10

15

20

25

1 COPPER ALLOY HAVI NG H GH STRENGIH AND SUPFPl (P
BENDI NG WORKABI LI TY, AND.VETHOD FOR MANUFA

COPPER ALLOY 5 PLATES TECHNI CAL FI ELD [0001] Thﬂ“‘wwmm"“ |Ul|\|\||||\
present invention relates to a copper alloy . whic
a high strength, a high electnical conductiyity and-*isoso

superior bending 10 workability, e.g., a copper a
suitable for use as electrical or eIectroniC|partMMmmmwmmmmm“
mat eri als in househol d appliances, sem conductor

such as I C lead frames fQpreiHeR or devices or *G00002*
the like, printed wuring boar s or the like, copper

al loying elenment plate strips used in nechanica

parts such as openi ng-and-cl osi ng parts bus bars,

1@6@*@?{”@LEOY¢%‘\P{N@I§I ds‘fgil\k %[ 'lz\gf);ilﬁﬁﬁgﬁﬁﬁ BENDING

present 1 nventl on

| ooozﬁ%ﬁp“%ﬁw NS SR, F OB AN UEAGHTRNE (D ALLOY

Cﬁ 20 enployed |n the past as copper alloys in
t he various applications described above, begi nning
wi th sem conductor IC lead franes and the Iike.
Exanpl es of such Cu-Fe-P alloys include copper alloys

(@?gﬁﬁgﬁﬂ$¢oy§ an5 tgogpéfqzrﬁosgdtgagzgoaga?nogozbto

AGRBAG o Prefe bR inelaleR | Poeb e abBinhich has
%ge%%r&%%tﬁi Bndligh"Elnsial Felaflefivids ggfjlen%{aﬂféiqrorbendmg

(W HT F cgﬁ gﬁ:?t ?‘{RHF&S @glth&%?blgo%gc s¢i 138 electrical or

ae?&&?gh{lgb&t thsé%als in household apphances semiconductor parts

such as IC lead frames for semiconductor devices or the like, printed
wiring boards or the like, copper alloying element plate strips used in
mechanicial parts such as opening-and-closing parts, bus bars,
t¢rminals, connectors and the like. Furthermore, the present invention

also relates to a method for manufacturing such a copper alloy.

BACKGROUND ART
[0002] Cu-Fe-P alloys which contain Fe and P have beeﬁ commonly
employed in the past as copper alloys in the various applications

described above, beginning with semiconductor IC lead frames and the

like. Examples of such Cu-Fe-P alloys include copper alloys that

contain 0.05 to 0.15% Fe and 0.025 to 0.040% P '(C19210 alloy) and
copper alloys that contain 2.1 to 2.6% Fe, 0.015 to 0.15% P and 0.05 to

0.20% Zn (CDA194 alloy). If Fe or an inter-metallic compound such as
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all oys are commonly used as international standard
alloys. 5 [0003] In recent years, with the expanded
use of Cu-Fe-P alloys, and the reduced wei ght,

i ncreased thinness and nore conpact size of

el ectrical and electronic devices, there has been a
demand for even greater strength and conductivity,
and superior bending workability, in these copper
alloys as well. In regard to such bending workability,

1@’etPQﬁetH@$ik€ei§3pl%dﬂﬁﬁ§f&i flﬁra %B @Ptrﬁéfr% ;grc'a§eha§uch Cu-Fe-P

al |l ow severe ben such as

b%ﬂl@x@gaﬁé t&ip fﬂ%lc"é'v@ﬁ %'?Hﬁﬁg Fb%ggrbeen kng%/lm t{l‘ﬁggggf dstrength,

to these reqwremsnts It

SRl RSO i BRI . e

5%?8 %%?t@;t el e 38 i %‘%&Ls‘&éﬂﬁefq WSt o).
F Fe- P
: il 3ot ﬁéé’é‘?ﬁé/gerdgéaﬁﬂ‘éﬁgifﬁéc Bardt B5F of QyE-P alloys, and
e %We?% GRE: et %%%fﬁ“ﬂﬂgﬁ‘ééﬁﬁswoawqrn@act size of
h b
fé%m{a A SAGIREHE SR M P A B o cven
A S BB D R e .
e A RS 3l s Sy
U 5o 8110 B8 Bl B oA eni
2
ARSI A 2o e
Jodr: 8 el o' EG e %F@W&Pﬁ% 1585 147 BB Erbun tha
f the X-
s lﬁé:%r 3R, 4 B 5t s S s e
((g?félt éfh'h%?t ' & fbggﬁz%i):ﬁglhn(gsjtpe oélstpré?sg state of the

e x-if ay’ di
crystallized / precipitated matter (see patent documents 1-6 below).

[000S] Furthermore, in the case of Cu-Fe-P alloys, control of the
aggregate structure has also been proposed as a means of improving
various characteristics such as bending workability and the like. In
more concrete terms, it has been proposed that the ratio of the X-ray
diffraction intensity [{200) of the plane (200) to the X-ray diffraction
intensity [(220) of the plane (220) in copper alloy ‘plates, ie.,
1(200)/1(220), be 0.5 to 10, that the orientation density of the cubic
orientation_, i.e., D(cubic orientation), be 1 to 50, or that the ratio of the
orientation density D(cubic orientation) of the cubic orientation to the _

orientation density D(S orientation) of the S orientation, i.e., D(cubic
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5 intensity 1(220) of the plane (220) in copper alloy
plates, i.e., [1(200) + 1(311)]/1(220), be 0.4 or
greater (see patent docunment 8 bel ow). Patent docunent
1. Japanese Patent Application Laid-Open No. 6-235035
(entire text) 10 Patent documeny 2: Japanese Patent
Application Laid-Qpen No. 2001-279347 (entire text)
Pat ent docunent 3: Japanese Patent Application

~Lai d-Open No. 2005-133185 (entire text) Patent

1 878t iol PREBRRRTaliEhe be. PRt icipafrl %ﬁﬁé 7 below).
 EPL P o e Eh%i%g%@s% R oM RRligST the sum
3 Enen D208 VA ol B At P@g@ﬂaﬁg
289%3%212%%2[1% ﬁg IQSI% gg?t?l LBL%?%O%&&? tthgI D& 2 ray dlffractlon
e &3@&%%%%%“@@%52 - [1200) +
fRndli 102 ginbhd A&ty Sehpalentidciagett § Piow

amount of wor k- har deni ng obt ai ned by strong wor ki ng
effected by increasing the working ratio of cold

L."L,Lp“e?%ﬁgc!””'hﬁﬁsﬁ LarRess Bt FRE plipghon Lalfopen No.
AR (St Bt 2L L™ 6 0 171 CUlt achi eve both
the B&ES SS%’(}/cu%tragp gth%rf)danteg% %%ct:ggts a}'{Igphcatlon Laid-Open No.
2001-279347 (entire text) |

Patent document 3: Japanese Patent Application Laid-Open No.
2005-133185 (entire text)

Patent document 4: Japanese Patent Application Laid-Open No.
10-265873 (entire text)

.Patent document 5: Japanese Patent Application Laid-Open No.
2000-104131 (entire text)

Patent document 6: Japanese Patent Application Laid-Open No.
2005-133186 (enﬁre text)

Patent document 7: -Japahese Patent Application Laid-Open No.
2002-339028 (paragraphs 0020 to 0030)

Patent document 8: Japanese Patent Application Laid-Open No.

2000-328157 (embodiments)

DISCLOSURE OF THE INVENTION
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bendi ng workability at the sane tine. However, an
increase in work hardening by such strong worKki ng
involving cold rolling has. beconme 10 essential in
order to obtain high-strength Cu-Fe-P alloys with a
tensile strength of 400 MPa org greater that can
handl e the abovenenti oned decrease in size and wei ght
seen in electrical and electronic parts in recent
years. [0008] . However, in the case of such

h 'PQib%LF‘NPStT'b B 'é‘t%fv@'lj THé?’l;I/V!E‘NﬁW' ng

mork ty cannot be suf i ent I'nproved with
eﬁd ng?TB%e%ggﬁgg?Qﬂgggyﬁgﬁg Bnﬁp&. ﬁﬁ%gggglkﬁ%ng;such as
| SO PR, gl gLy ﬁﬁﬁ‘g@?ﬁf@ﬁé*’oqu?%} S oained
B8 MBS LS8 BRI Bl R el cold ronim,
SR AR AT BB 9k TR poper o,
OREhe b0 ST F RSt S ey, o
PP S 5t B e
NEA Bl%oé%f V%Hl-lr E P LEMS (%:(%quag]t vg({vg:ggéno 1ggpéa?s\éem work
it t'&@wﬂggﬁa'% 8 R ERB P e o
BB B9 1 b TR Bt A e
AR T i A Bggbstementioned
o@é%aag Sl c%nt g%blg]‘eg(ﬁslg# hs%tent 1hrie erlgétlrloca?f tg legtoronlc parts 1n
recent years.
[0008] = However, in the case of such high-strength Cu-Fe-P alloys,
the bending workability cannot be sufficiently improved with respect to-
severe bending such as the abovementioned U-bending, 90-degree
bending after notching or the like merely by using structure control
means such as thé finer grain size, control of the disperse state of the
crystallized /precipitated matter or the like described in the
abovementioned patent documents 1-6 or the aggregated structure
control means described in the abovementioned patent documents 7, 8.
[0009]  The present invention was devised in order to solve such

problems; it is an object of the present invention to provide a Cu-Fe-P

alloy which has both a high strength and superior bending workability.
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the extracted residue by the extracted residue nethod
descri bed below 10 using a filter wth an opening size
of 0.1 mto the My content in said copper alloy is
60% or | ess; said extracted residue nethod is a nethod
in which 10 g of said copper adloy is imersed in 300
m of a nmethanol solution with a 10 mass%
concentration of anmoni um acetate, constant-current 15
el ectrolysis is performed at a current density of 10

”’NIEK&S‘TU‘SGLWE T}ggqq@@Bgéﬁgl as an anode and using

[ ati numas a catho sai ution in which only

KBTS Sl P s e resen
f 0.

AP foh, Mt 16 JrBlidt 8 bt BT Sefhe adtigh Fhength and
E'S%} E’é’r?fég?ﬁﬁigg ARG, qEnbisiS b ﬁéé{cgﬁtﬁ%rby mass of Fe,
S E 1504 ésffbﬁfﬁ%%g gﬁq)fmq Jrtc 3o By oA Pt g g¥mainder
S| zegnnga% %d@&l%n@lpﬁ?té%s’o‘?z’ESh%gtllanl gngrss?;agn

oyst ot SRR G brPpaais JEhiEngfie iy the copper atloy
i ShPPDIBE SR GRRT %&eipaeaﬁe r?ﬁﬁﬂﬁ'ﬁf il éﬁ?%ﬁg%qi below in

SBW\S%% ‘a?r(?%{(i%g gﬁa%égg ‘i‘F fﬁfé%h%ﬁ descrlbed below
neasur edf.ﬂ(r:} i ndi cat es the % adg si ze val ues ) )
S ByflER Vit A0 GPERIng e Bf xipireQ dhe Mg sontent in said

and the stand |at|on of the mean grain size 1is

SRR O%éS%Mfr eﬁ’x) 21/[n/(n - 1)1/2]. [0012] In
a segg_gg a%Paccted re&dﬁee pﬂl%%ﬁné 1|sn¥1e191teltlgod 1tnh(ve\£}$1ch810 g of said

provi
copper alloy is immersed in 300 ml of a methanol solution with a 10
mass% concentration of ammonium acetate, constant-current
electrolysis is performed at a current density of 10 mA/cm? using this
cbpper alloy as an anode and using platinum as a cathode, said
solution_ in which only the matrix of this copper alloy is dissolved is
subjected to suction filtration using a polycarbonate type membrane
filter with an opening size of 0.1 p,m—, and the residue is separated and
extracted on this filter; and

said amount of Mg in said extracted residue is the amount that is
determined by ICP following dissolution of the residue on said filter by
means of a solution in which aqua regia and water are mixed at a ratio

of 1to 1.

[0011] In the grain size measured by a crystal orientation analysis
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10 a copper alloy having a high strength and superi or
bendi ng workability, respectively containing 0.01 to
3.0% by mass of Fe, 0.01 to 0.4% by mass of P and 0.1
to 1.0% by mass of My, and remai nder Cu and

unavoi dabl e inpurities, wherei in the grain size
nmeasured by a crystal orientation analysis nethod in
whi ch an el ectron back scattering 15 pattern systemis
nDunted on a field em ssion scanning el ectron

%ﬁoﬁew}ﬁgﬁ dfﬁ@fbc@fc% }rag,jkégcéj(? g%eéﬁt%)r% gﬁ'e{én }s3nounted

m Ol‘ ess e stand evi a

IR 4 Fd Iﬂ?éﬁné%ﬁec%ﬂﬁh% gfvr?r@ca@ ﬁéééuﬂé% Mt grain size
2 I

Bgéﬁrdé?@tﬁég Wl i 8 Bl Feesoan BRGSlenaid fgiation of the
Fﬁ%@%{ ig‘Q?r}P%lﬁ%/{%ﬁF{ﬁ)%dg‘iﬁalfn £ i%a‘f%p‘?iﬁés?ﬁzeﬂr csent

i nve rove the ben

vvor k%b??t 9| n ga eas( |tgeof%§%?]f t@ir 5? gins measured and x

b da |e which are grajn 25 bound S bet ween
Eafesythengrim \/\Wﬁh"ﬁhée%i?‘feé‘rs&ﬁ% . (e myeanl grain size is

orlentatlon as, nea ured by

tWéP%ﬁéseér?e%{f%)p{@d albqﬁ‘?a?rta&diaéﬁt i%waﬁoan {3¢ gnean grain size
net hod in ve t copper_alloy structure,
i?%%rteﬁs?i‘% @53% n&" l%ngg% ﬂtLé total crystal

ndar gth of these small-angle grain
MI‘I eszl S)éﬁ 5&%{?6% ¢le Hr‘?ﬁer’ttﬂé“’ RYioN, | thgrejis provided
boundari e whi ch the difference jn crystal
o CBRPET Al bingoa 1B Sigenalh pdl RUDRHEE dinding workability,
i nvent|.o y. further be

.on, bot h
CBPRFHaaaFopFuniag S0 5 1.0%h ay 9Pk o Ber 081 to 0.4% by
b bi | t 1 15
FReRe P and U0ty LBPATRL ke ehagospdermajndsr Cu and

C§RR¥Sidable - impurities, wherem in the grain size measured by a crystal

orientation analysis method in which an electron back scattering
pattern system is mounted on a field emission scanning electron
microscope, the mean grain size described below is 6.5 pm or less, and
the standard deviation of the mean grain size described below is 1.5 um |
or less.

When n indicates the humber of crystal grains measured and x
indicates the grain size values measured, the mean grain size is
expressed as (}x)/n, and the standard deviation of the mean grain size
is expressed as [n3x2 - (3x)2]/[n/(n - 1)1/2].

[0013] In the present invention, in order to improve the bending
workability, the ratio of small-angle grain boundaries, which are grain

boundaries between crystal grains in which the difference in crystal
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alloy further contain 0.005 to 3.0%Zn in order to

i nprove the thermal peeling resistance of Sn plating
or solder, and thus suppress thermal peeling. [0016]
Furthernore, in cases where it is desired to inprove
the 15 strength, it is desirable that the

abovenenti oned copper alloy further contain 0.01 to
5.0% Sn. [0017] It is desirable that a alloy plate
contain one or two elenents selected froma set

10T paliBa K 30, 655 ({350 p8arie Bty i, HiRarofementioned
o YERE B ERoE BT SFL uBI cue SN ERR RS Fper alloy
¢ SRSy 381 o, 38, Mirelisa® Bl gptia e bl qprgal grain
Bl RGR of i, Shafand€eminohanridhines to the total
S, 5Pl i PURRLed FRSobPH TR i crysta
dersl.iCr akftlie tih%tttlig g_ontent of Hf, Th, Li, Na, K, Sr,

PR QIgo 180 A, v, v, M, Pb, In, Ga, Ge,

ofOQTEL {1 Lt prReii B PR ik 8RG8y o athiesBay firther be
reRERREA A Thgaats o, ODtete TP incurdsdatn erua ther bending

manuf ring a plate of the copper alloy which has
sYYQEkggﬁﬁéjh strength and superior bending workability,

038 7T i5rBREord: il Prlranie st dherbotareratianta copper
o O B0 BB B e Bl B v
peeling resistance of Sn plating or solder, and thus suppress thermal
peeling.
[0016] Furthermore, in cases wheré it is desired to improve the
strength, it is desirable that the abovementioned copper alloy further
contain 0.01 to 5.0% Sn.
[0017] It is desirable that a alloy plate contain one or two elements
selected from a set comprising Mn and Ca at the total rate of (;.0001 to
1.0% by mass.
[0018] It is desirable that the abovementioned copper alloy plate
further contain one or more elements selected from a set comprising Zr,
Ag, Cr, Cd, Be, Ti, Co, Ni, Au and Pt at the fotal rate of 0.001 to 1.0% by
mass. |

[0019] It is desirable that the content of Mn, Ca, Zr, Ag, Cr, Cd, Be,

Ti, Co, Ni, Au and Pt in the abovementioned copper alloy be set at 1.0
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initiation of casting is set at' 1200 seconds or |ess,
and wherein the required tine fromthe ejection of a
ingot fromthe heating furnace to the conpletion of
hot rolling is set at 1200 seconds or |ess. 15 [0022]
In a second aspect of the nmethgd of the present
invention, there is provided a nmethod for
manufacturing a plate of the copper alloy which has
such a high strength and superior bending workability,

Pty ol 858 AARREIA bOIMPIALS bR B B PUhents,

pr OCGSS I NC I Ng castin

190202, G0 D PR PBLS,
305 TSR B RS Rt e, 2 e
CHEal Bt 7 aePh A 8Tl oncenc o

E}B %tere %nd the cold rolling rate in the
SHt rf'i nal cold rolling is set in the range of

ShBa o, 00 L RETBEL LTS UARH B R pifaerfgvention, here
Ziﬁ@%ﬁ Wi & i iiad Rp- et Bk iRnaya. plebe: fbrthér sopper aloy
L B b b S,
dehe” A g Ao pla 55 oG I%Sc%%%aé}(&%?h%oumg, cold
ﬁ"Eeg%cF%r%{%i‘ n ?%1%? E‘a‘re&'tﬁ e dTombiid pgipletion of
d&%é Sestbior, SningnSfiaviie, e@é‘%m&@ﬁrﬁ”&’iﬁ%@ﬁ};}gﬁgmwe to the

[ I 0 Cu -
P RS Sy SR Cherein e

| i L ut i rd X.. l of
Sr%guqrescp tlur}leot?om tfle eJectl(ngI%ItotJ a mgot afc(t)rlquat eyhear{?r?é furnace to

the completion of hot rolling is set at 1200 seconds or less.
[0022] In a second aspect of the method of the present invention,
there is provided a method for manufacturing a platé of the copper alloy
which has such a high strength and superior bending workability, in
which a copper alloy plate is obtained by a procesé including casting,
hot rolling, cold rolling, 'annealing_ and cold rolling, Wherein the
temperature upbn the completion of hot rolling is set at 550°C to 856°C,
the subsequent cold rolling rate is set at 70 to 98%, the mean heating
- rate in the subsequent annealing is set at 50°C/s or greater, the mean
cooling rate following the annealing is set at 100°C/s or greater, and the
cold rolling rate in the subsequent final cold rolling is set in the range of

10 to 30%.
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My is contained in oxides and crystal deposits
produced during 15 dissolution and casting, and in
coarse deposits produced fromthe even heating of the
ingot to hot rolling. [0026] These coarse My oxi des
and precipitates, i.e., coarsedw conpounds, not only
do not contribute to an inprovenent in strength, but
constitute starting points for failure, and cause a
drop in the 20 bending workability. On the other hand,
fine My conpounds which have a small size (particle
dianeter) contribute to an inprovenent in strength,

[g’STZF%C ccor quﬁeﬁmll\lﬁf@ﬁei Brggggit n?nvméwfghl ! H/'ne
s izg?EdéffPf %h@él?ﬁ‘ngﬁE@é’%n%%%{ﬁi%”%hé“@gigﬁpiﬁfzs%tgength of
WFERFER WIS srbrafbd W R & dMEna I Cu-Mg-P-Fe
oL  efuldigoRs %ii’itﬁemm Be G 12 v
gont r 1_ amount _ Cc er  al
PIRBHaTH g Ciri RenrfEh Fhtrabtiv 180%%??@? GetStiotdte.
oFOSEH | o RPagh S RPiErE dng: ABRe Bt baddumer bk afloy, it is
aéj@%&i\fﬁ”%?am%w% XUXR @gem@&sg{%?r;taﬁﬁn&! ¥ Very fine,
' B, AEPBS g e aoaR REY B Pin SapstRRGrui HORIthG aeason, it is
%ﬁsééséﬁ%%%aﬁ th'gf@%‘ff’éﬁmeéﬁﬁ& Arbeaiv e B tamayix as a solid
and th i dual grain size values are

lilrey hﬁPF&PrﬁfW? ins Eg%,%%%. ble. [0029] The

OB 2045 G B B AR el s o
S(ﬁlégolvea %bhd solution in the Cu matrix. In actuality, most of the
Mg is contained in oxides and crystal dep.osits produced during |
dissolution and casting, and in coarse deposits produced from the even
heating of fhe ingot to hot roliing.

[0026] These coarse Mg oxides and precipitates, i.e., coarse Mg
compounds, not only do not contribute to an improvement in strength,
but constitute starting points for failure, and cause a drop in the
bendihg workability. On the other hénd, fine Mg compounds which
have a small size (particle diameter) contribute to an improvement in
strength, and do not cause any drop in bendiﬁg workability.

[0027] Accordingly, in the present invention, fine oxides and
precipitates containing Mg (Mg compounds), which are effective in

improving the strength, are caused to remain in large amounts in
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15 the abovenentioned crystal orientation analysis
met hod in which a electron back scattering pattern
systemis nounted on an field em ssion scanning

el ectron mcroscope, the nean grain size nentioned
belowis 6.5 tmor less, and §fe standard deviation
of the nean grain size nentioned belowis 1.5 mor
less. As a result, in the present 20 invention, a
copper alloy in which a high strength and superi or

S PO P A e o

AL ke L L VR 0 Lk s v
RSt P T
By WA e S0 A s vencin
por ahRE & B RlRAC S BoBERE be descr bed bel ow

AR ¢ o it T RS BRUTLITH (5 SHETRGHDERBAXP by further
O&etgeiaé@g Dy arkabilgy, ,gg’e_ ﬁxyﬁtajhegr%%! Qfothe’ copper alloy
FRBRERITIT ST TSI o\iiky LR BBt dhe individual grain

respectjve el enents, alck d(§=scr,i ptions of percentages
003

e pX SHASTSURRIESEE pesificallys geasse crystal grains are
co oai éiﬁ_n, Ni or Co, or  both, and .Zn or Sn_or_  both, "
n%?inﬁ‘d ed Bem Jheararnes plloye cgmngsition, pnd dhgeindividual grain

descri bed bel ow. . :
size values are made as uniformly fine as possible.

[0029] The following is set as a measure or standard for this
réduction in the grain size and variation in the grain size: namely, inl
the abovementionéd crystal orientation analysis method in which a
electron back scattering pattern system is mounted on an field emission
scanning electron microscope, the mean grain size mentioned below is
6.5 pm or less, and the standard deviation of the mean grain size
' mentioned below is 1.5 um or less. As a result, in the present
inventipn, a copper alloy in which a high strength and superior bending

workability are present in a well-balance manner can be obtained.

BEST MODE FOR CARRYING OUT THE INVENTION
[0030] | |
<FIRST EMBODIMENT>
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Furthernore, other inpurity elenents may al so be

contained in ranges that have no del eterious effect
on the characteristics of the alloy. [0034] 20 (Fe)
Fe forms fine deposits of the Fe-P type or the |iKke,

and is an element that is necggsary in order to

i nprove the strength and conductivity. In the case of
a content of less than 0.01% the fine precipitated
particles are insufficient; accordingly, in order to
mmjbgqt the effects described 25 above in an
eftective manner, a content of 0.01% or greater is

n . 1.1.f the content exceeds 1.0%
ReERTA ok SO

_ coarsening of the precipitated _

ot B 7 TR R BT P e oy of the
g4 000 8 B o S0 B Phallments o tne
0SS0 Ll o, PR, B BRTRL B enting
RS Sl TR BB sbeet i tne
QT N T TR X A
RO GEPR e G RRN i Shalh 80 B strengen,
M BRI SR BeGin URSELY s e corgposition is
20t BohfBE A LY v 50 S st 0 1 0%
(t';@)mass of Fe, 0.01 to 0.4% by mass of P, and 0.1 to 1.0% by mass of

Mg, with the remainder comprising copper and unavoidable impurities.

Furthermore, in the following descriptions of the respective elemeﬁts, all

descriptions of percentages are based on mass%.

[0033] .In this basic composition, Ni or Co, or both, and Zh or Sn or

both, may also be contained in the alloy in the ranges described below.

Furthefmore, other impurity elements may also be contained in ranges

that have no deleterious effect on the characterist\ics of the alloy.

[0034]

(Fe)

| Fe forms fine deposits of the Fe-P type or the like, and is an element

that is neCessary in order to improve the strength and conductivity. In

the case of a contént of less than 0.01%, the fine precipitated particles

are insufficient; accordingly, in order to manifest the effects described

above in an effective manner, a content of 0.01% or greater is necessary.
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My fornms fine deposits with P, and is an el enent that
IS necessary in order to inprove the strength and
conductivity. In the case of a 20 content of |ess
than 0.1% the fine precipitated particles of the
present invention are insuffifpent; accordingly, a
content of 1.0%or greater is required in order to
mani f est the abovenentioned effects in an effective
manner. However, if this content exceeds 1.0% the

PERFl et 2iethe %;ﬁéﬁ# R fs 1999 8RS mtﬁﬂ}%gé atcnoarsening of

starting points ure so that no

Sthé ?%E%‘lg?fé{teq sﬁ&ta(!l@ﬁ]ggg 4hag ¢ Té‘&@h%{ i narijc;1 %%%dm% workability

ACCO Iy, content is se e ran

Cc Y
altop o opaitineha e Cspnigie [T S RRRE rBhe@or T 00 1.0%
L to 1.0% Like Mgy, N and Co are dispersed in -
the copper alloy as fine particles of (N, Co)-P, .
(Qg Co)-Fe-P or the like, and inprove the strength
(J conductivity. A content of 0.01%or greater is

requir ed an orger t o. mani f.est d{tlese ef

cr roth i, 38 nh Al B P& R S, T iPaBidine deposits
B PR B SRSAER Il b s v
bﬂtb %léﬁ‘? t he be d| n é}abl It dro s ééogﬁl%nél}%?ase of a
?éoentsf‘%%(%otf %] HCl Ud(;%l /‘?’heﬁ}%pglgf’he rangﬁag,ed partlcles are
HishiGieh ”%'Za'cgg i Roraotent g fichapt Se@ﬁtwg it Shecessary.
tlﬁé{av%itvgp,gx?ftga Fsg?t%riltng)&%{]q%&sﬁﬁ(g ’théJl r;gn})lsin%%f eMg remdue shows
an excessive increase along with an increase in coarse Mg-P
precipitated particles; consequently, the strength .and bending
- workability drop, and there is also a drop in hot workability.
Accordingly, the P content is set in the range of 0.01 to 0.4%.
[0036]
(Mg
Mg forms fine deposits with P, and is an elemenlt that is necessary
in order to improve the strength and conductivity. In the case of a
content of less than 0.1%, the fine precipitated particles of the present
invention are insufficient; accordingly, a content of 1.0% or greater is
required in order to manifest the abovementioned effects in an effective
manner. However, if this content exceeds 1.0%, the precipitated
particles are coarsened, and form starting points for failure, so that not

only the strength but also the bending workability drops. Accordingly,
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thermal peeling. In order to manifest such an effect
in an effective 20 manner, it is desirable that the
content be 0.005% or greater. However, if this
content is excessive, not only does this cause a
deterioration in the flow spreading characteristics
of the nolten Sn and solder, but there is also a
great resulting drop in the conductivity. Accordingly,
considering the effect of Zn in inproving the

| SHL MARGHEA IS SR ufe pRAEE oD P D% s 10"
n&s :g/ﬂvely i ncl uded |n the range of 0.005 to 3.0
SS

preferably 0.005 to 1.5 mass% [0039] (Sri)

51T§n 3 di ssolved in solid solution in the copper
af 03¢ and contributes to an i nprovenent in the

S T A o
O 01% t
BP0 P I S b AT 30 ok i e coppe
d t t t Al |
S IR A L EL M

c nducti vi r|n J‘fect of Sri, thl? e_Ierrent is

e At &88 Vﬁté( r afle NtENH10f PHI5o or greater is

masso/ refer bI 0.01 t mass% [0040] (O her
ET%%?‘E)I%S” Foto dpgmiltst g’reeseogé fechd 11 1afpLatlaciiss, manner.
it is, d%glrablethat t.he ntentf of these )
QH@HFE’ ifdhescantont %?éceﬁgési& @ coar Semng of the
urlt enents suc
thiea{%ﬂ& tﬁ%a%@rﬁgfat%swpgﬂaibyt@lso the b bending

conductivity

Slt d alsg ten | omer the
liﬂ@/yf rops- i s“x%@galr%ﬁyeﬂﬂﬁé‘tor{tﬁ@t @tN) OE et doth when
these elements are selectively included is set in the range of 0.01 to
1.0%.
[0038]
(Zn)

The copper alloy may further contain Zn or Sn, or both. Zn is used
to join electronic parts; Sn improves the thefmal peeling resistance of
plating and solder, and is an element that is effective in controlling
thermal peeling. In order to manifest such an effect in an effective
manner, it is desirable that the content be 0.005% or greater. However,
if this content is excessive, not only does this ceuse a deterioration in
the flow spreading characteristics of the molten Sn and solder, but
there is also a great resulting drop in the conductivity. Accordingly,
considering the effect of Zn in improving the resistance to thermal

peeling and the effect in lowering the conductivity, this element is
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20 these el enents be as snmall as possible, i.e., 0.5
mass% or less. In addition, elenments such as B, C
Na, S, Ca, As, Se, Cd, In, Sh, Pb, Bi, M

(m schmetal) and the |ike which are contained in the
copper alloy in trace amountsqglso tend to |lower the
conductivity; accordingly, it is desirable that the
total amount of these el ements be kept to a mni mal
25 content of 0.1 mass% or | ess. In nore concrete

t %Ef@%tika iiﬁé’f&%%ﬁ%‘?h&??ﬁné%)ott BGO(%% ge(r# ét ?%%ssr{@ptpreferably

5 0Iess in terns of the total anopunt of
tﬁese e{gsls g} énd that (2) the contents of Hf, Th,

L KSrPdWSS|CNbAIVYI\/be
Loogaba Ge, As, Sb, Bi, Te, B and m schnetal be kept

.1 mass%or less in terns of the total anmount of
t e el enents. [0041] (M Cbnpounds) In the present
i nvention des r|b d above,. a copper all oy
whi ¢ rhéssdés% \5‘?&%‘& rsé? Hﬁ’d’“al% G]BErqoé’Peﬁﬁg%yng'md contributes
rkability in a go balan e is obtained by causin
' 52 i idemeRt Y 2he i eRRE L i S B maitest Sue an effect
to be present in

effectl in i rowngthe trenth
eiﬁ%&&%‘s Teofft 1 fﬁSH&b? ethatothe cagrtensbe H.01% or
NE agna s to n@ :hbam)unts 00421 Accordl n1g
i “‘1‘ QYEVCE:o s ttngt Gematents %‘%ﬁﬁ%‘(ﬁadé ihAffas§ reaches
eC|f|c Si in the structure of copper alloy, not
@;Stéﬁ%% CBBEU&%’&) VS 34 sk tadgop grgatlyl - Accordingly,

e osuts an(l,jl the ratj os of the z%m)untSwof t hese
eﬁ% BoRERFBEthy NERIPYRE (siccheang] gesdagivity lowering

int ese copper alloys inclu

Clp te present
Lféf[ %’12@‘%‘ Qjﬁﬁ}erﬁbt 15056 ?%qlﬁénpmd 8 tEe\r&tgpf 0.01 to 5.0
tx%resssp/fo, pre?ern%tly(;rosogsev rOa}nassg/1 mlength

[0040]
(Other Elements)

Other .elements are basically impurities, and it is desirable that the
contents of these eleinents be as small as possible. For example,
impuﬁty elements such as Al, Cr, Ti, Be, V, Nb, Mo, W and the like tend
to produce coarse crystals or deposits, and also tend to lower the
conductivity. Accordingly, it is desirable that the total contents of
these elements be as small as possible, i.e., 0.5 mass% or less. In
addition, elements such as B, C, Na, S, Ca, As, Se, Cd, In, Sb, Pb, Bi,
MM (mischmetal) and the like which are contained in the copper alloy in
trace amounts also tend to lower the conductivity; accordingly, it is
desirable that the total amount of these elements be kept to a minimal

content of O._l mass% or less.
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units) to several mcrons. Accordingly, it is 5
extrenely difficult to identify and stipul ate these
nuner ous types of My conpounds directly. [0043]
Consequently, in the present invention, the anmount of

My contained in a coarse extragted resi due (i ncl udi ng

coarse My deposits, 25 My oxides and My crystal
deposits) equal to or greater than a fixed size 16
extracted and separated by the extract ed residue

Vo “% f%%ﬁﬁés%ﬁe g1 Flsa U B o %@ﬁ%&ﬁﬁaﬁftﬁgﬁ“&ttﬁ%ﬁs of Mn,
PA% fﬂte%”%shif@% o) Mﬁt T EhaE e RSP Grepmass?s or
t esgs11}5&%%%?9@5%%%%9%} oty ea”etﬁrﬁ's% ,;%%8{ fifat (2) the
(EBhESa A I?ls@%% SroBinde 5o5Ere. BB &y y ¥, Mo, Pb, In,
?ﬁ%?@%ﬁ?f BRodti d6a b &t MSCHIRAIALLRAREPL 10 Qi APags® or less
of FTBS Of e GCaT 4t o T IRE ISR bed bel o
[&94‘ﬁ Furtherrmre in the present invention, in order
¥thin a copper all oy which has a high strength

eri bending workability, the size of the
NWS% Eogﬁﬂ{sﬂ)r ecipitates in the copper alloy i s
stipuylated and controlled so that the ratio of th
armu Pﬁe‘i%m( HRRRiRR Ase MRS descrikedeabpyest @dcopper alloy
?lci'éﬁjthath extract ed and separated on a filter
wWiveRe I&E sireRetdy apdia puperigiebending wegkability in a good

resi due et hod desgrl bed below to the My content in
t PRIBAGHpEY oRfRFd; BY eadsing ﬂ%rea ampuse st g Mgheompounds

t of’ I\/H descri bed below) in the extracted :
B0 CHRGINE, 1BoAPEROVITE (tHE B1ICHRtBxiL A BNt in large

the coarse 20 oxides..and precipitates of My (coarse My
aaﬁas)art Q%reﬁtft&ttbﬁe Wi Hegeatse gt sampounds to

not n is the strength not i roved, but the
aﬁaﬁ'/loun 9 P

[0042] Accordingly, it is necessary to stipulate, as MG compounds
having a specific size in the structure of copper alloy, not only Mg
deposits but also ‘Mg oxides and crystal deposits, and the ratios of the
amounts of these compounds.  However, the sizes of the oxides and
precipitates present in these copper alloys incllude varieus sizes ranging
from the level of several tens of nanometers (several 0.01 um length |
units) to several microns. Accordingly, it is extremely difficult to
identify and stipulate these numerous types of Mg compounds directly.
[0043] Consequently, in the present invention, the amount of Mg
‘contained in a coarse extracted residue (including coarse Mg deposits,

Mg oxides and Mg crystal depostts) equal to or greater than a fixed size
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bendi ng workability is also | owered. [0046]

(Extracted resi due Method) 25 Here, the extraction and
separation method used for the oxides and 17

preci pitates containing My in the copper alloy will be
described. The property of diggolving in amonia in
the presence of oxygen shown by the copper
constituting the matrix of the copper alloy is
utilized in order to dissolve only the copper and

SQHI%C%&E uéﬁ& Ng %&f?‘t@ﬁs &m?flél &tr tetcp%‘eg'd&? prglelihod described

and 1 n order to extract sepa
I
PORRNIS SHBRuRN ARk lﬁﬁF?IsIé b, et PR cparse Mg
h f )
a§§tr£qa°%%§théﬁ§ﬁ &ﬁs?ﬁgﬂgopﬁt%°a?}g§an?%‘?tw%s in this coarse
PERBAR e AESIRS bR Med St HEOR ﬁ%'q“qtpb%%oé’%wmmount of Mg
[ h I I t
L@éﬁﬁee &, 230 45 Hlosh arSain Al %pﬁr{e SrS R B 11 “alloy Mg
LS SpEETELS ?%%elrIegﬂ“%%ev@péﬁr%Ipeﬁﬁgte Jpleshisgthe ratio of Mg
pr.oc czure USIe{aﬁ.thefOHtl\? extraction-separation
el SR dntessi Mg somennds dpdbirair e cantent.
W‘F‘éﬁ rretp sol ution ﬂ{ 15 ammpnj um acet ate
ti on' BEPHTIEPSn Yol UG d?f)eSFﬂt wWiiVERtioe these coarse Mg
amoni umda\cetate conc tration in the solution is 10
nEREROUNAS, A St 12 afocgmaoq E5pRRINgG Oy s the size
I t hi t
SRS apEaiiain dar Slipboniter depembedredlont a
t f 1Q mAd/cn® t he . ) |
"Eidf%anpl qé%a&rgnaaethé@rgﬁéﬁﬂim@%&éfﬁﬁ[eﬁ%@g%@mam a
at hode. .In this af t.er th matr|X|é di ssol ved

ARRREToiAlaN | WhToth ahiahs ol g Gtataety a Boppierior bending
gxlglpgl%@%ﬁ%y,f (SﬁFg%ZﬁgOfi Elg tg;g% on Sg?%rrgélll)ltates in the copper -

alloy is stipulated and controlled so that the ratio of the amount of Mg
(described below) in the extracted residue that is extracted and
separated on a filter with an opening size of 0.1 pm by the extracted
residue method described below to the Mg content in the copper alloy is
60% or less. In cases where the amount of Mg (desbribed below) in the
extracted residue to the Mg content in the alloy exceeds 60%, the coarse
oxides and precipitates of Mg (coarse Mg compounds) in the structure
-are increased, so that not only is the strength not improved, but the
bending workability is.also lowered.

[0046]

(Extracted residue Method)

Here, the extraction and separation method used for the oxides and
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the copper alloy is subjected to suction filtration

using a polycarbonate nenbrane filter (opening size:

0.1 [,mM, and the residue remaining on 25 the filter
as undi ssolved matter is recovered. 18 [0048] (Anount
of Abovenentioned My in Extracfed residue) The
extracted residue of the undissolved nmatter on the
abovenentioned filter thus recovered is dissolved by
means of a solution 5 in which aqua regia and water

a fe ‘i‘e§tccﬁat£1ﬂ1ﬁ§11\/£%tiﬁotl{é' Qgﬁggf eaﬁicﬁr Qwiﬁ 6%@described The

| utf on t hen venmenti o

d?*%@i‘% BegMRelR: Akl it B 'P%i@%%f‘i?ﬂ gFhown by

o it oL i il i order

LU0 15 SROLSIBRHPE ALY cHRBASI G im e
C&g}gygér gppgy%a%f in] %?g?{: %éeg)%tﬁégell\ﬁ?ltghog%%tgatﬁegggeglgltates and
o AL AR, R R TARKA T e e
v Bl et 180 aR) PRt Al OB aRLT f ambmonium
vl e AR R ERE wlahg ﬁm.%bﬁ‘ﬁveéq%kf’ﬁ?wes this,
I e R B BN Ale | bl dF pjsed; in the

hot | ing d anneal i ng

BRI R P A T e i
CBIRL 5 e HBRaRCP Tl eSS

][G%’ﬁecoqgscgﬁcre & Yerds and ti'le extracted residue is recovered by the
following procedure using the following extraction-separation solution
in the present invention. :Specifically, 300 ml of a methanol solution of
ammonium acetafe (extraction-separation solution) in ‘which the
ammonium acetate concentration in the solution is. .10 mass% is
prepared', and 10 g of the copper alloy test sample is immersed in this
solution. Then, constant-current electrolysis is performed at a current
density of 10 mA/cm? using the copper alloy test sample as the anod.e,
and using platinum as the cathode. In this case, after the matrix is
dissolved while observing the dissolved state of the copper alloy test
sample, the extraction-separation solution following the dissolution of
the copper alloy is subjected to suction filtration using a polycarbonate
membrane filter (opening size: 0.1 um), and the residue remaining on

the filter as undissolved matter is recovered.
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required time fromthe ejection of the ingot fromthe

i ngot ‘heating 25 furnace to the conpletion of hot

rolling is 1200 seconds or less. 19 [0051] In a

general manufacturing process, a final (product) plate

is - obtained by the casting of4g copper alloy nelt )
adjusted to a specified conposition, planing of the i
i ngot, soaking, hot rolling and repeated cold rolling

and annealing. Furthernore, the control of nechanica
SFQGQBECteriStiCS such as the strength |l evel and the

I tke 1'S acconplished minly by controlling the

STREELHION RboldRRRACLS: REKAR AR ARl 0.0 ™

d | djti. o [ he,di ffusi
MBS ATR, U0 RS R o0
b AR SRR RN 40) A B3 a sotuton

IR Bl 5o Pkl SR S5 e
e R T R A —

accordance.w the.col.d rolli candi tions, and
RN Sl APl LSSt oty S B SRS ) iRis P sRestroscopy.
o& ‘Jb%]nl s extrenely difficult to inprove the strength _
a 00 ding workability with good bal ance. [0053] The

reason.fqr this is.that nost of the added My is taken
u@\?a?Hf% el grr%lddf“%‘?)al deposits generated during

n _coarse

- uBTH g hyschl ¢ o
1 o SOSRTAD IS MARLIaUFE EABISRRBmIPE: CORVSFing the

hot rollin o that the quantity of fine products
¢ FAHCTRRG %be gEMR e'%il(ﬂ‘% Hbt@or@“&nc%bwqrﬁeﬁﬁémed structure

0l P RS RSB . St ekmpontse copper
IR 3 25 SRR BB b Se BRROE g B! Srips
R fcq'xsssﬁschageplg{ea?é) %ﬂt ?X the lateral direction, and configurations in
which such plate strips are rolled into a coil, are also included in- the
scope of the copper alloy of the present invention. |

[0050] | An optimal manufacturing method for manufacturing copper
alloy plates which have a high strength and superior bending
workability in the present invention is a method which is devised so
that_ when a copper alloy plate is obtained by the casting, hot rolling,
cold rolling and annealing of a copper alloy, the required time from the
completion of the addition of the alloying elements in the melting
furnace to the initiation of casting is 1200 seconds or less, and the

required time from the ejection of the ingot from the ingot heating

furnace to the conipletion of hot rolling is 1200 seconds or less.
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25 these coarse products, so that there is a further
decrease in the fine 20 products that are

i ndependently present in the matrix. Accordingly, in
the case of the abovenenti oned general manufacturing
met hod, a sufficient strengthygnd superior bending
wor kabi lity cannot be obtained in proportion to the
| arge anount of My that is added. 5 [0054]
Consequently, in the present invention, coarse

d b
RN 815 S ESSER R TSLL R g s i

Bophi, b9 HOBRSFRGCOR Folllss SHBEHE deystd g o specie
AP TR Wi S A R s o
L R e A g R —
S A B Lt o
B AR T SRR e 0 e o
TR SRS e BR84S ions anc

in the rrelt furnace t,0 the injtiatijion, of casting
| AngSifE ot Haisc BEed nHie SLTBREH PP R clements

(Ruth o9 Mechnd e R fntor B GHeRSGhdnbprEfAifiggcompounds
cbiiifas. he B GR E0 0 ot the bike e s Foytion and amount of
FYHE P dirbetish ThAk Ty PosmR sty seni ng of oxi des. and

OB, oaeveerat R ARy el S LB BnPrgeSses, even if

TRl of el ngﬁehgﬁgzﬁeﬁﬁggﬁf achfsgard Breipitated in
accordance with the cold rolling conditions and annealing conditions
from the hot rolling process on, it is extremely difficult to improve the

strength and bending workability with good balance.

| [0053] The reason for this is that most of the added Mg is taken up

in oxides and crystal deposits generated during melting and casting,
‘and in coarse deposits generated from the soaking of the ingot to the
completion of hot rolling, so that the quantity of fine products that
should be generated in accordance with the amount of Mg added is
unexpectedly small. Furthermore, -in cases where there are large
amounts of coarse crystal deposits, ‘the fine products that are
precipitated in the cold rolling and annealing processes are trapped by

.these coarse products, so that there is a further decrease in the fine
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21 vacuumnelting a nd casting, or nelting and
casting perforned in an atnosphere having a | ow
oxygen partial - pressure. [0057] Conventionally, in
order to achieve secure nelting of a matrix alloy
such as Cu-P or. the like contappning added el enents,
and uniform 5 dispersion of the added el enents
in.solid solution in the nelt, and al so because of the
need for re-analysis follow ng the follow up addition

SBEQRArTRhEL b2t InaBpkh(TEntly ARRCRY S )y Ascordingly, in
b d
SS{? iR ne%?%ﬁs)ﬂé‘én%gﬁffr%l"‘#”lﬁguﬁ%%rm ofpethod, a
f :
@@%bﬁ%%ﬂé*ht AR B IRERABH Y Rnafg obtained
f f th
e TRBbarY Gy B Fetirgd S8Rl Brhe eFBRH Afs o Lo
""L(Z?%ﬂ?ﬁg“w;?%“%%'s"ﬁsa Jr cdit | 1B epﬁé‘igsﬁ%ﬁ'eﬁfiﬁoarse Mg
of the 15 additi f t I t
nEPRRTTaS rise SERefhesaf e hﬂosife%e”ﬁé‘ir?r@”e gbovementioned
short etii to 1200 secongg ﬁ?ﬁ preJ erablgl 1100
ECtyring procds, SPeribicallki i’ Brdqm e (SyRpTGR) poarse Mg
?%‘q?mwﬁ”nﬁ%a% Cufagt RimBosksk (130 canirel Hag i from the
ia@m@%%ISIéafef P AdHEBPEr of ottinaflarBeaRIAPRTY (i the” melting
2ol Hhe ifalien 6 Vc%%‘%ﬂ{g;"aﬂf}gaéf 9%%%%' ﬂé’cfafi%%@ from the
f_u.rn ce tp.the co Iet| n hot rolllng
?Jﬁﬁ 185 bR AnEPhiran Gt Rsating ifimpdet dherisaldian of hot

el ingot that is extracted fromthe heating furnace
}8 ng the heating of 25 the case ingot in this

fwd?ﬁe ' HOViﬁ\r/setr otJ alor ¢ m Y lg%g fcgg%nlilzrge ptrggesszzltself can be
accomplished using an ordinary method such as continuous casting,
semi-continuous casting or the like. However, in the abovementioned
(1) control of the time from the completion of the addition of the alloying
elements iﬁ the melting furnace to the initiation of casting, it is
‘desirable that the casting be performed within 1200 seconds, preferably
1100 seconds, from the time that the addition of the elements in the
melting furnace is completed, and thét the cooling/solidification rate be
set at 0.1°C/sec or greater, preferably 0.2°C/sec or greater.
[0056] As a result, the production and growth/coarsening of oxides
and crystal deposité containing Mg are suppressed, and these products

can be finely dispersed. From the standpoint of suppressing the

. production of oxides containing Mg, it is even more desirable to perform
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copper ingot of the present invention in which the
coarsening of My conpounds is suppressed, it is
recommended to control the tine from the
abovenentioned nelting to the initiation of casting,
and the cooling/ solidificati rate, and to contro
the required tine (overall 5 elapsed tine) fromthe
point in tine at which the ingot is extracted from
the heating furnace to the conpletion of hot rolling

JRis L Mg i L R
PR SRR T T B2 18 o

RSBt ey BRSO RSNt 0 matis
| RHEY e RS SR B R ke D et g pagd ib@entS and uniform
oA DB AR B e Bl A st e e, and e
e SR 0o b s LRSS Bl W acition of

are precipitated

durin hi.s, ti ne, and t hat and P
H ekl iglsy o Time G Dommetal 4500, SherH B @TraatET to the

nel.t.i and castin acting as nuclei. If such coarse
 VEubnlBanPh Gt Dast Berorduiied; ndiamewar, rsas been found
a nt. of resi due al.sp shows an excessive |ncrease )
- IR St B SZHGWRG OF TR BeTRTy ALl InitptivRgt casting,

d so that. tpe hot .workability al so drops. ,[00611 In
(e REPRIFSPR/ Eogrening al eyidss caniaise Me iihaseeiamted, and
ic@@ o.rggr t% avoi.d effects such,as the abovenenti oned
r gl of added) glamentyds dawREednd sol i d- sol ution P,

AR S RN Sp—
f.rom 23 the heating furpace to the conplefion of hot
rlglvppﬁgni, slrhé?rﬁﬁﬁrté’t avyu? the production and coarsening of such
O)'(idCS containing Mg, the required time from the completion of the
addition of the alloying elements in the melting furnace to the initiation
of casting is shortened to 1200 seconds or less, preferably 1100 seconds
or less. Such a shortening of the time until casting can be- achieved by -
predicting the composition following the follow-up addition of raw
materials on the basis of past records of alloy melting, shortening the
required time for re-analysis and the like. |

[0059] Next, in the abovementioned (2) control of the time from the
ejection of the ingot from the heating furnéce to the completion of hot
rolling, a waiting time tQ the initiation of hot rolling is generated for the

ingot that is extracted from the heating furnace following the heating of

the case ingot in this furnace. However, in order to manufacture the.
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controlled to 1200 seconds or |ess as descri bed above.
Such tinme control can be acconplished by quickly
transporting the ingot fromthe heating furnace to
the hot rolling line, avoiding the use of |arge sl abs
5 that cause a |l engthening of $be hot rolling tine,
and using small slabs instead. [0062] In regard to
hot rolling, ordinary nethods may be used; the entry
side tenperature of hot rolling is set at

22%?5{ irfg%Sk Yor1% f}%‘f)?élqp%lvéﬂﬁohh?nt‘gmcq{ ghir 8o eﬁoeg'ling of Mg

of hot Ing 1s set at 10 approxi na

e BRICs SRSRUSEAL Y, LD AL A, HCL ARG ime trom
!rkljﬂ? Q%{’?l?lﬁ%l@%ﬁgﬁggl%ﬁ?ngl el ?xlflglzaﬁfo&zg{ gr r%ecﬂig, and the

€ annea oPl i'hg may
[ ARLET SRS bt e and Bt PhE prruGERT“Sime (overan
Bl toumree BRI O & D i maek ipacted from
o eiting Bl & ks B RERRLS Tl ellifadtbel F08 i sesonds or
SHS8, Bhek PRubL RO Do bRty |20 bendabil ity
RGN 1 CeReR i 7B 56 el B a8 e, o the cjection of

KRG Bt [PededySe dirBasn Prilft contelfhing, OF gt rotling has
FOLHE R Bkl o Ea0Ting Crerging > U0 sPaRads Saspgenerally
WPRER SOPCRHELY SR t8apllePE the Rgat Bipotne bERrg furnace
Hene ME5e RIRRES R, © P fldthening of the hot rolling time
accompanying an increase in the slab size aimed af improving
productivity. Howevér, it has been found that if such a long time is
taken, coarse Mg type deposits such as Mg-P and the like are
precipitated during this time, and that Mg and P are precipitated with
the crystal deposits and oxides generated during melting and casting
acting as nuclei. If such coarse Mg-P precipitated particles are
increased, the amount of Mg residue also shows an excessive increase,
so that the strength and bending workability drop, and so that the hot
workability also drops.
[0061] In the manufacture of the alloy of the present invention, in
6rder to avoid effects such as the abovementioned decrease in

solid-solution Mg and solid-solution P, coarsening of the Mg compounds

and the like, the total required time ffom the ejection of the ingot from
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cooled in water froma tenperature of 650C or greater.
Next, after the oxidation scale was renoved, primry
cold rolling (intermediate 5 el ongation) was
performed. Follow ng the planing of these plates,
primary anneal i ng was performesgi3 and cold rolling was
then perforned. Next, after secondary annealing and
final cold rolling were perforned, |owtenperature
stress renoval annealing was perfornmed, thus

S TRt P B N, ORI g cnberatl
cEspachbalig Mosoumalgs of iEhe A MR Mfye.  such tme
' : iti . |l Qyi | |

PHOREY 58 P A0 B B 2L R rom e
CHERER R HUL AT ] MEL e st
B PR bF S Rkt S bl 3R B e BRonsTigsitall siabs
r Ilti% , and the required time fromthe ejection of

t He'f g'ot fromthe heating furnace to the initiation -

Tadisy | 0 1P RS ol it AR abnlly' g ol be sed; the
10T B DOPRerp e STTROE olitng IR EESREChnbEefimately 100 to
e g o o R 55 Eb P R et st
Bt RaEBObER' (o b0 C e RER i o d oling Gd Annealing

- of el h , C Na, S, Ca, As, S In, . :
os%r’ee e’r O%F@’ecinldﬂ%()m?ﬁeﬁn%t%‘mpé%@l]toﬁ(eﬂl%@e %ghgfggezga\ung the

bR 16 b st RERERE  The atieeiihe Rd°cdld folfing may
o eS8 QT et hrrontel ot B L e tBiskness.
r[B%%Lg]errent wer e '
FIRST EXAMPLES

Examples of the present invention wil.l be described .below'. Various
types of copper alloy thin plates comprising Cu-Mg-P-Fe alloys in which
the states of Mg compounds in the structure were different were
manufactured, and chéracteristics such as the strength, conductivity,
bendability and the like were evaluated. |
[0064] In .concrete terms, copper alloys héving the respective
chemical compositions -shown in Table 1 were respectively
manufactured using a coreless furnace; then, ingots Were manufactured
by semi-continuous casting, thus producing ingots with a thickness of

70 mm x width of 200 mm x length of 500 mm. After the surfaces of
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collected fromthe respective copper alloy plates thus
obt ai ned, and the 5 anpbunt of My contained in the
extracted residue extracted and separated by neans of
a mesh with an opening size of 0.1 [umusing the

met hod descri bed above was detgym ned by the
abovenenti oned | CP em ssion spectroscopy anal ysis

nmet hod. Then, the ratio (% relative to the M
content of the alloy was determ ned in each case.

Tlﬂﬁé?e%ﬁé&’ﬂix‘é %rg%tﬁs%@r B%ﬁéﬁ(}ed Qn-aaﬁleﬁt&% ele?iP lvi%h a thickness of

Furthe al | exanpl e

ange éﬁ#hte wlidt f{n[erg?ht Bgoﬁgf’ pl%lhﬂ%yc%epll 160 ?ﬁ%ﬁe&e were rapidly

nsile uctivi neasur efen
bﬁg%ﬁ?h& %FM‘E’% E«%rglggg%turﬁg%sp ﬁ’ogrlsélfeq £F, DNeXt, after the
S BRBlafor Ca%%ge tESrse?'ng%%re” %%%2? afi il Gntermediate
%??%"lgbomv Ry et oo Foliafing ughenqu 4piREnss dhede plates,
éﬁﬁﬁﬂ%}?f’ opES '?%2% @&5@4@1@%@ Hr%é'?hroéﬁagévawhsp performed.
PNERE it SRt hnd aﬁiraig%afﬁta% “9id"3 ﬁ%lh'%%"ﬁa#ar{aerformed,

th of 300 mm was f or ned

| mil
o Oé%t ?{n@aqraﬁ%rer DelRS AhiES VBl wiad® paefgpmed, thus

BT f?%ﬁﬁér?liancfﬂt&‘@ﬁig S AR 030 0.2 mm.
f&?éslsealjno Is Case) tg% afe JrtheE! ng compounds in the structure

was controlled by varying the required time from the completion of the
addition of the alloying elements in the melting- furnace to-the initiation
of casting (described as the required time to the initiation of casting in
Table 1), the cooling and solidification rate during casting, the heating
furnace extraction temperature, the temperature upon completion of
hot rolling, and the required time from the ejection of the ingot from the

heating furnace to the initiation of hot rolling (described as the required

+ -time to the initiation of hot rolling in Table 1) as shown in Table 1.

[0066] Furthermore, in the respective alloys described in Table 1,
the reméining composition besides the amount of elements descried
consisted of Cu. As elements other than those described in Table 1,
the total content of Al, Cr, Ti, Be, V, Nb, Mo and W was 0.1 mass% or
less. Furthermore, the total content of elements such as B, C, Na, S,
Ca, As, Se, Cd, In, Sb, Pb, Bi, MM (mischmetal) and the like was also

0.1 mass% or less. Furthermore, in the contents of the respective
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| C%‘Eﬁfi‘rﬁ’é? frlﬁa\‘rf%g ori‘?espa‘f’

5 (Bending Workability Eval uation Test) The bendi ng
test of the copper alloy plate sanples was perforned
according to the technical standard of the Japan
Copper and Brass Association. The plate material was
cut to a witch of 10 nmand a 5kength of 30 mm Good
Way bending (with the bending axis 10 perpendicular to
the rolling direction) was perfornmed at a bendi ng
radius of 0.05 mm and the presence or absence of

C Eﬁ‘:‘?ﬁénisg SBB%JP QR anH i 0N« Vﬂ%h%&%%r XeQO?S{%eg%ahjbX% is below the

using a 50x opti ca m crdscope. Sanpl €s

c val uated as 0, and sanpl es showi ng cracks
mgr@ﬁ{/\gfgg}lgd as x. 15 [0072] As is clear from Tabl e

| es~1 t t he resent .Lnvention,
ICE 1;re 28 er g%néﬁﬁg Gxt tfé%n'f?&é‘il‘tl?orﬂeﬁﬁHﬁ%rnent were
0 resen inyention wer e n der, t
Peohdieloftine RERRU Gk coPBRE AR féfresttﬁ@sr% Gingd, and the
tlrrefrom Ietl of _.the addlt n of
%‘I Qﬁg contgt Wel tHengeXiarA ’f‘?ﬁlfiHé ggtracted and
| ni t| atl of castl vvas 100gdseconds or |less, the
H %’qu{?frh“algtﬁlﬁ% ofs 1 um using the
c r and the re ti fromthe
rRtePradtothed dhaxe W%‘fﬁ%@”ﬂ‘é‘&?ﬁ? d@vft&wna@évvmempned 1cP
|n| tiation ?f hot rollj 9 1050 seconds or S
FUPE POt RE CH M P a B A STF dit -ext RER¢ Flé% I‘aUO (/o) relative to
t ature an e rature upon t he
STt ot Hiotie oliPT NP TR dapipFagh case. @hese results
[ 007 Acoorg ﬁ%o% in Exanples 1 through 13 of the
PPESTFWI Ry &R the conposition was controlled so
that j.he r of the of l\/glnthe extract ed
0Blet]o° o s BeBnoshatab Bl Gt 66¢ 5 amBless iesh fantplssewere cut
Zcﬁtg;‘f t ed rﬁgl %%%pert ré?l% t opltart]gs Iv%b(t:acl)lrl]‘lted1 t a(}fd t ge tensile test,
conductivity measurement and bending test were performed. These
results are also shown in Table 2.
[0069]
(Tensile Test)

" In the tensile test, the tensile stréngth and 0.2% yield stress were
measured at room temperature, a test rate of 10.0 mm/min and a GL
value of 50 mm by means of a 5882 type Instron universal tester using
JIS No. 13 B test samples.

[0070]
(Measurement of Conductivity)

The conductivity of each copper 'alloy plate test sample was
measured as follows: namely, a rectangular test sample with a width of

10 mm and a length of 300 mm was formed by milling, the electrical
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5 was 60% or |ess, thus reducing the size of the
oxi des and precipitates of M in the copper alloy.
[0074] As a result, Exanples 1 through 13 of the
present invention showed a high strength and high
conductivity, i.e., ayield stygss of 400 - MPa or
greater, and a conductivity of 60% | ACS or greater
and al so 10 showed a superior bending workability.
[0075] On the other hand, the copper alloy of

%%?fﬁévevﬁéa%éwﬁ‘%h{ﬁds@@o@ oASTLR blideh By gesistance
e htFiglaRacfBite s B BeBrikoRasc Ghiind by the
¢ tef Eedy SPRIERRI o bGee ﬁl"!ﬁi”?? of ﬁéaf”éi'c? ®ha
o928 e 2nd separaiod by the abovementi oned o

t h to,.th tent of th
S Wby B Gty Cal't hough ¢ ho-
bendi bi | h
Cow 136 PebsEE ﬁagky Hﬁ'atilspﬁ eﬁéﬂa@ytyog 4 RRIGS Bas performed
RoGOTnE cineB bikrricat Reangerd of the niapmb repBer 1And Brass

ed resi due extract ed and separ at ed

ip th t
tﬂaS%fﬁa%nLﬁt Mgl e oot teanbichoot i igm and a

aIIo ded 60%in spite of the
aﬂqf t:i](g Ay e‘ﬁ@b’ac@e&@@g% Witlgerthe bendlng axis
deS| rab nd| ti ons r to, those of the

B ﬂl edooghe e@hﬁge irgctiond piass dstriarmecthiabra bending

r the str th was high, _but the bending
bt W%ﬁ@%&&@éﬂﬁvpfgﬁweox RSengoPfcTAgks 1h the bent

re ardtothe manuf act ur.i et hod, the copper all oy
FeNIRse by VeLansRally TSEE ok eRtcrlomiciasePPe.  Samples

SI rabl e condi.tions, 5 .and the rati o of th? anount
e

GG, i Erasks B TUAK A hotrdfamples Showing cracks

were evaluated as x.

[0072] As is clear from Table 1, Examples 1 through 13 of the
present invention, which are copper alloys within the composition range
of the present invention, were manufactured under the following
desirable conditions: ilamely, the required time from the completion of
the addition of the alloying elements in the melting furnace fo the
initiation of casting was 1000 seconds or less, the cooling/ solidification -
rate during casting was 0.5°C/sec or greater, and the required time
from the ejection of the ingot from the heating furnace to the initiatioﬁ'
of hot rolling was 1050 seconds or less. Furthermore, the heating
furnace extraction temperature and the temperature upon the

completion of hot rolling were both appropriate.
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and separated by the abovenentioned extracted residue
method to the M content of the alloy was 60% or

| ess. Nevertheless, since the P content was |ess than
the lower limt of 0.01% the anount of P was too
small, so that although the b ing workability was
superior, the 10 strength was [ow. [0078] In the
copper alloy of Conparative Exanple 17, the P content
exceeded the upper limt of 0.4% Accordingly, along

O AU TR AT o e oresen

e Ebabeo e gk SSLoh, SOUEPE e g or
. [ f. [ Ex I 18

P B0 R o RS B ] SRl by e

AT SRR O SRR T SBEr et i PrEFiAS St of the alloy

o tive Ex 18, .21 and .22, the . .
B O IR SRS EOhe uer of TB Sdcaand porsibitates of

o&gthe alloi_()i ng | ements in the nelting furnace to
t i hiR§ SPPBAT 6109¥asting is too long. In Conparative

TREPAES, 85 c2he il BRambloct Shrofin b heobd Bhe imvention
SR Bt Rl s ST o 0 s or 100
initiation 25 of hot rolling is t l Qng. . 29 [0080]

5 QF (ST R Ao CATPMRCTIEG of 69% HBLS OsnpkaadeTvend also
SR S bbb AR (01 L0 Ll
T R S b ot e TS B M
T T A e Reatet i wanpeueti Babae Joveetiohs ¢ho.1%. As
tallq ?‘esult, the amount of Mg was too small in spite of the fact that the
alloy was manufactured under desirable conditions similar to those of
the abovementioned examples of the present invention, and in spite of
the fact that the ratio of the amount of Mg in the extracted residue
extracted and sepérated by the abovementioned extracted residue
method to the Mg content of the alloy was 60% or less. Accordingly,
although the bending workability was superior, the strength was low.
[0076] In the copper alloy of Comparative Example 15, the Mg
content exceeded the lipper limit of 1.0%. Consequently, the ratio of
the amount of Mg in the extracted residue extracted and separated by
the abovementioned extracted residue method to the Mg content of the

alloy exceeded 60% in spite of the fact that the alloy was manufactured

under desirable conditions similar to those of the abovementioned
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copper alloy plates of the present invention for
obt ai ning a superior bending workability in addition
to a high strength and hi gh conductivity, and of the
desirabl e manufacturing conditions for obtaining this
10 structure, is supported by e abovenentioned
results. [0082] Table 1 30 NONIYI 000O0C 00O
00000OQO000D0O0OdOOO NO~ VQOOI 00 OO O
a>7toCDC~-C U3 C 10 0) OmniIntoto [n 1-

5 CReBiiieq o Bf% gt 9% R ptsdle e %“%ncst% $as high,
05’“? thEDEing b Bt A4d cbfilfuctivi§ PekSot, 2 80Na
@0395 o B b8 i adulity SndufRef ufe Ropgér alloy of
Lombatain Bl (0408, ahfractntel b @i deBribld gonditions,

MaH'd t%) rgtl% éf thko eo)unt of Mg in the extracted residue extracted
and separated by the abovementioned extracted residue method to the
Mg content of the alloy was 60% or less. Nevertheless, since the P
content was less than the lower limit of 0.0l%, the amount of P was too
small, so that although the bending workability was superior, the
strength was low.

[0078] In the copper alloy of Comparative Example 17, the P content
exceeded the upper limit of 0.4%. Accordingly, along with an increase
in coarse Mg-P precipitated particles, there was also an excessive
increase in the residual amount of Mg, so that the strength, bending
workability and conductivity were all low.
[0079] In the copper alloys of Comparative Examples 18 through 23,
the compositions of the alloys are within the stipulated ranges; however,
~ the ;espective manufacturing conditions depart from the desirable

'rangeé. In Comparative Examples 18, 21 and 22, the fequired time
from the completion of the addition of the alloying elements in the
melting furnace to the initiation of casting is too lohg. In Comparative
Examples 19, 21 and 23, the cooling/solidification rate during casting
is too slow. In Comparative Examples 20, 22 and 23, the required time

from the ejection of the ingot from the heating furnace to the initiation

of hot rolling is too long.
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90801 | 2 SAcqorfiingty; i Qugodger afoy§ of these comparative

. examples, the ratio of the amount of Mg in the extracted residue

extracted and separated by the abovementioned extracted r.esidue
method to the Mg content of the alloy exceeds 60%. As a result, the
strength and bending workability are both low. |

[0081] The significance of the composition and structure of the
copper alloy plates of the present invention fbr obtaining a superior
bending workability in additioﬁ to a high strength and high conductivity,
and of .the desirable manufacturing conditions for obtaining this
structure, is supported by the abovementioned results.

[0082]

Tablel
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I Extracted Anount of trength Yield tivity Residue My
Extracted Stress (BWACS) (M'a) U Residue (% (MPa)
My to Alloy (%9 1 0.066 29 443 424 69 0 2 0.054 45
435 416 69 0 3 0.19 22 471 450 60 O 4 0.090 39 136

- 418 69 0 5 0.075 33 445 425 6540 6 0.12 52 434 415

69 0 7 0.-070 30 443 426 65 0 8 0.060 26 461 440 61
0O 9 0.056 24 465 442 60 0 10, 0.054 23 460 438 64 O
11 0.065 28 453 131 67 0 12 0.062 27 455 434 66 0 13
OIQQQ gG 467 444 62 0 14 .0.002 10 391 370 65 0 15
0. ‘8 430 408 50 x i 16 0.018 8 400 377 63 0 n E
17 0. 17 74 420 400 X 52 X 0 18 0. 15 65 429 407 65 X



%

2 19 0.17 74 420 402 66 X ME 20 0. 16 70 424 405 65
X DU?21 0.18 78 417 398 66 X 22 0. 18 78 416 396 .
66 X 23 0. 19 83 410 392 67 X 33 [0084] Next, Table
3 shows exanples in which the amobunts of the
abovenentioned sel ectively addgd el enents and ot her
el ements (inpurities) in the copper alloy exceed the
abovenenti oned desirable stipulated upper limts.
These exanples were all manufactured as 5 copper all oy
thin plates with a thickness of 0.2 nmunder the sane
conqg&%q?s as in the abovenenti oned Exanple 1 of the
present” invention (required tine to initiation of

ot o

cast| SECUodS, Toot nygfTsottet-Feat+en—ate
duripg [casting 20/ sec, heatinfg furnace extraction
t enpler aft urlerllo6@G ten@apeyigi anpon Abhypl KbtoBhohct@istics
roll NE(JOC, requijred tinme tjp 10 1 pitTatfon of not
roll 500arme@endd Ratiobhese C ? eL | 1oy thin plates.
wer al yated for |gharacteri 'ﬁ& S Qg hEondup e fipnAing
conduetli vift 7" Bendabi 1" 'y anftrenett Ykadi h i HdYsdne
mannek [as |imsitdadisey&aptes ddscri beflsakave. R@E&.
resyl §9 olft ai ned ane.shown in el ef 4. [03§%ﬁ npl e
24 he [preggnt ifnvention ijn Tabl p (g g0f r esponds 15
to gxanpl 4 1 t hg Mpreeent ijnventi pn in }he
aboengnt ifoned exafpl e®Tabl s 1 anfl 2. The anmpufts of
othdr gl eents (impurities) gf group A d group B
shovin 1fn fable 3 afe T ndicat g0 nmore| concretretry. 00861
I n Exarmtf Zg(%% t he prfsent i nventj on, tjhe contegnts
of Nh, | €a, 2°0%°Ag| or,%%cd, BT €S N, B apd Bt
as dl efedys &f054rolip A 15 435 416 69 ©)
3 0.19 22 471 450 60 O
4 0. 090 -39 136 418 69 O
5 0.075 33 445 425 65 O
c 6 0.12 52 434 415 69 O
2|7 0..070 30 443 . | 426 65 O
Z]8 0. 060 26 461 110 61 O
§ 9] 0.056 24 465 442 60 O
£ ]10] 0.054 23 460 438 64 O
11] 0.065 - 28 453 131 67 O
12{ 0.062 27 155 434 66 O
13] 0.060 26 467 444 62 O
14| .0.002 10 391 370 65 @)
15 0. 80 BT 430 108 50 X
8 [16] o.018 8 400 377 63 O
§ 17 0.17 74 420 400 52 X
.§ 18 0.15 65 429 407 65 X
5119 0.17 74 120 402 66 X
e .
gl20 0.16 70 424 405 65 X
=3 : ’
o |21 0.18 78 417 398 66 X
22 0.18 78 416 396 . 66 X
231 0.19 83 410 392 67 X
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“conposition ran es O

20 Table 3 are large. [0087] In Exanple 26 of the _
present invention, the contents of H, Th, Li, Na, K
Sr, Pd, W S, Si, C No, A, V, Y, M, Pb, In G, Ce,
As, Sb, Bi, Te, B and m schnetal as el enents of group
Bin Table 3 are such that thggtotal amount of these
el ements exceeds 0.1 mass% 25 [0088] Exanples 27 and
28 of the present invention have a | arge Zn 34
content Exanpl es 29 and 30 of the present invention

684}1' argg%(@nrgag%ngegﬁ %}é%lplph& tul} g@g;ﬁﬁg'ﬂ%@b@ts of the

roug e presen

t BB oTRIHRNG] TR Sefcl ?wp Hgn%d}%dar )| C%EH %5]1 %t]{lﬁ Lo eelements

resent |nven 10

T T
e A B s o
SR B LRG %%gﬁgﬁ 3 HhichieSeyoF hdomn ”gggb%ge%e same
oéélﬁ@%agisdgg?&?*ﬁ %e%ce"ggrtlgﬁﬁ 3%%%@19&6 aoef {fifrepgéﬁetnhtemventlon
808 i i oikiacioh, pl RA8Y lpgnﬁﬁ?ﬂtﬁ@rggﬁ 6. Feeling/ feligification

ok @?l?drifﬁ‘iééaé't%%@n&&/lssﬁ HiTbofiAEE é’itf‘é8§p5§?%$peramre

Z%ﬁ@‘a%i ?\?3@82?1%3@8&9&%5 6% ¢ bt apling, ARE Coreguirsst time to
cf Eﬁﬁg B Rl %liﬁgr §8ﬁe§€“ e (oo WuRd Gislipthia plates
are ni

t d to that of
S it °fife ThaseitrisioantreR (Sorraepats rgndctivity,

5 en ablllny andh%hgrﬁf:gn%n Oe | snélr(relrét Irr?gnlngr ng ! i t eargamples

described above. The results obtained are shown in Table 4.

[0085] Example 24 of the present invention in Table 3 corresponds
to example 1 of the present invention in the abovementioned example
Tables 1 and 2. The amounts of other elements (impurities) of group A
and group B shown in Table 3 are indicated more concretely.

[0086] In Example 25 of the present invention, the contents of Mn,
"Ca, Zr, Ag, Cr, Cd, Be, Ti, Co, Ni, Au and Pt as elements of group A in
Table 3 are large. |

[0087] In Example 26 of the present invention, the contents of Hf, .
Th, Li, Na, K, Sr, Pd, W, S, Si, C, Nb, Al, V, Y, Mo, Pb, In, Ga, Ge, As, Sb,
Bi, Te, B and mischmetal as elements of group B in Table 3 are such
that the total amount of these elements exceeds 0.1 mass%.

[0088] Examples 27 and 28 of the present invention have a large Zn
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~[0091] Conpar ative Exanples 31 and 32 contain Zn and
"Sri in excess of the respective stipul ated upper

limts. In these Conparative Exanples 31 and 32 as
well, the contents of the main elements Fe, P and My
are within the conposition ranggs of the present

i nvention, and 25 these all oys were nmanufactured under

desirable conditions. 35 Accordingly, in Conparative
Exanpl es 31 and 32, the conposition was controlled

Seoh(%ﬁet.t @xirﬂ@i& 95 %ﬁ'& ?(')T%lfrfhgoérelggﬁlt b RgHBX! %?g%écjlarge Sn

resi extracted and separate y the abovenen

e&)ﬁ&%{ ed residue nethod stipulated in the present _
invention to the My content of the 5 alloy was 60% or

Fa89) Pgl PHRSL IS 2 60U 30 SR degpp mvention,
Rt B B el R R, Mg apienin. ene
_si:nr%e otshtef contents of Zn andeSQ are etxcessiv Ly _high,
i CEPO AR B hEG RESERt n v f@’c&%ﬁéﬁ%ﬁsﬂws were
SRR bhaeh S e SRR S ulliy, in these
DESTHER S Tl 30 385 et SoestisTheRe cpmposiion was
ig(?rgqr%llgdeso'\ltljlatcthoe IZatrfo %f r]th'(e:‘ aBmo%n%roofUI&ggirnotLi?e egtrta%tt&!l residue
extracted and separated by the abovementioned extracted residue
method to the Mg content of the alloy was 60% or less, thus reducing
the size of the oxides and preciﬂitates of Mg in the copper alloy.
[0090] As a result, in Examples 25 through 30 of the present
invention, a high strength is balanced with a high conductivity, i.e., a
yield stress of 400 MPa or greater, and a conductivity of 60% IACS or
greater, or a yield stress of 450 MPa or greater, and a conductivity of
55% IACS or greater; furthermore, the bending workability is superior.
However, since the contents of the other elements of group A and group
B are high, the conductivity is low compared to that of Example 24 of
the present invention (corresponding to Example 1 of the present
invention in Tables 1 and 2). | |
[0091] Comparative Examples 31 and 32 contain Zn and Sn in
excess of the respective stipulated upper limits. In these Comparative
Examples 31 and 32 as well, the contents of the main elements Fe, P

‘and Mg are within the composition ranges of the present invention, and

these alloys were manufactured under desirable conditions.
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24 0.23 0.11 0.17 - - - - 0.05 0.02 25 0.25 0. 10 O.

15- - - - 0. 550. 02 26 0.25 0.10 0.15 - - - - 0.12
0.12 27 0.25 0.10 0. 15 - - 1.6 - 0.12 0.02 y 28 0.25
0.10.0.15 - - 2.5 - 0. 12 0.02 a 29 0.25 0. 10 0. 15
- - 150 120.02 30 0.25 0.540 0. 15 - - - 4.0 0.
12 0.02 U E310.250. 10 0. 15 - - 3.5 - 0. 12 0.02
w32 0.250. 100. 15 - - - 5.5 0.12 0.02 41 E *A

group i ndicates the respective elenments of M, Ca, Zr,

Aty 2 corfbariti Brapfied ™ S 34 08 SRgosition was
co§§{501 eg' SO \Qllatsﬁl'éés'r%ug’ (}Nkfir% @EWM I\/L\gin Eﬁ%g%]rt‘faccéad residue
C%gr ggfeéf‘: gs"t?%Ic eS%g?f‘Ig ogy A*'R)%n"flb%‘fer&eng‘&%%gncﬁﬁr acted residue
Afﬁoelfﬂgd Stipulated in the present invention to the Mg content of the
alloy was 60% or less, thus reducing the size of the oxides and
precipitates of Mg in the copper alloy. As a result, Comparative
Examples 31 and 32 also have a high strength and a superior bending
workability. However, since the contents of Zn and Sn are excessively
high, i.e., in excess of the upper limit, the conductivity is conspiéuously
low even when compared to the conductivity of Examples 25 throﬁgh 30

of the present invention.



Extracted Tensile Yield Bending Extracted tlVity m
Residue "trcngth Stress CU U Residue Mj (% ACS) M
to Alloy (MPa) (MPa) (% (% 24 0.066 29 443 424 69 0
25 0. 074 30 452 431 63 0 26 0.073 29 450 429 65 0
27 0.072 29 447 427 61 0 V) 28%8 072 29 455 433 60 O
a 29 0.07:3 29 477 455 59 0 0.072 29 500 476 56 0
0 31 0.072 29 458 435 57 0 a 32 0. 073 29 502 479.52
O UEx Ow 38 [0094] <SECOND EMBODI MENT> [0095] In the

6695] invention, in order to achieve a high

reng h, high conductivity and hi gh bendi ng
morkablllty, a basic conposition is 5 used which
conprahsey a copper alloy respectively containing 0.01
to 3.0% Fe, 0.01 to 0.4% P, and 0.1 to 1.0% My (in
mass%, with the remainder conprising copper and

unavpraapT g IrHN€L%&H§S] Comp051t10n of Copper Alloy Plate
(remainder Cu)

No., '
> Mg| P Fel]Ni|J|Co}jZn|Sn| A B
E;: ' group | group
S total | total
1 24]0.23]0.1110.17] — — — — 0.05 | 0.02
5] 25]0.25] 0.10} 0. 15{ — — — — 0.55 | 0.02
f§' 26 0.25)0.10]0.15) — | — 1= | = o012 |0 12
=f|27]0.2500.10{0.15{ — [ — 16| — o012 |o0.02
C
2| 28] 0.25 0. 10} 0. 15| — — 2.5 | — 0.12 |o0.02
a | 29} 0.25) 0.10] 0. 15] — - 1.5 |0.12 |o0. 02

30| 0.25{ 0. 10} 0. 15| — - —~ 0.12 | o0.02
%Ei _
g |31[0.25{ 0. 10} 0.15) — - 3.5 | — 0.12 |o0.02
2 | 32} 0.25]0.10f 0.15] — — - 5.5 }0.12 | 0.02
2
a
E
o
(]

*A group indicates the respective elements of Mn, Ca, Zr, Ag, Cr, Cd, Be,

Ti, Co, Ni, Au and Pt.
*B group indicates the respective elements of Hf, Th, Li, Na, K, Sr, Pd,
W, S, Si, C, Nb, Al, V, Y, Mo, Pb, In, Ga, Ge, As, Sb, Bi, Te, B and

mischmetal.
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conposition is also an inportant prerequisite
condition fromthe standpoint of the conposition that
is necessary for reducing the grain 10 size of the
copper alloy structure, and suppressing the variation
of the individual grain size | ues, and for
depositing fine precipitated particles (wthout
coarsening these particles). Furthernore, the
percentages indicated in the follow ng description of
tg??gg pective elenents are all mass% 15 [0096] The
f ow ng el enents may be added to this basic
conmposition in order to inprove the bending

wor Kiabld dty. Ni or Co, or both, at a total rate of
0.01 to 1.0 mass% Zn: 0.005 to 3.0% Sn: 0.01 to 5.0%
20 Ma_or Ca, or both, at a total rate of 0.0001 to
1.09% Ope ¢r nore elenents selected Troma set
conmpfi s{ng gf , , Ti, Co, N, Au and Pt,
at al tofal rat’éﬁ%fyl 001 to 0% Hf 'F‘H]OIUP]F’NQ K,
As, Bb,|Bi}| Te, B and m schnet]al at a total content of
0.1 pasp% pr—25—+qss—39—64S5H—Fp—Fe—Hs—an-
el enent| thpat is nedegsassyy in qrder t¢ inprqve the
strepgth anﬂWWGhﬂLiéjvit by fornin;oftme dgResit $ of
Fe-H anfd tpeglikey °gt o5 comt en than 0. Q1% .
t he fEnL pf eci pi t atf gy, Last i cl §%5§%3 nsu&? clignty géng”w
resul B, | thp Réskect |of the pregitprraitpdtmasdicles in
suppirdski np t gr gWesiduef thefcrystal graifis is
di m ni shed nseqygnt by, the gean prain $iGesend|t he
starjdarld devi g on %% tﬂgy ( P (MPa)
/D) 7/
241 0. 066 29 143 424 69 O
S | 25} 0.074 30 452 431 63 O
g | 26] 0.073 29 450 429 65 o
-*-E 271 0.072 29 117 427 61 O
o 28] 0.072 29 455 133 60 O
% 129} 0.073 29 ATT 455 59 O
30 0.072 29 500 476 56 O
o [31]0.072 29 458 435 57 Q
5 gl 32} 0.073 29 502 479 52 O
ouw
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mean grain size becones excessively large, so that the
strength drops. 10 Accordingly, a content of 0.01% or
greater is required in order to effectively nanifest
these effects. However, if this content exceeds 3.0%
this leads to a coarsening of f§ge precipitated
particles, so that the standard deviation of the nean
grain size beconmes excessively large, and the bending
morkability drops. Furthernore, the conductivity also
1 QE Accordingly, the Fe content is set in the
nge of 0.01 to 3.0% [0098] (P) In addition to

hgé ﬂ[ﬂﬁaﬁggjﬁwg fect P bonds vvit_h Fe to form

deposits suc and the i ke, and |s an elenent

PR auc IR prepéihiMOHich. i{ﬂo's BAUFRE A Strength,
%bgﬁw”ﬁh%ﬁsbfyhﬁs o R AN 7o V' t%aéf%ltg <qgpRosition s
Chetd w&gt%oraﬁals%‘éiaf%@% @&0%??%%2%: 53 (G @4 tie 0.01 to
p?@éj @nélzég’ ?)‘? ’eénfjngghgt{?i isfig(()f tq%t@?sg%ir with the

grow h s di m ni shed. As a resu e mean grain

t h
sTezr@ Tt heOTPIREE d CPRRAt i oﬁlwglqi%'aw giBPHTEie%  This
becone excessively large, so that the strength drops.
ACVTPISHIT | 1S, alsBnht I1BPOBtadio I ETgReisits Gandition from the
necessar. ver, if.this content exceeds 0.4% the
'ﬁ'ﬁ(ﬁﬁ’r"dxﬁé\?o BWSE%%nn@a% ‘Gr BFFETE 198 cksifBicing the grain
w-th an |ncrease in the coarse

exce ar ge_al on
e ol et LopBon Ay SRuCkirs, Haind (P TERaIE the vanation of the

V\D%% %I ity drops, Furthernore, the conduct|V|ty al so
wdugl - graihgpize fadupsc orpdndor s dgpesiting nEneaecipitated

4%, [ 009
par%c%s ?wpthouot [coarsang these particles). Furthermore, the

percentages mdlcated in the following description of the respective
elements are all mass%.
[0096] The following elements may. be added to this basic
composition in order to improve the bending workapbility.

Ni or Co, or both, at a total rate of 0.01 to 1.0 mass%.

Zn: 0.005 to 3.0% |

Sn: 0.01 to 5.0%

Mn or Ca, or both, at a total rate of 0.0001 to 1.0%.

One or more elements selected from é set comprising Zr, Ag, Cr, Cd,
Be, Ti, Co, Ni, Au and Pt, at a total rate of 0.001 to 1.0%.

Hf, Th, Li, Na, K, Sr, Pd, W, S, Si, C, Nb, Al, V, Y, Mo, Pb, In, Ga, Ge,
As, Sb, Bi, Te, B and mischmetal at a total content of_O.l mass% or

less.
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10 (M) My forns fine deposits with P, and is an
el ement that is required in order to inprove the
strength and conductivity. If the My content is too
smal |, these effects and the fine precipitated
particles will be insufficiengg Accordingly, the
effect of the precipitated particle in 15 suppressing
crystal grain growh is dimnished. As a result, the
mean grain size and standard deviation of the nean
g{@bg7fize beconme excessively large, so that the
rength drops. Accordingly, a content of 0.1% or
gf ter is required. However, if this content exceeds
1°0% the precipitated partlcles are coarsened, and

tb(lggo eapsd gfélgfeﬁ;é qyjtlra;tr genggfgsstzq(){g?ier}aﬁ & ah(allwé)rove the strength

afd Elagi)%btg&lei&?é’wﬁﬁa}lygu ﬁge%?é%m rEd G ithe ke At
0 0% Ni 25 Th

f anﬁ& ffﬁlnﬁtsﬁer h é(%#&%] (ﬂg o(ffmfbr PB‘EﬁIHlt%gf? a%%rtlcles are

t ot al content of Ol 0%

a}lbs"bfﬁglfé}tsed Pnt Kesu &oéﬁ‘@r ngFByOIJ%ﬁFl Il'él/g‘tfClpltate(iJI particles in
pr eci Fltated artlcle é Co) - Fe- P and
t REPPTESINE 1 gt hp 20% }Pheo trtg‘ﬁgt ﬁryasﬁ c&’ia-let i ¥t ydimainished.
nt ent of g@%or greater .is re red in order to
R B Ch e dDE MEArS S AIrLpits AT Py etarIare: deviation of the
However, if this content exceeds 1.0% thls | eads to a
cBERELHITE B Rec e earls Yditae, |56 thahdhe rgrength drops,
eé evi ati on of {nsan grain size becones
EE lvg Y% Rafgetenio OtthtO e BeBHFHET iormeapined yin order to

the _conductivity al so drops.

B REIASIRR! fias CRtstpen IONeNr, o s ComtonbeRceeds 3.0%
rlgﬂtagleeaflaso?%lat%ol%s%géﬁg t(l)fy %héngl'éjcsii)&gtég Sgtlcles g% that the
standard deviation of the mean grain size becomes excessively large,
and the bending workability drops. Furthermore, the conductivity also
drops. Accordingly, tthe Fe content is set in the range of 0.01 to 3.0%.
[0098]
(P)

In addition to having a deoxidizing effect, P bonds with Fe to fornﬁ
deposits such as Fe-P and the like, and_is an elemeﬁt that is necessary
in order to improve the strength and conductivity of the copper alloy.
Furthermore, P also improves the strength and conductivity of the
copper alloy by bonding with Mg to form deposits such as Mg-P and the
like. If the P content is too small, these effects and the fine precipitated
particles are insufficient. Accordingly, the effect of the precipitated

particles in suppressing crystal grain growth is diminished. As a result,
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.[0101] (Zn) The copper alloy may al so contain Zn or

Sn, or both. Zn is an elenent that is effective in
i mproving the thermal peeling resistance of 15 Sn
plating or solder used in the joining of electronic
parts,- and thus suppressing thrnal peeling. It is
desirable that the content be 005% or greater in
order to mani fest such an effect in an effective
manner. However, if this content exceeds 3.0% this

. [ [ .he. fl di . .
Cfhe MEACBAR SR ARt FhEUALS d&@e%aﬁa& 8'45¢ Hfah Erain size
_orééﬁf'fte REF e el SN, el SpeRgiR Ll Atlordingly, a
| SBRE e ) ool reae %‘ﬁﬁé&é ' °“”he%§éifir‘ 4hés content
% 1 Sn t [id [ ut
F%‘S«‘E’%eed%%%% e st el csRiaan odsTie menh RGO Rt becomes
of t he .strength. order to manlfest such an effect
ﬁxc%l??%'?ly egﬁi aﬁ}%‘?’&ewl 1A SITWLERPG b ths iCRarseiePrecipitated
L.E'aév ST e i sidines stk b, dops. of Pugthasmore, the
eco turate and this causes, a reat dro in the

csmﬁf}ﬂw} 4 y‘aJSO OBSdi diepPrdmely, dae 6%‘5?%‘(1&39 s¢hdén the range

{/\é(ili @t Jmproves the strength and the effect that
4E-Féhductivity, this element Sn is

nﬁi@ﬂ vely included in the range of 0.01 to 5.0
[0103] 10 (Mh, Ca) Wi and Ca contribute to an

[ rovenent in the hot workability of
(mg) : Y

Mg forms fine deposits with P, and is an element that is required in
order to improve the strength and conductivity. If the Mg content is
too small, these effects and the fine precipitated particles will be
insufficient. Accordingly, the effect of the precipitéted particle in
suppressing crystal grain growth is diminished. As a result, the mean
grain size and standard deviation of the mean grain size become
excessively large, so that the strength drops. Accordingly, a content of
0.1% or greater is required. However, if this content exceeds 1.0%; the
precipitated particles are coarsened, and the standlard deviation of the
mean grain size becomes excessively large, so that the bending
workability also drops. Furthermore, the conductivity also drops.
Accordingly, the Mg cbntent is set in the range of 0.1 to 1.0%.

[0100]
(Ni, Co)

The copper alloy may further contain Ni or Co, or both, at a total
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the copper alloy, and are selectively included in
cases where such an effect is required. In cases
where the total content of Mh or Ca, or both, is |less
than 0.0001% the desired effect cannot be obtai ned.
On the 15 other hand, if this tal content exceeds
1.0% coarse crystal deposits and oxides are
generated, so that not only is the bending workability
reduced, but the drop in conductivity al so becones

l'Y,no,th f the : ,
PRI P00 B, Vi, " Qb M PTG B h G BBmeraest in the

oiPbed bt St BRI é@é@réarﬁm%%w&m%q)% Vi GgfFe-p ana

SBFe HiCarpd Rnmrats FRE CSuelei el (oRiSalivEit och pantent of
B8 deBafR S TN Er‘?.ércieersgc??rﬁéﬁ%se‘ﬁér%em&ects in an
de |red effect cannot be ? obt ai ned. On the other

SETYG MATREr W HRPWer Rl if Shi§ CRRTEAxGEdshbae, this leads to a

qunents éﬁgds 1. 0% oarse crystal deposits and
SeNLg o PAEEpItalg tﬂ%’ftl(HSF’ andy the stapdpsd slengation of
rkabilit reduced but the drop in_conductivity
TBERBNERIBe S PEGAMES X CaRRINEY 4BT8E, 80 that the bending
ent of these elenents is

Accor ly, .the tot nt

s@PE‘ég]P\]/’ng ‘%%qpsr n t t?*&ﬁg@rﬁ dhgo1ceBductivity| 04@5)] drops.
' K .S Pd, S, Si,

(,\@cng%%mgly, Ythq\/btot@;lb corqtﬁn’c(%f l\{g;or ASO, Ys\{; bgith, Tia tge case of

m.sch tal 10 These, conponents are i urlty
e‘f fEiYS NG flsf(?‘félst §¢hin tharangestt 0.Petoel d%nent s

ceeds 0.1% coarse crystal deposits and oxides are
jbr}é} ted so that the bending workability drops.

A&c?r dingly, it is

The copper alloy may also contain Zn or Sn, or both. Zn is an
element that is effective in improving the thermal peeling resistance of
Sn plating or solder used in the -joining of electronic parts, and thus
suppressing thermal peeling. It is desirable that the content be
0.005% or greater in order to manifest such an effect in an effective

manner. However, if this content exceeds 3.0%, this not only causes a .

. deterioration in the flow spreading characteristics of molten Sn and

sqlder, but also causes a great drop in conductivity. Accordirigly, in
order to balance the thermal peeling resistance improving effect and
conductivity lowering effect, Zn is selectively included in the range of
0.005 to 3.0 mass%. -

[0102]

(Sn)
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desirable that the total content of these elenents be

set at 0.1%or less. [0106] 15 (Copper All oy

Structure) In the present invention, as was descrlbed

above, the grain size of the copper alloy structure

is made finer, and the variatigp in the individua

grain size values is suppressed, in order to prevent a
deterioration in the bending workability of the

abovenenti oned 20 Cu- My-P-Fe alloy having a

conp%tgpo%@, iﬂtbhsélfﬂ’rs%‘l’ﬁﬁo AL IPREE Coddbr ROV %‘@Egn Abutes to

a not on y t he gral size

| :@gg@%ﬁv%ﬁéﬁ@brgﬂe'ﬂrmb. 315 BB 80, an et i

2o @vu?:*’%ffh%!ﬁ%‘ e dsé%e%ln%? htoaﬁﬂqc‘?lgﬁé‘ut%é%e&ml%@ﬁm content
2 S .
g?g"ﬁ“é 7o rtaleh 2 f?%@?vgfﬁqfil% Ef%?%?@ e%ﬁéisﬁ%‘dmg?hthe effect
aEQ%%%EFb%WﬁS%fﬂﬂs*f‘ﬁsnséﬁa?§ ETed) Sropyin FBgconductivity.
E{\é SpE. HEBEET S Q%afﬁc”ﬁd*%ee?ﬁcegi‘r;@gdﬁrfvres the strength
ot e, 500 S D G ARG ) Setcrver
SRR T AR 00 Y 36 @58k back scatt eri ng

n systemis nounted on a field enission scanning
gpt (fé] m croscope. 10 [0108] Here, where n
iX( fih %gs t he nunber of crystal grains neasured, and

tes the grain size val ues neasured, the
ain size is e

abov ti d nean resse Yx)/I'n, ..

and. I 2 SEPRAGMIIE P P SPrrRu ST oo s Disaheabilicy of

4 Qoﬁbére Al ?)%BME Sasrgdselectlvely included in cases where such an
effect is required. In cases where the total content of Mn or Ca, or both,
is less than 0.0001%, the desired effect cannot be obtained. On the

other hand, if this total content exceeds 1.0%, coarse crystal deposits

and oxides are generated, so that not only is the bending workability

- reduced, but the drop in conductivity also becomes severe. Accordingly,

the 'total content of these elements is selectively set in the range of
0.0001 to 1.0%.
[0104]
(Amounts of Zr, Ag, Cr, Cdl, Be, Ti, Au and Pt)

These components have an effect in improving the strength of the
copper alloy, and are therefore selectively included in cases where such
an effect is required. In cases where the total content of one or more of

these components is less than 0.001%, the desired effect cannot be
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as [nYx2 - (Y X)2]/[n/(n - 1)1/2]. 15 [0109] In cases
where the abovenenti oned nmean grain size exceeds 6.5
m or the -abovenentioned standard devi ation of the
mean grain size exceeds 1.5 m .the coarse crystal
grains in the copper alloy stjggcture increase, and
the variation in the individual grain size val ues

al so increases, so that the bending workability
deteriorates. 20 [0110] (Method Used to Measure Mean

: Ici;])ﬁ{t ineldze @th.%t&%%?.rm;/ L AChQls %h?ﬂﬁﬁ’pq g%et%i_l LoHtERY of these

e present 1 nvention, e reason

SFORHGR SR AT, 18R, CodTR" S Tekal” o3BBRuE B grides are
' j [ he 1 | d I

o et el B A ol S T 2R S T Shie R difused. but the
oAl S SRR A BB, R PochyEr S tesiratte
AN ORTRRBe O TUH SRt AT ShEsf &l omenss (b SECFIY et in the
EBSP rretBo(?Q g ;ag]g)l) e set in the lens barrel of the

FEEERT PEU R LEP dr & wi th an el ectron beam and an EBSP

[ jected onto a screen. An image of this is

pﬁ:& up by a high-speed canera, and is taken into a

R Ehs & et e ok Sa“rfﬁ«ﬁr@;ﬁé%té‘l %ﬁ;%ﬁ%ﬁém, Pb,
' ' 10 [ .

e ) bRy A5, St ke LA Sl o1 i med- The.

cal cyl at ed crést al orientation is_ recorded as the

t hr eéPGPHeRETBRRCTEN ¥C MW Y Ghgoints théhgoatal gontent of
U PR taf b TP ool (AT ALhSll 2558 ovides are
generated so that the bending workability drops. Accordingly, it is
desirable that the total content of these elements be set at 0.1% or less.
[0106]

(Copper Alloy Structure)

In the present invention, as was described above, the grain size of
the copper alloy structure is made finer, and the variation in the
individual grain size values is suppressed, in order to prevent a
deterioration in the bending workability' of the abovementioned
Cu-Mg-P-Fe alloy having a composition with improved strength. In
particular, in a Cu-Mg-P-Fe alloy, not only the mean grain size, but also
the variation in the grain' size, has a great effect on the bending
workability. Accordingly, in the present invention, .in order to obtain a
copper alloy -which has a high strength and a superior bending

workability in a good balance, coarse crystal grains in the copper alloy
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the neasurenent points, crystal orientation data for

several tens of 15 thousands to several hundred

t housand points is obtained upon the conpletion of
neasurenent. [0112] Thus, the EBSP nethod offers the

foll owi ng advantage: nanely, ghe visual field of

observation is broader than in the X-ray diffraction

nmet hod or electron diffraction nethod using a

transm ssion 20 el ectron m croscope, and nmean grain

Si r j : I t 0
ot She JURHLH, Al The TnaRafafer ol KA Vs re made as

°'i”1nré0£se é ¥15t)h@| grains can be obtained within a few
ours. ernore, the foll ow ng advant age is also

t«zm. YR OH FEL S TR Bl o
PR L RS PO Bl U
nﬁﬁ:%t%t?’rglm 5 o et 0 o

U LI S L L T —

Sﬁétl%?l.t%%an AP S SER R Sde"l’ﬁﬂnrtr bfﬁﬁneﬁggf?rimgrback scattering
T | t /V l. .
(BARBTEnGY SRR, {keMAUES] o 2 BCEE BumRSIohy SRERBINE clectron

the ac re ate structure of the surface parts of the
pper alloy in the direction of plate " 10

tfﬁaté 2 ol WA o dR iR Sy ShbkaBEh oo St erains
2%%%3%512‘3%92.“% G Sér%irrgf’sé?e”Sra&r%evr%%é'sﬁ?ed the

ndari e neasured

BTk R, JERAH) REgirhi it iy sand as TSR/, and the

standard deviation of the abovementioned mean grain size is expressed

as [n3x2 - (3x)2]/[n/(n - 1)1/2].

[0109] In cases where the abovementioned mean grain size exceeds

6.5 wm, or the abovementioned standard deviation of the mean grain
size exceeds 1.5 um, the coarse crystal grains in the copper alloy
structure increase, and the variation in the tndividual grain size values
also increases, so that the bending workability deterierates.
[0110] |
(Method Used to Measure Mean Grain size and Standard Deviation of
Mean Grain size)

In the present invention, the reason that the measurement method
used to measure the mean grain size and the standard deviation of the

mean grain size is stipulated as the abovementioned crystal orientation
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15 aggregate structure fornmed from nunerous
orientation factors called the cube orientation, goss
orientation, brass orientation (hereafter also
referred to as the B orientation), copper orientation
(hereafter also referred to aggthe Cu orientation), S
orientation and the Iike as showmn belowis forned,
and crystal planes corresponding to these orientation
20 factors are present. For exanple these facts are

S%%%ﬁiggq‘flb g%?ilelgé{ﬁ gt Fuc urea? lifcq%%f%%gp%%}[scattered) pattern
SHEBS ]§Y§%§“E%@Wt% iRl copilioly i €annjpe etectron
el 3528l yﬂllgf Wy bifméil. Pald i Bas a hign

of 47 .such regate.structures differs according to
tﬁ%S%Fﬁ?ﬂw@naﬁggﬁg%ﬁem?P’é‘at nment nethod. In the case of

bBﬁS?PTESP f FhP SHSPCs tEllglgieé’ SRS P 11 e F%’r;esaﬁ’{ﬁl of the
E%Léséﬁawhfr?%éi Ao VG 58 et Beren capt s dobiby 15 projected

D, E and ndi cat nt egers On the
R ao?érsﬁﬁ:@h Cam inedeas s R B, b By @ high-sbeed camera,

orla ti ons are qu ressed as follows: [0116] Cube

ST afoa@;dgga%fﬁm dnt e eprmpatter, this image

100> at ed ss orient 011} <011> Brass
?R'Bizl oF ICEMBRY ﬁb{ﬂp @I@>Pr(@}pﬁfé1e by a simulation

orlentat on Cu ori ntatlon < 111>

oV PRI 8t FBAWTY ST th’Stfin8§P t]*i%t @%Mrmta?m@m{ thgjcrystal is
<g§tdé?mined. The calculated crystal orientation is recorded as the
three-dimensional.Euler angle along with the position coordinates (x, y)
and the 1ike. Since this process is performed automatically for all of
the measurement points, crystal orientation data for several tens of
thousands to several hundred thousand points is obtained upon the
completion of measurement. |

[0112] Thus, the EBSP method offers the following advantage:
namely, the visual field of observation is broader than in the X-ray
diffraction method or electron diffraction method using a transmission
electron mjcroscope, and mean grain size values, mean grain size
standard deviations or orientation analysis information for several
hundred or more crystal grains can be obtained within a few hours.
Furthermore, the following advantage is also obtained: namely, since
measurement is performed by scanning a designated region in an

arbitrary fixed interval rather than performing measurements for each
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B/ G orientation {011} <511> B/S orientation {168}
<211> P orientation (011) <111> [0117] In the present
invention, basically, planes with a shift in 20
orientation that is within 15 fromthese. crystal

pl anes are considered to belopg to the same crystal
pl ane (orientation factor). Furthernore, boundaries
of crystal grains in which the difference in
orientation between adjacent crystal grains is 5 or

IR LS AP R i cor

R GRG0t hnd WG “f‘;“@@%itéP?%a'OE%arrﬁ@%ﬁree%eﬁt points
oThaP S Qv M BTl ER Hklor G whse. ; Srlirthermore,
PR A L
FESP B 6?523303?}4%4%@&5?@@%5{& éﬁggr!lhed ! Kobe Seiko

SFh0' Rhps P GrRLRRT PR Bravi bahdses 86’iZ Gep. 2002)

prefgrabl 10 Eﬁ er stipulated in order to further
| RPr \%Oc ?131 rkablllty These smal | -angl e

d ai.n boundarjes between crystal

Ofdd FaP P o e %éga«%tr dRERREODy 6 ABATCEATERIENFGHE of the
S, . armn t he _crystal

oS WERES: PBHE Afa LBt ords ¢th&op, D BHENT ibridts Hyegtign of plate

ori.entation anal ysi s method .in which an EBSP 15 syste
PEBhRES e A PESAIRSINg T TStahprieRFation Al sis method

[ .
151’1 which an EBSP system is' mounted on an FESEM, and the mean

. grain size, standard deviation of the mean grain size and s'mall—angle

grain boundaries are measufed.

[0114] - Here, in the case of an ordinary copper alloy plate, majnly an
aggregate structure formed from numerous orientation factors called
the cube orientation, goss orientation, brass orientation (hereafter also
referred to as the B orientation), copper orientation (hereafter also
referred to as the Cu orientation), S orientation and the like as shown
below is formed, and crystal planes corresponding to these orientation
factors are present. For example, these facts are described in Shin’ichi
Nagashima (ed.), “Shugo Soshiki” [“Aggregate Struéture”] (published by
Maruzen K.K.) and Keikinzoku Gakkai [Light Metal Society]
“Keikinzoku” [“Light Metals”] Treatise, Vol. 43, 1993, pp. 285 to 293 and
the like.

[0115] Even in the case of the same crystal system, the formation of
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desirable that the ratio of these small-angle grain
boundaries be 4%to 30% as the ratio of the total

| ength of these small-angle crystal grain boundaries
nmeasured by the abovenentioned crystal orientation

anal ysi s method nounting an EB®P system (total Iength

of all of the 20 neasured crystal grain boundaries of
smal |l -angle grains) to the total |ength of the

simlarly neasured crystal grain boundaries with a

d r c [ [ - al

| Sngn SBE gt ot BPuret LR RToRlink ' ﬁ?ﬁo dihiflg and heat

¢ X8 gﬁ‘?%tcfx?&h%h gryg glﬁé ca[s%l%?]th%pggg;égﬁ %tgucpure of a plate

'l -angl'é grai n boun
bg&séntngaﬁsosgjar&&i Bl R A SN 1 prane ane
100 4% 309%
@%%’8#%& b e R mle He e P b bV Ay astihdne rolling
AEbRE s %gggg X SRR SR EheCnEa e Bt Farigp g integers).

so,.the ratio .,of snmall-an ai n boundari es,
h§>§13 B baris.pf cufelf i Rk Y WBF KHSRGCRYE ofientations are

Accordln order to achleve a reliable
Fran%/s Mﬂ’t"ﬁ% bendi ng workability of the

w -Fe alloy, it is desirable that the ratio of

ngle grain boundaries to total crystal grain
bounﬁa ies in ternms of the length of 10 the ér¥stal
gr ai ir BSURHEPIREOBe 4% to 30% In cases whdP81lfF1HO>
ratio, of small-angle grain boundaries is |ess than
4% ORENAUMESi pi ity that i nstances ! 6&9/} 5d00r
[ wor kabi lity. cannot be_ i nproved.

| t bend,
2 \(l:\%lé)i tfiﬂﬂg?%segﬂlﬁg UPPo of small-angle gh@ik <O11>
b 9 h h b
eiggﬁ%gﬁ’%ﬁﬁﬁw (ﬁgf/l‘?ﬂiaﬁeﬁ ng° 15 vor NObH F241>

Cann%topper onPenota 10n J(?u Or. entatlon) {112} <111>
(or D orientation 44 11}<11 11 8>)
S orientation {123} <634>
B/G orientation {011} <511>
B/S orientation ' {168} <211>
P orientation _ {011} <111>

[0117] In the present invention, basically, planes with a shift in
orientation that is within +15° from these crystal planes are considered
to belong to thel same crystal plane (orientation factor). Furthermore,
boundaries of crystal grains in which the difference in orientation
between adjacent crystal grains is 5° or greater are defined és crystal
grain boundaries.

[0118] - Furthermore, in the present invention, where n indicates the
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(Manuf acturing Conditions) Next, desirable

manuf acturing conditions for formng the structure

of . the copper alloy as the abovenentioned structure
stipulated by the 20 present invention will be

descri bed. The copper alloy of4ghe present invention
is basically a copper alloy plate; strips that are
formed by slitting this plate in the latera

di rection, and configurations formed by coiling these

' f
it LI P e e
v r . url n

s@@%@@éubﬁhéﬂ%ly%;? i 2o PPN B JEsBG R measured

t | | | t. adj ust
P%%S'sfe}glhx%t %?lgh”lpOSI "Ielgljgngﬁglﬁ L@%(?Po ¥ p]lrggto ungressed as

S , rollin rolli annea jn

: %}lﬁ)d&g ¢ Abe s Fylgﬁlo%lnghe g ng:,qi mean grain
I d [ i 5 b rrb th

"SR §g$r§"rfina§c[f‘$§ﬁgﬁg%df’{‘(%§ léieéifri 'b2'd”%e| ow

Wt)dﬂ t he abovenenti oned nmanufacturing process, it is

e to obtain the structure specified by the
and, t btain a high strength,

t
p %ﬁg@o‘ﬁ}ag]\g ‘lf“?rgBQH@dﬁfbeeﬁgl or bendi ng workability.
80 e P . B oo
D6 HEE B, MREEEEB 15 SR b Peiies K rcteray
f t bt a furth
SR %@éﬁ?gﬁcféﬁroeﬂlé%oﬁ%e@ Emsgs@m“r@vye{%pé)‘éndaag wpgkability.
ndi ng_wo kab| deteriorates the tenperature
R Py Skteo ettt EBPPQ@E*@(@&Tst‘ir%@CbOPHQa{@S between

I d the bendj
R i aBoEhfr TRE SCiendialn Fy YRS SriaRatieisryall, e,
ter c I|n er f.or med. 1254 Next, follow ng
i S%%a %’&’?ﬂg e CoVetalol PipRtatigns | fngapured by the

abovementioned crystal orientation analysis method in which an EBSP
system is mounted on an FESEM. In the present. invention, it is |
desirable that the ratio of these small-angle grain boundaries be 4% to
30%; as the ratio of the total length of these small-angle crystal grain
boundaries measured by the abovementioned crystal orientation
analysis method mounting an EBSP system (total length of all of the
measured crystal grain boundaries of small-angle grains) to the total
length of the similarly measured crystal grain bou-'ndaries with a
difference in crystal orientation of 5 to 180° (total length of the crystal
grain boundaries of all of the measured crystal grains).

[0120] Specifically, the ratio (%) of small-angle grain boundaries,

expressed as [(total length of 5 to 15° crystal grain boundaries)/ (fotal
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rolling (prior to annealing for the purpose of
recrystallization) is set at 70 to 98% If the cold
rolling rate is lower than 70% the sites that 20

-constitute recrystallization nuclei beconme too few, so

that the grain size is inevitggly increased to a
val ue exceeding the nean grain size that is to be
obtained in the present invention, thus causing a
deterioration in the bending workability. On the

4185t hggds dof 1188 gﬁlsq%{ gg' A i 'ggﬁefdfb(??%/% 598 1o 30%,

vari in"the gr

gﬁgg@ﬂég@t %t(ggsyge crystal gral ns beCorre nonuni f orm

hdar vi ation of 51 the nmean grain size
STORARY o Gl Pag TG SER R i B B BFERSE! fntian ot onty the
08P LD il iFan P%r%?ﬁﬂtle%@?ér%ﬁgaraoég%%ﬁ 9l the inean
¥gﬁazlﬁ]hsl“z%ﬁ%laﬁeﬂ?%"ft'&es%gta (BRI SE5URT BPHEGRrcs, has a
;2%5%426‘?%1 é‘né’%ﬁ?iatsﬁgﬁ? E?Ee{nﬂayt arpérardmete] issorder to
700C on Iow—te erature side within the ran

?‘C]%’@Heté‘l distigbly IpREo %F?Etﬁ}lﬁ%tb%‘hd%e‘aprlﬁ@b ?lty of the
| GUEHEP e %mﬁﬂr‘sisr e 'hé?trb%Sgégpag?Zsangﬂ ingle grain
ﬁ ace._ssa{(%/ to.furth r cont both the heati ng rate _

aNQUBEBFicRg'T 4ol CESERY BTy uqq?équeaw@gnwap tfﬂﬁ’- length of

S ann I|n at, 5 greater. If th
i PG A-bFudbaricdpesah So Yosst b easranvire this ratio of
nucl for the recrystallized particles becones

] %g%ﬁ gran hoyndgrieggs F%ﬁaaaa Hévitheranas & pepsibility that

an%]gral n size is inevita ncreased. Furthernore,
tlﬁ’ét OFF NG AP atE S| B hﬂ hitkea cBginggwoskability; cannot be

reater. Iftlrgbs coolln rat is less than

100C/ s
1‘6‘6@%"edt ¢ hdlgFasen Bhere thi ntigr af menakange swinl payndarics
nean gr ain size

ex eegmé&%, % tstr}%}lgttﬁ]%ecomes excessively large, and the bending
workability cannot be improved.

[0122]

(Manufacturing Conditions)

Next, desirable manufacturing conditions for forming the structure
of the copper alloy as the abovementioned structure stipulated by the
present invention will be described. The copper alloy of the present
invention is basically a copper alloy plate; strips that are formed by
slitting this plate in the lateral direction, and configurations formed by
coiling these strips, are also included in the scope of the copper alloy of
the present invention.

[0123] In the present invention, as in a general manufacturing
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[ BB

-is inevitably increased to a val ue exceedi ng the nean

grain size that is 20 to be obtained in the present
patent. [0127] Following this recrystallization
anneal i ng, deposition annealing (internediate
anneal i ng or secondary anneali-gg) is perforned at a
tenperature in the range of approximatély 300 to 450C,
thus formng fine deposits so that the strength and
conductivity of the copper 25 alloy plate are

[ h | d [1]. ]

LSS, LR T p R T Beich 5P 68 Basting of
RS Sl Sy SBRERER, oS e SRR h  Habine o e
RS Sk A P S P R gt g  mcluding

nt strain canpnot be

5 1 t 10% ffici X .
T Rerye R0y anifaling fEbeSict SuRarinEBRd thedike. However,

boundar i es, does not i ncrease tqQ a val ue exgeedin t he
a

FEBIR it (e dF SBRC Ve TRRABIAGiERENE condidons igscribed below

col.d rollin rate exceeds 30%_ the strength beconpes )
ewegygﬁ \rgﬁygbava%zenéw%énﬁ@gﬁacwam& BI9GESs) i 1s possible to

becones excessively |arge, so that the bendability 10 _
JEBEAOHR SEUGHITE resiies bnihg REGHE AL nif g obtain a
tge 1Jgur ose of . recovering the conductivity may be

p8igly stdgthy high Gong urtwity,aadsHiarionh bgnding workability.
rE(cP:lr#sial lization annealing and prior to this final

c 24} o1 | Fiigts ther tenperRiugs gpeen goreplesion; pE het selling is set at
i pventign thus tained has a 15 high strength and )

hPg Eb%é&:ﬁi-vilf ot FodliRg s RENPAEEY 1Bnd termperatyuse yegion that
utiljzed in househald el ectrical appliances, '

st tvRiucthan paasC, irpausttplligatiosy i sesinggmplete, so that a

el ectri.cal and el ectron]hc ,Bary used in autonobil]es. .
BT TS iss@RtaiRRde ReTdiermane, HBcosgndagddeviation

[Tgégomes excessively large, and the bending workability deteriorates. If
the temperature upon completion of hot i‘olling exceeds 850°C, the
grystal grains are coarsened, and the bendipg workability deteriorates.
Following this hot rolling, water cooling is performed.

[0125] Next, following this water cooling, the cold rolling rate in cold
rolling (prior to annealing for the purpose of re‘crystallization) is set at
70 to 98%. If the cold rolling rate is lower than 70%, the sites that
constitute recrystallization nuclei become tbo few, so that the grain size
~is inevitably increased to a value exceeding the mean grain size that is
to be obtained in the pfésent invéntion, thus causing a deterioration in
the bending workability. On the other hand, if the cold rolling rate
exceeds 98%, the variation in the grain size is increased; consequently,

the crystal grains become nonuniform, and the standard deviation of
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20 concretely in terns of exanples. However, the
present invention is not restricted by any of the
exanpl es descri bed below, this invention can of

course be worked by addi ng appropriate alterations
wthinlimts conformng to the gist of the invention
descri bed above and below, and all of these
configurations are included in the technical 'scope of
the 25 present invention. 53 SECOND EXAMPLES [ 0131]

E’Eﬁgpﬂn%ﬁnogrél%‘ L8 M el NUBIM 18R (‘rl‘éééd he Qefﬁltrdeb%ﬁceedmg the

bel ow. Various types of copper alToy thin

CQPR S 8 ePith ﬁ‘ﬁe QP grd @% C{hahhfs PEY Sg?érlﬁgd in the

size I1n the structure, devi a

gg)?@?eq{tairﬂre Itﬁ)glﬁgﬁﬂl%hﬁ{el\&hgg C‘Q@r Snf! J%%Q%S]E){%t\é&rl Sn the bending

acture aracteristics®suc
Egbnl yconduct ivity, bendability and the 1ike were
eva uat ec} [0132] Specifically, copper alloys having

RSB, S T OO G 0 or s e
3?%5%% Sfeatbh ﬁ%@rw&m invw%"c%ts'eﬂ RiA7EEE Ty Sppress the
TR S S glraﬁ@% s BtERRerafapggof 550 to
mzﬁgh B MR el ?rﬁaabg?@?%@fssiﬁft%SO"c as
At ey $lltaicaion
o%]nom arggf&ﬁelggg?r [ Ols?d%l}gé%oﬁo'ér?ﬂ%%%g&h crystg? grains, it is
CAPEIR O ot O B el 8 0 gns e
a%ﬁ%ar %jg{} ’\/vatg1f p%‘?}aglﬂé g %%E’érmg‘é@ll k’é’atée‘lp gt 50°C/s or
greater. If the heating rate is less than 50°C/s, the formation of nuclei
for the recrystallized particles becomes nonuniform, so that the
standard deviation of the mean grain size is inevitably increased.
Furthermore, the cooling rate following this annealing is set at 100°C/s
or greater. If this cooling rate is léss than 100°C/s, the growth of-
crystal grains during annealing is promoted, so that the mean grain size
is inevitably increaéed to a value exceeding the mean grain size that is
to be obtained in the present patent.
[0127] | Following this recrystallization annealing, deposition
annealing (intermediate annealing or secondary annealing) is performed
at a temperature in the range of approximately 300 to 450°C, thus
forming fine deposits so that the strength and conductivity of the copper

alloy plate are improved (recovered).
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tenperature of 600C and at the various heating rates
and cooling rates shown in Table 6 bel ow
Subsequent |y, deposition annealing (secondary

anneal ing) for the purpose of recovering the
conductivity was perfornmed fog,10 hours at 400C,

then, final cold rolling was perforned 25 at the
various cold . rolling rates shown in Table 6 bel ow
Then, 54 strain-renoval annealing at an extrenmely | ow

Eg(ggﬂéf‘t Ur ¢h¥8e1d %il&lg% HELE i I?Hélfgﬁeﬂdé‘&lhgﬁ)l]gﬁgq#%t is performed

er“alloy plates ing a t ness

g%g]th%%ﬁt &?ﬁ.gﬂixgg p&cé£%§§§%%'%? LAt (oF g?hg% q%ﬁgé’ Zt'rol 89%. The

s shown I n abl’e € renal nd

E_&’#@hé@fﬁ%@l—?ﬁﬁ o4 fg%%anedné?r?%f ;%?*b lb%gl%g%j eoby igytroducing
el 8 et By AL oS LE I ol R sty Bhing rate is
gpe%élemaé?fl,%/%? ngﬁ%gplh%t%r il%’;glpt ”becﬁlq;%r@gc%,: S(ggpa\{vthe ratio
B'éf Tea.ll—.%a%sgﬁ an .niqsc npta V\(/z)at:.a so 0.1 masﬁﬁ% or ,

gral owhTh PO AT EH BOFP VRO [UTHERSE d8nf ftde exceeding
lsﬂéwn in Table 5 in‘gd' cat sessphat Bhe el epen al?lel oW .
R e fored L IR BSionher Sy i dinal cold. rolling
R Pl BoRDe S STt 41 e mean

oS 5 RRoBl S TEEReH B S 00 coppbencanity

s @iorRid < U O FoiblewpAdidiB etngalipgadR) the purpose of
EBSP s

TS AL h AR el B0 Bebeges e ne
bR Bnchinf S ifalth Andralng i itian 68 Shigdinal cold
nﬁﬁﬁﬂé?d- The resglts obt ai ned are

[0129] The copper alloy of the present invention thus obtained has a
high strength and high conductivity, and can be widely and effectively
utilized in household electrical appliances, semiconductor parts,
industrial devices, and electrical and electronic parts used in
automobiles.

[0130] Below, the present invention will be described more
concretely in terms of examples. However, the present invention is not
restricted by any of the exémples described below; this invention can of
course be wbrked by adding appropriate alterations within limits
conforming to the gist of the invention described above and below,.and
all thhese configurations are huﬂuded in the technical 'scope of the

present invention.
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shown in Table 6. [0136] In concrete terns, 'the

roll ed surface of the product copper alloy was
nmechani cal Iy polished, and sanples were prepared in
which 25 the surface was further adjusted by buffing
and el ectrolytic polishing. 5553Next, crystal

ori entation nmeasurenment and grain size measurement by
EBSP were performed using an FESEM (JECL JSM 5410)
manuf actured by NEC. The neasurenent regi on was a

r@!@N‘ﬁﬁE‘)@&M@Lﬁ&?e of 300 mx 300 m and the

measuremsnt step interval was set at 0.5 m 5 The EBSP

E?ﬁ?gé%%@s@ %% }?J%esste?g]l@?gﬁgﬁs Wi lng C?(H‘lbed below.

i MR o A YRl 1 e oy

rhiaicB et ke 84 oaﬁﬁ"cﬁaﬁé’fﬁﬁé ”Parp%%&ﬁeviaﬁon of
oPEE R, BFRLY sPechd el Feks dBe e man Ppctured, and
1B R T i%Sﬁﬁﬁaﬁg&mﬁcC°@?ya8>ep%@%mty and the
Rt e SeiRE; “ere meacured at room temper i ure
R S0k PR b S Bk s Lorsositons
ORI PR G o s tarmace, e
l\%ggé r}“orme% m{{)m 1ngot.€s i a se 1cont1nuous casting process, thus
producihg ingots with a thickness of 70 mm, a width of 200 mm and a
length of 500 mm; The surfaces of these respective ingots were planed,.
and the ingots were then heated for 2 hours at 950°C, after which hot
rolling was performed to form plates with a thickness of 20 mm; these
plates were then rapidly cooled in water from the various temperatures
shown in Table 6 below.
[0133] Next, following the removal of oxidation scale, primary cold
rolling (intermediate rolling) was performed at the various cold rolli}ng
rates shown in Table 6 below. Following the planing of these plates,
recrystalliiation annealing was performed. as primary annealing at a
temperature of 600°C and at the various heating rates and cooling rates
shown in Table 6 below. Subsequently, deposition an.nealing
(secondary annealing) for the purpose of recovering the conductivity was
performed for 10 hours at 400°C; then, final cold rolling 'w\as performed

at the various cold. rolling rates shown in Table 6 below. Then,



mlling wth the |ongitudinal direction of the sanple
taken as the rolling direction, and the electrica
resi stance was neasured by neans of a 25 doubl e bridge
type resistance nmeasuring device. The conductivity was
56 then calculated by the neaggcross-sectional area
nmet hod. [0140] (Test Eval uating Bendi ng Workability)
A bendi ng test of the copper alloy plate sanpl es was
performed 5 according to the N ppon Shindo Kyoka

Teehih G@imyan dﬁﬁgeaﬂﬁgngétﬁt r%&?éﬁl%'% 8%72 ﬁ%?rﬁnéex\?%tgre was

W|dth of 10 mm an

r%g@ﬁglﬁf:ault g?lutsgoé)ﬁ)e rol Pi \r%ﬁgljog e Egﬁggﬁgk a%n;ybz%laf%sg having a

r The presence or absence of cracks
%{cﬁ%e%ﬁ)?(ggr was visually 10 observed using a 50X

PSS, R oA esﬁgpgsffazays Shown i
YRS Sl BRI ), Y PO B B et ror
S By %szggwr%lah%e&&wg@@w B hg. Cr, Ca,
TN o P R o R SRS oMbt 5 was
oh oo ww@s%z@%m@h@érsﬁamgf’emems i, i, L,
SRR, SSPEEAR 00 Tl 5 63,1, 7
e AT A T s
A et e ety i -
Toh BN e 8etecp10n limit. '
(Mean Grain size, Standard Deviation of Mean Grain size and Ratio of
Small-Angle Grain Boundaries)
[0135] The mean grain size, standard deviation of the mean grain
size and small-angle grain boundaries of these product copper alloy
plates were measured. In regard to these measurements, as was
described above, a crystal orientation analysis method in which an
EBSP system was mounted on an FESEM was used, and the aggregate
structure of the surface parts of the product copper alloy plates in 'the
direction of plate thickness was measured. The rgsults obtained are
shown in Table 6.
[0136] In concrete terms, the rolled surface of the product copper

alloy was mechanically polished, and samples were prepared in which

the surface was further adjusted by buffing and electrolytic polishing.
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invention were controlled so that the nean grain size
was 6.5 mor |less, 25 the standard deviation of the
nean grain size was 1.5 mor less, and 57 the ratio
of small-angle grain boundaries in which the
difference in crystal orientaggon was 5 through 15
was 4% or greater (as neasured by the abovenentioned
crystal orientation analysis nethod in which an

el ectron back scattering pattern system was nounted on

el o . o

O, Cr T AR AR B R A bE4RS SR dreasurement by
. . . : " ah

SIS R A ea R g rEPENELFOR fsba 1B anufactured

Vi . % | ACS ter, d

nEa VB "haf sBRAGHF e eio YA A Ko Blas? kEifE i3 ¥ike of 300

10 [ 01 . th h hand, i h f .th

2f7by oP0 Ehpandr 1S eddniendat e e Sah whe SHeat 0.5 um.

b I limt_ of .01%. Ac di_ngl [ it

ot R LiSE: WRAsidibbnd pad A AR RER: shstfagis " (01v)

th desj Lt th b ti d

DiaiR i BEASERALAos 35, (he  aboverent] one

ORSEL 5 il o ' bR ShibiE s cut trom

SR De et WPl i RREh Pl o erSon test,

* HeRRuShvisy PraSEETent iy BEneonpeati vEhExarppalts are also

16}6 20. t,Eela{e content exceeded the upper linmt of

3SBOVNALGARER1 y, in spite of the fact that this

w was manuf actured under the sane desirable

clfhut®

]i ons as the abovenentioned exanpl es of the
he coarse precipitated particles were

ARERE e in si
n , e mean grain size approached the upper
ls: ;nétfheaQéjnst,igrel %ft:s?tn%e{sd pdeei"}l(i)r%tq(ieg nb39f mtelgl%srr% naglrl?liivnersal tester
(Model 5882) manufactured by Instron Co. using a test -sample
according to JIS 13B, with the longitudinal direction taken as the
rolling direction, and the tensile strength and 0.2% yield stress (MPa)
were measured at room temperature and at a test speed of 10.0
mm/min, with GL set at 50 mm. |
[0139]
(Conductivity Measurement)

The conductivity was megsured as follows: namely, rectangular
samples with a width of 10 mm and a length of 300 mm were worked by
milling with the longitudinal direction of the sample taken as the rolling

direction, and the electrical resistance was measured by means of a

double bridge type resistance measuring device. The conductivity was
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25 exceeded the upper limt. As a result, the bending

wor kability was 58 especially inferior. [0146] In the

-case of the copper alloy of Conparative Exanple 17,

the P content was less than the lower Iimt of 0.01%

so that the P content was tooggmall. Accordingly, in

spite of the fact that this al?oy 5 was manuf act ur ed

under the sanme desirable conditions as the

abovenenti oned exanples of the invention, the fine

p t

each R AR Rcd B I bR Ehdsd. Seuibh BPEs BOd e,
i?% i ze exceeded the upper limt. As a result,
afthough the bending workability was superior, the

LR Hhaging BeRmRee ot ol = 18, the B

fﬁ”éﬁ”“t i %%?ﬁ‘gs OF R EbPDRIT AR ol sARsatiy Hprformed
- B6CErdine: S0 SRRRRCSFindd ﬁ@qﬁﬁ?%q ¢ §tandged. 1Ehe plate
C ThAGHRE st ﬁ@rgﬁggﬁhgpg {i5 Pk %0 D dehith (#2308 mm, and
zgﬁgﬁnié Ts}a@xcggﬂ‘g A e ko Mayae (ihostie Depging axis
RER R RIA tbs R PRSI mpEnivE ehdies of 0.05 mm.
oS, PReaGR 51 ¢ ts?ﬁtcgﬁ's o %Qem“ﬁ%%{p%ﬁ Qwas visually
cgha%/ﬁv ﬁggﬁﬁg“faﬁgébi{) SRl isTescBRamp LS het Gase, samples that
Rt g?éeq#shve@fﬁ'a %?ﬂaf énf | EhisaraPiAs C'a\%?%gwghgm roughness

devi atl on o |ze exceeded the up

IR ol i femalss %évfbl@ﬂldpﬁ@ckmg occurred were
abi I vvas super he stren
ualte J}npie showmg super?or results in this bendmg test

may also be said to be superior in termhs of severe bending workability
such as the abovementioned U-bending, 90° bending after notching or
the like.
[0141] As is clear from Table 5, in examples 1 through 14 of the
invention, which are copper alloys within the composition of the present
inventipn, product. copper alloy plates are obtained with the primary
cold rolling (cold rolling rate), recrystallization anneéling (heating rate,
| cooling rate) and final cold rolling (cold rolling .rate) with desirable
condition ranges. . |
[0142] Accordingly, the structures of examples 1 through 14 of the
invention were controlled so that the mean grain size was 6.5 pm or less,

the standard deviation of the mean grain size was 1.5 um or less, and
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59 was especially low [0149] In the case of the
copper alloy of Conparative Exanple 20, the M
content exceeded the upper limt of 1.0% Accordingly,
in spite of the fact that this alloy was manufact ured
under the same desirable 5 congiztions as the
abovenenti oned exanpl es,of the invention, there was

an increase in coarse My-P precipitated particles, the
standard deviation of the nmean grain size exceeded

5 085, e 5 R R IO O frence i

?&Q%lﬂp %"rﬁﬂt&ﬁoﬁé%l 5 Sth%ﬁ)lugﬂr PHah, 28 4% Ilcgr gﬁeeac‘t%lrt (gsorfneasu red

act that t conpositiGns were wt _

SBSe SyATA L AURL PRLBOH R S Ein whic
COPIB PlackScl SRR BIGeRO0A Sy SR on o fela
| By RLRbng ARkl g EREeH on o ot oLl ing,

CRAS0, TAS LIRS o PO 160 98 bPermvention
PUATBEA €81 2 159 8 Il cbl TR SR tress of 400
SR AR P o L OB A Bl P ere o
s e R L
RS | VORI SRtk 5SS dE L b oy o
R B R IP I n c BT FRRES e Gt BRI &G bwer limit of
E(Z.\(/)gl%.dgg%%rrﬁﬁ?éllf,t)(nr-es%z'i‘{edl 6F Stt?é %arl]cet S%hraetngtthr}s alloy was -
manufactured under the same desirable conditions as the
abovementioned examples of the invention, the fine precipitated
particles were insufﬁcient, and the mean grain size and standard
deviation of the mean grain size exceeded the upper limits of the
specified ranges. As a_result, although the bending workability was
superior, the strength was especially low.

[0145] In the case of the copper alloy of Comparative Example 16,
the Fe content exceeded the upper limit of 3.0%. Accordingly, in spite
of fhe fact that this alloy was manufactured under the same desirable
conditions as the abovementioned examples of the i'nvention, the coarse
precipitated particles were numerous, the mean grain size approached

the upper limit, and the standard deviation of the mean grain size

exceeded the upper limit. As a result, the bending workability was
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[0152] The significance of the conposition and
structure of the copper alloy plates of the present
invention for obtaining superiority in terns of
bendi ng workability in addition to a high strength and
hi gh conductivity, and the siggificance of the
desirabl e manufacturing 5 conditions for obtaining
this structure, are further supported by the above
results. 61 [0153] Table 5 OCOLLIn O0O0CVCVO

Oega%ciaﬁl'y f‘dfeltl?rovocl)n INn t- } U ONONONONO 0o orN cVv
T S T or -

S i o Y el B Ll e 1,
{1 BARY B8 8 0P e BB B e 5
DA B Sl MRyl i e o o oy
?’Ta\x%sl‘gr%'&pﬁﬁ%eg ghg\dggortg,eo_s?qrggf)lcpe§9r_qoolg_ S)qovrvlé_)l‘gign% as the
! é&v%rrtﬁ)n%la 4&:511%165 of the invention, the fine precipitated
particles were insufficient, and the mean grain size and standard
deviation of the mean grain size exceeded the uppér limit. As a result,
although the bending workability was superior, the strength was
especially low.
[0147] In the case of the copper alloy of_ Comparative Exémple 18,
the P content exceeded the upper limit of 0.4%. Accordingly, in spite of
the fact that this alloy was manufactured under the same desirable
conditions as the abovementioned examples of the invention, there was
an increase in coarse Mg-P precipitated particles; at the same time, the
mean grain size approached the upper limit, and the standard deviation
of the mean grain size exceeded the upper limit. As a result, the
bending workability was especially inferior.
[0148] In the case of the copper alloy of Comparative Example 19,
~ the Mg content was below the lower limit of 0.1%. Accordingly, in spite
of the fact that this alloy was manufactured under the same desirable
conditions as the abovementloned examples of the invention, the fine
prec1p1tated particles were insufficient, and the mean grain size and
standard deviation of the mean grain size exceeded the upper limit. As

a result, although the behding workability was superior, the strength
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[0149] In the case of the copper alloy of Comparative Example 20,

the Mg content exceeded the upper limit of 1.0%. Accordingly, in spite
of the fact that this alloy was manufactured under the same desirable
conditions as the abovementioned examples of the invention, there was
an increase in coarse Mg-P precipitated particles, the standard
deviation of the mean grain size exceeded the upper limit. As a result,
the bending workability was especially inferior.

[0150] - In the copper alloys of Comparative Examples 21 through 28,
in spite- of the fact that the compositions were within the specified
ranges, various manufacturing conditions departed from the desirable
ranges. In Comparative Example 21, the temperature upon the
completion of hot rolling was too low. In Comparative Example 22, the
temperature upon the completion of hot rolling was too high. In
Comparative Example 23, the cold‘ rolling rate of primary cold rolling
was too low. In Comparative Example 24, the cold rolling rate of
primary cold rolling was too high. In 'Comparative Ekample 25, the
heating rate of recrystallization annealing was too low. In Comparative
Example 26, the cooling rate of recrystallization annealing was too low.
In Comparative Example 27, the cold rolling rate of final cold rolling was
too small. In Comparative Example 28, the cold rolling rate of final
cold rolling was too high.

[0151] -Accordingly, in the copper alloys of these Comparétive
Examples, all of the alloys showed the common feature of an inferior

bending workability regardless of the strength level.
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above results.
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APPLI CAVI LI TY [0155] As was descri bed above,

present
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ivity

i nvention makes it
-Fe alloys that have a high strength,
bendi ng workability.
and

and superi or

besi des 5 being used in electrical
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the size of oxides and precipitates including My in
the copper alloy is controlled so that the ratio of

t he amount of My described below in the extracted
residue by the extracted resi due nethod descri bed
bel ow 10 using a filter with agzopening size of 0.1 m

"to the My content in said copper alloy is 60% or

| ess; said extracted residue nethod is a nethod in
which 10 g of said copper alloy is imersed in 300 n
oﬁquﬂyfﬁgnph;@qJ@%hgﬂrpyth a 10 mass% concentration

of ammoni um acetate, constant-current 15 electrolysis

| foPs5] Or MRl ALad GHEEABE4IBABLLY Bk DA 5@%{.&%&%{1”% makes it

opper oy as an ano at1num

Cﬂbggﬁiﬁe tﬁab%w&@ lélﬁ Ibri?‘é'\‘%%l%sl Ol M I’lg ¢l }}%ﬁ strength high

copper [ oy |s ssolve sub]

L e

i 20

S,k S s e
\ |.CP

R, ] 16D epflch AR S¥riChndRrtaiChices, these gfloys can

e. m xed at

oS R o oR SIS Lo S Bbnmectos,
CBSEES, EBLE, ndFERD R, B o AR renetn, i

el 35 e SuBiTGLhaaB beBeBlin™" ' °

m croscope, the nean grain size described belowis 6.5
mor 5 less, and the standard devi ation of the nean
grain size described below is 1.5 mor |ess: wherein
when n indicates the nunber of crystal grains neasured
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and x indicates the grain size values neasured, the
mean grain size is expressed as (>x)/n, and the
standard deviation of the nmean grain size X)21./[n/(n
10 is expressed as [nYx2 - (Y 3. A copper alloy having
a high strength and superior bgmading workability,
respectively containing 0.01 to 3.0% by mass of Fe,
0.01 to 0.4%by mass of P and 0.1 to 1.0% by mass of
My, and remai nder Cu 15 and unavoi dable inpurities,
wherein in the grain size nmeaguf by a .crysta
orientation analysis nethod In Ich an el ectron back
scattering pattern systemis nmounted on a field

em ssi on scanning el ectron mcroscope, the nean grain :

5 2o ST SRR PRI, by S5 gl Sy benting
RIS etk dPIho fIRE R IR b B B 0 0% 1y
D53 51 6 YA PRl BE RO B RSk cu anc
"B S Surk B RGRRED, =5, [V2 - (1023 [ (n
i N R S——
Iy bl B3 b LAd §r585, 91 B35S vt in
DR B e AT 5082 e S908 Bevea el
o T B e DA E 550 Bl et i s
cenet Hife 1€ SERERITRS o any one of claims 1 through
4 said extracted residue method is a method in which 10 g of said
copper alloy is immersed in 300 ml of a methanol solution with a 10
mass% concentration of ammonium acetate, constant-current
electrolysis is performed at a current density of 10 mA/cm? using this
copper alloy as an anode and using platinum as a cathode, said
solution in which only the matrix of this copper alloy is dissolved is
subjected to suction filtration using a polycarbonate type membrane
filter with an opening size of 0.1 pum, and the residue is separated and
extracted on this filter; and

said amount of 'Mg in said extracted residue is the amount that is
determined by ICP following dissolution of the residue on said filter by

means of a solution in which aqua regia and water are mixed at a ratio

of 1to 1.
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10 wherein said copper alloy further contains N or

Co, or both, at the rate of 0.01 to 1.0% 6. The
copper alloy according to any one of clains 1 through
5, wherein said copper alloy further contains Zn at
the rate of 0.005 to 15 3.0%g#h The copper all oy
according to any one of clains 1 through 6, wherein
said copper alloy further contains Sn at the rate of
0.01 to 5.0% 20 8. The copper alloy according to any

one 0f GHRl Eﬁoﬂﬂt Qlleygébcz)rdlrgg?ﬁeélﬂlrﬂ fogﬁgreﬁ{ QY thet grain size

pl at e conta Vh or cont

B T AR e o
ng;%azréméw SR W o R 0 scanni
RSl FicB5eat o Panbly g?ég@”s%e%s%%w% 4By 15 6.5 o

V}]ées%gla%xccg glﬁg'sg%aé%:@ gé]vg%'}?% Ct:l'wlsrrrr%@% Egﬂe{l%lﬁglze ,éefscpébed below

C, Nb, A, V, Y, M, Pb, In, Ga,

W Si,
Gbsj léhnéﬁ’ﬁ%?s Te, B or mschnetal so that the total
of. _the el enen | es 10 11.

A e ﬂupamfﬁtegs gha%%fgff)’?‘.efs?ﬁm oI dpeasured
AR PRitsS Aelkring R ot Pr R Rt O meng aiain size is
28%‘5%55?8 ASSEHeb AR (PErSandang dFTiayPRgobFBfuAeanigrain size
ais Foors S AR 1 Loe e e e n the required
time fromthe ejection of a ingot fromthe
3. A copper alloy having a high strength and superior bending
workability, respectively containing 0.01 to 3.0% by mass of Fe, 0.0llto
0.4% by mass of P and 0.1 to 1.0% by mass of Mg, and remainder Cu
and unavoidable impurities, wherein in the grain size measured by a
crystal orientation analysis method in which an electron back scattering
pattern system is mounted on a field emission scanning electron
microscope, the mean grain size described below is 6.5 um or less, and
the standard deviation of the mean grain size described below is 1.5 um
or less:
wherein when n indicates the number of crystal. grains measured
and x indicates the grain size values measured, the mean grain size is

expressed as (¥x)/n, and the standard deviation of the mean grain size

is expre‘ssed as [nyx? - (¥x)?]/[n/(n - 1)1/2],
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heating furnace to the conpletion of hot rolling is
set at 1200 seconds or l.ess. 12. A nmethod for
manufacturing a plate of the copper alloy 20
according to claim3, in which a copper alloy plate is
obtai ned by a process includi? casting, hot rolling,
cold rolling, annealing and co rolling, wherein the
tenperature upon the conpletion of hot rolling is set
at 550C to 850C, the subsequent cold rolling rate is

3 B B R4y 3. werein e
T R R O e —
P
18%??&13%—6‘1‘%}% IS R
cOpE PBPeR Y IRER 10O ha D B0 retiogfethis Fotidength of
PR SRl il fr 8 pGridiies 4o thetatal fodtheo! the crystal grain
A 0 B TG KB ST o 0

fromthe heating furnace to the conpletion of hot
rolling is set at 1200 seconds or |ess; and wherein

t he ;__i_enPErature uggn the coppletion of hot _r I,Iing]rls

set SOCORRFIBE0EY RHLTIBE PuERY OBEdOF Glaimgy | dhsough 4,
i s.set. at 7(£ to 98% tge 15 nmean .heatjng rate in the
SHbELgR AR AARRET AlloY SUCHRCT,EOBERINS Mt O Goatdr DOttheAt the rate
nme cooling, rate followi ng the annealing is set at

1@@8@1 go 1060/‘greater, and the cold rolling rate in the

subsequent final cold rolling is set in the range of
10 to 30%

6. The copper alloy according to any one of claims 1 through 5,
wherein said copper alloy further contains Zn at the rate of 0.005 to

3.0%.

7. The copper alloy according to any one of claims 1 through 6,
wherein said copper alloy further contains Sn at the rate of 0.01 to

5.0%.
8. The coppér alloy according to any one of claims 1 through 7,
wherein a copper alloy plate contains Mn or Ca, or both, at a total

content of 0.0001 to 1.0% by mass.

9. The copper alloy according to any one of cléjms 1 through 8,
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wherein said copper alloy plate further contains one or more elements
selected from a set comprising Zr, Ag, Cr, Cd, Be, Ti, Co, Ni, Au and Pt

at a total content of 0.001 to 1.0% by mass.

10. The copper alloy according to any one of claims 1 through
9, wherein said copper alloy contains Hf, Th, Li, Na, K, Sr, Pd, W, S, Si,
C, Nb, Al, V, Y, Mo, Pb, In, Ga, Ge, As, Sb, Bi, Te, B or mischmetal so

that the total content of the elements is 0.1 by mass or less.

11. A method for manufacturing a plate of the copper alloy
according to claim 1, in which a copper alloy plate is obtained by
casting, hot rolling, cold rolling and annealing, wherein the required
time from the completion of the addition of the alloying elements in a

melting furnace to the initiation of casting is set at 1200 seconds or less,

~and wherein the required time from the ejection of a ingot from the

heating furnace to the completion of hot rolling is set at 1200 seconds

or less.

12. A method for manufacturing a plate of the copper alloy

according to claim 3, in which a copper alloy plate is obtained by a

process including casting, hot rolling, cold rolling, annealing and cold
rolling, wherein the temperature upon the completion of hot rolling is
set at 550°C to 850°C, the Subsequent cold rolling rate is set at 70 to
98%, the mean heating rate in the subsequent annealing is set at

50°C/s or greater, the mean cooling rate following the annealing is set
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at 100°C/s or greater, and the cold rolling rate in the subsequent final

cold rolling is set in the range of 10 to 30%.

13. A method for manufacturing a plate of the copper alloy
according to any one of claims 1 through 10, in which a copper alloy
plate is obtained by a process including casting, hot rolling, cold rolling,
annealing and cold rolling,

wherein the required time from the completion of addition of
alloying elements in a melting furnace to the initiation of casting is set
at 1200 seconds or less, the required time from the ejection of a ingot
from the heating furnace to the completion of hot rolling is set at 1200
seconds or less; and

wherein the temperature upon the completion of hot folling is set at
550°C to 850°C, the subsequent cold rolling rate is set at 70 to 98%, the
mean heating rate in the subsequent annealing is set at 50°C/s or
greater, the mean cooling rate following the annealing is set at 100°C/s
or greater, and the cold rolling rate in the subsequent final cold rolling

is set in the range of 10 to 30%.



