;N e3ei fl 6FTBF13DV 14047 *159159* METHOD OF MANUFACTURI NG A

PR ETETEr et et et ettt ettt *cooooa* NI CKEL- BASE ALLOY VELDI NG
" FI LLER METIBDVIHIO47i nvention relates to the manufacture of wel dmmmmmmﬁmmm
metal made of a nickel-base all oy and used in wel ding procedur

particular, to an econom cal manufacturing process. BACKGROUND OF Hikdrsox

| NVENTION I n one type of welding, two or nore pieces of netal are heated to
their nelting points andMriSedDiORRIASUFAOIRMGG ly, addi ti onaf’,”llmﬂmu{ﬁmmmm
nmetal may be added froma welding filler nmetal (also sonetines d
rod" or "weld wire" in the art). In another type of welding, the fsbobogw
metal is melted andVEgpEl-BaIHARLOACWEIDING HHdHRMETAL bui | d up t he
substrate. This second type of welding is used to repair substrates that
have becone thinned or damaged during service, or to apply a special facing
to the substrate such as a hard facing or an environnental ly resistant

buil dup. In either type of welding, the welding filler netal is nelted and
fed into tTids Rkhtich leRGsas the Mddludiadigre foff Wektingrfilled metdPadeofof nidkel basd e

| engths, which are typically used in manual wel ding operations, or it may
be of contdlleyendvsedniyvgldingRracqdyres apdrinpadicvler. & aycovnenicabanylaiiERe vari ety
of nethodsrg&g used to manufacture welding filler netal, with drawi ng or
rolling bé?ng t'avored for ductile metals such as steels. The methods that
may be used to manufacture welding filler netal of nickel-base superall oys
are |im t eBAGKGREUNDOF MHE/INYENTEONsuper al | oys to be drawn, rolled, or
swaged. Powder techniques are also of limted use, as they are expensive
and may lead to a final product of insufficient ductiljty to be useful.

Instead, iR oBBRPERT PEIHE BEMFERF alccpotngial@re haterite their niedng raersd 1 oy to
be made '%Qedio%\ﬁiﬁ%gr@ﬂ%iwhgsddm&@h nloﬁeﬁﬁn%iﬁle &%e%d&&ﬁfr&{?%%elding@m@r (25 mm

in dianeter se rods are sea into an extrusion can and

t her eaf t ermexdl (alsdsdmetimadetthed “weld rod Tor(“vebdWvire? minthé em). Thiagothe Ypé 6fh (6
mm) di aneter, rods are de-canned, cut toq |length, seal ed 13DV, 14047 into

anot her exteldggothe ddler metad ivmekiediard aprlicd dng fagenqf & yibsiggo uddupden ( 1.5
nm di anet i i echni j to a

hi gh cost SOP st{a;l[;% ?B%% fg%%%gtgp %/\gf %?@g l?msgc} {onfe\e? %llr %gﬂ)ﬁi%bets q@% HS%‘? I(l? gﬁ%%eor nor e
of the | enpinhcdbr dandped during sevice,or t@applyluapdoial fidmg tocthel sassetateasnth end
extrusion | oss, so that the yield of usable welding filler nmetal fromthe
doubl e- extd bRIAJAcIpg 8t a1 §nyieonmentally| registapichuildygn Isgither tyes pf weklingthen about

25 percent . E i rid:ng « ian ) ult,
the cost oT LnBETE: bl & ARUAE LR Bto WaSn Al 9 LBl e BR1ef 57
$1540/ kg (Be/dQigeste eagthsl)whidlhareeypisally usedth hamuabveldify epeedioag it daady t o t he
manuf acture of an acceptable guality, econom cally produced welding filler
metal of riecafepntingos lgneths aised jimputemated weldinggaechitfser al | oys. The present
invention fulfills this need, and further provides rel ated advant ages.

A wide variety of methods are used to manufacture welding filler metal, with drawing or
rolling being favored for ductile metals such as steels. The methods that may be used to
manufacture welding filler metal of nickel-base superalloys are limited by the inability
of most superalloys to be drawn, rolled, or swaged. Powder techniques are also of limited
use, as they are expensive and may lead to a final product of insufficient ductility to be

useful.

Instead, in conventional commercial practice the nickel-base superalloy to be made into
a welding filler metal is cast into a rod about 1 inch (25 mm) in diameter. A number of
these rods are sealed into an extrusion can and thereafter extruded to about 1/4-inch (6

mm) diameter. The 1/4-inch (6 mm) diameter rods are de-canned, cut to length, sealed

1




BRI EF SUMVARY OF THE | NVENTI ON The present invention provides a

manuf acturing nmethod for preparing welding filler nmetal made of nickel -base
‘al | oys, andDar404Zul arly ni ckel - base superal |l oys. The approach
substantially reduces the cost per pound of the manufactured welding filler
metal, wi thout any reduction in quality. A nethod of manufacturing a
welding filler netal conprises the steps of casting a nickel base alloy as
an extrusiigfy didthep@¥iriGor c&H, a8 eRiru®d 4 Q%@Mto%outlﬁ.om&{Jng md) °
inch). The extrusion rod has at |east about 12 grains in the Cross section
of the extdiaséton Tbid.apptrackit ausptahlertechnigllgxbutuiteids to a lgingdse of ttlxat i s,

exactly one) extrusion gperation to filler-nmetal dianeter of |ess than
about . & e TR ietab b2 mereen SRPRL tatlendh Pbersh exFiahst
about '9: 1 i§ @ysf @hdndf M6t L8 Fail-bhd StrdERInAbss, k&'t tﬁ{ee)fiéiﬁro?%g DRRRHL the

ni ckel base alloy is cast to an extrusion-rod dianeter o out 6 (1/4
i nch), andillehewrtad fomitie dotble-axtrusidreprocass &ltypicalydessthanf 50f pesrenglandidfiédn 3 - 1.5
nm (0.05 - 0.06 inch). Stat alternatjvely, in this enbodinent a

ni ckel - bad@OU 465019Fr? Lor fess: Oggﬁwslgﬁtaﬁl tag statisedpateind & st te east of 1 /4
inch) di angb&hn i fill t; j nﬁ\?c? ains in
the 6 nmm (1&’ 4 ]f%iﬁ)ehgﬁtaﬁmét@?&aér%@ggﬁsﬁgn 0 atgl tﬁég‘gi}% E@?g#&réﬁ{ngjrhe
extrusion rod is then 2 13DV 14047 extruded in a single extrusion

oper at i on Theraisfai nekeé fomant ialprakicdmppmiaciofo the amnafottre &f & accdptdblenuility05 -
0.06 inch). Al though the present proach. works with a wide variety of

ni ckel - baseéo%(?q“ﬁﬁ]i)? pfoﬁgceéirgﬁlfsig’gtﬁlgegﬁ’éﬁftglt%f %?@l'gﬁﬁ %{;’é(?j SYHhe?s ?lﬁléel%ﬁékel - base
alloy i's auplahsls DaRe PRl AhvkMon BIAMPYES fbd Nhd Bl e ys
oper abl e vviuPh itﬁﬁ}leS pr eséﬁt I nvent ?{oonng%inc tﬁe Rg%’eétfal 42, ﬁRﬁoe‘&&ﬁ%{Se?At ene' N5,
Rene' N6, advdntdgt80, and PWA 1484. An inportant aspect of the invention is
the ability to achieve the required nunber of grains (at |east about 12
grains in i i ting of the extrusion rod. This
structureé@%ﬁ%ﬁm&yg@%&&%ﬁﬁ@gti ng with a casting superheat of no
nmore than about 10C (50F), and investnent casting the nickel -base alloy
into a molthehs¥iend iveffic Provitfes RehaR@RQLSHRY method Yot Bﬂ';%ﬁri%: WeRtfify @lle@ Wal |
of the nold. 1f the cast extrusion rod has fewer grains than specified, it
i s |ikel y métaltmatigrof migkelHanse alhayls sandyparticglady nizgelrtzse supemiloyse dde agppnwecH ocat i on

Cryatal | ogHBRAURSFsdbitS 45 S i Boia b mpmatte Dyl Sk vitent | er o

wi Il be aanbwdRtiofin ddadity. ocation of the unfavorably oriented grain, so
that the extruded rod is not uniformy reduced at that |ocation but renains
sonmewhat enl arged while regions on either side along the Iength of the rod
are fully 4 ewthod of nBevlacyeng s welding filler metpd comptises thersieps ebsasiingsbuigkel200)  of

net ghbor | oLl E SR PR B R BEE bR b s RBRE o3BT,

accomodat hé &er3iInded hePndear st Y2 grhihAindee SUSRELGT ofithe e@Xisiotded. Wel di ng
filler metal rods will have a defect that nust be cut out, shortening the

ef fecti ve Thnextrusish red dhexgodad see single (B1at iseexiicy) one)|expsip ppgratiomioraeasi ng

t he nunber..of joi,nts that..are, regui al ong .t | engt h of the welding
e om0 G oA el 23 4T O b0 apd iRl el B " e
present appli®@afdlledRyaliduddilitoJorm tHe veeldiah FHley Rictal.| BY Dfrefed@pp@hckftiad NS in
the cast extrusion rod, reduces the chances of such an occurrence. The

present apptkshbasegHosispasde e sxtisian-ted didngterrof gbeuii6 ram ($14gnét)i andriheny

reduced cog ca t h ield of..final d as fract. f .the

rarting Goryl SR i o oot ot et 3™ BunioRs 6 ). Slarid
alternatively, in this embodiment a nickel-base alloy is first cast as an extrusion rod of
about 6 mm (1/4 inch) diameter, so that the extrusion rod has at least about 12 grains in

the 6 mm (1/4 inch) diameter cross section of the extrusion rod. The extrusion rod is then



O her features and advantages of the present invention will be apparent
fromthe follow ng nore detail ed description of the preferred enbodi nent,
" taken in débpViI4647on with the acconpanyi ng drawi ngs, which illustrate, by
way of exanple, the principles of the invention. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a block diagramof a prior approach for preparing
welding filler nmetal of nickel-base superalloys; Figure 2 is a block

di agr am ofextrtigedih %%ﬁfgle é@ﬂgleﬁeberwn R SRR Inal WRArskit D okl SoubBal] Pf
ni ckel - base superal | oys; Figure 3 is a perspective view of an extrusion rod

prepar ed bymt(AOSaPdibaacty. of Figure 2; Figure 4 is an enl arged
cross-sectional view of the extrusion rod of Figure 3, taken on |line 4-4;

Fi ure5| matic view of a gastin |d for trusion rod;
b oure 3 iAkbugf e Bt Apptiodh s RO R S vils Swriclh B aekbiE SR o of
the extrughORest Bl a:%'agh'i(eﬁed?*whé}mhe%él&'i bh&ealg{lrl%%&eél Bék%'sﬁﬁerﬁﬁéy been
conpl et ed.” DETAI LED DESCRI PTI ON OF Figure 1 depicts a prior

appr oach fixampiaspdnickgl-besk dupegaliays bpﬂahlet\mth thé peesentakentiba sehsiefenal | oy in

onei noh ( 242nne doRdsy NarReneb N E&i}eﬁ“feg@@ng%ez@?aﬂ%?)ié“ cact . humeral

20. This bar is extruded to about 1 /4 inch (6 mm dianmeter in a first

extrusion &Pﬁﬁﬁértaﬁf‘asﬁéé‘t”&f tBe irk2ntidn isHBE LBNHY RadHidw thé 'i'e?({ml%& hhbePHE @
number of the one-inch (25m) dianeter bars’ are bundled together inside a

st eel ext rgrano@t &ast aboiicl? graingen thedcredsusectioi) én thetoastiigoof thaextarstbn fod.

cont ai ned rs are extr ar eal trusjon r f aboui 16: 1.
Ater oxt r B SHicetn & Ry KbirpEly FistRe BHb AcERmeoHGheEt PR O b2 i
diamet er 1,865 10°06 099y, vk s @l idIIBRE by 6 athiralBEhel?S M)
di amret er rods are rep a ed in 4 13DV 14 47 anot her steel extr S|on can

and seconcgraamresfurdseddhemn‘rmaimﬁér;sunfabhoﬁmwautolfﬂmmmldr ati o such that the rods
are about 1.3 - 1.5 mm (0.05-0.06 inch) in dianmeter after subsequent

renoval fromthe extru5| n. Each extrusji.on ess, h | oss of

Unusabl e oIS exaysiothiodiag fives gtpingfhan specifiggyil s ke yihaturin fhe slels,

totaling %&trhﬁ&?ége?&o%edi faftsoRle l&é&ﬁoﬂ‘@!o n%%he%n%ﬂ%f R e Lirhis?dn ﬂoH%H‘ﬂH&eﬂd into

the respective extrusion process. In co rcial practice the net process

yield is taygnmnasmoye aystatpraphie- &@npaos entnfaforabbefor GXtaismmeTgmuS theat wilk fi r st
be ev a hi terial

SRAIC RN L ROV RN (L

of as muchAgnifhatPldideddBil At RREHAPHRT mBhs YSAANEat WRlatleB Btfile! b Sibnd &i al -
either side along the length of the rod are fully reduced. Because usually a large number
(typically about 200) of the extrusion rods are bundled together and extruded at once,
some of the neighboring extrusion rods will be of reduced cross-sectional area to
accommodate the bulge. Consequently, a large number of the extruded welding filler
metal rods will have a defect that must be cut out, shortening the effective length of each
good section of welding filler metal, increasing the number of joints that are required
along the length of the welding filler metal, and increasing the per-pound cost of the final
product. The present approach, by starting with a relatively large number of grains in the
cast extrusion rod, reduces the chances of such an occurrence. The present approach thus
produces welding filler metal of significantly reduced cost, because the yield of final

product as a fraction of the starting weight of material is increased.



By contrast, Figure 2 illustrates the present approach. A nickel-base

all oy, preferably a nickel-base superalloy, is provided and cast into an

" extrusi on18b¥13047 For the present illustration of the invention, the
preferred dinmensions of a 1 /4 inch (6 mm dianmeter extrusion rod and a
0.06 inch ( 1.5 mm dianmeter welding filler netal are used, but the
invention is not so limted. ("Welding filler netal” is also sonetines
ternmed "WehtHer Returdd andVBAvhngb® 'of ithe pRBed! favéntdh WHEBe Pp&icht from the

"ni ckel -base'' nmeans that the conposition of the alloy has nore nickel
present t Heltowaing noré detaidédeduseriptionad the priefareed gobodiment.hkemyin canjgnetiqn cal | y
of a conposjtion that i.s strengthened, b h recLpitati of. = prine
phase or aviidhaesaninmaas Sravanay wRwp-Buaic fy Sk of Bordine.dfe PR 7 has a
conposi ti @R inkéhtidgl 9ht percent, of from about 4 to about 20 percent cobalt,
fromabout 1 to about 10 percent chrom um from about 4 to about 7 percent
alum num fromO to about 2 percent nol ybdenum from about 3 to about 8
percent t BRJEFOESERIHRIGDOF THE DPRAWING32 percent tantalum fromO to
about 3 percent titanium fromO to about 8 percent rhenium fromO to
about 6 percent .rutheni fr Q.to abou ercent niobi fro to
Sbout 0. 1 FHEFEAE dRR e Prg st S ERE R mElaRte At a1 o
about 0.1 pR&keEBaYe sMpdralledy from O to about 1.5 percent hafnium bal ance

ni ckel and incidental inpurities. Sonme exanples of specific nickel-base
conpositions with which the present invention may be used include Rene
195, whi cFigiae 2 as blaplodiagiasrof theypigedng Apprpachdenprepasingrwelding hidlgx metakof o about
7.8 percenﬂlggéom{ﬁ?rEron1about 5.3 to about 5.6 percent tantalum from
about 2.9nf§: fole .?‘B@Tcent cobalt, fromabout 7.6 to about 8 percent

al um num 5 13DV 14047 from about 0.12 to about 0.18 percent hafnium
from aboutFigr®3tia ?ér@wctiae GiepTag Bkirsdidr ©dprepatcdByabobpprdach df Figahoi 4
percent tungsten, fromabout 1.5 to about 1.8 percent rhenium from about
0.01 to about 0,03 percent carbon, from about 0.01 to about 0.02 percent
boron, baltigtEe4 i aealarged Frosseecdionglaiewy pile Pxtrusion reg pkFigwes 3, tRkensop a

nom nal cqmposition in weight percent of about 7.5 percent cobalt, about 7
percent chrdm um about 6.2 percent alum num about 6.5 percent tantal um
about 5 percent tungsten, about 1.5 percent nolybdenum about 3 percent
rheni um abgure 5@s &Schearade niewcel baastinginold fod pPdripeexdaniontrodon, about 0. 15
percent hafnium up to about 0.01 percent yttrium balance nickel and

i nci dental_,i rrities; Rene' N6,.which has a nominal c osjtion in weight
per cent - off 56 i 4 scheimal Siase-seiioart Vicwpd ap SareSIyE rogmP L B PRSI hout 1. 4
percent ”%d’sllﬁ%%\ﬂ?b 3aPRUePthé JME S&ALiIchHABES bonddad. 5. 4 percent rhenium
about 7.2 percent tantalum about 5.75 percent alum num about 0.15 percent
haf ni um about 0.05 percent carbon, about 0.004 percent boron, about 0.0l

per cent ytRETAIEDBRESARIPRIGKEIF BHE INVENEONI i npurities; Rene 142, which
has a nom nal conposition, in weight percent, of about 12 percent cobalt,

about 6.8 percent chrom.u abouyt . 1.5 percent .nmolyhbden about 4.9 percent
ungst on. 16860 Uspieth 8 PEdnprRSRL fof wreran ot el RE BRI e A Rts bt 00t 2.
percent 1 Rkapdralidy ARAnddrdSsiREsEBBEt DAL Nisufin (BlEBUL0.65 hePedis@Ber.CAl0AeN, about
0. 015 percent boron, bal ance nickel and incidental inpurities;, PWA1480,

whi ch has ischn@dima) rawdpes pf therni¢kel-hesegnperplex israsto numpigli 20.5 Thisrhae it

cobal t, about ,10 perc .chrom um,. abhout. 4 rcent. te 12

e cent & SRpuIhPRERECT" 4R8Pl iRl in PSS i1t BRI maRR 2T Sy
bal ance ni gKkRrfoafithgl thizifRSHExBUsibAPHMik bR DF tHcheRndM\(254f4) dinte@h bAgare

nom nal conposition in weight percent of about 10 percent cobalt, about 5

percent clhundiedtogedisoinside pued entrusion gandwhighis wolded sigutpdihe extrusiomeant en,
about 3 percent rheni abou . rcent .tantal um. ahout 5.6 percent

B o nun, a5 e oot s A el vRR 6 Ao £ 2ol P 28 el S RES

| mpuri ti extrh{ln, RhE SRS rdRBV QAP ke RQItihg M4t i8eh 123 hhgdtinititékBls. base
superal | oys, which are presented only as exanpl es of operabl e conpositions

whi ch ar e roéssire alshnedpardien aumber wé thei Iy irch (2 emnpsliatheterhds are eqnackdgad én
superalloy is nost preferably cast into a1l /4 inch (6 mm dianeter
extrusion rod 40, shown in Figure 3, but the as-cast extrusion rod nay have
a dianeter ranging fromabout 5 - 13 mn (0.2 - 0.5 inch), and nore
preferably fromabout 5 - 8 nm&6 13DV | 4047 (0.2 - 0.3 inch). If the

di aneter of the extrusion rod 40 is |less than about 5 mm (0.2 inch), there
wll be insufficient reduction in area upon extrusion to achieve the
desired properties. If the diameter of the extrusion rod 40 is nore than
about 13 mm (0.5 inch), and typically nore than about 8 nm (0.3 inch), it
cannot be extruded economcally in avail able extrusion presses. The 1

~ e - o o, o, N o A~ - - A~



To obtain at |east about 12 grains in the cross section of the 1 /4 inch (b
mm) round rod, it is preferred to include two specific features in the

* casting stléD\@GMT:l rst, the nickel-base alloy is cast with a | ow super heat
of no nore than about 1OC (50F). The "superheat" is the difference between
the nolten netal pouring tenperature and the |iquidus tenperature of the
alloy. The liquidus tenperature is the tenperature at which, upon 7 13DV

14047 coolaghpfier ] &tthBionichiPBAd da@oﬂMxhﬁaw h&h&al zmevlﬂl%r&ﬁtgéh Atios@ln d net al
is first thernodynam cally favored. The us tenperature for nost

al | oys i s thatah¢ adyiseart rabouti 1.3 -ehﬁlmmbﬁ()iﬁﬁﬁﬁ) ansél)dnagmmr aﬁtertmswpetr heat is

t th 0oC th t end b f
e or araov b e edrmiioh caf. L Each i monas ey sk o3 ok TRueblby o C
feature i §hddipd atttﬂ@frﬁﬁ’t%tnﬂ'aﬂd el &, ofmmuklﬂn FBitsli F%t féast'3§ g@fc@h‘t‘di*% wth a

grain refiner 46 on the inner surface 48 of the no In Figure 5,
the grai nweeghtn@theétﬁatelsalsnﬁtmtmednmﬂhp rcspdcmeaduamn@rmss ds cofneneidll dot s,

and in practi.ce.the ralnr |ner 6 ist ural.ity of small
Srt1 ol b PEtgtRe the etbars wiefiis agedy alimet Bri herdhalofht Iyt e o o
wal | 50. -ﬁ?ﬁ%ﬁstﬁﬂﬁﬂeb 20 ae[nfd' rﬁ:iyeb"e &fen Wvddrn Shﬁérhﬂ%fs H46e 95&‘1&' irfRerdal logstIghdnumber

of nucleation sites at which grains may nucl edte. The conbi nation of the
| ow super hisafovagatld bfegopde@ahng fitier bl mpsalitninragdet nest ofipsimuph achi 0ikegg t he

obj ective at | eas bo s in the 1 /4-inch (6 mm dianeter
cross sectl RS PP Q4 1 ﬁai’i‘iwéﬂﬁ’r&?él e6|‘?““tt‘3d 40. The grain refiner normally
remai ns on the external surface of the rods and is renoved with the ceramc

shel | dur igygcRRal; Fidsle NBusttRANHO preddif aBpohdts| A RidkebAR ailsy, ?,)@ Megd, in a
singl e extrusion opération, to a dianeter of |ess than about 2 nm (0.1

i nch) and nikehbase sapealloy it prosided andicash inth aatextresish rabdWt For the paﬁrsdnt

pref er abl y fromabout 9:1 to gbout, 25; nuner al of F The areal
ext r usi on HEagon QPﬂﬁe‘n?’%ﬁq(’B Rrpfsried giaensions |°£ﬁa11%4 el 63?"’5@%?“?%@3 pri or
to extr usiQRudin tQfarkl £§.66 ?rfch'(@@%m?ﬁfaﬁle@ér wdl§inf Fier ﬁlfeia?'éreeﬁ%d Uik @ Agai n,
the rods may not be perfectly round in cross section, but that is

accept abl enyentibn tshmet s lixalteds Xt Meddingpfiletmaali’ g almmehzms tooed “®¢ld rodhe

desired fingl truqture of . the di ng, fi petal s not obtained. In the
preferred % g%’é d wing' ig thearg) fsl%vﬁh?fﬁ’)“ d?‘%}??igw Syepytrbihe cogPaglion ooyt r uded

to about 130y hadmidRe r(19<ep§resen9thg§ ahyGthdr GhRERT Bhe NBkdbAG subdrh®dys EFet al 52,

illustrated In F| gure 6. acconpli'sh this single extrusion, a nunber of
t he extrudymeallyods cd:ﬁp@sut;qm thatlis gtrea@tﬂauted@@he prcepmamhexﬂ gamma-palmeephaseum on

can 54, typicall The extrusjon can.is wel ded shut heat ed
o an ext 1S GI7EBEF at 0F & SHEI-EAeI UPSH] Ik B SORALY b 21 oSS Bhao
1200C (22Q4H, a%ht p%%n?%‘f"fﬂéﬂ?%dﬂx%%g aBohtBN09Ser&k CHSIIO BroR] S5ot With *&bélﬁelodeS' red

extrusion r 13DV 14047 Alt hough particul ar enbodi nents of the
i nvent i on pespent dhwmudesﬁ@m dbodt 4 to abeti] perbant ajumipaws gfsornf to hbas 2metdenin,

vari ous nodif] atlosa nhapcenents ma de wi t hout departing from
the spirit %lﬁ QP pEoBR ‘P‘H P 0N pSFFentAEBg@?eﬂ‘r ﬁa boytyf £ ahg\g iPSHFePS not to
be 1im t eqafXaRP o0 RYabbhEs prEH detlivh, Fd¥E 0 t@about 8 percent rhenium, from 0

to about 6 percent ruthenium, from 0 to about 1 percent niobium, from 0 to about 0.1

percent carbon, from 0 to about 0.01 percent boron, from 0 to about 0.1 percent yttrium,

from 0 to about 1.5 percent hafhium, balance nickel and incidental impurities.

Some examples of specific nickel-base compositions with which the present invention
may be used include Rene’ 195, which has a composition, in weight percent, of from
about 7.4 to about 7.8 percent chromium, from about 5.3 to about 5.6 percent tantalum,

from about 2.9 to about 3.3 percent cobalt, from about 7.6 to about 8 percent aluminum,



13DV 14047 CLAIMS: 1. A nethod of manufacturing a welding filler netal

(52), conprisin% the steps of: casting a nickel-base alloy as an extrusion
‘rod (40) H3VPWIY047di ameter of fromabout 5 - 13 Mmm (0.2 to 0.5 inch), the
extrusion rod (40) having at | east about 12 grains 5 in a cross section of
the extrusion rod (40); and extruding the extrusion rod (40) in a single
extrusion operation to a filler netal dianeter of |ess than about 2 mm (0.1

i nch) and frsh BB, BY 2hboRX Ufl@;ée@&nf ahfnfun®f fréth dbB@SH.5a8 ABbutY.§ perehor M t he
welding filler nmetal (52). 10 The met hod of claim 1, wherein the step of

casti ng t Isdicanchteh-abawte. 4td abpui hpéroerd sungsensfrenp abbutclaStd abgutl Bipetcent base

|1 3. T th | ai 2 in th f i
Thet udes Thetupopomreelorp bl ot Tbdinelssgeeaitin Fomuiion 027 A tiizbn
sel ect ed fyeRight tiRo) balARcelFckD Ad ﬁ{cidagtapif%nﬂ%?i@i%é- Redes N¥h&ibh hasa @on‘?ﬂgli nal

conposition in weight percent of about 7.4-7.8 percent chromum about
5. 3-5. 6 pepopnsitiomm weight pacboof abdit 3, 8papeant eohaltc elbait 7, peadeotithrdméiuB, per cent
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tungsten, about 3 percent rhenium, about 8.7 percent tantalum, about 5.6 percent
aluminum, about 0.1 percent hafnium, balance nickel and incidental impurities. The
present approach is not limited to these nickel-base superalloys, which are presented only

as examples of operable compositions which are desirably made into welding filler metal.

The nickel-base superalloy is most preferably cast into a 1/4 inch (6 mm) diameter
extrusion rod 40, shown in Figure 3, but the as-cast extrusion rod may have a diameter

ranging from about 5 - 13 mm (0.2 - 0.5 inch), and more preferably from about 5 - 8 mm
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the precedin al s, ereln the step of extruding includes the step of
extrudi ng the extru3|on rod (40) with an areal extrusion ratio of from 30
about 9: 1 Ingrelbomary2Budies leading to the present invention, it was found that, if there are

fewer than about 12 grains in the cross section of the extrusion rod 40, there is a
likelihood that a single grain of unfavorable extrusion orientation will dominate at least
some regions along the length of the extrusion rod during the single extrusion operation.
The result is an extrusion defect in the form of a bulge in the rod at the location of the
unfavorable grain orientation. Because a large number of the extrusion rods are packed
together in the extrusion can, a corresponding defect in the form of a reduced section will
be found in the neighboring extruded welding filler metal. The welding operations are
much more easily conducted when the welding filler metal is of uniform diameter, and
such defects can interfere with the welding operations. The defective lengths of welding
filler metal may be cut out and the non-defective lengths butt welded in an end-to-end
fashion, but that repair is costly. Thus, the present approach requires that there be at least
about 12 grains in the 1/4-inch (6 mm) diameter as-cast extrusion rod 40 so as to avoid

such defects.

To obtain at least about 12 grains in the cross section of the 1/4 inch (6 mm) round rod,
it is preferred to include two specific features in the casting step 30. First, the nickel-base
alloy is cast with a low superheat of no more than about 10°C (50°F). The “superheat”
is the difference between the molten metal pouring temperature and the liquidus

temperature of the alloy. The liquidus temperature is the temperature at which, upon
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48 of the mold wall 50. These small particles of grain refiner 46 provide a large number

of nucleation sites at which grains may nucleate. The combination of the low superheat
and the presence of the grain refiner aid in achieving the objective of at least about 12
grains in the 1/4-inch (6 mm) diameter cross section of the as-cast extrusion rod 40. The
grain refiner normally remains on the external surface of the rods and is removed with

the ceramic shell during post-casting cleanup.

The extrusion rod 40 is extruded, in a single extrusion operation, to a diameter of less
than about 2 mm (0.1 inch) and with an areal extrusion ratio of at least about 9:1, and
preferably from about 9:1 to about 25:1, numeral 32 of Figure 2. (The areal extrusion
ratio is the ratio of the cross-sectional area of the rods prior to extrusion to the cross-
sectional area of the rods after extrusion. Again, the rods may not be perfectly round in
cross section, but that is acceptable.) If the areal extrusion ratio is less than about 9:1, the
desired final structure of the welding filler metal is not obtained. In the preferred case,
the 6 mm (1/4-inch) diameter extrusion rod 40 is extruded to about 1.3 - 1.5 mm (0.05
- 0.06 inch) diameter welding filler metal 52, illustrated in Figure 6. To accomplish this
single extrusion, a number of the extrusion rods 40 (typically about 200) are packed into
an extrusion can 54, typically made of steel. The extrusion can is welded shut, heated to
an extrusion temperature which for nickel-base superalloys is about 1200°C (2200°F),

and extruded using a large extrusion press with the desired extrusion ratio.
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extruding the extrusion rod (40) in a single extrusion operation to a filler-
metal diameter of less than about 2 mm (0.1 inch) and using an areal extrusion ratio
of at least about 9:1 to form the welding filler metal (52).

2. The method of claim 1, wherein the step of casting the nickel-base alloy includes

the step of casting a nickel-base superalloy.

3. The method of claim 1 or 2, wherein the step of casting includes the step of
casting a nickel-base alloy having a composition selected from the group
consisting of Rene’ 195, which has a nominal composition in weight percent of about
7.4-7.8 percent chromium, about 5.3-5.6 percent tantalum, about 2.9-3.3 percent cobalt,
about 7.6-8 percent aluminum, about 0.12-0.18 percent hafnium, about 0.5-0.6 percent
silicon, about 3.7-4 percent tungsten, about 1.5-1.8 percent rhenium, about 0.01-0.03
percent carbon, about 0.01-0.02 percent boron, remainder nickel and incidental
impurities; Rene’ N5, which has a nominal composition in weight percent of about 7.5
percent cobalt, about 7 percent chromium, about 6.2 percent aluminum, about 6.5 percent
tantalum, about 5 percent tungsten, about 1.5 percent molybdenum, about 3 percent
rhenium, about 0.05 percent carbon, about 0.004 percent boron, about 0.15 percent
hafnium, up to about 0.01 percent yttrium, balance nickel and incidental impurities;
Rene’ N6, which has a nominal composition in weight percent of about 12.5 percent
cobalt, about 4.2 percent chromium, about 1.4 percent molybdenum, about 5.75 percent
tungsten, about 5.4 percent rhenium, about 7.2 percent tantalum, about 5.75 percent
aluminum, about 0.15 percent hafnium, about 0.05 percent carbon, about 0.004 percent
boron, about 0.01 percent yttrium, balance nickel and incidental impurities; Rene 142,
which has a nominal composition, in weight percent, of about 12 percent cobalt, about
6.8 percent chromium, about 1.5 percent molybdenum, about 4.9 percent tungsten, about
6.4 percent tantalum, about 6.2 percent aluminum, about 2.8 percent rhenium, about 1.5
percent hafhium, about 0.1 percent carbon, about 0.015 percent boron, balance nickel and

incidental impurities; PWA1480, which has a nominal composition in weight percent of

10
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10( @@ BEJ pewsefyaitalum, about 5 percent aluminum, about 1.5 percent titanium, balance nickel

and incidental impurities; and PWA1484, which has a nominal composition in weight

percent of about 10 percent cobalt, about 5 percent chromium, about 2 percent
5 molybdenum, about 6 percent tungsten, about 3 percent rhenium, about 8.7 percent
tantalum, about 5.6 percent aluminum, about 0.1 percent hafnium, balance nickel and

incidental impurities.

4. The method of any one of the preceding claims, wherein the step of casting
10 includes
casting the nickel base alloy to an extrusion-rod diameter of about 6 mm (1/4
inch), and wherein the step of extruding includes the step of
extruding the extrusion rod (40) to a filler-metal diameter of from about 1.3 - 1.5
mm (0.05 to 0.06 inch).
15
5. The method of any one of the preceding claims, wherein the step of extruding
includes the step of extruding the extrusion rod (40) to a filler-metal diameter of from
about 1.3 mm (0.05 inch) to about 1.5 mm (0.06 inch).

20 6. The method of any one of the preceding claims, wherein the step of casting the
nickel-base alloy includes the step of casting the nickel-base alloy with a superheat of no
more than about 10°C (50°F).

7. The method of any one of the preceding claims, wherein the step of casting the
25 nickel-base alloy includes the step of investment casting the nickel-base alloy into a mold
(44) having a grain refiner adherent to an inner surface of a wall (50) of the mold (44).

8. The method of any one of the preceding claims, wherein the step of extruding
includes the step of extruding the extrusion rod (40) with an areal extrusion ratio of from
30 about 9:1 to about 25:1.

0. A method of manufacturing a welding filler metal (52), comprising the steps of:
casting a nickel-base alloy as an extrusion rod (40) of about 6 mm (1/4 inch)
diameter, the extrusion rod (40) having at least about 12 grains in a 6 mm (1/4 inch)

35 diameter cross section of the extrusion rod (40); and

11
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consisting of Rene’ 195, which has a nominal composition in weight percent of about

10 7.4-7.8 percent chromium, about 5.3-5.6 percent tantalum, about 2.9-3.3 percent cobalt,
about 7.6-8 percent aluminum, about 0.12-0.18 percent hafnium, about 0.5-0.6 percent

silicon, about 3.7-4.0 percent tungsten, about 1.5-1.8 percent rhenium, about 0.01-0.03

percent carbon, about 0.01-0.02 percent boron, remainder nickel and incidental
impurities; Rene’ N5, which has a nominal composition in weight percent of about 7.5

15 percent cobalt, about 7 percent chromium, about 6.2 percent aluminum, about 6.5 percent
tantalum, about 5 percent tungsten, about 1.5 percent molybdenum, about 3 percent
rhenium, about 0.05 percent carbon, about 0.004 percent boron, about 0.15 percent
hafnium, up to about 0.01 percent yttrium, balance nickel and incidental impurities;

Rene’ N6, which has a nominal composition in weight percent of about 12.5 percent

20 cobalt, about 4.2 percent chromium, about 1.4 percent molybdenum, about 5.75 percent
tungsten, about 5.4 percent rhenium, about 7.2 percent tantalum, about 5.75 percent
aluminum, about 0.15 percent hafnium, about 0.05 percent carbon, about 0.004 percent

boron, about 0.01 percent yttrium, balance nickel and incidental impurities; Rene 142,

which has a nominal composition, in weight percent, of about 12 percent cobalt, about

25 6.8 percent chromium, about 1.5 percent molybdenum, about 4.9 percent tungsten, about
6.4 percent tantalum, about 6.2 percent aluminum, about 2.8 percent rhenium, about 1.5

percent hafnium, about 0.1 percent carbon, about 0.015 percent boron, balance nickel and
incidental impurities; PWA1480, which has a nominal composition in weight percent of

about 5 percent cobalt, about 10 percent chromium, about 4 percent tungsten, about 12

30 percent tantalum, about 5 percent aluminum, about 1.5 percent titanium, balance nickel
and incidental impurities; and PWA1484, which has a nominal composition in weight

percent of about 10 percent cobalt, about 5 percent chromium, about 2 percent
molybdenum, about 6 percent tungsten, about 3 percent rhenium, about 8.7 percent
tantalum, about 5.6 percent aluminum, about 0.1 percent hafnium, balance nickel and

35 incidental impurities.
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12. The method of any one of claims 9 to 11, wherein the step of casting the nickel-

base alloy includes the step of casting the nickel-base alloy with a superheat of no more

than about 10°C (50°F).

13.  The method of any one of claims 9 to 12, wherein the step of casting the nickel-
base alloy includes the step of investment casting the nickel-base alloy into a mold (44)
having a grain refiner adherent to an inner surface of a wall (50) of the mold (44).
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