to 0.03 mass% Mj is easily oxidized.
Therefore, when an excess anmount thereof is added, there is a concern
that My is oxidized during casting to forman oxide; the viscosity of
nolten netal is increased; and casting defects such as oxide

i nclusion may occur. P i nproves corrosion resistance and the
fluidity of nolten netal. In order to exhibit these effects, the
content of P should be greater than or equal to 0.005 nass% In
addition, the content of P isﬁgreferably | ess, than or equal to 0.09

mass% becauSer T 1ekcedRd afunE* PRt eof ey 2haR advEFeetef fidct $5on
the ductility during_ho d cold rolling. Sb and As are_added
in order to fwprove 50?%0??%&?%%&?@1 a#bg‘ggdsbei 149 5%§850F°Pf6'§%
order to obtain su ct, J.t..is,necessar h t he _caontent of
Sb or As beﬁggrsé’ait eﬁgt Egngé%ﬁe%uéildtlgggf Oiﬁlr%%g%%é’ %k% e Ot ﬁé{rcgﬁ%nd,
when the cogfent: thenegk s gr@aker hhap 9503 régﬁé°9nt@§a€f&§cas
corresponding to the content is not obtained and the ductility Is

reduced. | noadgdiztelioRu r Shd1Ce sBRnaNes A% Gnhakiddl the husmiyikedyrs the
content thereof is preferably |less than or equal to 0.05 mass%

Al has a furstican mftadiemyi ngeS ceaponedt salkihguab ragts behay as
superior as My and fornms an oxide on a material surface to inprove
col or fastnessie lincougern mayvobtabn. such an effect, the content

t hereof should be greater than or equal to 0.01 mass% On the other
hand, when the cé&ntienrovyss graeaer ot hagsiorteegaaknd otils I Ess%y the
effect thereof is low, a firmoxide coating filmis formed, and thus
bact eri ci darodivd amtiddact eff alrpeopéet iedibit thRppi teddects, then the
copper alloys according to the present invention, an area ratio of p
phases in afPHSfasy nht FRRMS g% 6Bt oM, SR pPef 8ARBT y 0% 80D, 4%
and a netal structure in, which Q phases are_about to ri.s

pr ef er abl e. ™ever® FPQ?Elﬂkce arsPtRAt 8f phasé BF%gﬁggﬁﬁn&EP?es
and a-0 phase, boundar | e reinforced because the concentrations of
T Pb, © b e Hor SHED; (ol & ThoBEeey oBSRR NS SHOEE, buer

formation o , Lgh. si.on S| : ! i ke
End 2SES nate bhgb.and. rsasig tﬁ@@?&@%ﬁ%@f&%&ﬁgh o

are unstable. To that end, it Is necessary that
Mh be addedyod nichks1&€asa,1ipgphases include p, phases which are
generated in the order-disorger transformation.

Sb and As are added in order 1o improve corrosion

resistance as in the case of P. 1In order to obtain such
an effect, it is necessary that the content of Sb or As be
greater than o¢r egual to 0.01 mass%. On the other hand,
when the content thereof is greater than 0.09 mass%, the
effect corresponding to the content is not obtained and
the ductility is reduced. In addition, since Sb and Aas
are harmful to human body, the content thereof 1is
preferably less than or egqual to 0.05 mass%.

A1 has a function of remowving $ components although

not being as superior as Mg and forms an oxide on a
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[ 0039] Next, production processes will be described. Even when
a netal structure imrediately after hot rolling is the a single-phase
structure or contains an extrenely small anmount of 0O phases, if a
cooling rate of arolled naterial in a tenperature range of 400C to
500Cis slowin the process of cooling to normal tenperature, a

| arge anount of p phases are precipitated. In order to mnimze the
precipitation of 0 phases, it is preferable that the cooling rate of
a hot-rolled material in a tenperature range of 400C to 500C be

hi gher than or equal to 1C/sec., It is nore preferable that the

cool i ng ratBhEriflgkerfepantor LBRRAE (G128 séetraffen PrpRades Fenmain
in a hot-rolled material, in order to renove the hases, it is
necessary t Rt heSHot - P8I 1St eri™ B8 ebtedFYo BPHEE ©°
treatnment at_a high.tenperature or a |l ong perigod of ti in the
heat treat n%ﬂ?atﬁfogggg%Fnegﬂ%llrtif%n(?’cb;lf & ol d&% of e‘in‘:)gt,heé‘“\r/rg‘rafﬂ\gfg\,hen a

rolled mater,] i.S. subj ed_t t.tre t i gh o
tenperature&ll()) S%C%@t%ﬁtgthgf %Sgaggéh%%n Sgel??o agf t’?’i %e'%o *8bolit 0.1
mnutes to 90, n%f‘fétc%&th'e@e pder 19,m ni Bl Zf LhesPreehphlation of p
phases, the cooling rate of the rolied material in a tenperature
range of 400GH«y,500¢ tsudnrlecablyahi ghar ab gtk Seregualrde ri€lbsec
and nore preferably higher than or equal to 2C/ sec. \Wen a

col d-rol | edapmtiemiaktés. treated in a continuous anneal i ng and washi ng
| ine, the above-described heat treatnent at a high tenperature for a
short period of tnnetican degpper farimd andcthdirgoolkbngtiiat ercneat
tenperature range of 400C to 500C can be increased. Therefore, the
treat ment i ineeradehi naousrennealiongf apdpiweashi ng bkhne-plsasef frective
because the precipitation of f3 phases can be suppressed, various

ki nds of sup®rPér ter dpetit i & care iveadbyaiffed:c ahd* % s#btt 2 pdefFed of
tine is required fromthe viewdoints of energy and productivity. In
particul ar, SEHHItGehotn r oEFRg, B t RE2SRYr SG&t | BPPWHT EPenBSSICUISN
and Zn generated during casting is not conpletely elimnated. |
Theref ore, PY¥Si&E3PhBort AnTeHHat Hhe SheWCeErany L g gsérfoliéd®at a

hi gh tenperature for a shor eriod of time to elimnate the
Seqregat | onb HHEZEESI FRY Tat SHBE CBRUFOTTR 15 redlBe toe Pecause
segregati ong @”@oh@@n@;.faecgo atig of,p phases hgsadjysted 10,hgyhess
than or equal to 0.9% and pref erab?y | ess than or equal to 0.4% from

the vi ewpoi ma;ﬁftigggrm&g plangl Rnedyethbiidh £HOTF QHaQ@s, are
resi stance, and antibacteria property.
high and corrosion resistance and the like are unstable.
To that end, it is necessary that Mg, Sb, As, P, AL, or Mn
be added. In this case, P phases inciude [’ phases which
are generated in the order-disorder transformation.
{0C39]
Next, production processes will be described.
Even when a metal structure immediately after hot
rolling is the « single-phase structure or contains an

extremely small amount of B phases, if a cooling rate of a

rollad material in a temperature range of 400°C to 500°C is



[ 0040] Condi tions for continuous annealing are that a maxi num
achieved tenperature is at a tenperature of 520 to 800C, a retention
time in a tenperature range froma tenperature, which is 50C | ower

t han t he maxi mum achi eved tenperature, to the maxi num achi eved
tenmperature is 0.1 mnutes to 90 mnutes; and a rel ationship of
47011620 is satisfied. It is preferable that the maxi mum achi eved
tenperature be 540C to 780C, the retention tinme in a tenperature
range froma tenperature, which is 50C | ower than the maxi nmum

achi eved tenperature, to the maxi mum_ achi eved tenperature be 0. 15
mnutes to S5tPWiHut e RERFEFSr Afati%nd AT ptof "aBBIt 60T HSE 28 BF ¢ sf fed.
When such conditions are satisfied during continuous annealing
preferabl e tOF IS GF Eiréihﬁsﬁzérﬁe?c???b@d;a&@?ow ¢An°&f8H be
satisfied. . . . Wen the heat treat t index It _is less than 470,
that i, urlBETERE ABRAPEFOHE. TAET Re NakPRTRT acht cVed TAmEPAT ur e
s lover oriile Lelemdanatimedes SHOL! eho B TALET I dlcdgaOly o
sufficiently softened. As result, a metal structure is not changed

froma woughtp SLEVCL ULscd e heat Lhegnbo i diat sHLLigl ently

perfornmed, and the wor Ility such as y deteriorates.

the other hapd,ecwhen, the D@%orfer E@éf@xfhtblien@%tHhQ o0 8t efatkhgn 620,
a netal structure of a material 1s coarsened. As a result, the

strength i snsdigi feheandt Yeduedueedocyod@h peehiPAhakssrfa@eln in a
rougheni ng: the phenonenon in which convex and concave portions that
can be obsensed:dyedi suatrigispect icadear eof oemed: othea fbemtaspertion and
a surface portion in the vicinity of the bent portion) are likely to
be formed obstircapaBeli ahadutiand Bendl ey wat¢rihé Workabidctegd sach as
punching quality deteriorates. Furthernore, the strength deteriorates
and there afelf8Versé2Erfelct 8toR COrHostHP I ésiEt ace. T%s ¢ héong
conditions, the heat treatment index It is nore bre erablydéjgr eat er

f
than or equBfti% A80taRY oSt eprefer GBI "GFEaP e hant bri%qualt o
495. As t he upper lcio'i”;:zt’ t.he heat

rolling, even when a rolled material 1is
subjected to a heat treatment at a high temperature of
520°C or higher for a short period of time of about 0.1
minutes to 80 minutes, in order to minimize  the
precipitation of [} phases, the cooling rate of the rolled
material in a temperature range of 400°C to 500°C is
preferably higher than or equal to 1°C/sec and more
preferably higher than or egqual to 2°C/sec. When a cold-
rolled material 1s treated in a continuous annealing and
washing line, the above-described heat treatment at a high
temperature for a short period of time can be performed
and the c¢ooling rate in a temperature range of 400°C to
500°C can be increased. Therefore, the treatment in a

continuous annealing and washing line is effective because
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treatment index It is nore preferably |l ess than or equal to 600 and
nost preferably less than or equal to 580. In order to
sufficiently soften a material, the rel ationship between the nmaxi num
achi eved tenperature and the retention tinme represented by the heat
treatment index It is inportant. In a treatnent within a short period
of time, it is necessary that the maxi num achi eved tenperature be

hi gher than or equal to 520C. In addition, when a heat treatnent is
performed in a continuous annealing and washing line, a tension is
applied to a rolled material to transport the rolled material in the
conti nuous BiheRISHEPIAREINasHE N PharEs |9ant fies SERBESSHifeNn “ta¥é OlAXi mum

achi eved temperature of the rolled. naterial i hi,gher than 800C or
780C. the rbriwh HocaPeat o WS i ahncHy RhORanaron Wb FPTh

short peri Oderojfoé io 'ti[m%oﬁl] required I’Pro?nddc. tei (\)IQ s J\.Anﬁ:! deo% pe,in 1e: LS
mai nly used”as @ material for rattihgs Or ‘dSor "RioDbS: 1 M a Joi Af

portion bet i pes -af ter i.ng 1.0jnin isn_or to
mnimze th%ﬁgﬂ%%g%gﬁgyggg'oﬁgb&%‘ggggﬂ! iéﬁgﬁgéehggv%%QQQQngg%s on

bendabi|ityse§¥gd¥iigﬁsb@e%§eméﬂgsh&uﬁlﬁPIQXnée§ﬁSBQH&fété& dﬁ%ing
preferable that 'a cooling rate in a tenperature range of 400C to 500C

be hi gher tha 61y egliahod Ocdid12@€ 1 (UL BEi €OQld. Ng Bfdrekone) dingislt is
nore preferable that the cooling rate be higher than or equal to

2C/ sec. A casgoitm:nassuaedthed whdichoamebdedbpi pericamekiodtcad nugder
conditions that conmponents of strip materials before welding, the
expressi on (ewmesiuteodcrndexhblk}y pelkatd ngt t tirtshete oapionents, thad t he
heat treatment conditions are satisfied; and the above-descri bed
cool i ng rat ecyzraatipsf i te afadringelrdiagee |eptiicd ledser y¢rmeet eeheat
treatment index It satisfies the above-described range as the heat
treat ment cep@igdadasndudthdgheherheatativestnBithafesebewed tistgdoktoaft er
wel di ng and_col d draw ng; and an average cooling rate after the heat
treatnent inSatEhPerat gFee‘ﬂ%ﬁ'ﬂgézc’ofO -3602°¢ op%"d:(?%?b\lz\k‘ii T d'4fe8%t o
the precipitatioon of p.phases,, is adjusted to be higher than equal
Lo 10/ min ahdibh aer’aly RTGRerS RARVEP -Sguai LOT3EI RIS, St 4 ba
ratio of p p Sf@%ﬁ} eci pipalgdncan bg sigduged Q.0 9% elnd 3391 tO

0.4% or | ess
property.

[0040]

Conditions for continuous annealing are that a
maximum achieved temperature is at a temperature of 5H20°
to 800°C; a retention time in a temperature range from a
temperature, which is 50°C lower than the maximum achieved
temperature, to the maximum achieved temperature is 0.1
minutes to 90 minutes; and a relaticnship of 470<It<620 is
satisfied. It is preferable that the maximum achieved
temperature be 540°C to 780°C; the retention time in a
temperature range from a temperature, which is 50°C lower

than the maximum achieved temperature, to¢ the maximum
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An average grain size affects punching.quality, bendability,

strength, corrosion resistance, and the like and is preferably 0.002
mmto 0.030 mm (2 gmto 30 gm. Wien the average grain size is
greater than 0.030 mm surface roughening (rough portions) occurs
during bending. In addition, during punching, burrs and undercuts are
i ncreased and surface roughening occurs in the vicinity of a
punchi ng portion. Furthernore, since the strength is reduced, there
are problens when the material is used for railings. In addition,
there is a tendency that a reduction in weight cannot be reallzed and
corrosi on r%%?%?ﬁﬁ%éeﬂé?%ﬁWQﬁ@apésO #ﬁemﬁveﬁégéonglﬁl%ﬁ%ﬁﬁl gnd a
preferably Iess than or equal to 020 mm and, nost preferably | ess
than or equifitioo9ship nit d‘?ot—ﬁe<§)991erbehaﬁ6t1%\ﬁeelﬁi 't he J&& ag&Chrai n
size is Iess Hﬁ%lonSOOZ mm_ there is L Aro bl em.i.n bendability. The

€l {
aver age graln 578 s Pref rABry g7 eat Br"Phan b EqAl T G909 rm

and most pr% egﬂglﬁeg%gﬁé\néfrl}a%o‘}r ‘iﬁ' s 9e 05004 110y lﬂ(}l%ﬁecﬁﬁse of

a wel ded pi I ng mn ut performng co raw ng,
t he strengtgzéélﬁpggt£§@5g4n its use. Therefore the average grain
size of strips of a material of the welded pipe is preferably 0.002

nmto 0.008 M [BEA3LhsEXaAP! €8eutment inklsk NG the adovesdesaribed
first to third alloys according to the present invention and copper

al | oys havi tigatc o0poShhdanStHOr c@aiipabhs0Mhatagpe esamefien piepared by
changi ng production processes. As the copper alloys for conparison,
C2680 and 07&6t:rspecef iedlaesorah nighd oeleStiB3100nanid Gisdtespesi fi ed
according to JI'S H3110 were used. Figs. 1 and 2 illustrate the
conposi ti ongagfritale is not sufficiently softened. As a result, a
metal structure is not changed from a wrought structure,
the heat treatment is not sufficiently performed, and the
workability such as bendability deteriorates. On the
other hand, when the heat treatment index It is greater
than 620, a metal structure of a material 1is coarsened.
As a result, the strength is significantly reduced, rough
portions ({surface roughening: the phenomenon in which
convex and concave portions that can be observed by wvisual
inspection are formed on a bent portion and a surface
portion in the wvicinity of the bent portion) are likely to
be formed on the material during bending, and the
workablility such as punching quality deteriorates.
Furthermore, the strength deteriorates and there are
adverse effects on —corrosion resistance. As  the

conditions, the heat treatment index It is more preferably

greater than or egqual to 480 and most preferably greater
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first to third alloys according to the present invention and the
copper alloys for conparison prepared as the sanples. [0044]

The production processes of the sanples include three processes of

Pl, P2, and P3. Fig. 3 illustrates configurations of the production
processes Pl, P2, and P3. The production process P1 was
performed as a | aboratory test for the purpose of investigating the

i nfl uence of the conposition. The production process P2 was perforned
for the purposes of production in nass production facility and the
investigation in a wel ded pipe. The Eroductlon rocess P3 wa

perfornmed s | @borgtdty tPest % or Bhe i pdRE of 1iinfest Hifat Sﬁ@tt he

i nfl uence of_c rl]ndln 'OQ of hoI rrr(l)r n abfealtess atnent.

producti on %Woc S§-PI WA r%orﬁ%& &g %oF? R raM/ﬁa?erla
db t

o eot rol yt .ycé”zﬁiﬂnﬂgnﬁ%%s"c“%f PUPREY ana %n?%%én%e%%%gfﬁéeiia. | abl e

pure nmetals, was H9|c‘§r%%r' nt@”sﬁk‘:‘féfén‘%l@”%%n TQGE%latQPiélen PRt al
was poured into a nmold having a size of "70 mm (w dt h) x35

(thickness) ﬁ%lmﬁiﬁmgémeeho @bt abgl@wla@thaesb@p@&ngéﬁ%ref ahhe
test sanple. In the ate-shaped ingot, a casting surface and oxides

on the enti¢ie &lékha@emve;rlaler eapreskiiedcult tig He@ tprepatert sagpke

havi ng
It is important. In a treatment within a short period of
time, it is necessary that the maximum achieved
temperature be higher than or equal to 520°C. In addition,
when a heat treatment is performed in a continuous
annealing and washing line, a tension is applied to a
rolled material to transport the rolled material in the
continuous annealing and washing line. In this case, when
the maximum achieved temperature of the rolled material is
higher than 800°C or 780°C, the =xolled material may be
drawn by the tension even for a short period of time.

[0041]

In addition, a welded pipe is mainly used as a
material for railings or door knocbs. In a Jjeint portion
between welded pipes after welding and joining, in order
to minimize the precipitation of J phases which have
adverse effects on bendability, c¢olor £fastness, and Ni
allergy resistance, it is preferable that a cooling rate

in a temperature range of 400°C to 500°C be higher than or

equal to 1°C/sec during cooling after welding. It is more
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a size of 65 nm (w dth)x30 nm (thickness)x190 nm (length). This
sanpl e was heated to 800C and was hot-rolled in three passes until a
t hi ckness of 8 mm was obtai ned. Then, forced air cooling was
performed using air and a cooling fan to adjust a cooling rate in a
tenperature range of 400C to 500C to 2.5C/sec. Oxides on the surface
of the hot-rolled sanple were renoved by polishing, followed by cold
rolling until a thickness of 1.0 mm was obtained. By changi ng the
furnace setting tenperature and feed rate in a nitrogen atnosphere
using a continuous furnace (810A nmanufactured by Koyo Therno Systens
Co., Ltd.),Peeirabler bt rehte vEROIFEOT SRR IPEINEEFL | UsPed@ c6ABRE Ons
that a maxi num achi eved tenperature was 705C a retention time in a
t enper at ur et? afGESEFom & E&ifpertatdrseEmeqhi e hvie@? 50916\ r PER&NLE he
maxi num achj eved t enper.ature o the i_mum achi eved tenperature was
0.3 min:  and SEEE | NGUPAt e PR dper Beir e CPIYETST 460C £o-E00C

was 2.5C se The.hea at ] ndex_, |t 541. Thi .

t r eat ment wg%t%%f'grn%%ﬁggéugggél%ﬁht%ﬁfss$%$%§%%fg mé%%ﬂ%%%éﬁS%d in
a conti nuous, anneghing, and \washipg hLidne apdocan e pgsf aned,under

t he sanme heat treatnent condi'tions as that I n the continuous

anneal i ng apge Wa&RitNg cbhAee i Mt eradehe heatrideat nept . gel d apghlbing
was performed until a thickness of 0.8 nm (processing rate: 20% was
obt ai ned, t@prepade cvcsanPl eate[ QG4 tERE i paodicét OReDADOLSS PR wWas
perfornmed as follows. A raw material prepared by m xing

pr edet er m nedi £omEenerhsn was: medated reatmerchamaiek typeatiofiksegbency

i nduction heating furnace to prepare a pl ate-shaped i ngot having a

t hi ckness o&bd80-dewprrabad dehnof 840 thm laer: atbengtdntof c@BUQiAm® Thi s
i ngot was heated to 800C and was hot-rolled until a thickness of 12
mm was obt afirieldid e Heetr Spebmsrdt exitalr wascewdl @8 dY-Fortediapr
cooling using a cooling fan and shower water cooling in which a

cool i ng rat @™ n°A4 eMFRFALr 8PP affe BWLFABOCIV BF0CEAMEs 22588/ §BE. The
surface of the rolled material was cut (thickness: 11,2 nm, followed
by cold rol P¢#y tHRATMERTt AR CRNESEPBFE TS HAPAAS Cobf 3P fedC Mit%Fi al s
wer e prepared ynder _vari oys heat treatnent, conditiops (the nmaxinum
Boh cved  oiibktn: GPEBT CHE NCBE (PRI et B aHFRG L8
retention tj n a ra a fr er at yece,_.\whi was
50C | ower t‘lﬁ%ﬁ‘l%{%g n%§%m ggh?%%/eg%t% Brrp(glgr’na';Eé &El g,gpt%oat Ee&r?n&%nrr%%d

achi eved t egperAlLung) nbyn eNanglng. ! Reul i fa0RcoRLL] Noh Lempetatuse and

feed rate in a continuoUs annealing and washing 1 ne. The maxi num

achi eved t egpef ahlikesof rdN@iRgaty tefatlRERL B LHAL . ¥RSe68QGst gr 730C;
the retention tinme in a tenperature range froma tenperature, which

was 50C | owes @ .hanotheegmxi mum achi eved tenperature, to the maxi num
achi eved tenperature
[0042]
An average grain size affects punching guality,
bendability, strength, corrosion resistance, and the 1like
and is preferably 0.00Z mm to 0.030 mm (2 pm to 30 uym).
When the average grain size 1is greater than 0.030 rmm,
surface roughening (rough portions) occurs during bending.

In addition, during punching, burrs and undercuts are

increased and surface roughening occurs in the vicinity of
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was 0.25 min to 0.5 mn; and the cooling rate in a tenperature of
400C to 500C was 0.3C/sec to 2.3C. The heat treatnent index It was
525 to 593. The heat treatnent material was cut into a wdth of 111
nmby a slitter to prepare a strip (material) of a wel ded pi pe.
In order to prepare a wel ded pipe, the material (heat treatnent
material of 111 mm (wi dth)x1.3 nm (thickness) was fed at a feed rate
of 60 mMmn and was subjected to plastic working using plural rolls
to obtain a cylindrical shape. The cylindrical nmaterial was heated
using a high-frequency induction heating coil to join and weld, both
ends of the?sPPIpiTA HﬁﬁﬁlﬁBrtiSHIB?QEWéiﬁNﬁ%HPCBOFP?Oﬁtﬁﬁgg?%nb%ed by
cutting using.a turning tool (cutting tool). As .a result, a | ded
bi'pe. havi ngr & fHesietBr 51 % X5 AR e P EkRRLE=TAT R i s
obtai ned. Due, ti%]gtshe C'lﬁnggd&ftfitoﬁe t hlgkness. é’mec%ng?r\@@%ggz%a@ Pg was
a erfor in

1 .
nol ded, a sever per cent age of co6ld rolling was p

practice. AlLlger-cehdi ng, w%@%hﬁo%'nﬁgtraéee LB, 8 T&PEL At L{:roefr%gﬁgﬁ of
400C to 500C was 2. 70 sec. part of the mel%ed pl pe was cold-rolled
to obtain argiaymher OfeZB:3-AMand arhli ckpesgeof gdaily My;Lhe; yel ded
pi pe was cut into a length of 300 mm By changing the furnace setting
t enper at ur epadrkreed radse | Bhan Nide ogeaiat MBS Pher® UsikNGhrdl CABLt NUOUS
furnace (810A manufactured by Koyo Therno Systens Co., Ltd.), a heat
treat ment (pesterabégt rens thdexod tequb84kowasoperfuor mexh undekther
conditions that a maxi mum achi eved tenperature was 600C, a retention
time in a tempbratene thangeefamaoraienpgerat us el eswhi dirnwds C8R Cuhower

t han the maxi mum achi eved tenperature, to the maxi mrum achi eved

t enper at ur etHREE 36 A RTORKRN ancoBlddy Lldve iThea Wenpes duaie Farge of
400C to 500C was 2.5C/sec. Final cold drawing was perforned to obtain
a pi pe mat et HTHEFPRYY adth et d28f 0352613 m Hhd @ ChiFk 788s™eFt 1. 0
nm (draw ratio; 20.49%. In additio fter the heat treatnent
" e cont PIRESTECHRnEHT5G SHE RO Pl (e ot 10 ot EFEal  was
coId-roIIedo'ngowgl&ggcknessogg 1-84b§”h&3&9865%5 ratio:. 20

0
1pe alne t erforml
order to eval uate varloﬁébpropertles. ?n aadi ld%, fbr d

conpari son, . GQM{L.Ci y il o 6 ( H Neor C7A60
(90Cu- 10N ) ¢~ and ot 14”( o??‘%gzﬁ%%ﬁ%hﬁl% nggg&tﬁ%k)ﬁgss of 1AM wer e

purchased. By..chargi ngnd he,JuigRageasetding Jdrerpei gl e andikeedirate
in a nitrogen atnosphere using a continuous furnace, a heat treatnent

(heat treatgendhd Reeded tpipedl)y masrepebl gromrhoundeto adjosst edl. _
conditions: a maxi mum achi eved tenperature of 705C, a retention tine
in a tenperature[pamge froma tenperature, which was 50C | ower than
t he maxi mum achi eved tenperature, to the nmaxi mum achi eved tenperature
of 0.3 mn;<eyrdpdecdoling rate in a tenperature range of 400C to 500C
of 2.5C/ sec. Each commercially avail able
Using the above-described first +teo third alloys

according to the present invention and c<opper alloys

having compositions for comparison, samples were prepared

by changing production processes. As the copper alloys

for comparison, C2880 and C7060 specified according to JIS

H 3100 and C7521 specified according to JIS H3110 were

used.

Figs. 1 and 2 illustrate the compositions of the



heated material was cold-rolled until a thickness of 0.8 mm
(processing ratio: 20% was obtained. [0046] The production process
P3 was perfornmed as foll ows. A sanpl e having a size of 65 mm
(wi dt h) x30 mm (t hi ckness)x190 mm (| ength) was cut fromthe

pl at e- shaped i ngot of the production process P2, was heated to 800C,
and was hot-rolled in three passes until a thickness of 8 nm was
obt ai ned. Then, forced air cooling was perfornmed using air and a
cooling fan to adjust a cooling rate in a tenperature range of 400C
to 500C to Q,2C/ sec tao 2.%§ésec. Oxi des on tQﬁ surface of the.

hot-rol | ed §ahpi e were “Pefovad® b§Cpui PSR irg, 61 PoGRE by ESE1P3I i ng
until a thickne of (1.0 _mmwas obtained. By changing the furnace
setting ten%%?a?ﬁ?e Caor%’efreea(‘jlvﬂ)é’tse %onr a“fi ‘—JFQ(;lgSeorlﬁ1 a ﬂ%%ﬁﬁgr easusitﬁa a
cont i nuous g%%égg%g (810A manuf actured by Koyo Therno Systens Co.,
Ltd.), a hea reat ment was perfornmed under adjusted conditions of a
naxinunlachieved[bgqgﬁrature; aretention tine in a tenperature range
froma tenperature, ich was 50C | ower than the maxi num achi eved
tenperature, to the nExddensaghigvwrdstesperrat uhe; saRgdiascogldingerate.
The maxi num achi eved tenperature of the sanple was 490C to 810C; the
retention ttmeed NoodedRper atturm,r ange dncoma t emper ad ui Blusdtiatbs was
50C | ower than the maxi num achi eved tenperature, to the naxi num

achi eved t enpefigiweeiwas < @9enprodurtit provesard Phe BPokndgP¥ate in
a tenperature range of 400C to 500C was 0.4C/sec to 2.5C/ sec. The
heat treatnent ifAdex Prodwsig0s PocG9E At emathephezirredeadment, the

sanple was cold-rolled into a thickness of 0.8 nm (processing ratio:
209 . [0047}aboratory test for the purpose of investigating the

influence of the composition. The production process P2
was performed for the purposes of production in mass
production facility and the investigation in a welded pipe.
The production process P3 was performed as a laboratory
test for the purpose of investigating the influence of
conditions of hot rolling or a heat treatment.

The production process Pl was performed as follows.

A raw material, prepared by mixing wvariocus
components of electrelytic copper, electrolytic zing,
high-purity Ni, and other commercially available pure
metals, was melted in an electric furnace. Then, moliten
metal was poured inte a mold having a size of 70 mm
{width) =35 mm (thickness)x200 mm (length) to obtain a
plate-shaped ingot of the test sample. In the pilate-
shaped ingot, a casting surface and oxides on the entire

surface were removed by cutting to prepare a sample having
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The sanpl es prepared in the above-descri bed producti on processes were
eval uated using the follow ng nethods. <Col or Tone and Col or

D fference> A surface color (color tone) of the copper alloy
was neasured using a object col or nmeasurenment nethod specified in JIS
Z 8722-2009 (Methods of col or neasurenent-Reflecting and transmtting
obj ects) and was represented by the Ca' bk col or systemspecified in
JIS Z 8729-2004 (col or specification-Ca.b- color space and Cu*v-

col or space). Specifically, values of L, a, and b were neasured using

a spect T ophgt onet f; SEM2002'-ansd agt uigdcbyedonhas MnoldRchnc.

wi th SCI (specul ar conponent included). The color difference

(AE=1(AL.) 23 A8™ L Atk b, b2l 1h2acahergi Bofke , af@” wa8NthoAbrofi& t he
di fference between two object colors) according to JIS Z 8730 (Col or
Speci fi cat i pe=eL0lpak s Bk f irerianee tal c Bbj ecto £Col @h Syasnvadteahedl] atradnf rom
the respective Ca*l o* val ues neasured before and after the test. The
magni t ude ofotdwel colrorccdiifierent ecardravdl natey. aim aydder docolobyai n
the L'a-b* values neasured before and after the test, the measurenent
was per for ngah atot Adgestpol nesobimd tHrteavier agetemtaratoher eohgwnasiused.
[ 0048] <Col or fastness Test 1: Artificial Perspiration Spray Test>
400°C to 500°C to 2.5°C/sec. Oxides on the surface of the
hot-rolled sample were removed by peolishing, followed by
cold rolling until a thickness of 1.0 mm was obtained. By
changing the furnace setting temperature and feed rate in
a mnitregen atmosphere using a continuous furnace (810A
manufactured by Koyo Thermo Systems Co., Ltd.), & heat
treatment was performed under adjusted conditions that a
maximum achieved temperature was 705°C; a retention time
in a temperature range from a temperature, which was 50°C
lower than the maximum achieved temperature, to the
maximum achieved temperature was 0.3 min; and a ccoling
rate in & temperature range of 400°C to 500°C was 2.5°C/sec.
The heat treatment index It was 541. This heat treatment
was performed assuming that mass products were produced in
a2 continuous annealing and washing line and <can be
performed under the same heat treatment conditions as that
in the continuous annealing and washing line. After the
heat treatment, <cold rolling was performed until a

thickness of 0.8 mm {processing rate: 20%) was obtained,

fo prepare a sample.



In a color fastness test for evaluating the color fastness of the
material, a test solution of JIS Z 2371 (Methods of salt spray
testing) was used as an artificial perspiration solution (acidic
artificial perspiration solution specified in JIS L 0848 (Test nethod
for color fastness to perspiration); prepared by dissolving 0.5 g of
L- Hi sti di ne hydrochl ori de nonohydrate, 5 g of sodium chloride, and
2.2 g of sodium di hydrogenphosphat e dehydrate in water and adding 0.1
nmol /L sodi um hydroxi de and water thereto to obtain a total anmount of
1L and a pH of 5.5%. Usi ng a conbi ned-cyclic corrosion test

i nstrument (manuf@4Ured by Itabashi Ri kakogyo Co., Ltd., BQ 2 type),
the tenperature of a spray.chanber i_ntai 5 t he

t enperature of aT}?%SRIOEiBFﬁf?% TOF§Page” quaﬁk%%gggnrﬁeﬁltagi ﬁ(g}l at’ '352C.
The spray liquid,was fe .aygh zz].e . usi gssed air
(0.0980. 010 I\/Pa)z.x‘ e arg % ]%%lial Pg%‘?%%?%? oﬁl%égaccr}%ﬁeﬁ%gg&sl y
supplied to Laced iRqt he spr danbese (20% celkdnenty ed
mat eri al : 1?%p%%g?%§rﬁfga?§%15tgdm%%( h%ri@z%rrilt al )).%The t est tqi me )f/\as 8
hours. Aftef,4dReib8SteatiRl $RANRLE: VBS #aker0ut plubs-smpbedingsh
water, and was dried with a blower. The color of a sanple surface was
measured USiNGnd SPesticepbed oget eso (&b 2002 atranef ag4Ured byndoni ca
Mnolta Inc.) with L*a*b* specified in JIS Z 8729. The col or
difference {Mgth( Ak: }@d Add.) 21 AD-)ridbt12a s vinerteidn tALS 0 F&Yeaddwdd p'

are the difference between two object colors) according to JIS Z 8730
was cal cul ated oot hettlespedtiokaeks avb* 19 ale¥ahreainieddpef 682 and
after the test. The magnitude of the color difference was eval uat ed.
As the col oromirofldedneaigrdafledas ¢3rd eehBHgEOTGRICGLEr CPONEY §518%s,
whi ch represents that the color fastness is high. For the evill.luati on

for color fasterddsd £pe @A oThafiert 8FERT SR TEs T et A a5 $OPLEH i nt o

"AP 0to 4.9", "B: 5t0 9.9", and "C. 10 _qr. are ", _Th |or

di ff erence ¥&pt ddeht ESTPRIFFFef 2R %eﬁ&ﬁecn%f’hgb&recs pett ?vge{%r%%%m ed

val ues before and ftero% hg ée%llég& #n?@elyi Iluewatshe(g,ptof ({ﬁcg;rnggger,
]?ore and after t i

the change T'H cdfbr®ton?’ be e test is greater. Wien
the color difference isgueatey Bag 061 eoplula1lQ dissgabosabion
c nmed by

can be sufficien onfirmed vi sual inspection and it can be
determined {hat gol gr fasfnessqis | QukeFon sCoNPad | $@Bparegandiag t he
commercially avail able C2680 (65/35 brass), C7060 (cupronickel;

Cu- 10N al | 9y 1 018NthGAS 2dr Bie 29 ZrohdN i ored | Oyte hhghidhin addhdgyeds t he
copper alloys for conparison, the sane evaluation for color fastness
was per f or regnpE268@ewast subijeechedt t oci@atusht prreatentbdn tareht mEAL
(treatnment using a commercially avail abl e copper alloy rust
prevention setedtiiom) twhechni s penfartede byaroydienap EePppera Aoy
manuf acturer. In the rust prevention treatnent, a surface of the
C2680 nat er iai cmassdé@f@dsestrwichan atlha oweiand FEL eFeppeerpoTatige.
seconds in an aqueous sol ution, which was heat ?d to 75C and cont ai ned
0.1 vol % of teo clariguryy AFPABYRY c SHPRFEHINTSY bt Cgfaggé?ﬁi on®

sol ution havi ng benzotriazol e as .a major conponent,. foll
washi ng Wtﬁuﬁﬁi‘%?r,squ&ﬁﬁ/a{:%r?p%ﬁirﬁg,n%ngee ryria%ge \E/L\nnt% ggﬁf%\/\%rﬁ.s As a

result, a material was obtained. The, above-dgscr iﬂ{piggm&gnd;l%\{%dare

the same as2PUST Pi%veltd o % &af ment condi tions (nass production) of

a gener al C%Eﬁgé%%l%%.og rgchaeddri]etgti)gt]ie%_%g%hgi ng: &A060 and Q?ﬁé,toas in

t he case of according resent 1nvention,

exposure test yas perf Wit DML UST 00 +RrpUSEed AN Rinar £:bA049]
<Col or Fastﬁégi@’Te@}e Zgﬁgéor Exposure Tes{né rlg®
temperature, which was 50°C lower than the maximum

achieved tfemperature, to the maximum achieved temperature
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Assum ng that a plate having a size of 150 nm (vertical)x50 mm
(horizontal), which was cut fromthe 20% cold-rolled material, was
actually used as a push plate, the plate was attached to a door
inside the building of Sanmbo plant, M tsubishi Shindoh Co., Ltd. to
investigate the discoloration state of the surface. The .surface of
this sanple was polished with a dry nmethod using a #1200 wat er pr oof
abr asi ve paper before exposure and was exposed to roomtenperature
(air-conditioned) for 1 nmonth. This push plate was used under
conditions that tgg pl.ate was n%ouche_d %y a,punman and at Ieast 100

ti mes per dgﬁs(th cSHtact® ti ond'q | mé?o b@%trf §eddndy. The

surface col

measur ed us?ﬁ@?%f g%:s%pﬁgygﬁgg; k %%£§r8 Sﬁﬁe 80?0§(ﬁifF Fence
was cal cul af gd a'%@egyﬁ%ﬁ@t edaeSing the saye %‘63' S‘%ﬁe' on fd t%%%erence

those in the artificial perspiration spray test, col or di

val ues “Bretféﬁﬁéhil%th@i&l"ﬁhs Oct:0 ﬂnéb1a"ﬁﬁd€ht&f91ﬁLImﬁngy"g 10
or greater". For conparison, regarding C2680 subjected to the rust

prevention 51 ealdERb phsh £r£060s anth GilZiridhe cramewexpesyhiget st was
perfornmed for the evaluation. [0050] <Nickel Allergy Resistance>
A copper all oy pliat eodvavi nge apseEereof a 1emmud 0 pipe, Wheh nsasréal from
the 20% cold-rolled material, was attached to an upper armof a
heal t hy subjleeit (wheahadnnot nstdfiered offr omicontact (didyratxilt Bs iy
metal ) using a patch test plaster (nmanufactured by Torii
Phar maceut i ¢Elti@dpessit day. fT¥Aeatoppdecdl Irefeplit &0wasniemgpédvafter 8
hour s.
subjected to plastic working using plural rolls to obtain
a cylindrical shape. The cylindrical material was heated
using a high-fregquency induction heating coil to join and
weld both ends of the strip. A bead porticn of the joint
portion was removed by cutting using & turning tool
(cutting tool). As a result, a welded pipe having a
diameter of 32.0 mm and a thickness of 1.38 mm was
cbtained. Due to the change of the thickness, when a
welded pipe was molded, a several percentage of cold
roiling was performed in practice. After welding, the
cooling rate in a temperature range of 400°C to 500°C was
2.7°C/sec. A part of the welded pipe was cold-rolled to
obtain a diameter of 28.5 mm and & thickness of 1.1 mm.
The welded pipe was cut into a length of 300 mm. By
changing the furnace setiing temperature and feed rate in

a nitrogen atmosphere using a continuous furnace (81l0A

manufactured by Koyo Thermo Systems Co., Ltd.), a2 heat
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Whet her or not allergic reactions (allergic reactions of which
synptons such as erythenma or eczenma can be observed by vi sual

i nspection) occur in the contact portion between the human body and
the copper alloy plate was determ ned. Cases where the allergic
reactions did not occur are represented by "A"; and cases where the
allergic reactions occured are represented by "C'. [00511 <Press
Property> A press punching test was perforned using a punching
tool, equipped with a punch and a die having a dianeter of 57 mm and
using a 200 kN hydraulic systemuniversal testing nmachine

(AY- 2008111t£eatrﬁ%‘f-ﬁf a@te@FeotWtfﬁﬁkyoW@%}El Ag* N&@ﬁl ) ne"aNt PEFormetd. ) .
A copper aIIo | ate, was held in a die upper . élon havi ng a
circul ar hof® %ﬁ PHEHETS i Eh%?d?r%%§¥%W‘FFB uBﬁ@FﬂﬁﬁP??oHafo a
| ower portion at a rate of, 5 nm sec. SKS-3 was used as a nggerial of

the punch aRt®the i E2EL P rBardmee W t A ttﬁélpf)%%%ewajéa@% % i Pmi ng

di e taper mgs OC and thw uﬁ?t was gﬁ&{orned MA Fout ubrlcathon The
20% col d- r ot THFFatErT al "ied uddd he €Al uafFon. TS anpl e

having a wi Q&Ilfﬁ_é;bfedS t%Hb@PQt&e' engt hnof 190 M Was: eYbq Odmddam,20 end
of the copper alloy plate which was punched in a circular shape

having a digaetes @fn(bha/ aMboThe Saplie wascepbesdad WshBeactesin
and was vertically observed fromthe end portion of the copper all oy

pl ate usi ngsgowetad | eghaphigs mMeeascepe topimasureld harbuidg hehght .
The punched sanmpl e was neasured at 4 points divided in the 90

di rection, aadfdrdmedaver afeaimal alepivaes nealectiibait kalviasy "dutirameeeghtt. As
the "burr height"” is |ower, the evaluation for press property
(punchi ng 25.0 mm and a thickness of 1.0 mm (draw ratio: 20.4%).

In addition, after the heat treatment in the
continuous annealing and washing line, the rolled material
was cold-rolled into a thickness of 1.04 mm (processing
ratio: 20%) in order to evaluate various properties.

In additicon, for comparison, commercially available
C2680 (65Cu-35Zn}, C7060 (90Cu-10Ni), and C7521 (Cu-19&n-
17Ni} having & thickness of 1 mm were purchased. By
changing the furnace setiing temperature and feed rate in
a nitrogen atmosphere using a continuous furnace, a heat

treatment (heat treatment index It: 541) was performed
under adjusted conditions: & maximum achieved temperature
of 705°C; a retention time in a temperature range from a
temperature, which was 50° lower than the maximum
achieved temperature, to the maximum achieved temperature
of 0.3 min; and a cooling rate in a temperature range of

400°C to 500°C of 2.5°C/sec. Fach commercially available
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quality) was higher.The press property was eval uated based on the
measured val ue of "burr height".The criteria for the evaluation of
the press property (punching quality) are "A: less than 5 gnf, "B: 5
gmto 10 gnf, and "C. 10 gmor greater". As the burr height is |ess,
the press property is higher. Wen the burr height is "A: less than 5
pm', the press property can be determ ned to be high. [0052]

<Bendabi lity> A sanpl e was bent by 180 according to JIS Z 2248
(metallic material bend test nethod) and the bendability was

determ ned based on the state of the bent portion. In the 180 bending
test, a 20%%vlad reitesdabarnpt echisrineg Lladt ApekinesstivifckpessnAt (2: 94 mMm
in the case of 20%cold rolling of the production process P2) was
used; the bDERIRREFESITR)LASLOE heDbentdspePtddifdas set to 0.4 nm (0.52
mmin the case of 20% cold rolling of the production process P2); and
t he sanpl e was béAp %@ 180C so as to satisfy an

The production process P3 was performed as follows.
A sample having a size of 85 mm (width)x30 mm
(thickness)x190 mm {(length) was cut from the plate-shaped

ingot of the production process P2, was heated to 800°C,

and was hot-rolled in three passes until a thickness of 8
mm was obtained. Then, forced air cooling was performed
using air and a cocling fan to adjust a cooling rate in a
temperature range of 400°C to 5300°C to 0.2°C/sec to
2.5°C/sec. Oxides on the surface of the hot-rolled sample
were removed by polishing, followed by cold rolling until
a thickness o¢of 1.0 mm was obtained. By changing the
furnace setting temperature and feed rate in a nitrogen
atmosphere using a continuous furnace (8l10A manufactured
by Koyo Thermo Systems Co., Ltd.), a heat treatment was
performed under adjusted conditions of a meximum achieved
temperature; a retention time in a temperature range from
a temperature, which was 50°C lower than the maximum
achieved temperature, to the maximum achieved temperature;
and a cooling rate. The maximum achieved temperature of
the sample was 490°C to 810°C; the retention time in a
temperature range from a temperature, which was 50°C lower

than the maximum achieved temperature, to the maximum
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expression of R'ta=0.5 (ta represents the thickness). The bent
portion (curved portion) was observed by visual inspection and the
eval uation was perforned based on the following criteria: "A: No

wrinkles or a snmall amount of wrinkles were observed”; "B: a |large
anount of wrinkles were observed"; "C. rough portions were forned”;
and "D. cracks were forned". In the case of "A: No winkles or

a smal |l anount of winkles were observed" which causes substantially
no probl ens during the bending of a connector or the like, it can be
determ ned that the Bendability is superior. The eval uation of B or

hi gher in wh¢lsleveHertempesanerer géks Ci- 89 préfertabl B0 Waky t Aedsit2e of
wrinkles was difficult to determ ne by visual inspection, the bent
portion (cugv@dngorgiten)nwastemararsdeusinige st ot earo n? @3 6sedpe at
a magni fication of 50 tines as described in the standard test nethod
of bend forfebClPey £8r 2shédtE§Cand T8t r PPIL of rRIPFEE dRASEoppei2al | oys

f JBVA (J Mak As iati t and 07:1999.

of 0%, (J2pe Bass Wmkers fesocl ot an sandad) TAOTA89%, L.
ther?Of_arec&ﬂﬁﬁ§ﬁieﬁh§£€baéekﬁﬁ%ﬁﬁrégkéf'@.érﬁﬁ‘ﬁ b?ééy'ég da1§hent
portion; however, a large anount of fough portions (surface

rougheni ng),@e formed. As a result, this material cannot be used. The
sanpl e in which rough portions were forned was eval uated as "C'.

[ 0053] [0047]

The samples prepared in the above~described
production processes were evaluated using the following
methods.
<Color Tone and Color Difference>

A surface color {color tone) of the copper alloy was
measured using a object color measurement method specified
in JIS Z 8722-2009 {Methods of color measurement-
Reflecting and transmitting objects) and was represented
by the L'a’h” color system specified in JIS Z 872%-2004
(color specification-L'a’b’ color space and L'u'v color
space). Specifically, walues of L, a, and b were measured
using a spectrophotometer “CM-2002" manufactured by Konica
Minolta Inc. with SCI (specular component included). The
color difference (AE={(AL"}%*+(Aa")*+(Ab")"}'?; wherein AL,
Aa’, and Ab’ are the difference between two object coclors)
according to JIS Z 8730 (Color Specification-Color
Difference of Obkject Colors) was calculated from the

respective L'a’b’ values measured before and after the test.
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<wel dabi lity> A wel ded pi pe was produced with a nethod in which
a strip product as a general material was gradually subjected to

pl astic working by formng rollers in the wwdth direction to be

nol ded into a circul ar shape; and was heated by a hi gh-frequency

i nduction heating coil to join and weld both ends thereof. The joint
portion was subjected to so-called pressure welding portion. In the
joint portion, a large bead portion was forned froma surplus butting
portion of the material. The wel ding bead portions inside and outside
the pi pe were continuously renoved by cutting using a cutting tool.
The vel di ngTorre@n tids &Tpicbbl emten foifralnlrt yaduevabiathe - adhesi on
of the butting portion. The weldability was evaluated in flattenlng
test descri BEFH PBtPF%sti@ @Ci‘)ﬁ’pe‘fa]é%“i}& E‘Sﬁ%‘é?e‘jalqe&?r%\eﬁrﬂje@ f5Ppes
and tubes). That is, sanpl e having a size bout 100 nm was

obt ai nea 115t an e “df«SH‘eBFpEaSTH%f%‘A?% S

bet ween two %% ates and aﬁres§ L thecglstance bet ween t he

pl at es was TRfed'% Pres a?% Hrc esoofqa?h%%lpe At this tine, a
wel di ng portion qf EQF wel di ng pipe was placed in a direction
perpendi cular to a pressing direction and was bent flat so as to be a
bent tip endzyilfie %Eé%ﬁ%ég: ther bent XE%fkﬂHla@orﬁéﬂﬂnﬂ@%;&@s%&MQQ by
visual inspection. In addition, a welded pipe matérial (not a

col d-drawn pige- material) was used for flat bending. The eval uation
criteria are "A: defects such as cracks or fine holes were not
observed"; "B: fiine c£racks werseneot obseryed éthe.dtangt hhef cepen
cracks in a longitudinal direction of the pipe nmaterial was |ess than
2 m); and fStmasacks athe patbradly obsestvesbl(tdien| efgtihsof @peén
cracks in a longitudinal direction of the pipe material was greater
than or equé&tetiwd® ) salt spray rregddhyl oms tusedseandnesstigiicihe
wel di ng portion was investigated when being col d-drawn. One

col d- drawn ReFIRIF/ipe waslEiehg d@FédH@amﬁrEﬂ§%§§ahavpﬁﬁﬁﬁﬁ¥%ﬁa?ér
diameter of 28.5 mm a thickness_of 1. a length of 4000 nmm
and a meldlﬁﬁﬂﬁﬁﬁQH(ﬂPeFﬁéiﬁﬁfl%agl%bgeP@%% byeWFSTﬁﬂh ndPEctiPGRT over

th t wh th K d t
por {1 on was SOOI weP obEVH WAL e PAO" R L400S SHRBTE Craths wor e

obser ved byLVéséﬁldthS%ajgt uor%gé%l&eo' on%\l\g{jﬂgt coulsd Ot o€ P far med

(the wel ded pipe was fr rom-t dlnd port on’ durlng cold
rol 1ing) werg svauategdqas 5’6" 9[00%1 SRAlD %ﬂ%rogenphosphate

dehydrate in water and adding 0.1 mol/L sodium hydroxide
and water thereto to obtain a total amount ¢f 1L and a pH
of 5.5). Using a combined-cyclic corrosion test
instrument (manufactured by Itabashi Rikakogyo Co., Ltd.,
Bg~-2 type), the temperature o¢f a spray chamber was
maintained at 35%£2°C and the temperature of a test
solution storage tank was maintained at 3542°C. The spray
liquid was fed through a spray nozzle using compressed air
(0.098+0.010 MPa). The artificial perspiration was

continuously supplied to & sample placed 1in the spray
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Regarding the 20% col d-rolled sanple (in the production processes P1
and P3, the material having a thickness of 0.8 nm subjected to
cold-rolling after the heat treatnent; in the production process P2,
the material having a thickness of 1.04 mm subjected to cold-rolling
after the heat treatnent; hereinbelow, the sane shall be applied),
the grain size was neasured wth a nethod in which a netal structure
of a cross-section in a direction parallel to a rolling direction was
observed using a netal |l ographic m croscope (EPI PHOT 300 nanufactured
by Ni kon Corporation) at a magnification of 150 tinmes (appropriately
changed up F@ﬂﬁﬁG‘tﬁﬁEsc%k%ﬁﬁgﬁﬁé @@“ﬁﬁ@lgré?%Jgﬁﬂé?rtaﬁﬂﬁﬁﬁ@ ghai n

size of a phases |nﬁ%2e ob erved netal stru%@ure was nmeasur

according t OPPHEES Is{)r °nktHodBF 475 HE86 - (methbdes &PSt'
estimating gyer age |Ee oout’oqut ggger%ggdﬁhggper gl gs)

In order to o%talﬁﬁt graln Si ze (graln Size § ases)

measur enent g4 dpﬁgép&gq¥%%%gihriseagga%fagy Qog aqgn&ggea%g%age

val ue thereo was use rea i o of ases>

area ratio ﬂéaéhﬂ@@a%%Qngﬁﬁ %BE@%Hﬁﬁx@%méE@ﬁCWéM zﬁoﬁetﬁénéﬁéé%%EH&e of
a cross-section of the 20%cold-rolled sanple in a direction parallel

to a rollingydkbectd 0N MRS 0DSRY.Veds it NG adpRelabbogiaphic Bicrascope
( EPI PHOT 300 manuf act ured by N kon COrporatlon) at a magnification of

500 tines; @7phasesrnen tden0baer wednet atAsstnuctur eayvere Ay Mgriczed

using an inage processing )
wherein AL, Aa, and Ab are the difference between two
object colors) according to JIS Z 8730 was calculated from
the respective L*a*b* values measured before and after the
test. The magnitude of the coclor difference was evaluated.
As the color difference is less, the change in color tone
is less, which represents that the color fasiness is high.
For the evaluation for color fastness, the color
difference values were classified into “A: 0 to 4.97, “B:
5 to 9.9%", and “C: 10 or greater”. The colcr difference
represents the difference between the respective measured
values before and after the test. As the value therecf is
greater, the change in color tone before and after the
test is greater. When the color difference is greater
than or egual to 10, discoloration can be sufficiently
confirmed by wvisual inspection and it can be determined
that color fastness is low. For comparison, regarding the

commercially available C2680 {65/35 brass), C7060

(cupronickel; Cu-10Ni alloy), and C7521 (Cu~19Zn-~17Ni
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software |' WnROOF"; and the area ratio of p phases to the total
ratio of the entire netal structure (portions of the netal structure
ot her than p phases were a phases) was obtained. The netal structure
was observed fromthree visual fields, and the average val ue of the
respective area rati os was cal cul at ed. When p phases were
difficult to discrimnate with a netall ographic m croscope at a
magni fication of 500 tinmes, the area ratio was obtai ned by

FE- SEM EBS2 (El ectron Back Scattering diffraction Pattern). That is,
JSM 7000F (rmanufactured by JEOL Ltd.) was used as a FE-SEM TSL

sol uti ons OFMEr highiNiyeallipgedaf ot FOPRRAI §51¥S aRE A& FPER rati o
was obtained froma phase na%hat an anal ysis magnification of 2000

times. That 1S, S&MAcePhE25 Yhadltr &5 @Sent®Staeer y 425 | PHE %S Phct ur e

of FCC and phase represents a crystalline structure of BCC,
ot b phasest e bEah SEPERT Tathd T oft SRR ot S U861 RS

Vbrkability?f atmthTnﬁfpﬁg ¥DE$ﬁHgiéféﬁl.seﬁ%ﬂhggggdc%?égg %ng?gual

crack state after hot rolling. e appear ance was oObserved by v

i nspection, .and Jmteptals WeHE A9 Jel8rtS Hich 2R ETALKS Jhehot

rolling were observed or where cracks were observed but the size

thereof wascssmld (3180 Ohah@S&DueEe detgy miuped t-Qsbe SiPRMKLOENI N
practice and were evaluated as "A"; materials where the nunber of

smal | cracketk£a@as, havisngfacsi Zze e ScaeM0Mmal@ssaDVess tdeyreakesie

|l ength was 5 or less were determ ned to be practicable and were

eval uat ed asitiB"gceandemateér wat sdipyerde farl avgeecomdk iravdmgaaesiuze of
greater than 5 mm was observed and/or where the nunber of small
cracks havi sglietisinzewbici3 wam dredtess twadsiraadt bant Hinger @ .detvel i ned
to have a problemin practice (to require a large repair in practice)
and were evafuglfBdcaEs 21ayY. ForilERée netiC®PRAl MY chrUdr ePsFaNkaPRd as

"C', the following tests were stopped. ,
solution having benzotriazole as a major component,

followed by washing with water, hot-water washing, and
drying with a blower. As a result, a material was
obtained. The above-described conditions are the same as
rust prevention treatment conditions (mass production) of
a general copper alloy. In addition, regarding C7060 and
C7521, as in the case of the alloys according to the
present invention, the exposure test was performed without
using a rust inhibitor.

[0049]
<Color Fastness Test 2: Indoor Exposure Test>

Assunming that a plate having a size of 150 mm
{(vertical)x50 mm {horizontal), which was cut from the 20%
cold-rolled material, was actually used as a push plate,

the plate was attached to a door inside the building of
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[ 0057] <Cold Workability> The cold workability is eval uated
based on the crack state (the crack state of the cold-rolled
material) after the hot-rolled material was cold-rolled at a high
processing ratio of 80P; or higher. The appearance was observed by

vi sual inspection, and materials where no defects such as cracks were
observed or where cracks were observed but the size thereof was snal
(3 Mmor less) were determned to be superior in practice and were
eval uated as "A"; materials where cracked edges having a size of

greater thagagdmpand,d MIWsh: dieSSsyelRnokser vediwere deterdtigaed to
be practicable and were evaluated as and nmaterials where a | arge

crack havi ngh@ 8igZ&1dfratgbgatestd han Bhamsuesahserned s@irece of
determ ned to have a problemin practice (to require a large repair
in practicerthandsamerle exal pal eshas wi€h al Rirhinsteydl waitngor, #dracks
formed by an ingot were excluded, cracks which could be determ ned by
vi sual i nspeetdmgrrobiatbtheivevarapefrobrédraurimgulnet and| ¥3 ngeapesed

excl uded, and cracks formed during cold rolling were determ ned based
on the | ength roer eednpeRaturpe (alFoymdifiieneder eorevil iaitdd adhie',

the follow ng tests were stopped. [0058]
push plate was used under conditions that the plate was

touched by a2 human hand at least 100 times per day (the
contact time per one time was about 1 second). The
surface color c¢f a material before and after the exposure
was measured using a spectrophotometer with L*a*b*. The
color difference was calculated and evaluated. Using the
same evaluation criteria as those in the artificial
perspiration spray test, the color difference values were
classified into “A: 0 to 4.9”, “B: 5 to 9.9”, and “C: 10
or greater”. For comparison, regarding C2680 subjected to
the rust prevention treatment and c¢7060 and C7521, the
same exposure test was performed for the evaluation.

[0050]
<Nickel Allergy Resistance>

A copper allcoy plate having a size of 10 mmx10 mm,
which was c¢ut from the 20% cold-rolled material, was
attached to an upper arm of a healthy subject (who had net
suffered from contact dermatitis by metal) using a patch
test plaster {(manufactured by Torii Pharmaceutical Co.,

Ltd.). The copper alloy plate was removed after 8 hours.
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<Bactericidal Property (Antibacterial Property) 1> The
bactericidal property was evaluated with a test nmethod referring to
JIS Z 2801 (antim crobial products - test for antimcrobial activity
and efficacy) and the test area (filmarea) and the contact tine were
changed to conduct eval uation. Escherichia coli (stock No. of strain:
NBRC3972) was used as bacteria for the test. A solution, which was
obt ai ned by precultivating (as the preculture nmethod, a nethod
described in 5.6.a of JIS Z 2801 was used) escherichia coli at 351C
and diluti ng escherichia coli with 1/500NB to adjust the nunber of
bacteria t oS ERKOGCEldts/AAleTRAS Lol g9 sa (Béser biet @acaions of
suspensi on. In the test nethod, a sanple cut into a 20 nMmx20 mm
square shap¥ nyds YTPtPRE oS e 13 |e|rﬁ’f€ﬁmi‘)e‘?rr|e%e§‘ﬁ <ot % HSESF et he

b d bed. t est .bact | h
o i06 ol PR it e o o B Oe o Sy séni%&eﬁohﬁgb%% SRR was

covered wit 015 e test bacteria us S
cultivated P%r lllﬁnammﬁﬁfigsa?clin%:eulcﬁplpgﬁ fa‘r“? scm ?{g? (l'i 5 ?‘ﬁd

petri dish tn,an afopsphere 1&%19 %%c%llsﬁé atd'l‘ée 9!:&}% rgo%

This cultivated test %act erla spensi on was washed away w t th 10 m

of SCDLP culfuies aedhupy t ‘mrobtaauncésé/gas.ﬁle%fayhé)aﬁtl%&b% sdigRapgLon.
The wash-away bacterial suspension was diluted to 10tinmes with

phosphat e bgfderedasal +aersehubbiosy Stvandard pl ate count agar was
added to this bacterial suspension, followed by cultivation at 351C
for 48 hours. Whgnothe nunber of col onies was nore than or equal to
30, the nunber of col onies was neasured to obtain the viable
bacterial cobresy ¢kapatiy> The viabl e bacterial count of each sanple
was conpared to the viable bacterial count at the time of inoculation
(the vi abl e bact ér PakserHChAhEnt¢$e Vtaéspefféwfmbtuéllﬂ@ilﬁaqurmhép@rty
started; cfu/nL). The evaluation criteria were "A: 20%or |ower", "B:

20% to Iesst‘i’q’ﬂan e@@wpe‘ér?dwhca BOUL o ra i @h@%@ hél‘—"dr‘lgsén%}aé%e"\%l €F| wer e
eval uated as_A (That the viable bacterial .count was | ess than 1/5
of the vi abg_é B’&bt@?‘? al"s&BEnt® ?8? heTy | %d%ﬁullﬁocwsﬁefﬂonﬁmveﬁéa?

ant i bacterlg?ltoro e&t&a¥§% g#ﬂ §(EI oLbe s%)& %)r q}eeaisgn why

the cul ture TT e (i N6C was 'shoit™"a s 'i’s'Phat

was eval uat o RS {RE VI Kat of Samsl b, Pﬁew%%%i’%‘%@? oesg est e

materials wWetfy Useds KQ05%bper portion having a circular hole and
punched in a directicn from an upper portion to a lower
portion at a rate of 5 mm/sec. SKS-3 was used as a
material of the punch and the die, a clearance with the
punch was 3%, a trimming die taper was 0°C, and the test
was performed without lubrication. The 20% cold-rolled
material was used for the evaluation.

A sample having a width of 5 mm and a length of 10

mm was cut out from an end of the copper alloy plate which
was punched in a circular shape having a diameter of ¢57

mm. This sample was embedded with a resin and was



<Bactericidal Property (Antibacterial Property) 2> After the
measur enent of the object color, the exposed material (which was
exposed for 1 nonth as the push plate of the door inside the building
of Sanbo plant, M tsubishi Shindoh Co., Ltd.) of the above-described
color fastness test 2 was cut into a 20 Mmx20 nm square shape. The
bactericidal property test was performed using the above-descri bed
test bacterial suspension of escherichia coli to evaluate the sanple
after long-termuse for bactericidal property. The test nethod and
eval uation nmethod are the sanme _as those of Bactericidal Property
(Ant i bact er YeFH3predper t9pPeIve] 06607 Ltor 88 G RESE sPANdES COPPeL The
corrosion resjstance was .evaluated jn a dezingification corrosion

t est accord?+&Pﬁ(P q§§6§@9n3981nf58} 5% lﬁfmﬁﬁfgﬁﬁ?gﬁuf IW%@?Ere
determ’natlﬁh dez nC|f cat j.on resH,{stan(:a?[l f Qggsg% t % st
sanpl e was hefd°ih l/ed%pper %qﬁ)péﬁigrl&b Eo?utlon ﬁea ed 5C

for 24 hours.. A netal éruct g lrec%amg e, %ptg dlrectlon
ce 0

perpendicul%ﬁ ?5? gﬁvéQ%osed s&r Was “observed neAsUT e va%e dept h

?Lea porti op, whereuidegingd FhGald R3GRES 0SiN epif) r Saples ~wWher e

lower, the evaluation for press property ({punching
quality) was higher. The press property was evaluated
based on the measured wvalue of “burr height”. The
criteria £for the evaluation of the press property
(punching quality) are “A: less than 5 um”, “B: 5 pm to 10
pm”, and “C: 10 pm or greater”. As the burr height is
less, the press property is higher. When the burr height
is ™“aA: less than 5 pum”, the press property can be
determined to be high.

[0052]
<Bendability>

A sample was bent by 180° according to JIS Z 2248
fmetallic material bend test method) and the bendability
was determined based on the state of the bent portion. 1In
the 180° bending test, a 20% c¢old-rolled sample having a
thickness of 0.8 mm (2.04 mm in the case of 20% cold
rolling of the production process P2} was used; the bend
radius (R) of the bent portion was set to 0.4 mm (0.52 mm
in the case of 20% cold rolling of the production process

P2); and the sample was bent by 180°C so as to satisfy an
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maxi mum dezi nci fication corrosion depth was | ess than or equal to 200
gm were evaluated as "A"; and sanpl es where the maxi num
dezincification corrosion depth was greater than 200 gm were

eval uated as "C'. (0061] The 20% col d-roll ed sanple (in the
production processes Pl and 23, the material having a thickness of
0.8 mm subjected to cold-rolling after the heat treatnment; in the
production process P2, the material having a thickness of 1.04 mm
subjected to cold-rolling after the heat treatnent; hereinbel ow, the
sanme shall be applied) was used. <Tensile Test> Each of the
rol | ed mat ef¥RIes@irer of e/ gkt Ot (bat FRAeSe8 AR Hefekeesdl d FBPIlng)
and the 20% cold-rolled material was processed into No.5 test piece
(wi dt h: ZSn%“baﬁﬁ‘éti‘%‘hgt(ﬁ”W%d mﬁoré'b@’&l fi%g | APIRed 2Jop “*(J*M‘PéléiL

pi eces for tensile test C naterlalsé? The ten |Ign%§st was

P or o uST e iobo kA RUar BUf T S it BRP L RF OB (SE NG mhBR! no
(AY-200511 |3}, JERYT aGLpLefl, b Tokuo Tosli g el g_}gaM Gy LEC).

I n addition el de pi pe I anme hi'ckness:

1.38 mm) ang 11§ colfd-dram pelged pipe, (ng(aé@tgﬁo wrlfnmhsgness
1 nm was processed into No. 11 t'est” piece auge t 50 mMm the

state whereythe éEEErv@HeCG“MﬂSrSﬁGhfﬁd%fhbh@ pLpe ﬁ@%ﬁﬁd"a|hn8p99Lf'ed
in JIS Z 2201 (Test pieces for tensile test for metal lic mat eri al s).

A cored barcwascd nseet esknddi’Q a grip portion and the tensile test was

performed using a 200 kN hydraulic system universal testing nmachine

(AY-200S111-L, manuftaet vsasd d¥y “Eokyo Wwesthilrg Machi aeaddf ganCant bEd. ).
wrinkles were observed” which causes substantially no
problems during the bending of a connector or the like, it
can be determined that the Bendability is superior. The
evaluation of B or higher in which there are no cracks is
preferable. When the size of wrinkles was difficult to
determine by wvisual inspection, the bent portion (curved
portion) was observed using an optical microscope at a
magnification of 50 times as described in the standard
test method of bend formability for sheets and strips of
copper and copper alloys of JBMA (Japan Brass Makers
Association standard) T307:1889. In addition, when a
material is bent such that the crystal grains thereof are
coarse, there are no c¢racks in the wvicinity of the bent
portion; however, & large amount of rough portions
(surface roughening) are formed. As & vresult, this

material cannot be used. The sample in which rough

portions were formed was evaluated as “C”.
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I n addition,when thetensilestrength is represented by a (N mR) and
the elongation is represented by s M a tensile index f2 as the index
i ndi cating the bal ance between strength and ductility was defined as
f 2=ux(1+6/ 100). [0062] The results of the above-descri bed
respective tests are shown in Figs. 4 and 13. Here, the results o
each sanple for the respective tests are shown in two draw ngs of

Fi gs.
Fi gs.

4 and 5, Figs. 6 and 7, Figs. 8 and 9, Figs. 10 and 11, and
12 and 13. Here, in the item"Heat Treatnent" of the

production process P2, the conditions for the heat treatnent

performed after d8P@3tolling of 1. 3 mmare shown. In addition, i

the item " Tepsj .Test (After Heat Treatnent)" of the production
Fhopadr

process P2,<W
rolling of 1. 3
(20% Col d- Rol | ed "Materrial

¥3 for the heat treatnent performed after co

re.shown. In addition, in the item"Tensi
SESFTALTT 1S PBSUI TS APl c8 BT A oF ©.

are shown for Jf}?ﬁg;ﬁr%%%gti Q9 pgocggﬁg]_salm n@a”c%ﬁﬁi %Qsth&efa%%%gz

after
22.

cold-ro

0 04 nm are own for the production proc
subjected to plastic working by forming rollers in the

width direction to be molded into a circular shape; and
was heated by a high-frequency inducticn heating coil to
join and weld both ends thereof. The joint portion was
subjected to so-called pressure welding portion. In the
joint portion, a large bead portion was formed from a
surplus butting portion of the material. The welding bead
portions inside and outside the pipe were continuously
removed by cutting wusing a cutting tool. The welding
portion has & problem in Jjoinability due to the acdhesion
of the butting portion. The weldability was evaluated in
flattening test described in JIS H 3320 (Copper and copper
alloy welded pipes and tubes). That is, a sample having a
size of about 100 mm was obtained from an end of a welded
pipe. This sample was interposed between two plates and
was pressed until the distance between the plates was
three times the thickness of the pipe. At this time, a
welding portion of the welding pipe was placed in a
direction perpendicular to a pressing direction and was
bent flat so as to be a bent tip end. The state of the

bent welding portion was o¢bserved by wvisual inspection.
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[ 0063] The followi ng was found fromthe results of the tests.

In the silver-white copper alloys as the first alloys according to
the present invention having a netal structure in which the area
ratio of 0 phases dispersed in an a-phase matrix was 0% to 0.9% the
mechani cal properties such as hot workability, cold workability, and
press property were superior, the color fastness was high, and the
bactericidal and anti bacterial properties and Ni allergy resistance
were superior (for exanple, refer to Test No. a-1). In the
silver-white copper alloys having a nmetal structure in which the area
ratio of p Ph tdr8pet sl ded aRPa-TRTESe 2 hat R X &S0~ €6 PIPet he
properties mere,particularlz hi gh. g0064£ . In the silver-white
copper al | V3t the Etond %Iﬁ%?é tEor FRT-1D t he' 5T eSENUS hFRNt i on
having a nmetal structurg in ich the area ratio of .0 phases

di spersed i it & ‘aphate ph‘atq'e%%cﬁéss b6 6795° (e 40T RUTT ere

not observed”; Y“B: fine c¢racks were not observed (the
length of open cracks in a longitudinal direction of the
pipe material was less than 2 mm); and ™“C: cracks are
partially observed (the length of open cracks in a
longitudinal direction of the pipe material was greater
than or equal to 2 mm).

In addition, the soundness of the welding portion
was investigated when being cold-drawn. Cne cold-drawn
welded pipe was among cold-drawn pipes having an ocuter
diameter of 28.5 mm, a thickness o¢f 1.1 mm, and a length
of 4000 mm, and a welding portion therecf was observed by
visual inspection over the entire length. Cases where
there were no cracks and the welding portion was sound
were evaluated as TA"; &and cases where cracks were
observed by wvisual inspection or cold rolling could not be
performed (the welded pipe was fractured from the welding
portion during cold rolling) were evaluated as “C”.

[0054]
<Grain Size>

Regarding the 20% cold-rolled sample {in the
producticn processes Pl and P3, the material having a

thickness of 0.8 mm subjected to cold-rolling after the
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bendability, and press property were further inproved (for exanple,
refer to Test No. a-13). In the silver-white copper alloys having a
nmetal structure in which the area ratio of p phases dispersed in an
a- phase matrix was 0 to 0.4% the properties were particularly high.
[ 0065] In the silver-white copper alloys as the third all oys
according to the present invention having a nmetal structure in which
the area ratio of 13 phases dispersed in an a-phase matrix was 0% to
0.9% the strength, color fastness, and corrosion resistance were
inmproved in the case of alloys having Al, P. or My; and the corrosion
resi stance heat itmjsegvedti nnt heecasededftighnl syscesvifidg She oratAsiefor
exanple, refer to Test No. a-33, a-35, a-36, a-37, and a-38). [0066]
When t he coBRYHY rat Bhitknese wdt -1-01% S8 materFafd i o acpifpetidinre
range of 400% to [00C i s hi%her t han or,e%ual to 1C/ sec, the_area
ratio of 0 pha¥estifi ts dd S PAMS ‘a- PSS EPRARE i xH 1% 19l BE in
0%to 0.9% (faor. examl.e, refer to Test No. c-8 to,c-18, c-111, .and
e 118) . Lot <R (A% diBel P, AREF Ao he SeXEFEST] ofle.of
5205. Tmax80Qy. { 1f 490..)and, 4705 Amx.90xbb: 425020 afe. satiafed and
the cooling rate during the cooling of e
parallel to a rolling direction was observed using a
metallographic microscope {(EPIPHOT 300 manufactured by
Nikon Corpeoration) at a magnification of 150 times
(appropriately changed up to 500 times according to the

grain size); and the grain size of o phases in the
observed metal structure was measured according to the
comparison method of JIS H 0501 (methods for estimating
average grain size of wrought copper and copper-alloys).
In order to obtain the grain size (grain size of « phases),
the measurement was performed at three arbitrary points
and the average value thereof was used.

(0C55]
<Akrea Ratio of B phases>

The area ratic of [ phases was obtained as follows.

A metal structure of a cross-section of the 20% cold-
rolled sample in a direction parallel to & rolling
directicen was observed using a metallographic microscope
(EPIPHOT 300 manufactured by HNikon Corporation) at a

magnification of 500 times; [ phases in the observed metal

structure were Dbinarized wusing an image processing
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rolled material in a tenperature range of 400C to 500C i s higher than
or equal to 1C/sec, the area ratio of 0 phases dispersed in an
a-phase matrix is likely to be in 0%to 0.9% (for exanple, refer to
Test No. c-8 to c-18, c107 to c-110, and c-112 to c-117). Wen the
expressions of 540Trmex..5.780 and 0.15.-cth5_50 are satisfied; the
cooling rate during the cooling of the rolled material in a
tenperature range of 400C to 500C is higher than or equal to 2C sec;
and (Tmax-90xth-112) is greater than or equal to 480 or 495 and |ess

than or equaled 80030z | 5 Lhe aheaxfal 1,0:QL Brppasess Ll %BeEgﬁd in
en

an a-phase matrix is likely to be in 0%to 0.4% [0068]

t he val ue ototdie re@apost tiran enndex ddt0f sCuciNize Mportions of the
(f1=[Cu] +1.2x[ Ni]+0.4x[M1]) is less than 65.5, hot rolling could be
per forned; hewavestriitacks dtd¥rnghanSBzenaked WBYXOr ugrakes) Weae
observed during cold rolling after hot rolling and there was a

probl em i n cotaingdr kabitd tyetalheserwdnpkesiasavesgrabl efsoinn three
consi deration of mass production and the |ike. Therefore, the
subsequent Wedtel rEEifent AWd B RFIAIRNG NG i | Bils BRaRasALiens
were not perforned. Wen the heat treatnent and cold rolling were
performed aRtF¥dEtd08 ProOFEcredt¢%rer eof were eval uated only for Test

No. a-109, the anpunt of p phases was Iargg. As a result, the cold
wor kabi ity was MBRP BnBRaiendiore PREExCH =40 fH8F1omMaES +REDI Adex

indicatingmgggfg%%§§g§i$§%*§§gFgéégﬂg%p gaésy%hhbktgf(gaag%y %cular,

ductility ge crac ormed during 1800

bending! angh%rg%éQaQ%%&BCkQ§|OﬁﬂH{ﬂ%Btb?aﬁgﬁﬁﬁﬁﬂEBsp (Eilectron Back
properties, co or f ast ness, corrosi on
Scattering diffraction Pattern). That is, JSM-7000F
{manufactured by JEOL Ltd.} was used as a FE-SEM; TSL
solutions OIM Ver. 5.1 was used for the analysis; and the
area ratio was c¢btained from a phase map at an analysis
magnification of 2000 times. That is, since the o phase
represents a crystalline structure of FCC and the [ phase
represents a crystalline structure of BCC, both phases can
be discriminated from each other.
(0058]
<Hot Workability>
The hot workability is evaluated based on the crack
state after hot reolling. The appearance was observed by
visuai inspecticn, and materials where no defects such as
cracks by hot rolling were observed or where cracks were

observed but the size thereof was small (3 mm or less)

were determined to be superior in practice and were
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resistance, and Ni allergy resistance were | ow. In addition
when the value of the conposition index fl was greater than 70, a

| arge crack was not formed during hot or cold rolling and the process
could be performed until final cold rolling. However, since these
sanples had a lowtensile strength, the tensile index f2 as the index
i ndi cating the bal ance between strength and el ongati on was | ess than
or equal to 650. In addition, regarding the press property, a |large
burr was formed and there was a problemin workability (for exanple,
refer to Test No. a-106, a-112, and a-120). \Wen the value of fl is

| ess than ofVeliidedt #69.H or "REeHrESt R4 Hrantt BEHHRET t 8566761t he
value of f2 is highkg%poq%£. I n thf ga | es iT whi ch thehannunt
of Cu was | 88K HartHE0 Haeddh ot §tcat 8t chdf 5% 0'Hassoy et h&he
composi tion [ ndex fl vas out. of the appropriate fande,in, My gases
and there wete ProbleRs" i ' Var Toud™ propérties” as ‘described above (for
exanple, re . t sl - 106) g, ) Lt in
above-descr%%%a%gggiéhﬁ$g)%gifog%afﬁé}é?o%gos?tﬁgﬁﬂgﬂl259 l%Mggg?ﬁ t he

appropri at e;rangge byt the nagoynt 10fsiG4 vas Jessebhanapl.d FRSSYS
Therefore, various properties were |ow as described above. The

conposi ti onghadderd lanbasr ang@attneehatbONIY it hebexamawAtgoh Cu.
In the sanples in which the conposition index fl is out of the

appropri at esfaNge; Vafrh ObS PFppel:dsi esrar ehhowe Ascordkbtgingnedlt tbs
preferable that the amount of Cu be 51.0 mass% to 58.0 mass%
Fur t her nor ehawhen givblanount pokcQurd s(t®l reanbhss % t balse Gepass%in
various properties are further inproved. [0070]
practice) and were evaluated as “C”. For the materiels
which were evaluated as “C”, the following tests were
stopped.
[(0057]
<Cold Workability>
The cold workability is evaluated based on the crack
state (the crack state of the cold-rolled material} after
the hot-rcolled material was cold-rolled at a high
processing ratio of 80% or higher. The &appearance was
observed by visual inspection, and materials where no
defecits such as cracks were observed or where cracks were
observed but the size therecf was small (3 mm or less)
were determined to be superior in practice and were
evaluated as “A”:; materials where cracked edges having a
size of greater than 3 mm and 5 mm or less were observed

were determined to be practicable and were evaluated as

“B”; and materials where a large crack having a size of
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In Test No. a-111 in which the anmount of Ni is greater than 12.5
mass% the conposition index fl was in the appropriate range but the
hot rolling property was |low. Therefore, a |large cracked edge was
formed during hot rolling. In Test No. a-119 in which the anount of
Ni is less than 9.0 mass% the conposition index fl was in the
appropriate range but the strength was | ow. Therefore, the val ue of
the tensile index f2 indicting the bal ance between strength and

el ongation was low. In addition, the bactericidal property and col or
fastness were al so | ow The anount of N also has a
relationshiﬁﬁ%ﬁWQ¥ tHREc EnPBsHEs ol F e ﬂPrBu?eF%FW%ﬂﬁﬁiF@dhﬁﬁeb@
suppressed to 0 mass%to 12.5 nass@b When the anmount of NI is 10.0
mass% t o 12960911&&%1% hBTHF oS t i(&8 aF*éqlﬂfret hér ApIDVEEPaIF0071]

e .anpbunt of Ni mass%. .but the

| T No. -

ot of BRI der B¢ T (o LhRE ST Sy ot ol B B AR L g

cracked edgg yas fpripd, duri g hot, tolydng and Lher e was, %Qgﬁem in
cltl on

consi derati on of masSs pro he subsequent pf ocesses suc

col d ro"'ng Hﬁgebftg ined b v&gﬁgfelﬁ ﬁio&T%%EtNQhe %é?%

whi ch t he anount was greater t 0 mass% simlarly, a

large crackeg-gdge wasy fisimad1dung nge MOt xkohhd N9 anliherefor ed-heq
subsequent investigations were stopped. On the ‘ot her hand, when the

anount of Phuwmas |@ss thanidg00Rse Massdenimdsangecauch was fiehged in

t he punching test and there was a problemin workability (for

exanpl e, reteirdod.Testz Nohe allQd)ys Whithiwensayevailnatde samules tha

whi ch the anount of Pb was greater than 0.030 nass% there was a
probl em i n Botlawdinki ngspy opeet yrépmwtd.wor kability); and in the sanples
in which the anobunt of pb was |less than 0.0005 mass% there was a
probl emin punchildg>guality (burr). Accordingly, an appropriate range

of 0.0005 mass%to 0.030 nass% i s obtai ned, [0072]
<Bactericidal Property (Antibacterial Property) 1>

The bactericidal property was evaluated with a test
method referring to JIS Z 2801 (antimicrcobial products -
test for antimicrobial activity and efficacy) and the test
area (film area) and the contact time were changed to
conduct evaluation. Escherichia c¢oli ({stock No. of
strain: NBRC3972) was used as bacteria for the test. A
solution, which was obtained by precultivating {as the
preculture method, a méthod described in 5.6.a of JIS Z
2801 was used) escherichia coli at 35%1°C and diluting
escherichia c¢oli with 1/500NB to adjust the number of
bacteria to 1.0x10° cells/mL, was used as a test bacterial
suspension. In the test method, a sample cut inte a 20
mmx20 mm square shape was put into a sterilized petri dish,

0.045 mL of the above-described test bacterial suspension
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In the sanple (Test No. a-114) in which the anbunt of Mh was greater
than 1.9 nmass% a | arge cracked edge was fornmed during hot rolling.
The addition of Mh mainly increases the strength and has a high
effect of inproving the value of the tensile index f2 as conpared to
t he sanpl es not containing M. The effect was not exhibited when the
amount of Mh was |less than 0.05 mass% In Test No. a-116 in which the
anmount of M was 0.03 nmass% substantially the sane | evel of effect
as that of the sanples not containing M was exhibited and the
tensile strength was slightly Tow In this way, when the anount of M
is 0.05%to(a5Tardshig tdedist rleRyl®’ \Aa%lw‘p@é)vewan@cteﬁie dearsiike

i ndex f2 was inproved. [0073] The bacteri ci dal erty was
eval uat ed aSPEF§TP:méRY %%é?%eﬁl‘ﬁ%ewa\ﬁalcﬁéfeé?d Zﬁft&uavvé% II@szltlﬁan

0.58 th to 0.7. Th f
conposi t LonTieddE § cE | RuShdiaibiot Vo araeaBRe L At a0

007 f
4006 i 0 500L A 1% HOCTAT iR s BnaP THaR 1¢ Qgﬁi%o%teﬂr%ﬁ% ‘

0. 8¢/ sec) OEn"‘ﬂ? ttm% PHQPJE»'&@ Fat & 'ar?mda t?g[’ﬂﬁ} “%%E?g&g & 9‘%@390 to

500C during the heat treatnent” was |ower sec
0.8C sec), thes afeaikatb s @&%@iay\ﬁ%éﬂ&{s@@ﬁeﬂast@@sm cawl:agl l'ing

property, bactericidal and antibacterial properties, and col or

fast ness detefi or@tad,oft leroiipnaliihead hddBakmedt obtain a wash-away
bacterial suspension. The wash-away bacterial suspension
was diluted teco 10 times with phosphate buffered saline
solution. Standard plate count agar was added to fhis
bacterial suspensiecn, followed by cultivation at 35k1°C
for 48 hours. When the number of colonies was more than
or equal to 30, the number o¢f colonies was measured to
obtain the wviable bacterial count (cfu/mL). The wviable
bacterial count of each sample was compared to the wviable
bacterial count at the time of inoculation (the wviable
bacterial count when the test for bactericidal property
started; cfu/mi)., The evaluation criteria were “A: 20% or
lower”, “B: 20% to less than 50%"”, and “C: 80% or higherx”.
For samples which were evaluated as A (That is, the wviable
bacterial count was less than 1/5 of the viable bacterial
count at the time of inoculation), the antibacterial
property was evaluated to be superiocr. The reason why the

culture time (inoculation time) was short at 10 minutes is

that the immediate activity for bactericidal and
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tenperature was high, and the corrosion resistance deteriorated in a
case where the grain size was large (for exanple, refer to Test No.
c-111, c-112, c-114, c-119, and c-120). In Test No. c-111, c-114,
c-119, c-121, c-123, c104, c-129, and c-130, the cooling rate in a
tenperature range of 400C to 500C after hot rolling was | ower than
1C/sec and the area ratio of p phases was high. Therefore, the cold
rolling property was evaluated as "C' and a | arge cracked edge was
formed in the rolled material. In this way, even under production
condi tions AaVi@tkevs PraeddGalbtywasr 86k R@khl ONgs | pherackedredges
were renoved and the subsequent eval uations for various properties
were perforgmfbles, the 10% addhtiorneahaenethel aneuatuoid.p phases is

i ncreased, the bal ance between strength and el ongati on deteri orates,
the val ue of the [0ehAs] | e index f2=ax(1l+s/100) is |lower than 650, and
the bendability deteriorates. Therefore there is a problemfor use in
a conponent <Whiteiriceqal raopkicgh Sintdirgchenial @rbpading Pprocess.

When the cooling rate was higher than or equal to 1C/sec and | ess
than 2C/ sec, a SA&ERT arfdent MofsyregRasescivertdepr @Eigsitt atERr whitkh
affected the bactericidal_ and antibacterial properties and the col or
fast ness. HOWRRAST WQ¥§rbé¥aﬁHBl%QeH§$léXP%ﬂ%£ Y betdREh 3% r ERGt h

and el ongatiagn hi gher than that in the case where the cooling
rate was [oWET (HARCLEr St 4907 LRSYAE (HRegORAy 1ot OF oo HELLSIaPy  hat

the cooling, rate.in.a.te rature_ range _of. 400C t o 500C .after .hot
rolling andMJf%eu%é“ggﬁi %%lx}rgziot e%ioh’ a%%%&%%? e&roﬁ’ﬁggeg?rl C’EC%O'EOOC

during the heat treatnent Qgsh%ﬁ?e%ﬁ%ﬂ%pzﬁr“%ggel Oséégﬁfgthefhan

Furthernore, in a material n o cooling rate

2C sec, no phphgses-aRRGAN. ddgewey kabkli tys BAactethed dakiandine
anti bacterial properties, color fastness, and corrosion resistance

are superi oghorNdetheihad apes: beiawenast eBgbhs 2ol &f oagatdarnis al so
superi or.
coli to evaluate the sample after long-term use for
bactericidal property. The test method and evaluation
method are the same as those of Bactericidal Property
(Antibacterial Property) 1.
[0060]
<Ccrrosion Resistance>
The corrosion resistance was evaluated 1in a
dezincification corrosion test according to I506509:1981
{corrosion of metals and alloys determination of
dezincification resistance of brass). In the test, a
sample was held in 1% ceopper (II) chloride solution,
heated teo 75°C, for 24 hours. A metal structure of the

sample in a direction perpendicular to an exposed surface

was observed to measure the depth of a portion where



As descri bed above, the area ratio of p phases affects the cold
rolling property, balance between strength and el ongati on,
bendability, bactericidal and antibacterial properties, color
fastness, and corrosion resistance. Wien the area ratio of p phases
is greater than or equal to 1.0% the evaluation for any one of the
above-descri bed properties is low In addition when the area ratio of
p phases is less than 0.4% there are not significant effects on the
above-descri bed properties and a material having superior various
properties desingd fobéaisred. ddmwefione, thHeawssl of nduts neftmexiabmi s
not limted. The corrosion resistance is affected by not only the
area ratio $fzipphasesivut carsesitre giealth) si ze Samplepardicgal arhein
the sanples in which the area ratio of 0 phases was %reatey than 1.0%
and the graW%ﬁ%ﬂ@ﬂeqe§l@?%%&QﬁtHPﬁaﬁoisoiﬁﬁq(ﬁQREB e, 1861 REfRi eAti on
corrosion having a size of greater than 200 km was observed in the
dezi nci fi catd%t 66¥ﬁ@§|@ﬁ tese avEBiadieAg 2fo 2506509 %#WﬂleéxﬁﬁﬁF%
refer to Test No. c-1 c-.12 nce O, Eaases ﬁ resen |n a
ci

grain bound&?y 1&?\’81% %e 1%@515?%%%’ SFYEOLhR GELFHCMPP &8

corrosion depth,j r eat e area gatlo of p phases is greater
than 1.5% ggathﬁ %ﬁ%ﬁﬁa£?§%x1§5 €s'than or equal to 10 gm

(0.010 nun) therg 8 g problemin dezincification corrosion (refer to
Test No. c-129). F 75] The maxi num achi eved tenperature

during the heat treatspnt hasi-adcietati onghiep Wihh the retRntiopntine
in a tenperature range froma tenperature, which is 50C | ower than

the maxi mumasddsewed pierpar aBur éhet @atBei AMXh4iMgachi @Medness of

t enper at ure. When t he nmaxi num achi eved tenperature is | ower than or

equal to 520@ amm subjected to cold-relling after the heat treatment;
in the production process P2, the material having a
thickness of 1.04 mm subjected to cold-rolling after the
heat treatment; hereinbelow, tThe same shall be applied)
was used.
<Tensile Test>

Each of the rolled material after the heat treatment

(sample before cold rolling) and the 20% cold-rolled
material was processed into No.5 test piece {width: 25mm,
gauge length: 25 mm) specified in JIS Z 2201 (Test pieces
for tensiie test for metallic materials). The tensile
test was performed wusing a 200 kN hydrauilic system
universal testing machine (AY-2008ITII-%, manufactured by
Tokyo Testing Machine Mfg Co., Ltd.). In addition, each

of the welded pipe {diameter: 32.0 mm, thickness: 1.38 mm)}

and the cold-drawn welded pipe (diameter: 25 mm,
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recrystallization structure cannot be obtained and thus there is a
problemin workability (for exanple, refer to Test No. c-108). Wen

t he maxi num achi eved tenperature is higher than or equal to 800C, the
crystal grains are grown and the size thereof is greater than 30 km
(for exanple, refer to Test No. c-107). Therefore, rough portions
(convex and concave portions on the surface) are fornmed on a surface
subjected to strong plastic working such as bendi ng or punching.

When the above-described retention tine is shorter than O equal to

0.1 m nutesyya,$uEEL Ciientyr egrysLalld zald ot nuet ui e ¢appoL;be.
obt ai ned and the bal ance between strength and el ongation is |ow (for

exanpl e, re{&ude0 1EagtnNoso Cnd16he |§’ca%@dl-1hie@@,tt\.@ed’éstth§>ité@@t lWhg tine
is long at 100 mnutes, the crystal grains are grown and rough
portions areuf ordwed t68 Bisdrdaceisupj eededika shrong Pplaesti qTwet Ki ng
(for exanple, refer to Test no. c-117). When the heat treatnent
i ndex It i|spless tthantddfila dexar YotrahktzEticomasbruelur.e RS cnogd
sufficiently obtained. In addition, when the heat treatnent index It

i s greater ldarvasr ieqeated 0ir8202 grystpdrigica rsdarke coarssdeandst ough
portions are likely to be formed during 180 bending or the |ike and
there is a probpamdrnegl astpe workDnd¥( Wodkabtis t §ysteorurdysnpie, a

| arge burr is formed in the punching test (for exanple, refer to Test
No. "o~ 118 aRePic84) ToWhERE t e @S F bt merPrPAEBR IR | SYgr dKER ¢ han
or equal to_480 or 495 and s |ess than or equal to 600 or 580, the
optinun1ave?%ﬂﬁﬁﬁrgFﬁhﬁﬁigﬁﬁsCBbt&ﬁﬁ%g'and t he bal ance between

strength and eloggatiég&ﬂtgokgprQ%%%. LQQZG]tensile strength is

represented by o (N/mm®) and the elongation is represented
by & (%), a tensile index f2 as the index indicating the
balance between strength and ductility was defined as
f2=cx (1+£/100) .

[(0062]

The results of the above-described respective tests
are shown in Figs. 4 and 13. Here, the results of each
sample for the respective tests are shown in two drawings
of Figs. 4 and 5, Figs. & and 7, Figs. 8 and 8, Figs. 10
and 11, and Figs. 12 and 13.

Bere, in the item “Heat Treatment” of the production
process PZ, the conditions for the heat freatment
performed after cold rolling of 1. 3 mm are shown. In
addition, in the item “Tensile Test (After Heat
Treatment)” of the production process P2, the results for

the heat treatment performed after cold reolling of 1. 3 mm
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When the anobunt of Cu is less than or equal to 51 mass% (50. 7 mass%
Zn: 36.6 mass%, the area ratio of p phases is great. As a result,

t he bal ance between strength and el ongation, bendability, corrosion
resi stance, color fastness, and bactericidal and antibacteri al
properties are low (refer to Test No. a-109). When t he anount
of Nl is greater than 13 mass% the cold workability is | ow and thus
a cold-rolled material cannot be prepared (for exanple, refer to Test
No. a-111). In addition, when the anbunt of Ni is |less than 8.5
mass% the bal ance between strength and el ongation, bactericidal and
anti bact eri are pplopérti €8 alvd téohor it ashnessenr eT¢row lef Jieséxdrpke,
refer to Test No. a-119). Wien the anounts of Pb and C are
great er tharPH U958 Res¥osandl0. 015 faseon e fféeti vely ralHdrne afe

problens in_hot rollin roperty and cold rollin roperty. In
particul ar, °f Tlﬁea‘ieafg‘og'f“ %BF ty'ﬂ% Bﬁ?d%|lPPn§r%$ v 1 ¢2Hoand

crack i 5 fof fdi(T of BHapI e Sror 81T D Tebe KD, 'GOPL Pl ca L8y,
Conver sel y, fx@teﬂ“éat g?‘%ﬁ%%sggpf%:’% gnd C are 0.0002 mass%

respectively, g q is’low, a large burr is formed
during punching, (@ggszfhus a burr renmoval operation is required, which
causes an increase in production cost (for exanple, refer to Test No.

a-118 and a-113) the followhlfig! R@sMedRhkal S-cmONt NL8g,12::6 sBRSSHe Of
Wnh, the hot rolling property and cold rolling property were | ow and
the roll ed megweyi al could not be produced (for exanple, refer to Test
No. a-114). On the other hand, in the materials containing a | ow
anount of WMh of Qn03thmass¥lvehestpurchcogeaquakillyysvassl ovhandithere is
a problem (for exanple, refer to Test No. a-116). In the

mat eri al codtByd MFc@rdnemss%ind Wieseatf inmeokiate looamiong fietel of Al
was formed on the surface and there were problens in bactericidal and
anti bact er i atrystayer Lh eghiiqheftbe predasttiNooL off IEpes dispersied the
material containing 0.12 mass% of P, a | arge cracked edge was forned
at an end pd®tti®rPiEEe hd2hdtEr ofded Grat €9 al-4kd t Fet e M@ 1ipR6bl em

in dUCtilitgrggggtggshgacﬁoééiﬁg% Q&E&ggii{%Qre%%l§OWO%i§é¥QIty, and
press property were superior, the color fastness was high,
and the bactericidal and antibacterial properties and Ni
allergy resistance were superior (for example, refer to
Test No, a-1). In the silver-white copper alloys having a
metal structure in which the area ratio of [ phases
dispersed 1n an «¢-phase matriz was 0 to 0.4%, the
properties were particularly high.
{0064)]
In the silver-white copper alloys as the second
alloys according to the present invention having a metal
structure in which the area zatio of P phases dispersed in

an o-phase matrix was 0% to 0.9%, the strength,
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In the material containing 0.11 mass% of Sb and 0.13 mass% of As, a
smal | cracked edge was observed during cold rolling and there was a
problemin ductility during cold rolling, for exanple, cracks were
formed in the bending test of bending the material by 180C (refer to
Test No. a-123). In addition, when the value of the
conposition index f1=[Cu]+1.2x[Ni]+0.4x[M] is less than or equal to
65, there are problens in hot and cold rolling properties. Wen val ue
of the composition index fl is greater than 70, the bal ance between

strength and elongation is low |In particular, in a materi i_n which
She val ne opetda datk Orand st e dBRoTe v TBEe ot v 68. OVRE Bt SFBF apl v
66.5 to 68.0,_variou ropertie e s ior._J10077] . hen t he
al | oys acco?}a?mr‘}jglet’o e‘nf(e(;“xrpfceose%netsscl %%’nt?gﬁj)ére Icrg)n%é? ]eal%%erc_'?’%%e

(nickel st1yghle el LSpbbe gl s al Qe lBe,del Al e n! pLhe Bal ance

bet ween stre I'ongation and ni ckel ergy resistance are

superior. ratio df1 agﬁﬁ%éé”ﬁ%ﬁﬂ@%@e&hﬁna%dﬁ%g h§980ﬁ§@§%w %%steeto

present invention are conpared to C/060 Is a Cu all oy and

C2680 whi choi &5 briasspl&pdAncal Loyd pddie chat ance;ggt ween strength and
el ongation is superior as in the case of C7521 and the punching

qual ity (workabi lfiobgy»; bactericidal and anti bacterial properties,
col or fastness, and corrosion resistance are superior. Wen the
al | oys accordi ngIto the phiésentwhimeentoopear eltonpareed tloe C2680d
subjected to the rust prevention treatnment, the color fastness of
devel oped akllgis iaFcoggeny oko ahlide t vegsents iavshghd | panngdiaf fetéhce in
an exposure test of being in contact with human body for a |on
peri od of t#hgucture in which the area ratio of  phases dispersed in
an o-phase matrix was 0% to 0.%%, the strength, color
fastness, and corrosion resistance were improved in the
case of alloys having Al, P, or Mg; and the corrosion
resistance was improved in the case of ailoys having Sb or
As (for example, refer to Test No. &-33, a-35, a-36, a-37,
and a-38).
[0066]
When the cooling rate of the hot-relled material in
a temperature range of 400°C to 500°C is higher than or
equal to 1°C/sec, the area ratio of [ phases dispersed in
an o«-phase matrix is likely fto be in 0% to 0.9% (for
example, refer to Test No. ¢-8 to ¢-18, ¢-111, and c¢-114).
[0067]
In the heat treatment, when the expressicns of

520<Tmax<800, 0.1<th<90, and 470<Tmax-90xth /<620 are

setisfied; and the c¢ooling rate during the cooling of the
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In this way, it can be seen that the alloys according to the present
invention exhibit the same quality of silver white as that of nickel
silver and are the copper alloys having superior nechani cal
properties (high strength and bal ance between strength and

el ongation), hot workability, cold workability, color fastness, and
bactericidal property (antibacterial property). [Industrial
Applicability] [0078] The silver-white copper alloy according
to the present invention can be suitably applied to, in the hospital
or public places, railings, door knobs, door handles, |ever handl es,
push pIateSIObbﬂbgwtbééa%ﬁdearhémﬁﬁgﬁﬂnﬁwrﬁmmg<ﬁhﬂ@@%h¢9 S5¢0%Cpss
dressi ng chan carts, carriages, food carriers, carts, top- plate
conponent s B%g kKEhan @br l6oHgLt 4151 e5°C/REys, thedidaR tFdiiccompofent s,
top plates of weighing machi nes, construction interior materi als,

railings ofp%%ﬁ%hégﬁp RSFE st Bralt HE RNEEE, MaFavat bt 1itdri 6P Rt & al s,
i ndoor eIecBgl §%AQQQ§ ons, Jr ﬁ%n?égtqgntrogl 1S9 tge

| i ke, westefn 1TpabOI éwar e, rrumg F i nStTrunen Fe phones, ‘covers

of per sonal y gprpyt ex o andeelesisi el ccpmmoneqsy L. a fés%qonghe

silver- mhlte copper all'oy according to e present I nvention can be

sui tably f’ip §§](f$19qa§cl<l7y@ra1¥g"6 8 smhefd aér_% ArQqueeds m thout, Al agi ng

such as nlc
rate during the cooling of the rolled material in a

temperature range of 400°C to 500°C is higher than or equal
to 2°C/sec: and (Tmax-90xth "} is greater than or equal to
480 or 495 and less than or egqual to 600 or 580, the area
ratio of P phases dispersed in an a-phase matrix is likely
to be in 0% to C.4%.
[0068]

When the value of the composition index f1 of Cu, Ni,
Mn (fl=[Cul+1.2x[Ni]l+0.4x[Mn]) is less than &5.5, hot
rolling could bhe performed; however, cracks having a size
of 5 mm or greater were cobserved during cold rolling after
hot rolling and there was a problem in cold workability.
These samples have problems in consideration of mass
production and the like. Therefore, the subsequent heat
treatment and cold roliing and various evaluvations were
not performed. When the heat treatment and cold rolling
were performed and various ©properties thereof were
evaluated only for Test No. z-109, the amount of [ phases

was large. As a result, the cold workability was low, the



[ Desi gnation of Docunent]Clains [Claim1l] A silver-white copper alloy
conprising: 51.0 mass%to 58.0 mass% of Cu; 9.0 mass%to 12.5 mass%
of Ni; 0.0003 mass% to 0.010 nmass% of C, 0.0005 mass% to 0.030 mass%
of Pb; and

tensile index £2=ox(l+g/100} as the index indicating the
balance between strength and ductility {in particular,
ductility was low) was low, & large c¢rack was formed
during 180° bending, and the bactericidal and
antibacterial properties, color fastness, corrosion
resistance, and Ni allergy resistance were low,

In addition, when the value of the compositicn index
fl was greater than 70, a large crack was not formed
during hot or cold rolling and the process could be
performed until final cold rolling. However, since these
samples had a low tensile strength, the tensile index £2
as the index indicating the balance between strength and
elongation was less than or equal to 650. In addition,
regarding the press property, a large burr was formed and
there was a problem in workability (for example, refer to
Test No. a-106, a-112, and a-120). When the wvalue of fl
is less than or eguail to 62.0 or is greater than or equal
to ©6.C, the wvalue of £2 is high.

[0069]

In the samples in which the amount of Cu was less
than 51.0 mass% or greater than 58.0 mass%, the
composition index fl was out of the appropriate range in
many cases and there were problems in various properties
as described above (for example, refer to Test No. a-101

and a-106}). In addition, in the above-described Test No.
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t he bal ance of Zn and inevitable inpurities, wherein a
relationship of 65.5[Cu]+1.2x[Ni]70.0 is satisfied between a content
of Cu [Cu] (mass% and a content of Ni [Ni] (mass%, and in a
nmetal structure thereof, an area ratio of 0 phases dispersed in an
a-phase matrix is 0%to 0.9% [Claim?2] A silver-white copper alloy
conprising: 51.0 mass%to 58.0 mass% of Cu; 9.0 mass%to 12.5 mass%
of Ni;
a-109, the composition index fl1 was in the appropriate
range but the amount of Cu was less than 51.0 mass%.
Therefore, various properties were low as described above.
The composition index f1 has a great relationship with the
amount of Cu. in the samples in which the composition
index f1 1s ocut of the appropriate range, wvarious
properties are low. Accordingly, it is preferable that
the amount of Cu be 51.0 mass% to 58.0 mass%. Furthermore,
when the amount of Cu is 51.5 mass% to 57.0 mass%, wvarious
properties are further improved.
[0070]
In Test No. a-111 in which the amount of Ni 1is
greater than 12.5 mass%, the composition index fl was in
the appropriate range but the hot rolling property was low.
Therefore, a large cracked edge was formed during hot
rolling. In Test No. &-119 in which the amount of Ni is
less than 9.0 mass%, the composition index f1 was in the
appropriate range but the strength was low. Therefore,
the wvalue of the tensile index f2 indicting the balance
between strength and elongation was low. In additicn, the
bactericidal property and color fastness were also low.
The amount of Ni also has a relationship with the
composition index f1 but is required to be suppressed to

9.0 mass% to 12.5 mass%. When the amount of Ni is 10.0

mass* to 12.0 mass%, the properties are further improved.
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0.05 mass%to 1.9 nmass% of M, 0.0003 mass%to 0.010 mass% of C,
0. 0005 mass% to 0.030 mass% of Pb; and the bal ance of Zn and
I nevitable inpurities, wherein a rel ationship of
65. 5[ Cu] +1. 2x[ Ni ] +0. 4x[ Mh] 70. 0 is satisfied between a content of Cu
[Cu] (mass%), a content of Ni [Ni] (rmass%, and a content of M [ M]
(mass%, and in a netal structure thereof, an area ratio of
0 phases dispersed in an a-phase matrix is 0%to 0.9%
[0071]
In Test No. a-105, the amocunt c¢f Ni was less than
9.0 mass%, but the amount of Pb was large at 0.032 mass$.
Therefore, since a large cracked edge was formed during
het rolling and there was a problem in consideration of
mass production, the subsequent processes such as coid
rolling were stopped.
In the sample (Test No. a-117) in which the amount
of Pb was greater than 0.030 mass%, similarly, a liarge
cracked edge was formed during hot rolling. Therefore the
subsequent investigations were stopped. On the other hand,
when the amount of Pb was less than 0.0005 mass%, a large
burr was formed in the punching ftest and there was a
problem in workability (for example, refer to Test No. a-
103). In this way, in the samples in which the amount of
Pb was greater than 0.030 mass%, there was a problem in
hot relling property {(hot workability); and in the samples
in which the amcunt of pb was less than 0.0005 mass%,
there was a problem in punching gquality (burr) .
Accordingly, an appropriate range of 0.0005 mass% to 0.030
mass% is cbtained.
[0072]
In the sample (Test No. a-~114) in which the amount

of Mn was greater then 1.9 mass%, a large cracked edge was

formed during hot rolling. The addition ¢f Mn mainly
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[Claim3] A silver-white copper alloy conprising: 51.5 nmass%to 57.0
mass%

increases the strength and has a high effect of improving
the wvalue of the tensile index f2 as compared to the
samples not containing Mn. The effect was not exhibited
when the amount of Mn was less than 0.05 mass%. In Test
No. a-116 in which the amount of Mn was (.03 mass%,
substantially the same level of effect as that o¢f the
samples not containing Mn was exhibited and the tensile
strength was slightly low. In this way, when the amount
of Mn is 0.05% to 1.% mass%, the strength was improved and
the tensile index f£2 was improved.

[COT73]

The bactericidal property was evaluated as B in many
cases when the wvalue of 2Zn/Cu was less than 0.58 or
greater than or equal to 0.7. Therefore, not only the
composition index fl1 but alsc the ratio of Zn/Cu has an
optimum range.

[0074]

When the cooling rate in a temperature range of
400°C to 500°C after hot rolling was lower than 1°C/sec
(0.2, 0.4, or 0.8°C/sec) or when the cooling rate in a
temperature range of 400°C to 500°C during the heat
treatment was lower than 1°C/sec (0.4, or 0.8°C/sec), the
area ratio of [ phases was increased, the cold reolling
property, bactericidal and antibacterial properties, and

color fastness deteriorated, the final heat treatment



of Cu;

10.0 mass% to 12.0 mass% of Ni; 0.05

temperature was high, and the <corrosion resistance
detericrated in a case where the grain size was large {for
example, refer to Test No. ¢-111, c-112, ¢-114, c-119%, and
c-120). In Test No. c-111, ¢-114, ¢c-119, c-121, c-123, c-
104, <~12%, and ¢-130, the cooling rate in a temperature
range of 400°C to 500°C after hot rolling was lower than
1°C/sec and the area ratio of B phases was high. Therefore,
the cold rolling property was evaluated as “C” and a large
cracked edge was formed in the rolled material. In this
way, even under production conditions having low
practicality, crack portions in cracked edges were removed
and the subsequent evaluations for wvarious properties were
performed.

In addition, when the amount of [ phases 1is
increased, the balance between strength and elongation
deteriorates, the value of the tensile index
f2=ox (1+¢/100}) 4is lower than 650, and the bendability
deteriorates. Therefore there is a problem for use in a
component which requires high strength and a bending
process.

When the cooling rate was higher than or equal to
1°C/sec and less than 2°C/sec, a smell amount of [ phases
were precipitated, which affected the bactericidal and
antibacterial properties and the color fastness. However,

the balance (tensile index £2) between strength and



mss% to 0.9 mass% of Mr; 0. 0005 mass% to 0.008 mass% of C; 0. 001
mass% to 0. 009 mass% of Pb; and

elongation was higher than that in the case where the
cooling rate was lower than 1°C/sec.

In this way, it is necessary that the cooling rate
in a temperature range of 400°C to 500°C after hot rolling
and the cooling rate in a temperature range of 400°C to
500°C during the heat treatment be higher than or egual to
1°C/sec., Furthermore, in a material in which the cooling
rate is higher than 2°C/sec, no [ phases appear, the
workability, Dbactericidal and antibacterial properties,
color fastness, and corrosion resistance are superior, and
the balance Dbetween strength and elongation is also
superior.

As described above, the area ratio of B phases
affects the c¢old rolling property, balance between
strength and elongation, bendability, bactericidal and
antibacterial properties, color fastness, and corrcsion
resistance. When the area ratio of  phases 1s greater
than or equal to 1.0%, the evaluation for any one of the
above~described properties is low. In addition when the
area ratio of B phases dis less than G.4%, there are not
significant effects on the above-described properties and
a material having superior various properties can be
obtained. Therefore, the use of this material 1is not
limited. The corrosion resistance is affected by not only

the area ratio of P phases but alsc the grain size. 1In
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t he bal ance of Zn and inevitable inpurities, whereinarel ati onshi pof
66. O[ Cu] +1. 2x[ Ni ] +0. 4x[ Mh] 69.0 i s satisfied between a content of Cu
[Cu] (rmass%, a content of Ni [Ni] (nass%, and a content of NMh [ Mi]
(mass%, and in a nmetal structure thereof, an area ratio of 0
phases di spersed in an a-phase matrix is 0%to 0.4% [C aim 4]

The silver-white copper alloy according to any one of clainms 1 to 3,
further conprising: one or nore selected froma group
consisting of 0.01 mass%to 0.3 nmass% of A, 0.005 nmass%to 0.09
mass% of P. 0.01 mass%to 0.09 mass% of Sb, 0.01 mass%to 0.09 mass%
of As, and Gei(tudass¥inotBeO03ammsHoiof Wh.ch the area ratio of f

phases was greater than 1.0% and the grain size is greater
than 15 um (0.015 mm), dezincification corrosion having a
size of greater than 200 um was observed 1in the
dezincification corresion test according teo IS06509 (for
example, refer to Test No. ¢-118 and c¢-120}. Since J
phases are present in a grain boundary and has a large
grain size, the dezincification corrosion depth is great.
When the area ratio of B phases is greater than 1.5%, even
if the grain size is less than or equal to 10 pum {0.010
mm), there is a problem in dezincification c¢orrosion
(refer to Test No. c-129).

[CGO075]

The maximum achieved temperature during the heat
treatment has a relationship with the retention time in a
temperature range from a temperature, which is 50°C lower
than the maximum achieved temperature, to the maximum
achieved temperature. When the maximum  achieved
temperature is lower than or equal to 520°C, a
recrystallization structure cannot be obtained and thus
there is a problem in workability (for example, refer to
Test No. ¢-108). When the maximum achieved temperature is
higher than or equal to 800°C, the crystal grains are
grown and the size thereof is greater than 30 pm (for

example, refer to Test No. ¢-107). Therefore, zrough
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[Claim5] A nethod of producing the silver-white copper alloy

according to any one of clains 1 to 4, wherein a cooling rate
of a hot-rolled material in a tenperature range of 400C to 500C is
hi gher than or equal to 1C/ sec. [C aim 6] A nmet hod of producing

the silver-white copper alloy according to any one of clains 1 to 4,
conpri si ng:
portions (convex and concave porticons on the surface) are
formed on a surface subjected to strong plastic working
such as bending or punching.

When the above-described retention time is shorter
than or equal to 0.1 minutes, a sufficient
recrystallization structure cannot be obtained and the
balance between strength and elongation 1is low (for
example, refer to Test No. c-116}. In addition, when the
heating time is long at 100 minutes, the crystal grains
are grown and rough portions are formed on a surface
subjected to strong plastic working {for example, refer o
Test no. c-117}.

When the heat treatment index It is less than 470, a
recrystallization structure 1is not sufficiently obtained.
In addition, when the heat treatment index It is greater
than or equal to 620, crystal grains are coarse and rough
portions are likely to be formed during 180° bending or
the like and there 1is a problem in plastic working
(workability), for example, a large burr is formed in the
punching test (for example, refer to Test No. ¢-118 and c-
124). W%When the heat treatment index It is greater than or
equal to 480 or 495 and is less than or equal to 600 or
580, the optimum average grain size 1is obtained and the
balance between strength and elcongation is improved.

[Q078]
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a heat treatnent process of heating a rolled naterial to a

predeterm ned tenperature, maintaining the rolled material at a
predeterm ned tenperature for a predetermned tinme, and cooling the
rolled miterial to a predeterm ned tenperature, wher ei n, when
a maxi mum achi eved tenperature of the rolled material in the heat
treatnment process is represented by Tmax (C) and a retention tine of
the heat treatnent process in a tenperature range froma tenperature,
which is 50C | ower than the nmaxi mum achi eved tenperature of the
rolled material, to the maxi num achi eved tenperature is represented
by th (min), expr®§3i A8 8F°HPD' 28 ' txBDOLeF 7SEROOr &[gal to ol
470Tmax- 90xt h112<620 are satisfied and a cooling rate during the

cool i ng of T#EToli®d MIASEFT alni n34- ¢ eRPpET A Urd s &F§e dRt400eLt B 500C
I's higher tgﬁgkég’ ?guaéréé%.lcy%ﬁf'a result, the balance between
strength and elongation, bendability, corrosion resistance,
color fastness, and bactericidal and antibacterial
properties are low (refer to Test No. a-109).

When the amount of Ni is greater than 13 mass%, the
cold workability is low and thus a cold-rolled material
cannot ke prepared {(for example, refer to Test No. a-111}.
In additicn, when the amount of Ni is less than 8.5 mass$%,
the balance between strength and elongation, bactericidal
and antibacterial properties, and color fastness are low
(for example, refer to Test No. a-119).

When the amounts of Pb and C are greater than 0.035
mass® and 0.012 mass%, respectively, there are problems in
hot rolliing property and cold rolling property. In
particular, in the c¢ase of Pk, the hot rolling property is
low and thus a product cannot be produced normally, for
example, a large crack is formed (for example, refer to
Test No. a-117 and a-115). Conversely, when the amounts
of Pb and C are 0.0002 mass%, respectively, the punching
gquality 1s low, a large burr is formed during punching,
and thus a burr removal operation is required, which

causes an increase in production cost (for example, refer

to Test No. 2-118 and a-113).
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In the materials containing 2.6 mass% of Mn, the hot
rolling property and cold rolling property were low and
the rolled material could not be produced {for example,
refer to Test No. a-114). Cn the other hand, in the
materials containing a low amount of Mn of 0.03 mass%, the
punching guality was low and there is a problem (for
example, refer to Test No. a-1186}.

In the material containing 0.32 mass% of Rl, a firm
oxide coating film of Al was formed on the surface and
there were problems in bactericidal and antibacterial
properties (refer to Test No. a-121).

In the material containing 0.12 mass% of P, a large
cracked edge was formed at an end portion of the hot-
rolled material and there was a problem in ductility
during het rolling (refex to Test No. a-122).

In the material containing 0.11 mass% of Sb and 0.13
mass% of As, a small cracked edge was observed during cold
rolling and there was a problem in ductility during cold
rolling, for example, cracks were formed in the bending
test of bending the material by 180°C ({refer to Test No.
a-123). |

In addition, when the value c¢f the composition inde=x
fl={Cul+1.2=x[Nil+0.4x[Mn] 1is less than or equal to 65,
there are problems in hot and cold rolling properties.

When wvalue of the composition index f1 is greater than 70,
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the balance between strength and elongation is low. In
particular, in a material in which the wvalue of the
composition index fl1 is €6.0 to 69.0 and preferably 66.5
to 68.0, various properties are superior.

[0077)

When the alloys according to fthe present invention
are compared to (7521 (nickel silver) which is the
material of the related art, the balance between strength
and elongation and nickel allergy resistance are superior.

In addition, when the alloys according to the
present invention are compared to C7060 which is a Cu/Ni
alloy and C2680 which i1s brass (Cu/Zn alloy), the balance
between strength and elongation is superior as in the case
of Cc7521 and the punching guality (workability),
bactericidal and antibacterial properties, color fastness,
and corrosion resistance are superior. When the alloys
according to the present invention are compared to C2Z680
subjected to the rust prevention treatment, the color
fastness of developed alloys is superior and there is a
significant difference in an exposure test of being in
contact with human body for a long period of time.

In this way, it can be seen that the alloys
according to the present invention exhibit the same
quality of silver white as that of nickel silver and are

the copper alloys having superior mechanical properties
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thigh strength and balance between strength and
eilongation), hot workability, cold workability, color
fastness, and bactericidal property {artibacterial
property) .

[Industrial applicability]

(0078]

The silver-white copper alloy according to the
present invention can be suitably applied to, in the
hospital or public places, railings, door knobs, door
handles, lever handles, push plates, poles, bed-side
railings, writing materials, grips, dressing change carts,
carriages, food carriers, carts, top-plate components of
desks or working tables, keys, medical toocl components,
top plates of weighing machines, construction interior
materiazls, railings of benches, chairs or the 1like,
elevator interior materials, indoor electrical switches,
buttons of remote controllers or the like, western
tableware, musical instruments, meobile phones, covers of
personal computers, and electrical components. In
addition, the silver-white copper alloy according to the
present invention can be suitably applied to silver-white

materials produced without plating such as nickel plating.
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iDesignation of Document] Claims
{Claim 1]

A silver-white copper alloy comprising:

51.0 mass% to 58.0 mass% of Cu;

9.0 mass% to 12.5 mass% of Ni;

0.0003 mass% to 0.01C mass% of C;

0.0005 mass® to 0.030 mass% of Pb; and

the balance of Zn and inevitable impurities,

wherein a relationship of 65.5£[Cu]+1.2x{Ni]<70.0 is
satisfied between a content of Cu [Cu] (mass%) and a
content of Ni [Ni] (mass%)}, and

in a metal structure thereof, an area ratio of P
phases dispersed in an o-phase matrix is 0% to 0.9%.
[Claim 2]

A silver-white copper alloy comprising:

51.0 mass% to 58.0 mass% of Cu;

9.0 mass% to 12.5 mass% of Ni;

0.05 mass® to 1.9 mass?® of Mn;

0.0003 mass% to 0.010 mass% of C;

G.0005 mass®% to 0.030 mass% of Pb; and

the balance of Zn and inevitable impurities,

wherein a relationship of
65.5<€{Cul+1.2x[N1]1+0.4x[Mn]<70.0 is satisfied between a
content of Cu [Cu] {(mass%), a content of Ni [Ni] (mass%),

and a content of Mn [Mn] (mass%), and



in a metal struciure thereof, an area ratio of
phases dispersed in an a-phase matrix is 0% to 0.9%.
[Claim 3]

A silver-white copper alloy comprising:

51.5 mass% to 57.0 mass% of Cu;

10.0 mass% to 12.0 mass® of Ni;

0.05 mass% to 0.9 mass% of Mn;

0.0005 mass® to 0.008 mass% of C;

0.001 mass% to 0.009 mass% of Pb; and

the balance of Zn and inevitable impurities,

wherein a relationship of
66.0<[Cul+1.2x[N1}+0.4%x[Mn]<69.0 is satisfied between a
content of Cu [Cu] (mass%), a content of Ni [Ni] (mass%),
and a content of Mn [Mn] (mass%), and

in a metal structure thereof, an area ratio of
phases dispersed in an o-phase matrix is 0% to 0.4%.
fClaim 4]

The silver-white copper alloy according to any one
of c¢laims 1 to 3, further comprising:

one or more selected from a group consisting of G.01
nass% to 0.3 mass% of Al, 0.005 mass% to 0.0% mass% of P,
0.0l mass% to 0.09 mass%t of Sb, 0.01 mass% to 0.0% mass%
of As, and 0.001 mass% to 0.03 mass% of Mg.
[Claim 5]

A method of producing the silver-white copper alloy
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according to any one of claims 1 to 4,

wherein a cooling rate of a hot-rolled material in a
temperature range of 400°C to 500°C is higher than or equal
te 1°C/sec.

[Claim 6]

A method of producing the silver-white copper alloy
according to any one of claims 1 to 4, comprising:

a heat treatment process of heating a rolled
material to a predetermined temperature, maintaining the
rolled material at a predetermined temperature for a
predetermined time, and cocoling the rolled material to a
predetermined temperature,

wherein, when a maximum achieved temperature of the
rolled material in the heat treatment process is
represented by Tmax (°C) and a retention time cof the heat
treatment process 1in & temperature range from a
temperature, which is 50°C lower than the maximum achieved
temperature of the rolled material, to the maximum
achieved temperature is represented by th (min),
expressions of 520<Tmax<800, 0.1<th<9%0, and 470<Tmax-80xth”
Y2<620 are satisfied and a cooling rate during the cooling
of the rolled material in a temperature range of 400°C to

500°C is higher than or equal to 1°C/sec.



