(EP 0,203 389 B1 Description This invention relates to copper base alloys E
havi ng particular applicati.on in the electronics industry as |eadfrane or
connector materials. The electronics industry is . increasingly demandi ng
hi-gher strength 5 |eadfrane all-oys wi ERORIBIIBAnability and el ectrica
and thermal conductivities. Likew se, connector applications would benefit
fror such allqg@)cnt they can be provided with good stress-rel axation
on
resisstance. The alloys of the present invention provide, on the one hand a

conbi nation of hh@ﬂ'm%tn(o%r}glgtg r&p&pgfs'é%h vﬁ'pgnic @E {gtlo?{ n t){e QIE Bﬁgst ah&%fr as
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i ndustry are sghiciehs Roudbefefil Bom i 6t BB dah 168 Grovib DA thob® Wb retalhtio resistance.
Conductivity Gagp@ys & th®pEsentinvehfionlgRRide inaheBone hBndd éoribRBkion Yt MgHTiticAGH abhaderate
M ni ng Copper i$hifi @gucthal gipédivs, wHidhGre t}nbronst chifipafiafidEditerdidiip BValidb® alloys.

foll owi ng descri piorparisdiat viribbes @bped loy® findingCapplic@tBa it thb BMéERhic® MAErP dietiBt Brth in a
si gni fi cantiei nyprcowe @ntitiedriyHiga tStrengtho fHight Caangtivity Cogdpet GMolsClar UE tLgad BrameQ Btisesd by
t o many comrerSuimadrho/Metaiavihiad Ceppal & Byess Shiés Cs, Ud. ghdity bel applareatiftoen the fqisvang @Bcription
copper al | oy itret tthee allolo e et peseap prantat povide laasigniigent ineaed | @mbination gif Hstrerfgthl and
about 100 ksi comrduttiviph e coptppdee torrednm cemmdreiglly availebllecatioysi cal conductivity of

about 40% | ACS offis FNQE'M d@esirplple togprovidp a|ceppdf llanis theerfasenolafl apriipatiensthiadngveieesile stfeggth of
set forth i% t2heut JPQ K% 9r Bighesihije maintaining an gleptrieal, eandudlivify of abeut dPiGtIACT ax fgher for a
however, the d&sAkRTS TYerial From thi naleriply gotifarthdy thedigehyre. oy, 42c4lioy pehieypsvich £ strength
conductivity a9 owever. g copduchilygf the Sloyds gaiemely Pbéh@ H’§§'e"laﬁé:°ﬂﬂé'§tf"f‘léﬂ'°ys Alfoy
properties, (ﬁ/@ rm°St| cﬂ“‘f"éf‘ﬂ”é""f'@s FPE@FS"F%Bm%eﬂPé Hg\g ag e sfrepgth target.
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stress rel axati %‘Sr%nﬁﬁ@@(igi 934 ORI Jh L 3n 88436k & BodderDasd’ #HbP WhicHY9 8ge hardenable
4,233,068 a@d afid eoprildaIndgRosBi d. Tto@be, @lmatenl 6 tHeGrdth Rickdd, BBaRSS irdH 0.0t 5% Biflcon 0.1
U. S. Patent Nao 3% afidthe @difnck Gopparl B Mby i8 brocdskdd Bl hefthdk B% thrfiperature above 700 * C followed
copper - ni ckel -bilqudtichingiandliten aGing béidw 706a¢.aNdesipthé MakbriaDtan B8 lcbidwolkied bebwban §dehching
to Knorr et aland airgtb meesse o ppaesrase al |l oys for |eadframe or connector

appl i cati ons whi e affegs wtlemallr dioyingnaigitiosi ai rumipon s phgnesign, anghgad@seoptidi ahrmavidny on the
tin. Ni ckelsosiabing behalgiproefzae Su-iNi-8i Falleyd chintaining S1.83¢  nigleed) aerk 0.8 silicen bilancd ospper fave been
U. S Pat ent Noglescgbegign tieggiblicetioRgEtiestsc@f Jmall Alloyihg/AdgiEiens On7the Ageing Bshavioph ©f A Copper-
al | oys cont enﬁ‘%?‘@d‘c‘[ﬁz loyTcaycTopart #ir#t- gpAeaing iy Trensaciensiah Ehe: Ingiandastitvfe of Metalsr Resembper.
al | oys in one 8% Regee 2} 1cbrpeah2d6. The magnesiyra frnteR)s investigated variad irog P i Ee- (¢apeer-nicket-
Lar sen descr i B@?"é"a%?g‘@r a'l%%é" Rpticup 'mf\s"lgs‘ége'“‘f'fﬁfr B Alljpos. with 3% magnesium or

s5 chromium are described in the publication "Studies on Age Hardening Cu-Ni-Si-Mg and Cu-Ni-Si-Cr Alloys"
by Bhargava et al. appearing in Z. Metallkde., Bd. 63 (1972) H.3, Pages 155 through 157. This publication
. describes the age hardening behavior of such an alloy. it should be noted that the nickel content of the
alloys investigated in these publications is outside the range of the present invention.
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45-!§"corrpri ses magnesiumO0.1 to 3% a material fromthe group nickel,
co t or iron 0.1 to 5% &ilicon 0.1 to 3% and the bal ance copper. The

al lloy is processed by heating it to a ter‘g)erature above 700 * C followed by
quenchi ng and then agi ng bel ow 700EP® 20338844 red, the material can be cold
wor-ked. bet ween quenchi ng and ag| ng to increase its hardness. The effects of
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si | i con- magns &b 012ad §.9% By weightR@iednt cul ar, conprising 1.8% nickel, .8%
silicon, W td) opidfalyaigines ichltiu,r mdngarey, cans'cumtaroe niABE thddes, ih Bn hlhamputd.a'sezoa&yi on
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157. Thi s pubbatanes ¢opper desstdromiimpuritiére age har deni ng - behavi or of such an

al’ljoy. It shBefededembediments ptifg cleitmed piiog Resl disslosrdam the @bpentirat ¢ldihe & S. A leadframe
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i nvent i §n.mapufacturing fheglapred aligy gregdpfigg|y) e indepgrdeat claip 8apbits depandent eAimp § (1S
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strength aitl Peafeetly 92 3 s'l‘ﬁ?ﬁo‘h‘ct P4 prefe yb'aﬂé %é‘?aﬁbesiuﬂs?r‘@ﬁ F‘\PBe't §P°h6’ﬂ°“\ﬂ/cﬂ'% ng
te rat ureéh'WstaH”?qe H@ "" con5| stin ne Lang] 2

to Eff[r E the esent %Q gl _
o mo or: i ductivi W|t stre rop yS ed in
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wei ght  of t [ h%' sluFinsxﬁHly bR oundtrht, S e Gthér\tand, o HIEWHkaBAitg loN@Be Qifoy can be |mproved
desul f uri zyn@ticalyedonfréifhig) ths Magnbsiund céhiaiit Rishid\ihiBHdr tHiPBRANUhigh hgdaib R6ents
copper apakd empioyed) P Whdyk ideGelopPd edsesptibily @sTa@ekidge Whish @f detpasaealow A& Hotakdriang
are di scl aafgbrdtuie. tHigevdE pe Adialiing thainfagnediuinGrithin thd limaa otftiigientonckhia Busedptibility toc al
connect @r oeerkibgie alaied sregfectivh of ik asrkieglitempdratye. are defined in clains 6 and 7.
A process f oPrefblablyntbe afop ot e inmgntibdenntainaifron .4atb [40% iy esighe hickek tror 10.3tthe.1% by

I ndependemeigbt silicon &ddrach 4.G590 A8%chydight radgaesinen. MNostaprefdablyT the magmasinm i fra@B0. Ate52 2
482 teac héls2°/a by oypiast: Far feggf ramnapp@ptron? thd alpyy are pdferaply df dheapyespgedd gapdiggn. For

ni ckel , 0.cennectgogppligationy theiigys gredprefgraly in ghgstabilized condioy. preferably 0.5 %
magnesi #§im bY¥Arayrc@het Gippepts My g RePREHrAt éﬂ'ﬂ”ﬂ?’ levehingmipgs aa*%%&”&%ﬁhf‘?faﬂdﬁﬁ?'yof
gonduct i V|a(9°t§'ﬁd"9ﬁéff‘?’fr?é§‘§a"qyn accor dance with the resent i nvent i on, copper

b Il PSR &lathh A9V ﬁ?j"b' gnatly Sondyctiuily, e
: ondlct ng? W”* ﬁ"deﬁzreepnam ?fgbegasa"dsg A PoERASS et By o
)I’e(r)]gefs 2re maalqg .ﬁt&r rahy ld‘) a% usng :giﬁ cag?‘ ﬁ t}ﬁérg ftgroﬁgp Ialgg‘% .J,m? nr%fepat)!y ‘%‘E_x r&Bg Lt

-eadframe ‘a tr%”éioys ﬁote%ur ocgs%ﬂﬁrrﬁ nye &Eu&ﬁmﬁ&l JnEatBB QXAe g 1ihe
pgst conmbipatd MRS oPkrors 566 '&95 énﬁl af PBHsHohikaAfibh ¥nrRS i¥Veployda r? fL
prioper t i eSsholld 68 RashutiorliRH by ARMBBIME Af a RRBbAGALIA BikSssTH 75 @tf&loﬁé&ﬁbyrd%&cﬁ%%&foﬁ ot 0
St¥Fess fse| any aélh@ﬁbaﬁfeﬁtsof he Fh@rhéﬁ%‘ﬂhhﬁibn ArifbHp EdndC@nied-6Ut afteP K3t woiRing eCdfter an
appl i cat i oskingl &eeed. strength with inproved conductivity and bend
erf or mance mrEfirsteepicedsatiernative, the alloy is then subjected to one or more sequences of cold rolling and
aging. Cold rolling in the first such sequence should comprise at least 30% reduction in thickness and,
preferably, at least 50%. For connector applications requiring -the highest strength properties at some
50 sacrifice in bend formability, the alloys are then aged at a temperature from 350 to 500 ° C and, preferably,
from 425 to 480°C. If a second sequence of cold rolling and aging is required, the cold rolling should
comprise at least 10% reduction in thickness and, preferably, at least 30% reduction in thickness and this
should be followed by an aging treatment at a temperature lower than the aging in the first treatment
generally ranging from 350 to 490° C. The alloy is then finally cold reduced from 10 to 90% reduction in
55 thickness and, preferably, from 30 to 60%. Thereafter, for connector applications, the alloy is optionally
stabilized by annealing at a temperature of from 200 to 345 °C and, preferably, from 225 to 330°C.
In a second process alternative, for leadframe applications, the processing following hot working or -
‘homogenization annealing comprises cold working the alloy at least 30% and, preferably, at least 50%
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it has surprisingly been found that, on the other hand, the hot workabili
of the alloy can be inpreved by crltlcal ly controlling the magnesi um
content within limts of this invention. |If high magnesium contents are
eripl oyed, the alloys devel op a suscepti BPI0i203 389 Bdr acki ng, which is
dependent on the hot working tenperature. However, by maintaining the

ma mesiumwithin the limts o thIS |nvent|on thIS susce t|b|||t to 30

d tam in § é%f[o ?hn er?tér éF%{? 0 to 9 rabl from
g Y Do o3 % %‘ga% byl y s
e

r \A%A h rocess
Most pref er ap yes.éh (TR Eao UbilcStiohe. %f ap v fﬁf 1
appl i cati ons, tjﬂﬁ‘on@i | Q! & iPthé heligtRnst er a con
connect or appl ' Caﬁhéwsm atth@ Waﬁtet"f\ﬁtﬁze Rﬁee IB{} ¥>e 'tr@at&h@y §b%@ésL 'w?\ﬁﬁi adapts it for use
conditi-on. 35 aernadiddy AUSieshiBRS orfdoRi¥BHBL tﬁatéFﬁVhabiﬁg RiafR§ Hgh renkPHEdela¥e do vity and
i n mnor anmbuntsgmewdai eBor&tObdA@tprapdiies Wdh YindifsdcBRd plobéds RitERAILd IbGtS subbtadtiBify better bend
al I oys. The pr qre@sdied@arOthe firfterazbdsQYsindtive. PRE bro6ked & kH¥IsBRS ad theidcoriRaebddaitéridive with
of strength, cardsubbtttibi ¥ a heRded@hgradbd! ifdr thedb\dragihg emeall 1fladooRfahdeWith this process the
properties and anheai pricg Lo tfiadd i rbduttionfiercadgpbitcatd empestua dfdath §S0atiBessrthan 500°C and,
connect or nat erprefdrablyd from 425 Ge480r Gl Thy findl lald sdduaigs wald be ]S tsarties aaig tieb grévidus processes
chill casting. ahthér emheatar applitatiorslah ogtional stabiljzatioh enrelll] as phegibustyodes@itieda ts preferred.
t enper at ur e fsr om AE0ordingly, Ots@le @as baed prqyided r agbdrganced wihnthig Fyention @ (ttip@posefcopper base
desired, the aldleyfwaviag 2 sriquelsembifiaionsef strengthpropdustivity.bgnd fammpbilie arsinplienathy strgss relaxation
hom)genl zat i on restAses. ebichedapls the gjiyfoqtupe @ afonectongriBdframg magal. C. | f  an
honogeni zati on anhag deprsfogndidha fe @llayp ok thig inserienchaing 2 ritical peciipn gfaagnepiuscan be readily
resqlut i oni zed tﬁ?‘eéfﬂﬁé'g\ef?{ esq apglialiqns By aRp(ppratginadiusing dheir grocéssing.C foI | owed by

hi 0o t'b h sur ons-l-?{ hlﬁ 519 ‘H?fa qilttoeaq{owde
be carried out sa*rSEa@ %?%eﬁ rgefa?rfma\a?@ﬁ ile g o es:r?‘ ?'%%twr%a"dﬁw Conductiv-
g?s%fg slegugnf % O rba sz% nssuabglfzrqrag 8 at thte rs]t?es%oe:lacyﬁ{uoﬁ eFtst Qols tH%) ﬂ%ﬂsﬁqasrteglg C?]cted
sequence shoyl & SEaE? bgf[ 9/915 SUET i b rI;U. Stuhgh o o alloy for
preforably, Bt denar i o e o e B f»h A &mﬁ bR sgPrr B 2fov

strength propertigg 2 nﬁé?rsevaﬁage &a:ﬁ.s I. vénﬁ@n tonpriﬁ?ﬁdaiu rp£| .h ¥in .&Jﬁ&eakbm@uon of
are then aged alrerdtnl &IFBREAY. WoRd fofntBhity ahd sp@oéﬂpst&saa&audarr@sis%@ebl y, from4

0.3 o 1. 19% by Y AR Ry .?ég raem

éﬁllb d by cold ;

P T T T

to 480 * C. If a :s@caomfu&ﬁau@wme?eo& tiOhbntionltd poGdeddnch A8 VehidnSard rB&kH ﬁ&%rkm@and B

col d rol I'i Ngses hith do GAMBVeloP Q tékperafirsSdensitifaagiihg Gldcoplivility dildy GBS and,

preferably, at | ebmbe aﬁ%meaﬂnmtalgaml Bocbiié Ak apareatiebnt the Bilcwing Wbstrift@n En?d dromes.

by an agi ng treaFigent it gaph shopiag e usigiohsbiphiotwedramadnéstumaghintagt and tHeh@ngeratudd sensitive

treat ment gener akudsgenptibility pirtoe dlipytncBbking durigtXtdt @orkingaendal | oy is then finally

col d reduced fr ofigdd 2tipaYGpb shoeting theaelationshPDetwebn agingdereperatnl angrhefdeesaieyd formability

from30 to 66% Weleskicel epndudtivity of e atny tabdiffesgaprdingdimedns, the alloy is

optional |y stabi | p2eegrdggceatithdhig inveqtiont a aulﬁ@rﬂseer%@peﬁféa%faﬂwwpm vthigh ggrmnding on its

and, pref er abl Processiacanby qfigetively uidized ag ajeagama CP'F‘G'é@é%atS&F'tbér“P?aﬁ'qCV@'CsF’UPSt’V The

I ea&lLr ame appl ialoyis Hiidue in ﬁ%" Yidesan verai eambisaion QT prerertigs syee" fﬁ%?d’iwse available from alloys
' honogeni zat | oMY AR "E F‘éaéasb'e I"Ef %Btﬁ?l ve ﬁ'@"ﬂlpf°8§/1 wopld fiaye regyiggd the use

and, preferaffl f SPPVR p or type 3.3

B on by e ﬁeggws;: ﬂ:iﬁ,eg%‘*z %&@% g
pr ef erabl Yy, f r% rJOrhg (jt@ %w iviti ycof'\n Q AM?J lly available,
| east 10% and, c@,mu tM ,o s ,Yte

t enper at ure jsr om 559 it rodgg e{ha u 9 f5r7&nﬁéciop|aﬂ)dﬂ¥ﬁ9ns For

by Cold rolli nQudhgiNinl&p pia&tn&:@ 4&:&“&. ﬂaPE&fw@ béHAbMors, ﬁt’ﬁeoé%y% ah 8o PRUBSEHIrdvidB wiithate
thi ckness. Al t heid@hstiehdts RIRERS 5t 8% ANCREFINIRA e ImalnBRME '2AdBRIRINRY it BlckRIE 35%
shoul d the al | axcd)€ord@aet®orfidatirdteapblidatioRs vequiing high Bidnyth Aihd GUdS bbrd fEFMbLIRR the alloys
optional |y stalhh bepdcessis to Protidfieculftiat/lomsilé stfengthd in pxoessas 79.2ki/em@is ksh with an electrical
50 conductivity of approximately 40% IACS or more. Finally, for leadframe and other applications requiring
_ even better bend formability, the alloys can be processed in a manner to provide ultimate tensde strengths
" in excess of 68.9 kN/cm? (100 ksi) and electrical conductivity in excess of 45% {ACS.

Accordingly, it is apparent that in accordance with this invention an alloy falling within given ranges of
composition can be uniquely processed to meet a range of mechanical properties so that it can be tailored
s6 to a number of different applications. The ultimate tensile strength of the alloy can be emphasized with
some degradation of bend and electrical conductivity properties. Alternatively, the bend properties can be

emphasized while providing good conductivity at some loss of ultimate tensile sirength.



: in athird process alternative, the alloy may be treated by a
pr Cess which adapts it for use alternatlvely as a | eadfrane or connector
material having rel atively: high ﬂgh& él;oderat e conductivity and
sofrewhat poorer bend properties t e second process alternative but
substantlally better bend 10 propertles than the first process
al { exnat i veer chifestoPbrAuRE SodhicatiddSins aldRs & teRocSR6PRMbrRI00 G Rontbilesd Rkl
W|*th t heessthhes plopdric@n Oof a non-overagi ng anneal for the overagi ng anneal .
| ¥ accor damee mokiplipdsélicBpper 8858 Sfloylsh@? 1R8I Radtio cbririsé Qildys Mathin RIRAGIdWNG Meriticl
carried @nes af compbsition.Nadrsly! Epedr bhseGidy3 Dbhststngl & &6m Lhanss @Y weightdhickgfefnerabl v,
f rlom 42 Stot 10191 BY) wiighT.siliddme frénh 0A6 tac Ot bﬁd/augmtlmngnmml ahd e Balvecesapper agart front he
prievi ousimpertieesses and for connector applications -an optional stabilization
neal as Ppfeaablyolbs Icyppdeiase mlve donsists ¢h freh X4 e dh.0%LBy weight Aicied frdimricfl tp 1.1y e
hgs bee nweighbsiked® droinr?.05 ¢ ©8¢ & eveighii redgnasiiimsani thpehatanag rvoppenaradt frpra frreities ddgsper
base al | mygferhlelys ithegnagnesivimcfersore B4vitd B bvmeigit strength, conductivity, bend
f or mabyi | i t Freferalilvothe raiimal nigkelde pilicos iy et alilenranges fogisy- St borfeit anwrm%pfafeab’v dhg he
al | oy f ortiq gickebtogilieqsrianges kam 1 foctlitrame material . It has been found that
the all oy F‘éff'eatdﬁ?"ée pRplicarans.-Jhe Allovs #f Pﬁfe&blyt'i‘ aapveget Fangiionnf °rrﬁ&m‘?8‘§“ WRiLan be
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even better bend for ITB.bI lity, the alloys can be processed in a manner to?
pI’OVI de ultimate tensile-strengths in excess of 68.9 kN cn2 (100 ksi) and
el ectrical conductivity in excess ‘of 45% Q%& ébqu‘gfrdl ngly, it is apparent
that in accordance with this invention a %9 ling within given ranges
of conposition can be uniquely processed to neet a range of nechani cal
properties so that it can be tailored 55 to a nunber of different
lications. The ultimate tensile strength of the alloy can be enphasized
wth sone degradation of bend and el ectrical Econductl yity properties.
Alternatively, the bend properties can be eg‘ﬁham zed whil e providing good
~conductivity @at sone loss of ultinaj®& tensi k@ stren ‘fa 4 EP O 203 389
Bl For connector or other applic ﬂs theaal | oys (ﬁ&n be processed to
provi de excellent stress rel axatgt) reesi st a@cfe pr Op@‘EI es. The nul tipurpose
copper base alloys of this invent o§nx,.corrpr| g€ al loysiithin the follow ng
critical ranges of conposition. NareBy, copper base'}a.LI oys consi stla}ng of
from2 to 4.8% by weight nickel, from0.2 I ®*“to 1. 4%by wei ght si l4 con,
fromO0.05 to 0.45% by wei ght magnesi um and t he bal ancé copper apart'"from
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content. Preferably, cH og‘uﬁp should be limted to an anobunt not tozexceed
0.1% by weight. The al @ y t,%n s invention may al so include one og
nmor e. deoxi di zi ng and/or d $§J fugi zi ng elements 20 selected froml |=t hi um
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it is apparent from a consideration of Table | that maintaining the magnesium content within the range
of this invention and particularly within the preferred limit provides markedly improved reduction in edge
s5 cracking during cold working particularly after edge trimming.
In Table |, the results shown before the slash mark under each magnesium content give the extent of
the crack at a specific strip thickness with the starting thickness being 14 mm (0.55"). The results shown
following the slash mark are the extent of any cracks at final gauge as set forth in the processing column.




Th _-'-sceptl bility to cracking at elevated hot working tenperatures was
not in any way foreseen by Hensel and Larson in U S. Patent 2,157,6934. The
range of nmagnesium set forth in t?ﬁ‘ﬁ&s{fﬂg ?Pd Larson 35 patent goes up to
3% by wei ght. A consideration of ctearly illustrates that only a
smal | --portion of this range as in accordance with this invention can be
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The sal I oys Wim 69«9:{ N CEsti 'b§ hb QQ pdiérreld pRESsS P EQP%LWbe
dependlz(p gchleL castih 5“3{' strip form having a thackness of about 25 mm (1") or less. Obviously, if the
alloys are cast in strip form, it is not necessary to hot roll them. The hot working process particularly when
it is followed by water quenching should be adapted to solutionize the alloying elements and thereby
eliminate the need for a solution anneal. However, if desired and particularly if the alloy is strip cast, the
alloys may be optionally solutionized annealed at a temperature of from about 750 to about 950°C for a
25 period of from about 30 seconds to about 8 hours and, preferably, from about 1 minute to about 4 hours
followed by rapid cooling, which is preferably water quenching.
After hot working or strip casting, the alloys are preferably milled to remove oxides and scale before
further processing.
if desired, the alloys may be optionally homogenization annealed at a temperature of from 550 to
30 700°C for a period of from 1 to 8 hours. The homogenization anneal can be carried out after hot working or
after an initial cold working such as cold rolling up to 80% reduction in thickness and, preferably, from 50 to
70% reduction. If the alloy is homogenization annealed, it is necessary to thereafter solution anneal the
strip. Therefore, as part of the homogenization anneafing treatment, the alloys are preferably solution
annealed at a temperature of from 750 to 950 C for a period of from 30 seconds to 8 hours and, preferably,
35 from 1 minute to 4 hours. Immediately following annealing the alloys are rapidly cooled preferably by water
quenching. Strip annealing because of the ease of water quenching is the preferred method for solution
annealing.
Nt After hot rolling or homogenization annealing, as the case may be, the alloy is subjected to one or more
sequences of cold reduction and aging. Cold reduction is preferably carried out by cold rolling. The first
40 sequence of cold rolling preferably comprises at least a 30% reductlon in thickness and, most preferably, at
least 50%.

ollo by hot

' & PROCESS ALTERNATIVE 1

45 PROCESSING FOR HIGH STRENGTH

Following the first sequence of cold reduction, the alloy is aged at a temperature of from 350 to 500°C
and, preferably, from 425 to 480°C. If further sequences of cold reduction and aging are desired, the cold
roliing should comprise at least a 10% reduction in thickness and, preferably, at least 30% and this should

so0 be followed by an aging anneal at a temperature lower than the previous aging anneal with the annealing
temperature being in the range of from 350 to 490°C.

The aging anneals should be for a period of from 1/2 to 8 hours at temperatire and, preferably, for a
period of from 2 to 4 hours.

Following the respective sequences of ¢old rolling and aging, the alloy is finally cold reduced by rolling

s5 it to provide a reduction of from 10 to 90% reduction in thickness and, preferably, from 30 to 60%.

The stress relaxation resistance properties of the alloys of this invention are markedly improved by the
use of an optional stabilization anneal at a temperature of from 200 to 345°C and, preferably, from 225 to
230°C for a period of from 1/2 to 8 hours and, preferably from 1 o 2 hours.




‘properties which are desired, which in turn are determ ned by the ultinmat:
applitation for which the al'loys will be utilized. Connector alloys .
normal |y require high strength for sprij nogm;%;ogert i es and good stress

rel axation resistance while naintaini f§ 8iBInt el ectrical conductivity,
ther mal conductivity and formability. 5 For those connector applications

equi ring exc;Ad % t_g% \)Ezty properties as well. the processing can be
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rWul d conprise at |east a 10% reduction in thickness and,
peerably, at |east 30% and this should so be followed by an agi ng anneal
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tenperature being in the range of from 350 to 490* C. The agi ng anneal s
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aljl oys are ¢ é A gy aibY gl dabtivg 2185 loa@t) 1 G8ocam (BO")press ceglign y"9°b{‘°'1‘t gf’c
33% r edd®t ";@fg;’,jatﬁ,e LikNB86- d. eF k ened" Bynptes entfgimige ingaieverg] PFFL f‘%?é‘;’ NEn ) 45
subj ect ed E,Qd R r VD A0hiEGeds 0f 84 AIBNYD.5Y @ Gpastrisy TESoVE BRI NS T p é%argg Jdg, ghe
alfl oy at a  f pHPRkRhF,Anedihgdly Méte D8 rdlied mbaﬁmw@qpaaa%aged e:F% "Bl 2 rh QD 10
tq 575 C fﬁsur ) TRES4e e hilols were ddi@rofirgitte 1:8nB(ONEY P andA9A" ?:}dgf 520k 1 kdF. e
pqriod af ffi@Mwhreh@en cdid rolechou®.& mnT mse'afamrssab't'ﬁ&ma?';l"%%ﬁn A8 AENGS bingation
fijnal | y ‘colbekapidal Gamediss afchalaliond erp gnopsusis afe" f*1‘8 f'@ﬂf’}’c?gn "Ooreferably, from
34 t0 60% raaskicTheqroperties whichhweresrcasupyst aeset o ingBBR Ess alternative is
pdrticularly adapted for providing alloys for |eadfrane applications, it 20
mgy be utilized for connector alloys in which case the previously described
odtional sest abi | i zation treatnent is preferably carried out. PROCESS
AYTERNATI VE 3 25 PROCESSI NG FOR STRENGTH AND BEND PROPERTI ES | NTERVEDI ATE
AYTERNATI VES 1 AND 2 This process provi des copper alloys for use

ernatively as | eadfrane or connector materials having relatively high
stfrengt h, noderate conductivity and sonewhat poorer bend properties than

- Alft ernat Pve 2. The process is essentially the sanme as that described by

rgf erence to Alternative 2 except that an aging anneal 30 is substituted
fqr. the overaging anneal. In accordance with this process, the final aging
anéﬁl prior to the final reduction is carried out at a tenperature of from
330 to Ie455 than 500 * C and, preferably, from 425 to 480 C for a period of
fgom 1/ 2 fo 8 hours and, preferably, from1 to 4 hours. The alloy is then
fignal |y cold reduced from 10 to 90% and, preferably, from30 to 60% I|f the
all py is intended for connector applications, it is preferably

s@abkil i zati on anneal ed as in accordance with the aforenoted stabilization
pd#ocdess sgt forth
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'35 under Process Alter nati\_/e 1. Th
accordance with this i nvention can
after forimng of the final part,

as desired. For
itis nost easily carried out after firfll 0P}

e optional stabilization anneal in
be carried out after final reduction or
manuf act uri ng conveni ence,

Bbn. However, it is

believed that the best stress relaxation results are obtained if the

st@ili_zation treatnent is carried
the alloy after it has been stabil
rel axation properties to a degree.
which illustrates the rel ationship
bend formabidity and el ectrical co
~invention at different aging tines

t he hardness of a Cu-4. 0%\ - 0. 98%5i -Sa218

respective agi ng tenperatures. Sol
conductivity of those all.oys 45 ov
Dashed curvee E shows the affect Qf
hardness and dashed curve F sho
hours on el ectrical conductivity:
good way and bad way bend proper?
results, which are depicted in F

condition. I't is apparent -from ae
tenperature of 450 C provides a E
t enper at ures exceedi ng 480 C andi
overaged condition. It is signifig
over.age the,alloy while maintai ng
al so .apparent froma cOnsideratiG%
el ectrical conductivity are mar kg
agi ng for peak hardeni ng resgdhs
that Process Alternative 1 wid] $#
wher eas, Pregess Alternative @ wd
Al ternative 3 |lies sonmewhere #Bpt
Figure 2, the bend properties aré
by the thickness of the strip. The
m-nimumradius to a strip can be!
| ongi t udi nake ori entati on-bend prép
perpendicular to the rolling dir

y

a)
=

3 BB

out after final form ng since formng

i zation 40 anneal ed n#y reduce the stress

Referring to Figure ?{ a graph i s shown

bet ween agi ng tenper 3t ur e and hardness,

tifvity of the allg@ys of this

B Higure 2, solid Curve C represents
8%y allqQy aged for 2 hours at the

ve D ghog t he ectrical

range of® agi ng J enper at ures.

such alloys fog 4 hours on

fect of aging the alloys for 4

Sspective curves< and H show t he

the all oys agedy4 hours: The

are for the all*®%ys in the aged

onsi df( ati o of oFi guré 2 that an aging

ak agi ng' r esponse; g wher eas,

pr etger abl y, exceedi ng $00 * C provide an

ant =and surpgi skng th it is possible to

g a r@latively &igh stdength level. It is

of Figure 2 that the $end properties and
ly iproved by averagi®€ag as conpared to

n

Al

i ct%
er Bl

T@egre
es for
ure 2,

55 & A consigerat iog of Figure 2 shows
el d a%gener gL| y_peak afed product;
| yi®tRd an dRerZged prgduct. Process

en th@se twey 8% EP § 203 389 Bl In
set #th asini B mum bend radi us divi ded
bend=formability test nmeasures the

ent 9@ witheutgcrackifig. The good way or
ertigglare measlwed wi &h the bend axis

éat i ong Sfhe bad wey or tiansverse

orientation bend properties are
the rolling direction. The m ni
radi us about which the strip can®
the thickne$s of the strip. In Fi/%
| ongi tudi nal orientation bends;:

nelasure& with

Fhegbend afjs 5 parallel to-
bend radius (MBR) is the snallest die
bept {90 .without cragking and "t" is
rg 2.mithe curve Gis fSr good way or
r&a8.2the cwvesH is for bad way or

transverse orientation bends. Wi%e th8'di scussi onsthus f&r has been in

terws of electrical conductivity, it %BdB d be appa

el ectrical gpplications for which
i ntended al so desire good therna
to the electrical conductivity of
cl eaned by conventional pickling s
anneal i ng. The present
consideratien of the follow ng 15

50

i nvention wll

r ent g]at the 10
tha 8l | ys of the presgnt invention are
conductivity, which isjphysically rel ated
the alloy. The agl oy rrJ be optionally
olutions &a¢ desited su as after
be nofkg r@adpPly ungigrstandable froma
i1l ustght ®le gxa@pl es. |[EXAVPLE |
ol 0 Q ™ G o
o 0 et O
= o = =%
g o8l E ES
O & &y L"

It is apparent from a consideration of Table il that when the afloys of this invention are processed in

accordance with Process Alternative 1 very high ultimate tensile strengths are obtained at moderate
there is a notable sacrifice in bend formability properties. The stress
relaxation properties of the alloys are markedly improved by the stabilization anneal as shown by the
comparison of 88.8% stress remaining after stabilization versus 64.1% of stress remaining for an yn-
stabilized alloy. The excellent strength and conductivity properties of this alloy combined with the significant

electrical conductivity. ‘However,
55

stress relaxation resistance in the

stabilized condition make it highly useful in connector applications such

10




havi ng a conp05|t|on 3.03% ni ckel , 0.71%silicon, 0.17% magnesi um
Me bal ance copper 20 was prepared by D rect Chill casting a 15 cm (6")
x 76fcm (30") cross section ingot froma nelt tenperature of about 1100 C
2" x12" x 4" sanples cut fromthe ingoP XR8P Bbaked for 2 hours at 875 C
and hot rolled to a thickness of 14 nn1(0 55") in 6 passes. The alloys were

théw i | | ed t 4R &@&89 INCCI Pl thga AP B ot tE bRt LiBld R
to 2.5 mm (G b @{Se g% 5 erm @;tr' eerratg cmuﬁfs. Theseat Hose
the alloys Y’@JX&IOGQAS tahdd ullﬁ th % again age at 400 C or

2 hours. The 25 alloys were t en cold roIIed to 0 8 mm (0.030") and
Stabl|lza§I%ﬂAﬂﬁﬂﬂa|ed at 300 C for 1 hour. The nechani cal properties of
the all oys were measured after the final cold rolling and after the
stabilization seseabt aibewis PrpEbd @singhthe BorngEitonsRa Selr ferth arrabis @it Thekitols ivere

Tabl e 1. 3Q@ro3&selas4bt iath ibBabe 1. EP0203389B1 (err) C (err) (err) 10

(err) O 20 (err) (err) 25 (err) (err) (err)
(err) (erm) 30 : (err) (err)
35. (err)
(err) (err) (err) It is apparent froma consideration of Table Il that when

the alloys of this invention are processed in accordance with Process
Alternative 1 very high ultinmate tensile strengths are obtai ned at noderate
el e¢tricdP conductivity. However, there is a notable sacrifice in bend
formability properties. The stress 55 relaxation properties of the alloys
are markedly inproved by the stabilization anneal as shown by the
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. conparison of 88.8%stress renmaining after stabilization versus 64. 1% of ®
stress remaining for an un--stabilized alloy. The excellent strength and

conductivity properties of this alroyEg%qghgggewﬁth the significant stress
|

rel axation resistance i'n the stabilized co

on make it highly useful in

connector applications such 10 EP 0 203 389 Bl as flat spring type

devi ces.

Accordingly, Process Alternative 1 is clearly adapted to providing

aldcoys in accordance with this invention having very high strength at
noderate conductivity with excellent stress relaxation resistaricé in the
stabilized condition. 5 EXAWPLE Il A series of alloys wgre Q?épéred havi ng

the conposstions as set forth in Table IIl. The all oys gﬁre pg essed as
set forth in Table I1l. 10 20 22;30 35 40 45 50 55 EP30 208 o389 B1 000
(err) (err) (err) (err) (err) ( 5) (err) 15 A Ml -
(err) (err) (err) (err) £E (err) (erf) (E®G(err) 20
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The alloys set forth in Table Il have varying magnesium contents. The stress relaxation resistance of
55

the alloys was measured after final cold rolling and after further stabilization annealing. The data set forth in
Table Ul clearly establish the beneficial effect of magnesium on the stress relaxation resistance of these _
alloys over a wide range of magnesium content. The data further establishes the clearly significant
improvement in stress relaxation resistance which is obtained by stabilization annealing the alloys.
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kr) (err) (err) (err) (err) . (etr). (err) (err)..40 ...
(W) "(err) 45 The alloys set forth in Table Il have varyi ng magnesi um
cohtents. The stress rel axation resistance of 55 the alloys was measured
after final cold rolling and aft eEPfQ20388 Bt abi | i zati on anneal i ng. The
data set forth in Table 11l clearly establish the beneficial effect of
rragn‘efs.i umon the stress rel axation resistance of these alloys over a w de
range of M& %i‘td?’r?’ﬁfS'ﬁ?de'ﬂf‘?C°"fF(€ed’é? the pigpenharentiony farpopneqiarsor ofiiar qpplicafns, where
si gni fi cafi®sy RPFOSERETINCY 1f VPR ILUIZR NG PAYYF BiNG Bigei0ed Rhi ch i s obt ai ned
by stabil] J annealing the alloys. 12 EP 0 203 389 Bl Therefore, it
i's preferé)Z rLefh ccordance with the present invention for connector or

ot her dppl i S BorntMESEfiols | 2R Sot Pty ek Dukebdl S6 ACRI dfééeé {Qudbbdsl 1 2€
the al | oyeyiied R éﬁ& AT il R e I IR %f%%ﬁasagml e
| after himobdhzabdi Grelioht il Sfedify 6ok 8! hO¥InBGs; RERACEMR 1802.5 Gl R8s -
Fol | owi NGanh&iing &aBa “@kor 4-NE Ml WowsB b wartd dhedchihg. #diidviig heombgehiPatidPirdatmehh €
al | 0ys ;e allh& Rerd icHi Roliad ol UMBTEIR D303 dn@ theh laRthiG® B 830 OCTRK 4aiNEinAseRvedgy at
600 C f or waterldOéhching s1altkbn caill kdnEtotoss Znnd 5. A pgoltion of tRANBE! ds [38d edlled3d @.38 @nf OF
4-1/ 2 m npbes) @t hiosreth dogragiviai ABhealat SR Q4 hdokl fblowed 1y doldeolingN® Q2 IEdh.010mM.

t r eat nment ThisOprodelagingaik lir0 yeontmice witio Pebcess | Aiterdlatived 2.0A Tubthérmpoftiod) 30thgsezatiialstweenthen
anneal ed giten@8@gify dnpeal 4t-475 2 ot 2 bduessfotfoatd il rblijngta0.25 maue oo Tigsaalidys Haen
col d r o | dn poces@8n agpo(dance Wi Process AltartatierB. Ghe prorertad bichesallays at 628 mmoloEd) t o
0. 38 mm (Bwar18e yetfgeth n T di an overagi ng anneal at 525 C for 4 hours
followed by cold rolling to 0.25 nmm (0.010"). This processing is in
accardance with Process Alternative 2. A further portion of these alloys

were then given an agi ng anneal ata 4753? for 2 hours foll owed by cold
rollin# to 0.25 nm (0.010"). Thes&|alzb 8ys “havé 15 been processed in
accordance with Process Alternati @ gj The properties of the alloys at 0.25
mm (0. 010") gauge are set forth irgT %T V. 20 _
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"50 13 EP 0 203 389 Bl As shown in Table IV, Process Alternative 2 "
provi‘des the highest electrical conductivity while maintain- ing excell ent
ultimate tensile strength in excess 68. 9 kys,cnﬂ (100 ksi) and while
provi ding excellent bend formability %IDO%?QF:;PP This process is
particularly suited for manufacturing naterials having applications as

l %df rames Wnek@sh%%& ﬁ\l T‘aGtQtIV '%‘d&gs fAQérF@rbé h'p]:oymésthmweslae?ec&tﬁl %&Q!Lammde maintain-
conduct i Vi t YindbeBBhtllifte WnSie0E SgR excass oBA.5 ﬁwfc.w 1160 135 .hBWRE plolidihg ExBlient beng
al I oys proceagaslit ¥ropsr@is et Mbdes i8 BhrtidlRiriy siitbd for Fbmibcluld®) matdtals MadildPdpplications as
appl i cati on 1gRifrdnfs3 dfnbrNBxSelibril D¥ndC it il 28 Gvel Qs WirdrlginZRd hRILCIVBNHBSERE 2R desired.
ot her appki CWile GNSbdliewdY itHat 1 alloPEprocesslilog ProcBR Mterh&ikeTR BN fihd Weip privbiBsi labSiBatioh S
connect or apgddir@wdsi theyScouldhdisoahel @yisadatorecdandzfoe loabiny &pRdaiidns Zdjuiiay) tha NEREASE therddn
order to pr cuwimdsiity plopepties oFos tdnesor Bllicatiars] 106 allogsirs bafecbly stbhigzatieanhdad Of order to
Process Al t arovik iinreoved Isyyese Gaigaation sssistandet Thet dagults efsRrbdess AfernBlive Sy Topdrisanneithithee
2 and t hose rpyuitsy poBrotess Sdterndtige 2hand nihdsa lrdreviously fsel| forthh it Tabiee tlifailt ivtetripdiatet the othd0
processes pransesses gperfaso fwsess Atersative 8i rrevid®s yey\Jode strergihypropedigs & exoagpt of 82.7
properti es ikWcaR (128 ksilpfiinge tansjig\ptienah gneizmgod ednyluctivity imgxeess ee4084 1AES ot # eandltytin bavd
good conductT&iPeypsi n excess of 40% | ACS at a penal ty in bad way bends.
EXAMPLE 1V 15 A series of alloys having the conpositions set forth in Table
V were prepeﬁéﬂ'—"é%—fol I ovvs The aI I oys were nelted at a terrperature of

about 1228* C |nto_a rt e lra

cool ed COppeJer rlr?erte :j' és 'é’?l:t P ltl w S pou dm(g Gl:agﬁ 2sdf§g:t‘:\\/\§n aﬁl:«f;tﬁl
cast | ngot s c\{)\gg c $ 2’ e ul 6|!.| PO ﬁ C% IPS%}:% ge sogked 2
tenper at ur e Foea bR Caa, Arat atare ,cpree§§ f e a"éL . The
vere’ t he”zapraﬂ %a%% h&ﬁpr & g ‘é@fou Yhe en%iugﬁle@@
then cold rajd qM é.fe- % gm Q A 8f the gﬁvgﬁere%nrgglﬁé k‘ﬂ@ur@gt 9’05‘% %Iljv@b{% W4 Foiling to

anneal ed 4 anﬁl @ls R teNvashel¥d & Blodls P s @g‘oﬁoﬂed?bp cBiNrdifdg G841 oPMBE
and then anngedo®hadgel Wrﬁecﬁémcél?aﬁd Gled®al RYRAIeD 1KY s wakel thdhGnebSied 4Ad BreBet BN

(0.020") gaugeabiehhe mechani cal ‘and el ectri cal properties of the alloys were
then neassred and are set forth in Table V. 25 30 35 40 45 50 55 14 EP O
203 389 Bl (err) (err) C
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‘O (Cerr) (err) 15 20 ) : mo (err) (err) 25
UMO 45 Table V clearly |IIustrates the narked |nprovenent in strength

achi évable with the alloys:of the present 50 invention without an
unacceptabl e 1 oss of electrical EBRRMIBIBY. The data in Table V al so show
that "the alloys may include other elenents such as chrom um and manganese
wi t h+h the ranges of thi's invention wthout sacrificing the strength
properties. EXAMPLE V 55 A portiaen ¢f the alloys of the previous exanple at
4.6 mm (0.18") gauge were anneal &d at a tenperature of 475 * C for 2 hours
then cold rolled to 2.0 nm (0. 08& gauge_and anneal ed at 400 | C for 2
h6urs ;fol | owed by cold rolling .iB_ t» 0.3 nna(é? 29" ) gauge. The
nechanlcal and el ectrical properh: of 15 EP 0 203 389 Bl the alloys
were neasured and are listed in blte VI. (err) 5 0 25 (err) 35 (err) 45 A
consideration of Table VI shows that the alloys of this invention are
capabl e of achieving exceptional so l|evels of tensile strength while

mai nt & ning a noderate el ectrical conductivity. Table VI further shows that
m nor additions of chrom um and/ nganese are beneficial to the tensile
strength properties of the alloy-ghiil e reducing the electrical conductivity

to a degree. In the present appll§g;|qp "Nielyd Syreggth' conprises yield
strength nmeasured at 0.2% of fset. S" conprises-ultimate tensile

sjrenfth. "Elongation" in a ordanc with this invention is nmeasured in a
5.1 cm 55 (2") gauge |engt The term "ksi"™ is an abbreviation for
t housands of pounds per squafe inch. Al conpositional percentages are in
pericent by weight. Al anneakjng tHes arse tidres~at—tenperature and do not
i.ncl u%ge the furnace tinme getfjng ﬁgtmt eRﬁpetﬁatLﬁe ﬁ’pd cooling down. Strip
anneal's are preferred in®] & =2 Es= NN
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Table V clearly illustrates the marked improvement in strength achievable with the alloys of the present
so0 invention without an unacceptable loss of electrical conductivity. The data in Table V aiso show that the

alloys may include other elements such as chromium and manganese within the ranges of this invention
without sacrificing the strength properties.

EXAMPLE V
55

A portion of the alloys of the previous example at 4.6 mm (0.18") gauge were annealed at a
temperature of 475°C for 2 hours then cold rolled to 2.0 mm (0.080") gauge and annealed at 400°C for 2
héurs followed by cold rolling 75% to 0.5 mm (0.020") gauge. The mechanical and electrical properties of

15 .



" accdbrdance with this invention for solution annealing or resolutionizing 5
EP0203389B1 carried out

rf I y strip annealing
a?%é*ﬁ%g(ﬁare preferably carried out
copper alloy designations set forth in

the alloy. Anneals which can be 16.
| ess than 10 minutes are preferably
t echni ques. Anneals in excess of suc
by Bell annealing. The commerci al

in periods of

tQi s appli catd HhyCRPhéRGePiRMARadEBLRRAL i ons of the Copper Devel opnent

Associ ation | ncor porat ed,
It
i nvention multi purpose copper aIons>an
conductivety and high strength whlchg
advant ages set forth hereinbefore. C-puhs
. . . . <
an i nproved conbi nation of ultimte teRs
conductivity and being insensitive t@®

405 Lexi ngton

Avenue,

i processing therefor with noderate

|y satisfy the objects, neans, and

10§% A cgppef base all oy haV|ng
reﬂgth\and el ectrica

bt wor ki ng tenperature with respect

to cracking, said alloy consisting of
15 ©b) part of the nickel content
chrom um cobalt, iron,

a) from2 to 4.8% by wei ght nickel
bei ng optionally substituted by

titanium zirconium hafnium niobium tantalum

m schnet al or nixtures thereof, in an.apount of 1% by wei ght of the alloy
or less, but effective for formng a®illicide; (c) fromO0.2 to 1.4% by

wei ght silicon; (d) optionally lithiug jcal cium manganese, mischnetal or
m xtures Phereof, in an anount o.ag%uar N~ pby*weilght of the alloy or
| ess, but effectlve for deoxidi Zing % desulfurizing, (e) from0.05 to

0. 45@6by wei ght magnesi um (f)
copper base alloy as in claim1l erein
4.9% by wgi ght, the S|I|con j

and t he magnesi um cont ent 03058 &

alloy as in claiml1 or 2 mhe |

by weight. 4. A copper base Rl

the chromiumcontent is 0.1% by ae

al l oy as dsn any one of clains 1 Eo 4

ranges from3.5 :1 to 4.5: 1, prefe

| eadf rane havi ng good bend for I %5
tefa

oYl ag Ere

froma copper base alloy as indisa
an overaged condition. 7. An elect
rel axati ol properties characterized

condi ti on.

Ianéﬁ copper apart frominpurities.

i fhigr 80 S

V\/merel n the ratio OF

2. A

t he ni ckel is from2.4 to

cont ent

content~i s~frem 0x3 fo 1.1% by wei ght,

0. 3% by wekghy. 3. A copper base

it h@ 'E&gnesuumcmmmt s fromO0.1 to 0.2%

any Ofe of cFails 1 to 3 wherein

g es¥. A copper base

ni ckel to silicon
from3.8 :1to 4.3 :1. 35 6. A
haLac%erq;edAby’belng manuf act ur ed
8ne of ¥akms 1 to 5, being in
compnect orwhali nQ? good stress

g‘§=|ng nand?acﬁhrad froma copper
base alloy as indicated in any one of &

i §5 Lt o%5, =~be|°hg in a stabilized

40 8 A process for manufact¥ring a copper base alloy as

indicated in any one of clains 1 to 5, having an inproved conbination of

ultimate tensile strenght and el ectri cal
to hot md?klng tenperature with respect..
conprising the foll ow ng steps:

(a) casPing said

conduct|V|t§§ad@ bei ng i nsensitive
o cracki ng, &aidl process

aIIQy iato a desired

shape 45 (b) solutionizing sald |l oy at g,tenp ature of from 750
to"980 * C for a period of from 30 seco@ls to S ?
40 g g 5 9 £
] et oed 1
3 o & & J
. | . . 1
¢ Ry ek -t poy et
wn 4] { t (4]
—t it oed vt —i
| | Z =z !
“ 2 g TNz
% < g < -

A consideration of Table Vi shows that the alloys of this invention are capable of achieving exceptional

50
minor additions of chromium and/or manganese

levels of tensile strength while maintaining a moderate electrical conductivity. Table VI further shows that

are beneficial to the tensile strength properties of the alloy

while reducing the electrical conductivity to a degree.

In the present application "Yield Strength"

comprises ultimate tensile strength. "Elongation”

55 (2") gauge length. The term "ksi"

not include the furnace time getting up o tem

r

comprises yield strength measured at 0.2% offset. "UTS”
in accordance with this invention is measured in a 5.1 cm

is an abbreviation for thousands of pounds per sguare inch. All
compositional percentages are in percent by weight. All annealing times are times at temperature and do

perature and cooling down. Strip anneals are preferred in

accordance with this invention for solution annealing or resolutionizing the alloy. Anneals which can be
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is apparent that there has been provided in accordance with this
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Jrs fol |l oned by quenching; -(-€) -€ol d-reducing sard-at|l oy at |east 30%
7 aging said alloy at a tenperature of from350 to 500 C for a period of
from1/2 to 8 hours; and (e) fi naH,ézg)?Ig ESdUCi ng said alloy from10 to
90% reduction. 50 9. A process as | A8 characterized by further
including the step (f) stabilization annealing said alloy at a tenperature

of Nor om 2Q0ed 8ut3ft Bhridds foP les@ mBR b Ainuies o8 Broirabl) pridMALY By sthP anddaiPh 6BRGuedS 1 N
clai m 8 Qinn&hisGh alcakloBsuck 8 Geriod alolppdier i Arris@biilbl BRI AhédingSt €P (b) conpri ses
hot wor Ki ngTreadophmiaial coppéalidyydebigmatians dbtdtorhh Hid &pRlicaiiod GoinBHER Sladdakt @esighations

pl ural it yof e COPREB&relogmdnt ABSdidtieTlingatogfad, 405 .Loxngfh MOEGHSE NS YoIR, ISy Yde 0 Of

cl ai N8 58 t oit EGipednat hatttisid @B hednprédvitiad inscedpaandenyithamglingeton anuttiptirpgde abpper albyish
the - praod pecestitpthertiewithgroderat eorplectisityLane higls stteogtie whithhially saliséy thejoliisgts, means,

t enper at \an¢ advantadee sdt fortk hergietploesnce of steps (c) 17 (err) EP 0 203 389 B1
(err) carried out in periods of less than 10 m nutes are preferably

per f or medP@ipsst ri p anneal i ng techni ques. Anneals in excess of such a period
are pr#ferably carried out by Bell annealing. The commercial copper all oy
desi gnat ilon8 arer fagpe Alloy hayipg @n o HPYeéa'fWWat@Or?br“?"'g‘étes?'éﬁ’iﬂém‘gtﬂ‘eﬁd plegtriceins
of the Copp‘é‘?“d‘lﬁé‘(}'élatﬂﬁr?éﬁg "ﬁ%’%‘&‘? P‘?Srf"’f‘ﬁ'i@o‘?’ﬁ@ﬁ‘%i‘f’%d""h AP8 &% RN s%‘?/éme

New York, W%}& I s apparent that there has been provi ded
d Ol

e E By e Rl P sl eem P b e g

the objects, momu ’the ofi‘ﬁi, ﬁi)taeggc%ve Jfovggnr ALgL e nber ot 8. “LFar s ™1

copper base ) )f%d*@t HPGRYE dﬁ |gnat|ori of ultimate tensile

stgength and (QJ SptibrialyC ﬁfl.urﬁ%ﬁmﬁ MAgLr)és@WscP.ﬁétQ%r AR ShdrdoY & SrParitdbt PRk, NO

ter?p’erzature Wiyvteugﬁﬁﬁ%(&tloytopleg 8@ 6Hd8ve 5ol QY adsORsisigt 1 ng of 1 (a) from2
to 4.8% by webHhin 015GK645% il,@we,gmmag,{e J.mpart 01‘g t he ni ckel content being
optional |y subsbiadctetdpartnPifipiities.cobal t, iron, titanium zirconium

haf ni um niobium tantalum mischretal or mxtures t hereof, in an amount of
l€L% by wei2ghh codpet e allo) @y inQtaink € 3@ereibtie nickdl earitdnvie fb@12.4ft0 HOY%INY waight, the Glicba;

{c) fram 0. éntoot id rei0.BYo Wb Ghbeight,land tha magrasjiuro jpbritannia lfrbry 005 td0.3%6rpy eeigte um
jranganese, m schnetal or m xtures thereof, in an anount of 0.25% 20

Dy wei ght3. ofs codper tabd gy axin Claigs, or Butherei fiegrdguasiufronter iioh Gzt 0 @§-20 by weight.
glesul furizing; (e) fromO0.05 to 0.45% by wei ght nmagnesium (f) bal ance
%copper affar & ceargiiiasniplay Pt in @8y onp of daip b ired whrsgitthe Pirergiur sortant ig 0d Py Iveighidrei n
fhe ni¥kel E8htent is from2.4 to 4 O%by wei ght, the silicon 25

zontent is fromO 3to1.1%b and the magnesmm content is from
{3 05 to & 3% aﬂ y asin apy % "‘Béé‘e“ E{'I‘el“iﬁ/"’% ealip of nickel tqsiligonyangss fipm Aai n
‘the magnesi uH (f‘(?nte f’fe'iagy%'?"b . 2% by wei ght . 4 A copper base al | oy

as In any, one g}‘ d3 % CQ roni. um C (} mgg/
eadframe havmg ood end_formabilify _chara by bemg manu ture fro er bas
Ight “or 3§|oyasv% rryoE (?I' [% § %ma rjz ové”}§ @qs Cﬁop‘f i to
,_A wherein the'ra o el 6 si P icon ran es

e

N\ 7. An electrical connector having good stress relaxation properties characterized by being manufactured
from a copper base alloy as indicated in any one of claims 1 to 5, being in a stabilized condition.

40
8. A process for manufacturing a copper base alloy as indicated in any one of claims 1 to 5, having an
improved combination of ultimate tensile strenght and electrical conductivity and being insensitive to
hot working temperature with respect to cracking, said process comprising the following steps:
(a) casting said alloy into a desired shape;
45 {b) solutionizing said alloy at a temperature of from 750 to 950 *C for a period of from 30 seconds to
8 hours followed by quenching;
{(c) cold reducing said alloy at least 30%,;
(d) aging said alloy at a temperature of from 350 to 500 *C for a period of from 1/2 to 8 hours; and
(o) finally cold reducing said alloy from 10 to 90% reduction.

50
9. A process as in claim 8 characterized by further including the step (f) stabilization annealing said alloy
at a temperature of from 200 to 345° C for a period from 1/2 to 8 hours.

10. A process as in claim 8 or 9 characterized in that said solutionizing step (b) comprises hot working said
55 alloy from said solutionizing temperature in a plurality of passes to a desired gauge.

11. A process as in any one of claims 8 to 10 characterized in that steps (c) and (d) are repeated with the -
. Proviso that the aging temperature is lower than the aging temperature in the first sequence of steps (c)
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:ﬁ 4.5: 1, preferably from3.8: 1to 4.3 :1. 35 "6. ATeadfrane having

g bend formabl lity characterized by "bei ng nanufa

base alloy as indicated in any one of clains 1 to 5 [I“ﬂﬁ(rml“‘mz“m MFaged
condition. 7. An electrical connggd@bodged B good stress T el axats o
properties characterized by bei ng manuf actured from a copper base aI | oy as
I ndicated in any one of .clains 1 to 5, being in a stabilized condition. 40
8. A prooeduf orperedsudfdessunannt minctep prerprifersidy adrooyedasy stripl puatlieg téchniauey. one
of cl ai n&nngals ip eBcesheliahar reriod anppreletlly carridsl avhby Ball apfealinigt | nat e tensil e
strenght ante eIeearda ceppecdind desdnations seh fadth e thisgplisation sproarise stersatdodesiamatiisng

t emper at‘al'r“l,e GPPH DPY—?Q"Q@&‘E* Aswsciatioq depirerated #09 Lexinglor Svenee P iYark v Yoek 10817 owi ng
st eps:$ Ité%_gﬂpiarﬁ tha }hgegpq n pRvigedin gecordancg with gﬁénveggn multlpurpc(sgfopper alloys

sol uti on?"ﬁ'lp esggp g! 6\4%1 Pdeé?t‘% RSy arLhighy strepgihvhichuly satistyJue’ gbiectsy mepns.,
period ofefGAPERS SELRBELPYUE hours foll oved by quenching; (c) cold

reduci ngc|sa| d alloy at least 30% (d) aging said alloy at a tenperature of
from350 £0'°500 C for a perlod of from1/2 to 8 hours; and (e) finally cold

reduci'ng, sgj ool éée /8VE @Hﬁghé? P Qltu%at trBﬁeOQt‘? thSh! c?r’cgll m8

characteri n
said all oyégmgg%@@?rwpd;ratguarne of rg}ﬁ 5 oh uré for sb%gr(% gdc@rao% to 8

hours. 10. A(apf,@,cg&,s‘;@gbywe@{t%m8 or 9 char acterl zed in that said

sol ut is0ni zi NE) P f (KY) niEkRNREAERE BeiR loptidRiN | J1BstiERId0byD BhromiumAakdbal, ifoh O itasidh,d

sol uti oni zi ngrcbi Evathiue, @iobilm Atamailing niskhinatdl op amaRss theredt, hesi afdingau(s .byll.

A process aswéightaintie alog odéssubeffetive fdr Gordhidg & Biadidkct eri zed in that steps (c)
and. (d) are tcepaas.2t % by wéightpiiavi so t hat the aging tenperature is |ower
than the agi (wyoptene lithivmr ealadum. traeganeses nissteptab nmixofes Yieeptk in( @) antbdnt of 0E8% O
203 389 Bl abwiwgight ofthedaliow ondgss Hiuheftactive fay dedxidiging 85®suligrizi@0 C for a peri od of
1.2 to 8 houfeyfrom 0.05 in OA5%cy wveighismagnesiny one of clains 8 to 11 characterized
in that in pffiReBnesicopreepra(tdym imRMit_sal | oy is: (g) annealed at a terrperature
of from 750 to 950 C for a period of from 30 seconds to 8:hours.

fol | onec by & %Efﬁeﬁ&?d;g C'EEil‘dW%Eﬁ'%éﬂ"'a'te' foet s ferne 4 A H0%; C‘%WS\?&%Q &ticogy
anneaf ng 5Pt BB é bdfweppbmdéﬁﬁf“?%e%cﬁef‘ﬁf o B8P e % by ‘f’?' 1/2 to
gt QSUE IS) 12 acloapep F)Tosgea %ag‘?ncjam g{\erem %lgagg‘n%%?#\lcén %ls?romr?)al to]bg% ac%h{) f

| ess tha 0 Qr 4

cla 2 gﬁ%ﬂéeﬁa@ﬁ@ﬁ%g@% éf%‘% %v%gfég“‘é’%%"zf’a"'%m corfigPk QIE BT
any o clalms 8 to 14 characterized in that before step (b) or before step

(c) or bef arepder base alicyiafh ?)one Sretding loQYwHefbintDiafRfdr Rididi @ shiBon1aHgRY %}h gation
anneal at aitenpes, plettkdlydHomIPM 923 :40 700 C for a period from1l to
hours. Patentansprnche 20 1. Legierung auf Kupferbasis mt einer
ver besses.t aleddbraibé Raing Qood Bend AbraibiiRy ciikRictized g tRing Kitanifsdhier frdoe b tchpder gsei t |
di e hi nsi clatidyi aslindicatBbinlatorg oticiaimp fi ita18] lobidin e gendgbe tondition.
War mver f or nungst enperatur ist, und die besteht aus: (a) 2 bis 4,8 Gew. -
Nickel , 7. An electrical connector having good stress relaxation properties characterized by being manufactured
from a copper base alloy as indicated in any one of claims-1 to 5, being in a stabilized condition.
40
8. A process for manufacturing a copper base alloy as indicated in any one of claims 1 to 5, having an
improved combination of ultimate tensile strenght and electrical conductivity and being insensitive to
hot working temperature with respect to cracking, said process comprising the following steps:
{a) casting said alloy into a desired shape;
45 {b) solutionizing said alloy at a temperature of from 750 to 950 * C for a period of from 30 seconds to
' 8 hours followed by quenching;
{c) cold reducing said alloy at least 30%;
{d) aging said alloy at a temperature of from 350 to 500°C for a period of from 1/2 to 8 hours; and
{e) finally cold reducing said alloy from 10 to 90% reduction.
50 : :
9. A process as in claim 8 characterized by further including the step (f) stabilization annealing said alioy
at a temperature of from 200 to 345 *C for a period from 1/2 to 8 hours.

10. A process as in claim 8 or 9 characterized in that said solutionizing step (b) comprises hot working said
55 alloy from said solutionizing temperature in a plurality of passes to a desired gauge. :

11. A process as in any one of claims 8 t0 10 characterized in that steps (¢) and (d) are repeated with the -
proviso that the aging temperature is lower than the aging temperature in the first sequence of steps (c)
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(b)r wobei ein Teil des N ckel gehalts wahl wei se erse z tzt—-st—durch Chrom

Kobalt, Eisen, Titan, 25 " Zi t koni um Haf ni um Tant aI
M schnetal | oder M schungen davon, i r ge v mnf
Legi erung oder weni ger, aber w rksam%fﬁdr%?s g ei ne I !"I 0,2

bis 1,4 Gew.-% Silicium (d) wahl weise Lithium Calcium Mangan *

V\gchmet al | odehd M) s R e0m 3601ebEa (oMERE6d AR 198 AsurdeW. - % der
Ledi erung oder weni ger, aber w rksam zum Deoxi di eren oder Desul furieren; 30
(e) 0,05 bi s120 mMboccavesidanyRanasialii¥ls b fi ) cHReskni L8 pfiek in pRBE SRR, 34ROy is:
Ver unr ei ni gungen(g) Znnehied) bted 1emgeratit oKinrh 6 @SI56- D&t a pARGIS ek 3D, sebdils B63 hddRl
Ni ckel gehal t 2, 4folived By Qudehimg: % betragt, der Siliciungehalt 0,3 bis 1,1
Gew. - % bet r ~gt utnlcakbworkddghlesst tivgehdl.t 0,05 bis 0,3 Gew. -% betr~gt. ss 3.
Legi erung auf Kufdfozerbgediby amaaling Arestpmpasdturd ofdaer502 fo 79@1C e petied of from 1/2 to 8 hours.
Magnesi ungehalt 0,1 bis 0,2 Gew. -%betrigt. 4. Legierung auf Kupferbasis
nach ei nem dt Am'i%?mwa%?wec'imb%h%acteb@d ijigpt injelrce Chstem{esaid|atioyds () agedat a%erdf@rature
oder weni fer bé&taayPo0 txless g 80P Unfgr meAriokingst &7 boahoyrsnach ei nem der ‘Ansprache
1 bis 4. bei der das Verhaltnis von Nickel zu SiliciumimBereich von 3,5:
1 bis 4,5: 1 mﬁmf"%ﬁsﬁa%” f“%?'%“ﬂoség)aﬂd ("P?'%@pea‘% 6. Leiterrahnen
mt guter or nbar of l 8 ekennzei hnet ‘ daB er ags ei ner
legi érung, g:@:@ R L e o L T
in ei nem Ebera qﬁng jecteq to ap dprmooe %af?"t fegy 2t afemngjatiys 9fi or
u en

Ver bi nder m t pannungs ‘Rel axat i ons Ei genschaften, dadurch
gekennzei chn,eattent p er aus einer Legierung auf Kupferbasis wie in
ei nem der AnsprlUche 1 T)I s 5 angegeben, die sich in einemstabilisierten

Zugtand bgf i Ndebgierdtyr S8 Kupfblobsid Mit- eirr viBESEHIR GRMBM Lok RES tzﬁéf!eéﬁalgm &nB Sdiektrischer

Legi erung auf KuligdnRkiagib findibrRich RisGIdlR DnERSindNeS BEgaRider Warkbv&iomnAngasdaReRist, dhd®
ei ne verbesser ye vk&@sipagzat i on von Zugfesti gkel t und el ektrischer

Leitffhigkeit begj2git 48%ew.-% NitRél, hi nsichtlich R Bbil dung unenpfindlich
gegenUber Wr nvep§ ebbail s Fainar Bitkélgehas wahiodige sredzt Sethdurdn- Chrém aKdbaki siend Titan,
(a) G eBes der LZigbeurotiniue, Siob.cTantgicMiskierehill eder @esshunbdn; daldd, in einFMéhgd Uch 388w -
Bl1 %Xer Legletung odef weniget, abdy wirksés uargRiiberg aingesivticder Legi erung bei
ei ner Tenper at ur (cVBHbi¥ 5.8 Celyr% SPGE™C f ur ei nen Zeitraum von 30 Sekunden bis
8 Stunden, gef ol gt wahbreisalbihidm, Calciom; Mpngpn, ldischmetellodeeMisehucsn daesgi ie einergMenge von
m ndestens 30 %902 %?ewmfscﬁ?amgwnaeﬁefMeg%raﬁﬁgwrb?@m zain RepxidirseresienPasulfugesen: 350

bis 500 C% Ur ei §Eh0AI ¢.458am VoMegresumj s 5 8 Stunden; und (e)
abschl i el 3end Kaqﬂﬁeétdﬁ'ﬁf%ﬁ%gﬁsea@?"°Eé’§'“%’?‘ﬂ'ﬁ'¢j‘gﬁﬂn 10 bi s 90 % Redukt ion. 9.
Ver f ahren na%ch Ans / pfer ennzei © Nioiogbat 2 es \Ae:g.?]tet?aé;f pas
den Schritt Tf
Tenpe- r a%ur v% %aﬁ bgi E@v?ﬁget@%“gﬁﬁfﬁaﬁ?ﬁﬁwwgﬁ 9 g,'gﬁ %G§w8 pifdtien
enthal t. 0 3. VE&Jlemg%Uf ;Q;%féﬁaa?.@%%ﬁ %ﬁ&ru%h Q%ggr Z?bel der der Magnesiumgehalt 0,1 bis 0,2 Gew.-%
betragt.
(N 4. Legierung auf Kupferbasis nach einem der Anspriiche 1 bis 3, bei der der Chromgehalt 0,1 Gew-%
40 oder weniger betrigt.

5. Legierung auf Kupferbasis -nach einem der Anspriiche 1 bis 4, bei der das Verhiitnis von Nickel zu
Silicium im Bereich von 3,5 : 1 bis 4,56 : 1, bevorzugt von 3,8 : 1 bis 4,3 : 1, liegt.

45 6. Leiterrahmen mit guter Biegeformbarkeit, dadurch gekennzeichnet, daB er aus einer Legierung auf
Kupferbasis wie in einem der Ansprliche 1 bis 5 angegeben, die in sinem liberalterten Zustand ist,
hergestelit ist.

7. Elektrischer Verbinder mit guten Spannungs-Relaxations-Eigenschaften, dadurch gekennzeichnet, daB
50 er aus einer Legierung auf Kupferbasis wie in einem der Ansprliche 1 bis 5 angegeben, die sich in
einem stabilisierten Zustand befindet, hergestelit ist.

8. Verfahren zur Herstellung einer Legierung auf Kupferbasis wie in einem der Anspriiche 1 bis 5
_ angegeben, die eine verbesserte Kombination von Zugfestigkeit und elektrischer Leitfdhigkeit besitzt
55 und hinsichtlich Ri8bildung unempfindiich gegentiber Warmverformungstemperatur ist, folgende Schrit-
te aufweisend:
(a) GieBen der Legierung zu einer gewiinschten Gestalt;
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' gekennzei chnet, 15. dal der Schritt. (b). de"r—tﬁs—uﬂg—bﬁﬁa'rﬂﬂ_ns |
el #™har nver f or nen der Legl erung von der L6sungsbe- | ﬂ“‘ I n
ei ner Mehrzahl von Durchgangen auf ein gewOnscht es I\/ﬁi “mm\
Ver f ahren nach e| nem der Anspr OcheERB0 BPF38DB1 K. - _
gekennzei chnet, daB di e Schritte (c) undd(d) Wi ed;arhlolt yverden mt
dem~—Mal 3gabe, hart ste erat niedriger ist als die

Aushar t uggst ery §s ’ ﬁz b' der ¢ ’g% ""\é‘ifﬁf”? {% P3P " e Sipep) Zediiaem

i nnerhal b ei n ng Af§

'f wahr end ei nes Zeitraums von

. destens
éﬁigulr)l:?] geﬁaﬁ% Q Sha de gB a%ste ?’L&mgg @CWP:%EE? é\?g@ gqu'efgrb?%tfaﬂrﬁdb" 55"3
war mebehandel T(e)\échﬁlueEHﬁh K@l{r&%erlr%g?@é &J\B u}é% b?s‘r% PR grR C O einen
Ab

Zei traum von 30 Sekunden bis 8 Stun von schrecken; (h)

m ndest ens. MarSrdnalabnvishrodnd, W rd; und 30 (i) Dberaltert wird durch
Var mebehandeadaauderigeinfsdichhetyper at ur von 500 bis 700 f M einen Zeitraum von
1/ 2 bi s08 Stdabdeneitethd: dde Skiainti( esStanisibiaGRr W odehanddinglér ¢ BoigGlgaiaNG Rl 6oL
35 daB aatetveh R bis03¥5 ST hir bibén Zeitchurtliven 1224 8 StiA@N@ptniii  ei ner Tenper at ur
von 350 bis weniger als 500 IC fur einen Zeitraumvon 112 bis 8 Stunden
ausgehar t 4 Msifahgen nach Angfrpdhimden®. nach Anspruch 12 oder 13, bei demdie
Schritte (g)dadveghophenngeichoetiol t werden. 40 15. Verfahren nach ei nem der
Anspr Uche 8 98F Ser19phritt) (i dps hosyedekaiiandeing leincWarmgerformenrdeBt égidring voib Yeroldeungster
Schritt (c) hapellinasiespPerauR njeiner Yiefyzagfiven Puselioérasn g-fisisigesiinseites Taftpeimeistur von 550
bis 700 *_ C fOr ei nen Zeitraumvon 1 bis 8 Stunden einer

Hogogeni sihrY gﬁéen\ﬂf‘fhr?éﬁ%‘ﬁﬁhﬂlsﬂ'ﬁﬂ‘eﬁé"sm unterworfen wird. Revendications 1.

d t ance
Al : rage. At b m‘\'/ﬁ t%? en nt une conbl na sorg anﬁl Ieoréﬁsgmuﬁgres;qéium ¢
: ura{et [ Zfrpe ﬁ1 er| |e Aus arfun Stemo: ra % ol e vop %é rééc) HH (@) yag jnperhalb

al i age etant cons tue pa'r849 J%'Stdva 5, e'Qf’s ToraEns ‘1°8Iy WgfHs: (b) une

artie duyai nnel | ement par du chrone, du cobalt,
gu fergs dhﬁﬁgﬁ??&.ﬁﬁﬁ@gﬁﬁ?ﬁﬁ?eg%s 1qhafm um du ni'obium du tantale, du
m schret al Qus mten@oaggﬁu@;dgqg@gerg selon a 55 une quantit6 de 1%
en poi ds de | (ghhwinBenakdél WHANS: oR& TeribeftP 95 7§@B@Hjsoltf‘n§'elideﬁ I7dfrEum (&) 3ode
0,2 a 1, 4% des&uhdes bis BSRIAd4NOGeiiGt vértdbsetechdd | On, du |ithium du calcium du
manganese, du(hminbgdsters od % Ketvedordithi@ngg de ceux-ci, selon une quantite de
0, 25% en poi db) itlerallertaliri bagewaichebaNamin babditer PSrhdefRUE Gor0b) bis HETOYEHRA ZGikauld

: von 12-bis-EBur@e03 389 BL 1ii iillii ii Il

L
H

13. Verfahren nach Anspruch 12,
dadurch gekennzeichnet,
35 daB anstelle von Schritt (i) die Legierung

() bei einer Temperatur von 350 bis weniger als 500 ° C fiir einen Zeitraum von 1/2 bis 8 Stunden
ausgehirtet wird.

14. Verfahren nach Anspruch 12 oder 13, bei dem die Schritte (g) und (H) wiederholt werden.
40

b 156. Verfahren nach einem der Anspriiche 8 bis 14,
R dadurch gekennzeichnet, .
daB vor Schritt (b) oder vor Schritt (c) oder vor Schritt (d) die Legierung bei einer Temperatur von 550

’?’;\- bis 700°C fiir einen Zeitraum von 1 bis 8 Stunden einer Homogenisierungs-Wérmebehandiung
?;« 45 unterworfen wird.
Revendications

1. Alliage a4 base de cuivre présentant une combinaison améliorée ‘de résistance 2 la traction et de
50 conductivité électrique et étant insensible &4 une température de travail en ce qui concerne la
fissuration, ledit alliage étant constitug par :
(a) de 2 & 4,8% de nicke! en poids ;
(b) une partie du nickel étant remplacée optionnellement par du chrome, du cobalt, du fer, du titane,
du zirconium, de I'hafnium, du niobium, du tantale, du mischmétal ou un mélange de ceux-ci selon
55 une quantité de 1% en poids de I'alliage ou moins, efficace pour former un siliciure ;
{c) de 0,2 & 1,4% de silicium en poids ;
(d) en option, du lithium, du calcium, du manganése, du mischmétal ou un mélange de ceux-ci,
selon une quantité de 0,25% en poids de l'alliage ou moins, mais efficace pour désoxyder ou

&
=
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a* C L M S * desulfuriser; (e) de005a045%
(f) et du cuivre pour |e  ‘eonplenent, horm s |les inpuretes.
base de cuivre selon la revendi catlon ER o denssd ®yuel Ilﬂlﬂmm:"wﬂm ﬂ'E
est conprise entre 2.4 et 4,0%en poids, |la teneur en rise
entre 0,3 et 1,1% en poids et | a teneur en nmagnesium est conprise entre
0,05 et 0,3%en pgfuluris®.: Alliage A base de cuivre selon la revendication 1
ow 2, dans | equel @ dePEna0nsSenn peighdesnagnssat: 10 conprise entre 0,1 et
0.2% en poids. 4. (hptidugyee goyslecomgiémenti; hopeis lseimpHeEs-une quel conque des
revendi cations 1 A 3 dans | equel |a teneur en chrone vaut 0 1% en poids ou &
mins. 75 5. 2. Al llla bé bﬁe aé:gvra éek(“,U? W@"‘@%‘PBI’I qansulﬁ%;elg gcompnse entre 2.4 %
revendi cat i ons 1t 4% oy figs %;ﬂ% T@?hf: rﬁﬁ f°"2ﬂ1‘sen?'3 q3§‘tﬁ‘f’é*"s‘?°ldfc,ef (fnfeneur en
s'inscrit dans dﬁa@"eﬁfug'geg PP R TR 1 do pref6rence de 3,8: 1
A axon ooy aft & %&erag Q%é.prglns:& @ i gev%,%@smm SILER oL lohbgh G Faopesym, o
A base de cuivret qu |nd|q dhn 'une quel conque des revendlcatlons 1

A5, lequel eg! GaRsSs4HS GPORlK SRR w;iﬁe Slc¥ioRh bibd BAREERDns 2 3CRMORLEY teneur en
el ectrique presedmoa,gt\,a‘gg&cgm,g@s&;,qaﬁé etes de relaxation des contraintes,
caract6ris6 en ce qu'il est fabriqué A partir d un alliage A base de cuivre
tel qu'indigus darge b odRCaMRtLRIE UBnelQBIcariaue des ERNEREINS atd ffanslieduebie rapport au
| equel est dans itk sGOO BilididnOSNinSckibding LrdGRage Gui vPIOTEOE: a8 : 1,2 préesadncOde $I8 LiNa 4.3
alliage A base de cuivre tel qu'indique dans.|'une quel conque des

revendi cations 1 A 5, pr6sentant une conbi nai son anblior6e de resistance A
| a traction e6. d®illedendenoexion préseBint oter hogeeeforabiite @n flexians@resiétidéeen/Aend est fabriqué a
t egper at ur e de tpreiv divh alizgecie bagaide cuiwedelrmindiguddans 'und gusisonaae demrevdndidations 1 a 6,
proced6 conpr endenuel|eetylans wpeonddion dasésdissgregnt. coul 6e dudit al | iage sel on une
conf ormation souhait6e; (b) recuit de mise en solution dudit alliage A une
tenperature c 6mﬁ°f‘%eéteéfrﬁ"?°§'q%ﬂe%t‘ta‘9§9'b°’@e?)@!ﬁi?j§ﬁﬁ de felexgier fesrantiaisiepr Gacaatisd op go
30 secondes et &ufileast briaug & pasticequnnalliage ankase ge wpiwe dol fauiindiaud F%fﬁﬁé“‘e gupiconque des
(c) réductdn a 'f‘?eb‘i'"a’“%{ﬁdléts lopyel S8y 8"’"6'"5%“1’?%"1‘@“3 (d) VI e| I I | ssenent dud| t

alliage A unegt erat ur co [ﬁ’l se |eé1€;t rée ” te# ; que &une l% s
o S o Se?vﬁ?n rgg %f rg%m 3 Pt ﬁ‘f o Jé‘b"J bt Al %ﬂt,%§1T§
revendi cat i 9 ,ﬁs UCthl ee cg et ar;ng}rh saetld r?egrt‘t Hér ur? () Fa F' ce((H concerne Ia

consi stant a recuu)go ,@ .té’haé guﬁe&%r B,%éére conpri se entre 200 et
345 C pendant ung, Q&L emsé)@prsuﬁfon%m sn.éje% el fofpdihturd BRPHSE onPO Y50 baso- ¢
stabiliser. 10. PigeRttinsPside |cBmpiY eRrH §Rtdcomtiod o8l n&resceé:@@tfpalé&at QUVieC Bar une
quo ladite etape gempecuit de mise en solution 45 (b) conprend un
faconnage A Chauqb)ebddéubnahb.ua@maﬁag%afa‘ulrﬁou@eo%adl te tenperature de recuit
de mise en sol uti @i wesssmean tuditNgliagd &1 b | trepseiturd aGteRise pht®q368 QlEpeNtd pehdaht Une
6t al on souhaite. bériodPeogeskcenteliQmedré strtchegrae] @onque des revendi cations 8 A
10, caracterise oi)peurfuie rddesiord ape suditaliagetseibmlynesérnttion ep et 2e®e.avoc pour
condition que |a tenperature de vioillissenent est inferieure i la
t enper at ur @ s8 Procédiesejdnda revéndisation Bt capactilstl earce addlinsiul en quire Iitape df) swgistem @gecuire .
d' dt apes (c) et '¢diyaliiage & pnederspsratae pompripraentre oot F1eige PegRnt yae pREOIYMATisePptreC /2
pendant une perl’BHéeﬂ%hel'lezpﬁ‘éLﬁ%abﬂs% heures. 12. Procede selon |'une '

quel conque des_revendi catlons 8 Al caracteris4 en ce qu).le en lieu et place ;
de |' etape gd)1 Igpggets ?éqé\ ipn 80u 9, caractérisé en ce que ladite étape de recuit de mise eh solution _;
aton '

{b) comprend un nage é chaud dudit alliage 2 partir de ladite température de recuit de mise en
- solution moyennant une pluralité de passes jusqu'a obtention d'un éfalon souhaité.

11. Procédé selon {'une quelconque des revendications 8 & 10, caractérisé en ce que les étapes (c) et (d)

sont répétées avec pour condition que la température de vieillissement est inférieure & la température

50 de vieillissement prévalant dans la premiére séquence d'étapes (c) et (d) et elle s'inscrit dans une
plage qui va de 350 & 490° C pendant une période de 1/2 heure 4 8 heures.

12. Procédé seion {'une quelcongue des revendications 8 & 11, caractérisé en ce qu'en lieu et place de
t'étape (d), ledit alliage est : '
85 (@) recuit 2 une température comprise entre 750 et 950° C pendant une période de 30 secondes 2
8 heures, cette étape étant suivie par une trempe ;
(h) fagonné A froid sur au moins 10% ; et
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(g) recuit A une tenperature canprise entre. 750. et 95 —penelant
r| ode de 30 secondes a 8 heures, cette etape 6tant suivie par r‘T

Saé?sgf o Arrord s ag I Sanen 1o |IHRIMWIANY

survieillissenent au noyen d' un recuit a une tenperature cbnpklse entre 500
et‘?OO C pen ant 6r|ode conp rise entre 1;2 heure et 8 heures,

Procede sel on 1 %{"‘"e§ ntay m?)"ﬁ"; 'e(‘f‘i{fﬁlﬁ'ieé?’l‘@@tﬁﬁcwr'wnﬁe PY Pi%e € B“é‘dam

1l 6tape (i). NEdTT°RTM8GE 8% P4®°2 une tenperature qui va de 350 C

3 OIS 08, 500es Rl P! 6288 L 85 %“tarce 3 é’a Bal'SHGE
Pr oc6d6, sei gy eéuaeetx,ﬁ el W Fool Ul ffo.nsd ool € f ey ol il g

t
sont repet Gee'f, hilResl®. Proc de’se URe Guer c6 an(:'I'es'oreven cations 8 a
14 caractéri 56 en ce gu' avant |'6tape (b) ou avant |'etape (c) ou avant

'6tape (6Y.,Prdcedl deionlld leRBGCARST 125RURI dindledlidl EELSHe! (gsiethﬂm%@eéét' on a une
terrperature conprise entre 550 et 700 C pendant une periode conprise entre

1 et 8 hews. eBocsddseldd 13Rk GRicdhué GosSRlenBiGatidnk 8 & 14, caractérisé en ce qu'avant I'étape (b) ou

avant I'étape (c) ou avant {'étape (d), ledit alliage est soumis a un recuit d’homogénéisation 4 une
température comprise entre 550 et 700° C pendant une période comprise entre 1 et 8 heures.
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