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MADE FROM H GH STRENGTH, PRECI Pl TATI ON- HARDENABLE STAI NLESS STEEL AND A eY

PROCESS Ry3 (MAKARE SAME [0001] This invention rel ates toIP ehARg@hdicles
e

that are cast froma high strength precipitation-hardenab stal nf ess st eel
and a process for making such articles. Mre particularly, the invention
relates to a cast gol f AcCCASTHIMPRBOARTICEHEMADEFROMoy. Background of the
I nvention [0002] | HIGHISTRENGEH)PRECIPTEATIONHARPENABIE cl ub

manufact urers deBANIDESYSTEHLYAND AIENGCESEFOR MA KING SAMR- I esi st ant
all oys which are air castabl €. Htherto, precipitation-hardenable stainless

steel s have been used for such applications because they provide both high

" strength and hardness together with good corrosion r r exanpl e,
i nternational application publication nunber WO 01/ 7Eﬁmﬁmﬂmmmw
hi gh-strength, martensitic precipitation-hardenable 'ess” st eel that i's
“suitable for air casting of shdpeld ofithe Inventient ext of thd¥'Pat ent

applicati strength efi ne omte eratur.e |edstrength
oPPt °F ealioLho oftis iy CRE tolaten 4 abSi a8 o A RSEh Al

sol ution- b1e@ﬁ‘>§tﬁ901ﬁﬂzﬂﬂé’1%te@d’1ﬂ%§b%%e@ andlh bfo@é‘ss fa-ﬂﬁaléth QchA@BAEd. PREbE N the
publ i shed" i nternational application typically provides a yield strength of

up to aboparti2@@rikshe sventam reflates nag east gols club Iead madd fromfsuojp ah ellapout 210
ksi. [0003] While varying conbinations of higher strength, roughness, and
corrosion resistance can be achieved by the known precipitation-hardenable
stai nl ess steel alloys, thos%aﬂlér%ﬁdﬁptélﬁ Eﬂt&pl y reactive elenents, such
as titani um or al um num whi o forma strengthening .
pr eci pi t af0®0dur ilngrdentcagen hesrdpnitivg eliga izolf chdtmatfactuderselearandt i t ani um and

al um num have a strong affinity for oxygen and nitrogen. Therefore, alloys
that enpl Bipeisssyelydigwesiagty é%?\%?ﬁ t%iﬁ tFIB?YSéNWChcaAE@FI"P@S%‘?eshaped
anthehes ?E@@Hé eplé)cf i gﬁ%{a‘[éﬁéb‘te £t§‘%‘fé§ Yt"a\’}ehoe%}ﬂ %rfof"%\ﬂch% gfs when the

nolten ne t0|so en net al

fromair smhs@meiayrdvttemoth hibh stréwttoé’dmawr@s 3adthéiSHM D& rgrtonshr oudi ng
have not provi ded_adequate_ prot ecti on. Consequently, the econom c benefits

of air or I‘?ﬁtﬁlfﬂﬂslacﬁ@lrﬁxﬁmpt% W@efaﬁwnéb@ﬁhﬁ@fm@r@bh@@tﬂoﬂ@émbleympéﬁﬁém e with

such steel ha 0, I has been
sol d undef1 gs[cHéQ %eﬁaﬁrégqlgmﬁqﬁ‘ﬂig 1%&1?} h%%% abte s?‘a %%%ft ltl?%or poration
in wr oughtsmmbwﬂﬁhlrfc@smis of THhpks. atnltneyccnﬁ@t\tloﬂaﬁn ﬁzﬂéﬁi a pllié‘alﬁohetﬂgh-ls@erﬁrﬂ[ engt h

(i.e., NTS/UTS > 1) in “conbi nation with good tensile ductilrty at an
ul timate isededined asa rapngytampstaturp yiedd stiength 61 least aboqth@OrksRBvET the-ablgy al | oy

was develoe rlrrarll for gun barr its

conbi nat i ﬁqlﬁthons?%/aé%ig? 5\3{;4? é I%Etb%’ i&?% oyrtgeg% ednlggh @nd t her nal
stability utbltlshetilﬁttexﬁ&mrﬁmppht:ttﬁfnr%wﬂt}a@bhu&ya lgfde.sﬁr%nﬁtﬂ Jr g tébbay 260
reS|stance to enbrittlement at tenperatures within the range of 700 to 1000

F. The PYRSINVET af-udBnatk tengilhsieenghed updnabat 240 &sl. t ypi cal |y as a single
vacuum el (i€, VI or, .doubl e uum ne VI M VAR) product.
Sunmmar y o{‘ﬁ‘f‘ﬁl ")Yt"\‘)@n‘taf%’ill\g FORRIBIIAD Ogﬁ’eﬁFlcﬁéﬂﬁBotL P@(“teﬁse aBd SITGHON yent i on,
there is Pés?s‘(éﬁé@‘éa@bé&@%@d@ tHe%%wWﬂIE&ptta%oﬂfh@f&feﬂ%lé‘ ERAIRY seasdlioe in air
or under inert-gas shroudi ng at atnospheric pressure. The article according
to this i ﬂmntalloys yiliae higbly reacsivp elenwents suchian sitanam of albimidmrs whéchge ket

har dness, ctili t% and cor 0Si on resi st ance conpar&d to, t he known

r Cast abiMaTSH ke Lo Gy wenh S e R E S o Skt f‘d‘é?n:’ée%rf’?fnteﬁt s
| nvent i on gt d7Bele it s el BRRY Brong ABLARI1E: :5iedh BheRoaLeel all oy
roa I nt er nedl ate

havi ng the follow ng pre wei ght per cent
ranges. TheYof&2/ Ay (B3t Bnplagl tHost elemedisateuRngitde for (zhr casting of shaped
articles because of undesirable reactions with oxygen and nitrogen when the molten

metal is exposed to the air. Efforts to isolate the molten metal from air such as by inert

IR
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&0.1 nmax.0.025 max. 0.0l 5 max. vn2 max. 1 nmax. 0.5 max. Si 1l max.1 nmax. 0.5
max. PO. 05 max. 0. 04 max. 0. 03 max. SO. 05 max. 0. 03 nmax. 0. 01
max. Cr 9- oy .0-11. 5Ni 4- 85-85. 5- 7. 5Mb4- 84- 85- 6Co8- 168 13 5NO. 1
nax.0.02é§§é§mé%é85 max. PCT/US(12/ (i 308 The bal ance of ?ﬁéﬁg?ﬁ%ééﬁs
essentially iron and the usual inpurities found in commercial grades of
age- har deaakteudihghavess psdveddadeqinpiectction. Shideha@dntlysthe @tomeivi ce. 1 n
addition, the alloy nmay optionally contain up to about 1 % ni obium or
ni obi um §E¢EE of ain PANeYaCPHE HelliBy anhGasHNg redwhtcarny opfaingdblgnth sugh 029
bor on. A gast article, such as a golf club head, made fromthis alloy
‘ provi des éield strength of at |east about 220 ksi together wth good

t oughnesgog Ricidelfaddonable @RGlest RdniAkE SI0dyhs baddodd ifder itife tRidenaded as a
convenient summary and is not intended thereby to restrict the | ower and
upper valRMROMET K23 byngapensér Tdebnology Cotheadtionlin meonght pfodupidorns.oy of this
invention_for use in conbj nati on. With each r.to restrict the ranges
of the el BiEAYY prgyi %%O@d}oéq&ve’?st‘lleégﬁ%tﬁz]ﬁ'3&?%{%0%&&}? ‘iﬂnﬁ% E?Uo?h"_ﬂ ! one or
more of {38 ARIEBherIAHEH HimbiRterkiieMeAATBOR & MBuCAD 1B Tyoed W th one or

nore of the ot ranges for the remaining el enents in the internediate or
pr ef er r e PYROPET Ki-2thaloyrveasgieselopat @ttoarily dor, gua barmi apphivaionmbzdauseoff or an

el ement of the broad, [nternediate, or preferred range can be used with the
maxi mum dis %fﬁhlﬁ*ﬁﬁlﬁppélllgﬂlﬁgﬁﬂ%ﬁéﬂ‘é&tneﬁ BT 15pISiaREe %@H@Fm?ﬂgﬁa %¥-1 0007]
Her e and Holth S ' i t v GERiaRe S ERbrittRinehhs synbol "%
nmeans perlygé]aftwg@@kv?/élnbcﬁl,lSﬁpggg&%tsggﬁhv%Asj.lg)yisndglﬂc%r?%é. g&l rslo, tche term"yield
st r engt h"temiperasirésheitlsif fisetanyd & 7036 160 Tile PYROMET 2093 talley bisr'tess
corresponding to the intersection of the stress-strain_curve and a |ine

par al | el MmeuLaduied seicaly g psingte ageurpupgled (ge., Vi edaybls7gguynimadiedyy g
strain of,. Q. 2% U6308 [ 0008] In accordance with anot her aspect of
this invéﬁgfgﬁgﬂﬁﬁéégﬁgéé%rovided a process for nalting a shaped article.
The process includes the step of nelting a stainless steel alloy having the
conposition in weight percent of any of the alloys set forth above. The
molten alloy is cast into a raummary elthelaventioned article which is all owed
to solidi The shaped article is. then.heated. at i tenperature
Fora t1 ey of afQRBees Mithulis Bbdhuim v PR g D L MR REOS Tt Ton and
M crost r ugkidh & BhndfhQ@uebapesstablin & 8r ulde ishepRdhRfutlingla€ ainfosph@it heat
treated to devel op the conbi nati on of strength and toughness desired for

t he use tmesshiec Thetneticleagroting toi thisénveintion peovipdes a spperairicedibidagen pht i on

[ 0009] Al conpositions . falling,within the weight rcent. conpasitions
et for ¢ HEEREE dordseioaediing, A Eortosidh e P inalersP T FESRERT gol 1 ol ub
conponent §istalR& 1AL QsieR) £ERDIMCRAh laYcRE4HE HBIN AR ThicANBE [AhitleSroth bl Mat e
tensile strengths of at |east 220 ksi while retaining sufficient ductility

and cor rildpostrereti, shaaide staprlessisteehaldy lavirg the frillowang noad, Whtetyddiate omds  of
the subject_ allo .qo osition, including forgings, strip and tubul ar
productS,WE?EEQWéG?ﬁSEF@yI?EF&QOIf club applications and are conpatible

Wi th air-cast conmponents. Articles of the invention also may find
application for small parts unrelated to the golf industry such as firearm
conponents. [0010] An inportant aspect of this invention is the ability of
the subject alloy conpositions to respond to age hardeni ng wi thout the need
for highly reactive elenents such as titanium or alum num Age-hardenabl e
stainl ess steels containing alum num and/ or titanium achi eve high strength
t hrough the precipitation of Ni-Al or Ni-Ti conmpounds within a | ow carbon
martensitic matrix. In contrast, the alloy described in this application is
age hardened through the precipitation of a Co/M/Cr-rich internetallic

* conpound known as "R' phase. Because of the absence of highly reactive

el ements, the alloy used in this invention exhibits a reduced tendency to
form oxide and/or nitride conmpounds in the alloy matrix. Further, the alloy
‘used in this invention is | ess susceptible to other conpositional changes
such as decarburization, when the -4 WD 02/0711708 PCT/ 0S02/ 06308 nol t en
nmetal is exposed to air during renelting and casting. [0011] The all oy used
in the cast article according to this invention contains at |east about 9%
better yet at |east about 9.5% and preferably at |east about 10.0%
chromumto provide adequate resistance to corrosion under oxidizing

condi tions, including atnospheric exposure. Wile increased chrom um |l evels
may provi de additional corrosion resistance, too nmuch chrom um adversely
af fects the toughness and phase stability of the alloy. Chrom um adversely
affects phase stability because it pronotes the formation of ferrite and an
excessi ve anount of retained austenite. Therefore,




chromumis |limted to not nore than about 13% better yet to not nore than
about 12% and preferably to not nore than about |1.5% [0012] Cobalt
serves i rposes in the alloy used in this inventj s&xanpl e,
cobalt pr oEr%D"?)me%e formati on of austenite and benefits thgi]/tuggi%%@s of
the alloy. Cobalt also participates in age-hardening through the
precipitation of "R' phase. Tg aghi eﬁ thos!e benﬁfi!;ts éhe all oy contains at
| east about 8 % and prefera agt | o: alt. Too much cobal't
stabilizes the austenit® in Dhimaxal | 0y0.025ushx.t had.085 fak! martensitic
transformati on during enchi is inhibited, th preventing the all oy
from achi eving the verwlhi gh :2 ’é‘ngt h a ?%ardneg(gg%XMi ch it is capable.
" Increasing cobalt cont&nt al sbmskgnifichmdxy adds0.p maxhe cost of the alloy
wi thout any further significgpi mgg_nef i § 04 GRlx. t heggsrgasons, cobalt is
limted to not nore than about 16% and preferably to not nore than about
" 13.5%in the alloy. [0®L3] N-Bksex. |jk@O3awatt, SYib¥es austenite
formati on and benefitsCyhe tougimess prowiped by mteivsl oy. Therefore, the
all oy used in a cast aNi cle a%%or di ng tgrﬁjhi S i nﬁgﬁ on contains at |east
about 4% better yet at‘l| east out 5% ant prefe ? at | east about 5.5%
ni ckel to achi eve goodMiooughne$8 and duct#i8ity. Hove®er, nickel also has a
strong effect on suppr&gsi ng t§3 austeni%_%t o-mar§ensid e transformation on
guenching. Therefore, nickel is Timted to not noré than about 8 % and
preferably to not noreNhan &dooax.7. 50%.03500a%] AQ.O0le2@ek. about 4% and
preferably at |east about 5% nolybdenumis present in the steel alloy used

in this invention because nolybdenum contributes not only to -5 WO
112/ 0707 6EhePatngs@s oo isessavighniren prdidie uspd imgpetigsfopkkinicommareigh of t he

"R'phase engt heni Leglni | i1S:.L he
t oughnes sffrta%ﬁusccgiafgfgt%%ag Iéério(.llae éé(%lﬂe%sg%t%r%s ?‘g%“{i g g(%csgﬁl g%ttgggf %elrﬁgé);?fné%ﬁ{t{?g "ot her
hand, t hethaailypPaRY Wi@lﬂﬂl&/%ﬂﬁtaﬂn&p' tb abé1ed % fiodRim BPHiebiukPdhdAdiasKitaldffe. and

preferably to not nore than about Gk because too nuch nol ybdenum | eads to

excessi veThealkiymoay alss cantdin @p anebapt 88 TwromdAsiastaside. suehesd gif dibferrite

in the alloy. All_or part of the nol enu n, be repl d. n

equi val entanBads frgm tB’tﬁﬁ‘ 34 Bw_v1d§§aiyg9{cﬁﬂ%{ﬂ%aa{ F3§tearb8€'i fzﬁgﬁl %e@ﬁre art, the
amount  of w{iHRASH BhRAY LAEGud:fty. epl ace a gi ven amount of nol ybdenum and
provi de an equival ent effect is in the proportion of approximtely 2%

t ungst en 0906k aEle forégonfg talpilgthuidn pravided @4 5]conveimmit kurampryrandas nefi | i con, for
exanpl e, about Q.01 to 0.02% may b resent in.the all used.jn this
Cnaont + onifiad sty tBarsbct fe IPRG: 0 DAFL VA of e Ensts ot Her gLt .

Silicon ig§eRksQ oPRRENING IR hieRvant RS he2h BSmBRGHn wRECAUSRN&! bieOn (s a
ferrite formng elenent, Its concentration, when present in the alloy, is

i mted trmesimot thenneges loé theabaomentsifeq usersdlepy af @maiationovithogachother.t Haus, about
0.5% [0016] The alloy used in a sﬁ) article accordi n%ﬁéo. he present
i nvent i on®Hegt BREIY ?IVHFIH(SWEG%O'?}EE EPad 58mPOLiien ity CEHGLE ni obi um

is far less, I | i Cpg {tani um
the presenD Srin DB e L BT S 11 1 of
t he al | oycompasitionaMangesy dn additioniauninbeme forr nsaxihemsor angéhentfof theebrahd, oy
because it reacts with sone of the nickel to forma nickel-niobjum. rich

i nt er met alNSTRCESR oL AT TTedrargecan §¢ HesdaVith the i mHE Qringniry R ifr Bt ¢ he

alloy. Th kahi L) is used inthe alloy is limted to the
af or esai d?lgf?fl%ﬁ%&g?gg&ggﬁ%‘ﬂﬁ@é% %Sr'l about 1 % niobiumin the alloy adversely
af fects t [(00rpUgEeeSE tlaBdghbucthid dppicaion] the tai ‘Qercehein shesynity “%e
substituted for all or part of the niobiumon a 2-for-1 wei ght percent

basi s. (OOEFs PeAeensby ¥piahtawlashotheraviseigdicated; dylsws therteqmn|'veldfirergthon may

*al so contajn | fective. . ut 0.02%
because b%’re%%ﬁgg ﬁgéfs T e‘f{l ﬁtgénr%grl 3%%?&‘3%%39{5%%%‘%%8 ﬁﬁ(gég tOo 8t he al | oy.
Boron is glt&Rediidgiof thedtress-slomx i dntth dgepirallehd theethtihpirvef thabidvet y s not
"typically a concern with regard to cast articles, hot working operations
may be enpl oyed to manufacture product forns that can be renelted for -6
WO U2/ 070768 casting articles according to this invention. PCT/US02/ UG3U3
[001S] The bal ance of the alloy is essentially iron and the usual
impurities found in comercial grades.9f precipitation-hardenabl e stainless
steels intended for simlar use or service. In this regard, carbon,
ni trogen, manganese, phosphorus, and sulfur are inevitably present in the
alloy used in this invention. However, the anobunts of those elenents are
controll ed because the presence of too nmuch of them either individually or
i n conbination, adversely affects the strength and toughness provi ded by
the alloy. Carbon and nitrogen are strong austenite stabilizing el enments

T o o N - o . R




After the honpgeni zing heat treatnent, the cast article is solution
anneal ed from about 1400 F to about 2000 F for a tinme sufficient to ensure
subst ant i@,bl(%m%ggg)l ete austenitizing of the dlloy. At | eagk ﬁ\]lg%& R0
m nutes at ténperature is sufficient for cast, shaped artlcres ABae in
accordance with this invention. The cast article is rapidly cooled fromthe
sol uti on cfReEs} 4 signih eNPerat ure to roomtenperature, preferably by quenching
in water, oil, or a polynmer solution, to ensure optinmumresponse to the
age- har ddBV0R] Heaecordange withtanpthax aspedt|obits invenizasg theasispooiidedy prasesal so been
used successfully. . [0021] After the solufign tre nt, the cas rticle is
hge- har ddfERAbpEsaPRETT e b B eoggs TR BBt s RS Rl Lt
about 950&11'6%11%%5%colag%‘éuﬁnfi&we@ghapwmémTopaﬁly SIQHE alloyRRe: oRRALGROI/L 1 n air.
Exanpl e [0022] AS an exXanple of an article dccording to the present

i nvent i onmoleensaiimlylis ¢esaintdhawiohdytotfhen wehapet apele whichdoafhomd tb solidifiown i n
" Table 1 gﬁlo . Tabl,el 1 Cl\/h S‘jl PSC N M COPgJ BN 0.?06 <0. 01 <0.01
<0. 005 <Oths@Ransst 24cle ipthes hopted3 ap slepied ferppesparedopa SmpRUlliciini e of the
alloy is guhaghtgmg fﬁlﬁ‘fhé&ﬁ hideTRYUEdnkd R ftion Hi8 nS¥ARRLQuRGR G pm%iﬁé. under
an argon shroud at atnospheric pressure. An evaluation of the nechani cal
pr oper t i ekhechapdicaraolanpthen heatreatnd tddevelptthercdmlinatiorealtsadngtband t | on was
performed. The results of the evaluation are set_forth in Table 2 bel ow.
) te%mmlmicfﬁf Ussoase desshishthpihaped pigleovisl bg, PpSUTSY Bl ong. %
R A. NTSNTS/ UTSHar dnessTreat nent (lcsi)(ksi)fin
4Dl (ksi ) (HRC) A230. 0245. 713. 451. 6351 . 71. 4349. 5B233. 6253. 113. 248. 5346. 71 . 3750
.0C222. 8253. 414. 154. 2324. 31. 2840etailel Pest2ifRionl 4. 752. 4321. 61. 2948. OE201. 6242
. 81 6.454. 5297. 61. 2347. 5F| 92. 0236. 015. 551. 1284. 51. 2147. 0_For the above
testing, [£4091spEigymeneopisions frdlinegeithin dip weighl Rer¢eshcampesiiong seiffoeh itast i ng

as foll Ovyﬁ:t eat % rzel OQtII:cu‘O %it@ O Birda c;totl]tecquli'ii rmcgn%lt; gt lgt ]ﬁ?OOF for
1 hour fo ¥ aahé)y Feat &Y quaé ik @gém TEns Wer e then aBé' har alerpje%la utilizing
di ff er entechfiTRRERY bilESveasormQbhpaturelilfHatRBhsild streP&REof A 120120 ksl I cOOl
Treatment B - 975F, 4 hours, air cool Treatnment C - 1000F, 4 hours, air
cool Tr eavhieretaming s@ffisient duohibity and cairpsicn tisiskneatordhe gelf-club@pplicatianhour s,
air cool Jrea nt F.- 10/5F, 4 hours,.air_coql 0023] , As t ata in

Tabi 62 SWotenERpms et e fetea by 2anbdi findfing drgecsut miliodd ng' ne
cast artigh@cl aRPAY ulAR 16 golN@ul Siptikhtfordlaf@ afefb@atiblRatitN AR AkgCcUUM cast
speci nens of the subject invention can achieve a yield strength well in
excess ofcop@Onkrds. Aktidlesaifahe mweition adsorremgfind switlicaticrefon kmhl paksurgtlagdct il ity
and notch tensile strengih gver a wi de range of aging tenperatures. [0024]
Casti ngs megqlhmgeﬁaf%%ﬁeageﬁafm CPMPLEyent i on al so respond to age

har deni ngobRITP A RfrisGEmPRHY ARALIvaRfis HEONRNS of tRUGBicE AR MeNt s are
consi dergg @gpbe "ﬂ.[d%depagipng" heatnvt reatlrsrent S, ?k?at i s,Jet heyslresul t in the
al | oy devehngppsitigné essspduanio hfehapdaningswitikong the wded dibd laphlytreaciveepmbhte. Usef ul
strength levels are still provided en.this alloy is age-hardened at such
"under agi WgP 2hBEPINR SLAIRRHUED. ﬁgathafvgéa&]? 8lajpiies SIS CORPINGE Bmiing

i nvention_" 'elc R o =BRYY I i it at oG- napl e stainless
reel s ¢ Ot EERuEAERRL Rk ellatlh bR RREPRAAGH HOSRAEARREE © tch as
about 900cofpdubds Withis o leatcatleon Margdyidio negao.ul ¢ontigst, theallopddrerbediasi gns in

which a face forned from wrought strip of one grade of )
pr eci pi t abisoRPHE 9B AR BT asdeard fasuehdheprecipiation afetiCPAIY(CEEdY) of anot her

or et P ot OB ARSI LA RO e B Vo O BACHSS iy Rbie! Ub -9

WD 02/ 0707t
elements, the alloy used in this invention exhibits a reduced tendency to form oxide

and/or nitride compounds in the alloy matrix. Further, the alloy used in this invention is

less susceptible to other compositional changes such as decarburization, when the



head designs that do not enploy multiple materials, the alloy according to
this invention is preferably age-hardened at the highest tenperature
capabl e ng the prescribed or specified strength,

[ 0025] Tﬁ&og?@ggﬁ%e of a controlled amount of reverted aus?@ﬁ#@ﬁ% neflts

t he toughness and ductility provided by the alloy of this invention. Set
forth inxmabmenaab@b@pmkdtmhmdammymnmhﬁvamdtennmﬁ present in the sanples of
the alloy of Table 1 above. Heat treatnent identifiers correspond to those

speci fi edPHITdMealloy aprslia thereast atigle preprding Enthigeinyeniion, coniains g leaste

Honogeni zg 0 18

[ 0026] ThZ’g%ta? 2 égﬂt& %QZ{S%%E?%)7%%%%‘%?&%4%% 1555‘? ‘gltglé)gao/BClF 85”%‘1‘%

" tenper at up@rdvidd KRgaste résiRarRBRIEYrr@fonaEédXidiging cd8@ibnd, dilng@ge- har dened

steel increases. [0027] It is noteworthy that the nmechani cal propertles

descrl be RUReFREric axleosarmMélvhedn@ﬁasg@pl@renwmée@mmmovwb@dé@ogalau n size

“(i.e., AST co d|t|on been f euently
ncount ersiogap rRTEhe e ithshierRaGkl M TR SO e Rb s T OV

addi t i onajabiiaglon kiR Moy! WhForhmyweitiveRBlytahaéts bhfeWsdilrl b@ci&@@]@ﬁﬁﬁh@téé‘ﬂeheat

treatnment as descri bed above, prior to the solution annealing treatnent,

provi des fomatioal of fenméd andsart @Cthye@muwnpmnedtaustnmtmdl"htg:fomrpr oved st rengt h

capabilit tensile ductilit ni pro ertle o denonstrate
t he benef‘%“f OTRiHNG il &%@@ﬁf?‘éﬁ@@ﬂ@ﬂ%%‘e‘é‘%ﬁﬁﬁgmé a‘b&é’ﬁbl e heat
havi ng t heoyelght ef&%l% ABhobRORARAT A SNow) 1n Tabl e 4 Was prepared. -10
WO 02/ 0707G3 PCTI LS02/ OG308 Table 4 CMhi Si PS C Ni M Co Cu B N 0.002
<0. 01 <0.[001230 Cﬁﬁﬁlts@rv@ﬁ)ﬂnuhﬁﬂ@ﬁmﬁo%nﬁméalldﬁ)u%11=£(fln§)ilr1v6ntﬁ)cﬁ12(Foﬁ) 005 The

bal ance of the al Iq%ap was iron_and the usual inpurities. Table Heat 0.2%
YS UTS % BFBRE: CORIPTPRQLES ﬁ%@ﬂp@tsqn)of@@mlte(qnﬁ b&mfltﬁ\thqtgzglme%é the 9.3 15.4

B= 206. 8 tup 2 f

hour , the% g/at% é’g’%aélé%é’ﬁéﬁﬂ’fm&g‘? %ﬁ%&f@s@?‘éwﬁ@ﬁ% pﬂgt & Ralz)irqg%oo?red Z
Tr eat mentTEachidvenigssaiberefitt thaldIO chnindatioast abouit I364) aad pwfmﬂ;ly it [Sgdtut i on
anneal at 1700F for 1 hour, then water quenched + Aging at 1025F for 4
hours, t hbAUES.p%cebprisdTop mBFO%@tMms the apstenide i Hisloy hweh thaéa@dhm e
whi ch recﬁ&%’e%gnfc*%&n%?}ﬁ&?@eﬂd}g q@l@rr?;cb ing lg%{%ﬁ&p B{e‘;e%g é)%%ve f# th anneal i ng

achi eved a significan ion o hty t han
t he sanplfeorh heliieviag tmerhﬁigﬁg&mgﬂednd HL&2R} of RRicher FBaptbl. HRERHS ONS whi ch
have been enpl oyed herein are used as terns of description, not o

i mitati owbaltpestentiaksorrignifieandyadds tothe dest eisthe alloywithoutanyrfirthet] expr essi ons

of excludi.n n lents of the ele feature shown and
descri bed’® 1038¥P g%x ? t?'gsefreasﬁ%év%qlt 1’57? fég B 88%18%6;3281 ?lﬁ)ﬁ{ F@g,ﬂpgus

nodi fi cat}%r@f@ﬁabgr@, RO 8 RN \Wbb 18 J9h 8 theapey. of the invention clained. -11

WO 02! 070
[0013] Nickel, like cobalt, promotes austenite formation and benefits the toughness

provided by the alloy. Therefore, the alloy used in a cast article according to this
invention contains at least about 4%, better yet at least about 5%, and preferably at least
about 5.5% nickel to achieve good toughness and ductility. However, nickel also has a
strong effect on suppressing the austenite-to-martensite transformation on quenching.
Therefore, nickel is limited to not more than about 8%, and preferably to not more than
about 7.5%.

[0014] At least about 4%, and preferably at least about 5%, molybdenum is present in

the steel alloy used in this invention because molybdenum contributes not only to
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element, its concentration, when present in the alloy, is limited to not more than about
1%, and preferably to not more than about 0.5%.
[0016] The alloy used in a cast article according to the present invention may
optionally include up to about 1% niobium. Because niobium is far less reactive with
oxygen and nitrogen than aluminum or titanium, the presence of niobium in the alloy
does not compromise the castability of the alloy in air. Moreover, niobium benefits the
strength of the alloy because it reacts with some of the nickel to form a nickel-niobium -
rich intermetallic compound that strengthens the martensitic matrix of the alloy. The
amount of niobium that is used in the alloy is limited to the aforesaid amount because
more than about 1% niobium in the alloy adversely affects the toughness and ductility of
the alloy. Tantalum may be substituted for all or part of the niobium on a 2-for-1 weight
percent basis.
[0017] The alloy used in the cast articles of this invention may also contain a small but
effective amount of boron up to about 0.02% because boron benefits the hot workability
and toughness of the alloy. Boron is also useful as a deoxidizing agent. Although hot-
workability is not typically a concern with regard to cast articles, hot working

operations may be employed to manufacture product forms that can be remelted for



9. A shaped airticle as set forth in Caim8 in which the precipitation
har denabl e stainless steel alloy contains up to about 1 % niobium 10. A

shaped ary) set forthin Claim8 in which the precipj '
har denablée‘/bg'izﬁfn’sess steel alloy contains up to about 0.0?%@%?%%?0811. A

process for making a shaped article, conprising the steps of: nelting a

st ai nl esgagingaktiods yoldmg 1aghik e/ehiidd. owi ng conposi tion in wei ght percent

C0. 1 nmax. Mh2 nmax. Si 1 nmax. PO. 05 nmax. SO. 05 nmax. Cr 9- 13N 4- 8Mb4- 8Co8- 16N0. 1
max. the [BRI8hndke balangy efdbeplloyab essentiadly imdngd e wabimpusitigs foundén casting
the nolten_alloy in nold t.o forma.cast, article: allow ng,the cast
Carcicre conBisriihe el Rkt PR ARl atd Gperlee B Y 8P den
the cast sgfideC®thislgart, QzErBGﬁSﬁr@g‘én,Srﬁ{mgfaﬂésEpro@%@rﬁé,'ihé-&ulm%'f@' n the nolten
alloy is cast in air. 13. A process as set forth in Caim1ll wherein the

nol t en aliheyjtably pecssnt inlaeallayrusedir thisgeeentiomobpeves, the afnbunts-of o 02/ 0707G3
" PCT/ US02/ 08 14. A prqcess as set forth in aim 11 conprj.sing the step
of heat B EE pirdliediPecalss he@ressneeul locmirpl Gomonie mdudyay o
conposi ti; m.Cr, ' ~SA | zati on heat
treating lﬁg?ﬁgq%%%ﬁg?ﬁée{%&g%ﬁéecﬁs @%g&%}%gfﬁgirttc ?@ﬁggi%g%gg?ibgi ; i eg?' but before

t he cast (Garltancind nitsogegerdisiraheraastenitistablizing elessniasvisatprésent in thesoliiai m 14

wherein the ho eni zation heat treating step, conprises the step of heating
the cast SAPHiPEI Leif P@S%ﬁﬁ@mg—z%&tiaﬁﬁn@e%ﬁ@%ddﬁréelafa@%&hehﬁ@e@ to 2300F and

then COOlsLa!gﬂiﬁ/ BEnE by . 2AldoC {ilaﬁ'boril-&d ﬁl‘&%ﬂ%@ﬁkfﬁ? to&mbifk R/I'ﬁﬁicﬂro%iﬁ‘lin 15

wherein t onbgeni zati on heat treating step conprises the step of heating
t he cast fami imdeeiritde carbialet nilridep ard dwobonitridd Compoyidec Basrefse, satboh@nd h i n
Claim 15 conprising the step of cooling the cast article fromthe

hormogeni M(P%ﬂafee??‘ﬁ@#‘éfftﬁ*‘édE’d‘%ﬂ&ﬁthﬁ%%‘?ﬁuﬂgﬁ%r@ﬂﬁr)@ﬁ to ot merp sBess as set

forth i ' ' | t. ti step conpri ses
the. ot epdoft ozt MREbRbSo RCrOR QR0 OB w1l B Y, or 2P ur e
suffici enbor9y Medsh@Rt idlimited @Mt alodd thaRbisdue N4 Aceprfieabsy @ ok aRse St eel

alloy; than about 0.5%. Phosphorus is restricted to not more than about 0.050%, better yet to
not more than about 0.040%, and preferably to not more than about 0.030%. Sulfur is
limited to not more than about 0.05%, better yet to not more than about 0.030%, and
preferably to not more than about 0.01% because it adversely affects the mechanical
properties and corrosion resistance of the alloy. Other elements including copper,
vanadium, zirconium, calcium, titanium, aluminum, and rare-earth metals can be present
in the article at tramp levels or as residual amounts retained from alloying additions.
[0020] The alloy is readily prepared and cast into a mold to form a component such as
a golf club head. It can be melted in air in the known ways or under an inert gas
atmosphere. Although better results are obtained when the alloy is vacuum melted, as
by vacuum induction melting (VIM), the added cost of VIM may not be warranted for
golf club components. A relatively simple heat treatment of the cast component is used
to bring out the unique properties of the alloy. Preferably, the cast article is heated at a

temperature of about 2000-2300°F for about 1 to 4 hours to homogenize the alloy

material. The cast article is then cooled in air from the homogenizing temperature.



rapidly cooling the cast article to about roomtenperature; and then
heating the cast article at a hardening tenperature of about 900 to 1100 F.
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hours, and then cooled in air.

Example

[0022] As an example of an article according to the present invention, a small heat

having the weight percent composition shown in Table 1 below.

Table 1

C Mn Si P S Cr Ni_ Mo Co Cu B N
0.006 <0.01 <0.01 <0.005 <0.001 10.12 7.01 5.48 10.05 <0.01 0.003 0.002

The balance of the alloy is iron and the usual impurities. The example heat was melted
under an argon shroud at atmospheric pressure. An evaluation of the mechanical
properties of the example heat in the cast + heat-treated condition was performed. The

results of the evaluation are set forth in Table 2 below.
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temperatures as follows:
Treatment A - 950F, 4 hours, air cool
Treatment B - 975F, 4 hours, air cool
Treatment C - 1000F, 4 hours, air cool
Treatment D - 1025F, 4 hours, air cool
Treatment E - 1050F, 4 hours, air cool
Treatment F - 1075F, 4 hours, air cool
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[0023] As the data in Table 2 show, a peak hardness of about HRC 50 is achieved
upon aging the cast article at about 975°F. The results also reveal that non-vacuum cast
specimens of the subject invention can achieve a yield strength well in excess of 220 ksi
ultimate tensile strength with useful levels of ductility and notch tensile strength over a
wide range of aging temperatures.

[0024] Castings made in accordance with this invention also respond to age hardening
temperatures below about 950°F. However, such treatments are considered to be
“underaging” heat treatments, that is, they result in the alloy developing less than the
peak strength of which it is capable. Useful strength levels are still provided when this
alloy is age-hardened at such “underaging” heat treatments. That feature makes the
alloy of this invention “design compatible” with other precipitation-hardenable stainless
steels that reach peak strength when aged at lower temperatures, such as about 900-
950°F. This feature is advantageous in golf club head designs in which a face formed
from wrought strip of one grade of precipitation-hardenable stainless steel is joined to a

body of another precipitation-hardenable stainless steel alloy. When used for golf club
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is preferably age-hardened at the highest temperature capable of providing the
prescribed or specified strength requirement.

[0025] The presence of a controlled amount of reverted austenite benefits the
toughness and ductility provided by the alloy of this invention. Set forth in Table 3
below is the amount of austenite present in the samples of the alloy of Table 1 above.

Heat treatment identifiers correspond to those specified in Table 2 above.

Table 3
Heat Treatment Vol.% Austenite
Homogenized + Soln Annld Trace (<1)
A Trace (<1)
B 4
C 5
D 8
E 13
F 18

[0026] The data set forth in Table 3 shows that as the age-hardening temperature
increases, the amount of austenite present in the age-hardened steel increases.

[0027] It is noteworthy that the mechanical properties described herein are achieved in
spite of a somewhat coarse grain size (i.e., ASTM Grain Size No. 0-1), a condition
which has been frequently encountered during the casting of golf club heads.
Furthermore, it is an additional feature of this invention that the use of a homogenizing
heat treatment as described above, prior to the solution annealing treatment, provides
several benefits to the cast component including improved strength capability, tensile
ductility and uniformity of properties. To demonstrate the benefit of the
homogenization heat treatment, a second example heat having the weight percent

composition shown in Table 4 was prepared.
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Table 4

Mn Si P S Cr Ni Mo Co _Cu B N

0.002 <0.01 <0.01 <0.005 <0.001 10.09 6.98 548 10.96 <0.01 0.0020 0.005

The balance of the alloy was iron and the usual impurities.

Table 5§
Heat 0.2% YS UTS % Elong. % RA
Treatment (ksi) (ksi) __ (in 4D)
Al 192.0 230.8 9.3 15.4
B 206.8 245.3 134 . 42.0

! Treatment A: Solution anneal at 1700°F for 1 hour, then water quenched + Aging at
1025°F for 4 hours, then air cooled.

2 Treatment B: Homogenize at 2100°F for 4 hours, then air cool + Solution anneal at
1700°F for 1 hour, then water quenched + Aging at 1025°F for 4 hours, then air
cooled.

[0028] The data in Table 5 show that the sample which received the homogenizing

heat treatment prior to solution annealing achieved a significantly better combination of

strength and ductility than the sample that was not homogenized.

[0029] The terms and expressions which have been employed herein are used as terms

of description, not of limitation. There is no intention in the use of such terms and

expressions of excluding any equivalents of the elements, features, or steps shown and

described or portions thereof. However, it is recognized that various modifications are

possible within the scope of the invention claimed.
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5. A shaped article as set forth in Claim 1 in which the precipitation hardenable

stainless steel alloy consists essentially of, in weight percent, about
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S 0.03 max.
Cr 9.5-12
Ni 5-8

Mo 4-8
Co 8-16
N 0.025 max.

the balance being essentially iron and the usual impurities.

6. A shaped article as set forth in Claim 5 in which the precipitation hardenable

stainless steel alloy contains up to about 1% niobium.

7. A shaped article as set forth in Claim 5 in which the precipitation hardenable

stainless steel alloy contains up to about 0.02% boron.

8. A shaped article as set forth in Claim 1 in which the precipitation hardenable

stainless steel alloy consists essentially of, in weight percent, about

C 0.015 max.
Mn 0.5 max.
Si 0.5 max.
P 0.03 max.
S 0.01 max.
Cr 10.0-11.5
Ni 5.5-7.5
Mo 5-6
Co 9.5-13.5
N 0.015 max.
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stainless steel alloy contains up to about 1% niobium.

10. A shaped article as set forth in Claim 8 in which the precipitation hardenable

stainless steel alloy contains up to about 0.02% boron.

11. A process for making a shaped article, comprising the steps of:

melting a stainless steel alloy having the following composition in weight percent

C 0.1 max.
Mn 2 max.
Si 1 max.
P 0.05 max.
S 0.05 max.
Cr 9-13
Ni 4-8
Mo 4-8
Co 8-16
N 0.1 max.

the balance being essentially iron and the usual impurities;
casting the molten alloy into a mold to form a cast article;
allowing the cast article to solidify; and then

heat treating the cast article to age harden the cast article.

12. A process as set forth in Claim 11 wherein the molten alloy is cast in air.

13. A process as set forth in Claim 11 wherein the molten alloy is cast under an inert

gas atmosphere.
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2000 to 2300°F and then cooling the cast article.

16. A process as set forth in Claim 15 wherein the homogenization heat treating step

comprises the step of heating the cast article for about 1 to 4 hours.

17. A process as set forth in Claim 15 comprising the step of cooling the cast article

from the homogenization temperature to about room temperature.

18. A process as set forth in Claim 11 wherein the age hardening heat treating step
comprises the steps of:

heating the cast article at an elevated temperature sufficient to substantially
completely austenitize the stainless steel alloy;

rapidly cooling the cast article to about room temperature; and then

heating the cast article at a hardening temperature of about 900 to 1100 °F.

19. A process as set forth in Claim 18 wherein the step of austenitizing the stainless
steel alloy comprises heating the cast article at a temperature of about 1400 to 2000°F

for at least 30 minutes.
20. A process as set forth in Claim 18 wherein the step of heating the austenitized

alloy comprises the step of heating the austenitized alloy at a temperature of about 950

to 1025°F to provide a yield strength of at least about 220 ksi.
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steel alloy consisting essentially of, in weight percent, about

C 0.1 max.
Mn 2 max.
Si 1 max.

| 0.05 max.

S 0.05 max.
Cr 9-13
Ni 4-8
Mo 4-8
Co 8-16
N 0.1 max.

the balance being essentially iron and the usual impurities,

said golf club head having been formed by casting said alloy into a mold,
solidifying the alloy, and then heat treating the alloy under conditions of temperature and
time sufficient to provide a yield strength of at least about 220 ksi for said golf club
head.
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