8 February 2006 METHOD OF MANUFACTURI NG A NI CKEL- BASE AL# VELDI NG FI LLER
METAL This invention relates to the manufacture of wel di 3§¥¥W¢¥ PRt a

made of a nickel-base alloy and used in welding procedures and, in
particular, to an econom cal manufacturing process. BACKGROUND OF THE

| NVENTI ON I n one type of welding, two or nore pieces of netal are heated to
their nmelting points and fused together. Optionally, additional nolten
nmetal may be added from MEEHODOF MANEFACEIRING @l SO sonetines termed
"weld rod" or "weld wire" in the art). In another type of ~ welding, the
filler nmetal is nelt and %ﬁ£|led to a face of a substrate to build up the
substrate. This se&gﬁ%qaﬂﬁﬁ- fd&é“GMHQJPQ«EEHdJﬁbhﬂﬁbﬁLr substrates that
have become thinned or damaged during service, or to apply a speci al
facing to the substrate such as a hard facing or an environnentally
resistant buildup. In either type of welding, the welding filler nmetal is
melted and fed into the nelted region. "Wlding filler netal" nmay be of

di screte |Bnginveptionriekatesds thetmygpiuérblry of s@Rling i@ Hehl MEdbMchiOREAL ons, or
it my be of@wgntlnuous Iengths used in automated wel ding machi nes. A mnde

variety ofill red dn weldingprosduign andh én paréicwlen, &i arngeconbinizal menufhcturig h
drawi ng Ofprde@d | i Ng being favored for ductile metals such as steels. The
nmet hods that may be used to manufacture welding filler netal of

ni ckel - base superalloys are limted by the inability of nobst superalloys

to be drakCKGROIANDODF SHEJRVENPDIGfer t echni ques are also of limted use,
as they are expensive and may lead to a final product of insufficient
ductility to be ef gilng I nstead, in cgonventional comercial practice the
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seal ed welding, the filler metal is melted and applied to a face of a substrate to build up the
* substrate. This second type of welding is used to repair substrates that have become
thinned or damaged during service, or to apply a special facing to the substrate such as
a hard facing or an environmentally resistant buiidup. In either type of welding, the
welding filler metal is melted and fed into the melted region. “Welding filler metal” may
be of discrete lengths, which are typically used in manuat welding operations, or it may

be of continuous lengths used in automated welding machines.

A wide variety of meﬂlods 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 _sﬁperalloys are limited by the inability
of most superalloys to be drawn, rolied, or swaged. Powder techniques are also of limited

| ~ useas 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) dlameter The 1/4 inch (6 mm) diameter rods are de-canued, cut to length, sealed
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S February 2006 into a another extrusion can, and extrudgg:lg second time to
about 0.06 inch (1.5 mm) dianeter. T approach is. accept ryageAiecal | Y,
but it leads to a high cost of the sups ralloy welding filler -retal. About
30 percent or nore of the Iength of each extrusion is |lost due to
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ni ckel - basé u‘ger %%%%'55%9’8%? “éiﬂfgﬂﬁ?&él(&f/mrl@d&e@dﬂhe cost -
per pound of the manufactured welding filler netal, w thout any reduction
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.in a singtleanéages.usi on operation to a filler-metal diameter of | ess than
about 2 mm (0.1 inch) and using an areal extrusion ratio of at |east about

9:1-to f | lding filler netal. In a preferred approach, the nickel

base allgﬁg&w ¥ THEANYENHONJ di ameter of about 6 nm (114 inch),

and t hen extruded to a filler-metal dianmeter of fromabout 1.3 - 1.5 mm

(0.05 - A" GBodtNgNt ofcther Besent: invantionc pravides pa ahanufbetueng Tnétheyirsied a

met hod  grepaming wadding filtd nfbtal made of nickel-base alloys, and particularly nickel-base
superalloys The approach may substantially reduce the cost per pound of the
manufactured weldlng filler metal, without any reduction in qualtty

According to a first aspect there is provided a method of manufacturing a welding
filler metal comprising the steps of castlng a nickel-base alioy as an extrusion rod
hawng a diameter of ffom about 5- 13 mm (0.2- 0.5 mch) the extrusion rod having |
at least about 12 grains in a cross section of the extrusion rod, and extruding the
. extension rod 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 fi ller metal. In a preferred approach, the nickel base alloy is cast to an
extrusion-rod diameter of about 6 mm (1/4 inch), and then extruded to a filier-metal
diameter of from about 1.3 - 1.5 mm (0.05 - 0.06 inch).

According to a second aspect, there is provided a2 method of manufacturing a'.
| welding filler metal comprising the steps of casting a nickel-base alloy as an
extrusion rod of about 6 mm (1/4 inch) diameter, the extrusion rod having at least

about 12 grains in a 6 mm (1/4 inch) diameter cross section of the extrusion rod; and
- extrud:ng the extrusion rod
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wel ding filler metal conprising the steps of casting a nickel-base alloy as
an extrusion rod of about 6 mm (114 inch) dianeter, theB&ESPREE FHor od
having at |east about 12 grains in a 6 mm (114 inch) dianeter cross
section of the extrusion rod; and extruding the extrusion rod 8 February
2006 in a single extrusion operation to a filler-nmetal dianeter of from

about 1.3 in dsiﬁglm@;drﬂé?er@éperaﬁo & 4 Afdtmeta! &I%}?éﬁp 84; nglgsb?ﬁg?.% _appraach works

vvit.havvi\(iﬁ)éarl t_%/ﬁof ni ckel -base al'l oys, enefits are
achi eved 8 -0 ingtdxel - base al | oy is a nickel base superalloy. Exanples
of nickel -base superall oys operable with the present invention include
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extrusion rod. This structure is preferably achieved by casting with a:
casting subsiRlss ofgrickel-bassrsuipenaloyscipstrbleleith the posspnt inventionimcludssRenct ast i ng
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grains than specified, it is likely that during the single extrusion
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have a gr@y C tallographic orientation is unfayorable for
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| ar ge numiadhere(it tp@ndrridrsudbaior 208 ofthe idki. ext rusi on rods are bundl ed

t oget her and extruded at once, sone of the neighboring extrusion rods wl|l
be of reduced cross-sectional area to accommpdate the bul ge. Consequently,
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a grain whose crystallographic orientation is unfaverable for extrusion. That is, there will
be a “bulge” at the location of the unfavorably oriented grain, 50 that the extruded rod is
- riot uniformly reduced at that location but remains somewhat enlarged while regions on
either side along the length of the rod are fully reduced. Because usually é 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
accommodétg the bulge. Consequently, a large number of the extruded welding fiiler
 mietal rods will have  defect that must be cut out, shortening the effective length of each
good section of weiding; 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
" ptoduct. The present approach, by starting with a mlaﬁfely large number of grains in the
-cast extrusion rod, may reduce the chances of such an occurrence. The present approach |

~may thus produce welding filler metal of significantly reduced cost, because the yield of final
product as a fraction of the starting weight of material is increased.




along the length of the welding filler netal, and increasing the per-pound
cost of the final product The present approach, by -st aPt® @'a@ﬁ%q%sa
relatively |arge nunber of grains in the cast extrusion rod, may reduce

t he chances of such an occurrence. The present approach may thus produce
wel ding filler netal of significantly reduced cost, because the yield of
final product as a fraction of the starting weight of material is

i ncr eased. Ogdrabitims V. r t vantages of th resent
invention will be appaélrag%?a%% (tn;gl% I%%%%B\;%élﬁg%r‘@hdg? 'éiPPaéﬁdeQ‘gr' Btion of
t he pref er fllowimpadradattiledtdaseiption of thejpiteire®8mbddifdnd, 'ﬂ&mﬁ%@d}gﬁ{}lﬁbﬁg

dr awi ngs, %ﬁ%ﬁl | ustrate, by way of exanple, the principles 0f the

i nventi on. fheacepapayyig depvings, HEcayIraled R gUe fexampls, thehirinciplediofgr am of
a prior appeeRehibpr preparing welding filler nmetal of nickel-base

superal l oys; Figure 2 is a block diagramof the present approach for

preparing welding filler nmetal of nickel-base superalloys; Figure 3 is a

perspect i vVBRIERIESCRIATION OFSTIIR DRAWINesar ed by the approach of Figure 2;
Figure 4 is an enlarged cross-sectional view of the extrusion rod of Figure

3, taken line. 4;4:. FEigure is a schematic view of a casting nold for
prepari ngog%ﬁﬁﬂlsisﬁbllo% ,‘ha%l"’é‘hf’ga@ﬂi% apprepaheion drepating seiding fillenmdetaliofw of an
extrusi on mslephidsudbralibf; €xtrusion rods of Figure 3, but after the single
extrusi on has been conplefed. DETAILED DESCRI PTI ON OF THE | NVENTI ON Fi gure

1 depicts a prior approach for preparing welding filler nmetal of a

ni ckel - basi@gurs den hldckylidgrannofthe petaerd approactofor pRpuiinglwaldingXilRy e 8£ 05 -

0. 06 inch)njg(ie? ter. one- inch (25 mm round bar of the nickel-base
superal oy 18 CastS'PHANESal 20. This bar is extruded to about 1/4 inch (6
mm) dianeter in a first extrusion operation, nuneral 22. In performng

this firstFigutBush Pttt/ ofth okBE: AN PEML PRI HhANE! §'mBALS. are

Figure 4 is an enlarged cross-sectional view of the extrusion rod of Figure 3, taken on line
4-4;

Figure 5 is a schematic view of a casting mold for preparing extrusion rod;

Figure 6 is a schematic cross-sectional view of an extrusion assembly of the extrusion

rods of Figure 3, but after the single extrusion has been completed.

DETAILED DESCRIPTION OF THE, INVENTION

Figure 1 depicts a prior approach for preparing welding filler metal of a nickel-base
superalloy in a standard size of about 1.3 - 1.5 mm {0.05 - 0.06 inch) diameter, A one-
inch (25 mm) round bar of the nickel-base superalloy is cast, numeral 20. This bar is
extruded to about 1/4 inch (6 mm) diameter in a first extrusion opération, numeral 22.
In performing this first extrusion, a number of the one-inch (25mm}) diameter bars are
" bundled together inside a steel extrusion can which is welded shut. The extrusion can
and the contained bars are extruded with an areal extrusion ratio of about 16:1. After
extrusion, the can is removed from the resulting 1/4 inch (25 mm) diameter rods. The

rods are cleaned, and a number of the 1/4-inch (25 mam) diameter rods are repackaged in -




bundl ed together inside a steel extrusion can which is ‘Aﬁlﬁdﬁd shb;ci9 The
extrusion can and the contained bars are extruded with MY %trusi on
ratio of about 16:1. After extrusion, the can is renoved fromthe
resulting 1/4 inch (25 nun) dianeter rods. The rods are cleaned, and a
nunber of the 1/4-inch (25 mm) di ameter rods are repackaged in 8 February
2006 anot her steel extrusion can and second extruded, nunmeral 24, wth an

ext r usi on anethtrcstelietirusion@hn ittsctQiox@iGed RAMEral2 B withlan2x R DrR5 -sﬁch% inch)
in diameter after subsequent renoval fromthe extrusion can. Eac
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percent of the total weight that is first cast In’step may be even
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ni ckel -base supera , IS provided and cast I"'nto an trusi
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1/ 4 inch di anet er Xt rysi rod and a 0.06 inch (1.5 nm dianeter
wel di ng f EﬁOQ?eﬁB?%ﬁ?gfgsagge%e,l ‘Bﬁ&ﬂ]teﬁ@etq?-nvent ion is not so limted.
("Welding filler netal"” is also sonetines ternmed "weld rod" or "weld wre"
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the alloy has nore nickel present” than any other elenen e nrc & - base
super al | ojiskelrkase sypsrallaly) is pubvided ampessit fritoan ehatsions rat 30enBértthageesbyt t he
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the alloy has more nickel present than any other element. The nickel-base superalloys are
‘typically of a composition that is strengthened by the precipitation of gamma-primelphaSe
or a related phase. The nickel-base superalloy alloy typically has a composttion, in
weight percent, of from about 4 to about 20 percent cobalt, from about 1 to ébout 10
percent chromium, from about 4 to about 7 percent aluminum, from 0 to about 2 percent
molybdenum, from about 3 to about 8 percent tungsten, from about 4 to about 12 percent

: tantalum, from 0 to about 3 percent titanium, from 0 to 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 hafnium, 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 percént tantalum,

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




to about 6 percent ruthenium from .0 to about 1 percent niobiu fromO to
about 0.1 percent carbon, fromO to.about 0.01 percent B&eBHay£2¥B o to
about 0.1 percent yttrium fromO 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 mnmay be used include Rene'
195, which has a conposition, in weight percent, of from about 7.4 to
about 7.8 henhGdalit ¢ ean lﬁaﬁ.‘é . er t_tantal um
fromabout. 2.9 to abgﬂ?y%ﬂ.tg'{oge)&c%%? co gliﬁf ?8?1?%%%8%&% .Oggﬁ' B 8

percent alSili¢amfromeabet. @ 4o 30 Gefoanmuagn, fOmldotiol 8k ubou 1 BrpQheent
silicon, fromabout 3.7 to

haf ni um fﬁjom ab%}{b&‘ﬁ 68 about Q.6 percent

about 4 percun: ahO-01 oy abois QA3 perepnt earbory fitorm algous S databout B2 um
from aboutpele : : fxomahout. 0.01 to abput 0.02
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has a noniaeaipositionpm sicigho percentwiiabbit P peeait cobaleRBst 7 pRedif Ch@RLuEOLal t,
about 7 peai)ce{g chrom ym, about 6.2 percent alum num about 6.5 pefcent
tant al um 2XBYIR-2 Berget ahypingm ahoute:> patseuitantalus, gwut 6 perca tyigdtenuahouabout 3

percent r ® carbon, abou . 004 percent boron,

about 0. 1??5%%@%?%%&%5 aggﬁttcf(;ﬁér%rﬁtr T 8'%‘1”&: grp(t)s RAFEST ﬁ?ﬁ%‘msb@"%ce

ni ckel and.G04cpetest dorduypbisutt 0. &S peremChaiom, Wi 6 MbBas 091 MRIARLEQYPOSI ti on
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in  wei ghtb&gqgr cent of about 12.5 percent cobalt, about 4.2 percen
chrom um £ nigke] andyicidental impppuptsigesRane’ Wb ouhiclshasm peniogontposigeh &n, about

5.4 : ' . b 5.75
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0. 004 per perkntmolybdenaboubioud 55 fefdeGitheid, EbMS ARk QAL Schi
incidental inpuritjes; Rene 142,11&\/\,hi ch %asnt’a nomﬁgl coﬁnlggig%?%%@ﬁn wei ght

percent, &frcenijariplums, abat Seift peresphaluminive wbod. (6l Smreanbafolung mbom0.¢soout 1. 5
per cent cent ,t ten, ahout 6.4 per.cent
t-ant al umnt%gl&tec %’g@@}éﬁﬂﬁae? (fjeﬁfﬁ(if abgﬁ @F@n}igvmga%aﬂ%ww%out 1.5

percent hadcdental irpaities;0RéhedD coich Gad @ﬁ&nﬁﬁp@ﬁgaos@ioﬁ In rﬁi@gﬁg}c&%@ n,

bal ance ni ckel _and incidental inpurities; PWAL480, whic nom nal

conpositiB o4t 2psresht cohektchnut 678 pasesut chropdwmertiout bgicicens boltbded@n per cent
about 4.9 percent tungsten, about 6.4 percent tantalum, about 6.2 percent aluminum,

about 2.8 pefcent rhenium, about 175 percent hafnium, about 0.1 percent carbon, about
0.015 perceht borqn, balance nickel and incidental impurities; PWA 1480, which has a
nominal composition in weight percent of about 5 percent cobalt, about 10 percent
chromium, about 4 percent tungsten, about 12 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 petcent hafnium, balance nickel and incidental -impurities. The

- present approach is not limited to these nickel-base superalloys, which are presented only

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

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

_ rangipg from about 5 - 13 mm (0.2 - 0.5 inch), and more preferably from about 5 - § mm




chromi um about 4 percent tungsten, about 12 percent tan%}%ée m a o%t 5
percent alum num about 1.5 percent titanium bal ance n [uag 00
incidental inpurities; and PWA1484, which has a nom nal conposition in

wei ght percent of about 10 percent cobalt, about 5 percent chrom um about
2 percent nol ybdenum about 6 percent tungsten, about 3 .percent rhenium
about 8.7 percent tantalum about 5.6 percent alum num about 0.1 percent
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is not perfectly round, there nust still be at
| east about 12 grains in the cross-sectional area of an equivalent 1/4-inch
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si ngl e gr Hké&iRhd Wik 3Rk Bin | oLientati.on will.dom nate at |east
sone regions al ong t heglﬁagérfgt ﬁ))fog t h%ﬂlgxet&krﬁglﬁ% Hn?%ﬁu%‘fyfl pipgte E@’?te
ext r usi ons@peregions along edength of theiestrasioreotIdusih® theRi @S x thBichedbin Of a
bul ge in Irﬁe rOﬁJ.at t he loc&;\tion of the
| Lhe resull 1s 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 wellding operations are
much more easily conducted when the welding filler metal is of uniform diaméter, 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 tv&o,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 -




unfavorabl e grain orientation. Because a | arge nunber of the extrusion rods
are packed together in the extrusion can, a correspondi AgeBerBe£046, t he
formof a reduced section will be found in the nei ghboring extruded

wel ding filler netal. The wel ding operations are nuch nore easily
conducted when the welding filler netal is of uniformdianeter, and such
defects can interfere with the wel ding operations. The defective | engths of

vel ding  fcobligs tH@ta@IbygﬁMmh theC H‘Iolt@{gt stdR e GornbRRndGE esﬁfi{l Yr@ethﬁﬁ%tsé}gt but t

wel ded in an end-to-en fashi on, but that repalr is cos t he

present ahroadimansiqallyfosorchathe hauidustempéraheafir maballys avgillaildfomn t he
ter _as-cast extrusion rod 40 so as to avoid such

1/4-inch (6 M. dia

def ect s. %Gegg‘h'éﬂﬁmd% apediagragy 4 the sppeghent isgreater than eba 4040 ONthefe t he 1/ 4
inch (6 I P Lo ferred to ing t ecific.features in
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super heat gefingsio nore than about 10C (50F). The "superheat" is the

di fference between the nolten netal pouring tenperature and the |iquidus

t enper at ugﬁ of the alloy. The liquidus tenperature is the tenperature at
whi ch, updhie feenddpatize iy theay tfs easbng myld Ad Siowoyin Figure Shis providehwithat e, t he

f ti . ' is. fi { ical |y f d..The liquid
t enper at ufa SEEEAT B it oSl a8 DUBE BRGY BATST o MR S bP e e
di agram H6 id dehernntralip emficated 49 headi@of kiaN deROAd it PfacliSOR fiffer 465 2

tendency to forma small nunber of large grains, rather than a large nunber
of small SYYRICHY 2 nyeliseeismellmaticlessushsas dobelt pxide edlerédiy thohokr4drfacshown i n

Fi gure 5, 4i r.QVi A rain refiner .46 .0on e i nner, surface 48 of
Cha ot o a8 Pr B Rauy’ e St Pl ied S1hait el A8 ror e SllsB v
i ndi cat edofisucleation ises adfwhsshBdrhing 81a§ nualBse] ThoE&EbinGGor mPQro@J é_ﬁgéﬁéé ner 46

is typically a plurality of small particles such as cobalt oxide adhered to
t he i nner 2d,the psesenogpoighe grpin refingr sidiin agifevimp dweobjendive of at lbast hbautd® gr ai n

refiner 4 ke .l ar unper,  of nucleation sites at. whic ai ns may
nucl eat e. : iﬁgq%g%bll/%ﬂc?iﬁ% {lg‘enetfe%%o?tfﬁg?% R Eedibion o 4D, Y
- 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 opération, to a diameter of less
than about 2 mm (0.1 inch) and with an areal extrusion ratid 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 ﬁlier metal is not obtaﬁned. 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 F igure 6. .To accomplish this
B single extrusion, a number of the extrusion rods 40 (typically abouf 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.




and the presence of the grain refiner aid in achieving tgggggé é#hﬁe of at

| east about 12 grains in the 1/4-inch (6 nm dianeter ¢ n of the
as-cast extrusion rod 40. The grain refiner normally renmains on the '
external surface of the rods and is renoved with the ceranmic shell during -
post-casting cleanup. The extrusion rod 40 is extruded, in a single
extrusion operation, to a dianeter of |less than about 2 mm (0.1 inch) and
w th an argaloveX taHiueR : ly from
about 9:1 to a o&{ 25: 1ﬁﬁr?ﬁlrir{é?]?‘:'%l]cts gétﬂeqﬂiénﬁ%ﬁ%% %f%d&ggg%qo{n&%@g A

ratio is towepases ofillugtrating, mmmmséﬂmﬁn’r@bﬂéﬁ@@ém&dﬁ%ﬁ?ﬁé niadé Qithbex
extru5|onﬁ% mhge cross- sectional area of the rods after extrusion. Again,
the rods % figm the spigd andsqops Rfithernvestions Aseerdingly, theunvertion is got
accept abl g, is less than about 9:1, the
desired f|n26h§¥%gg¥ufgg%?ﬁﬂ%e lﬁ%ﬁﬁ%} ?Iler metal is not obtalned In the
preferred case, the 6 nm (1/4-inch) dianeter extrusion rod 40.is extruded
to about 1.3 -"1.5 nun (0.05 - 0.06 inch) dianeter welding filler nmetal"

52, illustrated in Figure 6. To acconplish this single extrusion, a nunber
of the extrusion rods 40 (typically about 200) are packed into an
extrusion can 54, typically nade of steel. The extrusion can is wel ded
shut, heated to an extrusion tenperature which for nickel-base superall oys
i s about 1200C (2200F), and extruded using a |l arge extrusion press with
the desired extrusion ratio. 8 February 2006 Although particul ar

embodi ments of the invention have been described in detail for purposes of
illustration, various nodifications and enhancements may be nmade without -
departing fron1the spirit and scope of the invention. Accordingly, the
invention is not to be limted except as by the appended clains. CLAI M

1. A nethod of manufacturing a welding filler nmetal} conprising the steps -
of . casting a nickel-base alloy as an extrusion rod. having a di aneter of
fromabout 5 - 13 mMm (0.2 to 0.5 inch), the extrusion rod having at | east
about 12 grains 5 in a cross section of the extrusion rods and




extruding the extrusion rod in a srngle extrusion operatéﬁn to ' f|IIer
nmetal dianeter of |ess than about 2 nm (0.1 inch) and us SR

extrusion ratio of at |east about 9:1 to formthe wel ding f|IIer netal 10
2. The nethod of claim1l, wherein the step of casting the nickel-base all oy
I ncludes the step of casting a nickel-base superalloy. 3. The nethod of

claim1 or ELAIMS=in the step of casting includes the step of casting a
ni ckel - base. al | oy haV| ng a conposition selected fromthe group 15

consisting pf Reg has & osition in weight percent

of about 7.4-7. 8 rcentdmhfagﬁl "QE'G&E’S]G“?}C he peordisingdhe stepraf: about

per cont. hal e ‘@ipﬁﬁ; “‘°“"“““”""‘°’”7“*5“8°’“”3w"%%ﬁ' T s SRiflecor bonp- 10
about ™ 1. rceﬁ{(:hﬁﬁlé ’@’Pﬂf t Oh@i‘%a@wp@?l&éﬂtﬁfm@%rbon

t ungst gn, 819
about . 01- ‘63(92"35}?)@?“@99 SKBHsion eodyi ndemdni ckel and incidental

irrpuritles Renesxtddin om nal ositipn in weight percent of

about 7.5 %rﬁf&r}t{t cob \glﬁ%% E éltl?(}éppergigln n@ “a?itﬁﬁﬂ%l@péﬁ@

al um num ﬂbmtéamm(ﬁabmch)&cbﬁs’:ﬁgﬁh afdét%ﬁﬁﬁﬁonﬁ{ifaut 1.5

per cent rmqutadwagt%oattg)pto ﬁ,rﬁleﬂ]geghtl%g@_w g%%alabout_o 05 percent carbon,
out

about 0.004 percent boron, haf nium up to about 0.01
percent yttrium balance nickel and incidental inpurities; 25 Rene' N6,
whi ch has a nom nal conposition in weight per cent of about 12.5 percent

gol;glltgerigﬁut 4136??.'(131?6&1%95 4 pnércen%l rhenr eelgtﬁ%%?’lagbb%t%%gﬂ%g b-OUt
"~ tantal um WM@P&‘&H&’”&ISW# 20 about 0. 15 percent'hafni um about

0. 05: percent carbon, about 0. 004 percent boron, about 0.01 percent
yttrium bglan [ rrpurl ties; Rene 142, 30 which has
ol &ESJ?f]‘c’] 8 ‘Efé‘#t the gfep afragting inchusles et stepoafal t, about

a- nom nal corrposr

6.8 percent chr@ﬁimgm mdelibade. Hld;ehﬁﬁﬂg ﬁ%ﬂ?&ﬁﬁ%ﬁ%ﬁ@@&t dpReLEENt

R g b i A ol ibon b s o .
about 0.-01543 & Resvent dhsoroinm, abaltz;ﬁ:ﬁ:-é Orpegdent tatalhm, abeutdRO.B3 pdeBdi bABAIES
- PWA1480, \wwibo6ty. @-%%eﬁ:eﬁ't%ﬁ:ﬂﬁ:lunﬁ 919@19:% fi 811 'pgrcen Ih%rt]mugf eur%to SOI) 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, remamder nickel and incidental
20 mmpurities; Rene’ N5, which has a nominal composition in wclght 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
thenium, about 0.05 percent carbon, about 0.004 percent boron, about 0.15 percent
~ hafnium, up to sbout 0.01 percent yttrium, balance nickel and incidental impurities; -
25 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 thenium, 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,
30  which has a noniinal composmon, 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 aluminunt, about 2.8 percent rhenium, about 1.5
percent hafhium, about 0.1 percent carbon, about 0,015 percent boron, balance nickel and
mctdental tmpuntles PWA1480, which has a nominal composition in weight percent of

10




.. 10 8 February 2006 about 5 percent cobalt, about 10 pg[fcgntaﬁg&ﬁé;ﬁ um
about 4 percent tungsten, about 12 percent tantalum ab8JdttPs t

al um num about 1.5 percent titanium bal ance nickel and incidental
impurities, and P WA 1484, which has a nom nal conposition in weight

per cent of a%'gg 10 percent cobalt, about 5 percent chrom um about 2
percent 5 nB FRTeaNt cobaltitaboutpld) meecent em@ﬁa@%oamggmgmg&%% tig;o?teﬁ' um
abou .

about 8.7 rCeil tantdldf -p&QQH .6 per.cent _al unm num_ per cent
haf ni um bglpé ce nicke Qgggs I nel ?e‘%ﬁ%?&%ﬁéi%“ﬁ@mﬁ&hﬂ@MMI any
one of the BPIBEArHY impyrities; angh BWEA M 84h ehididhel s@fnotisili Bhpodifioh ﬂph,g%ﬁ@
casting t hepencenk @if, abaas q t ) Lon-rod di anetey of about 6 mm
(U4 gnch) vvhaer inoé) eré%étte(%b%g %(ﬁt%ﬁﬁgpﬁm%ﬁ uny ghoutt 2 pegsent
extrud"lt ng t'ﬁeﬂg‘%‘%’sia & Bereent Aungstone mboutt hipenteatwbbainmo fabbutog’y FeRkhe 1. 3 -
1.5 nm (0.tagalum, abéif 5i6pédent ERmBinudh ny.one of the preceding
L et SodtE 01 Bt R bedpoce alekblandg 1 no

cl ai s, wh e step of extrudi ng
extrusion fq{l)% %h(t)&lgmpwiil r-netal dianeter of from about 1.3 mm (0.05 inch)

to about 1.5 nun (0.06 inch). ?0 6. The nethod of any one of the preceding

cl ai ms, whgrei nf,l cast ] the nickel-base alloy includes the
step of casiin 'I% Zne;flmgq(éfa%ag‘ée ﬁfa’gypwgadmmmﬁeﬂq)omghan
aboutl 10C . 7. The nmethod of any one of the preceding clains, wherein
the step of casgdsp . lL.ckel .-base alloy includes the step of A
i nvest ment, cast i({‘ng %H%%ﬁ?%eig%ebag@gtglaFW%'@ fismeter-of abowtes sy (14 n
refiner. adfiéVefR Y"BefawthﬁﬁepOﬁﬂtﬂmﬁ@ini:luaem%t@foft.he mold 8. The nethod of

any one of the qxtedRgiRdextusioflfod NSl fidNe.of (ﬁgmgt];r g'\fxt{'ornllJ gll)or:g 13-15
mm (0.05 to 0.06 inch). '

15
?. The method of any one of the preceding claims, wherein thé step of extruding
includes the step of extruding the extrusionrod  -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). .

’5 7 The method of any one of the preceding claims, wherein the sfep of casting the
5 mcl;ebbase, alloy includes the step of investment casting the nickel-base alioy into a mold
: _having a grain refiner adherent to an inner surface of a wall of the mold; |

| 8 ; "I‘he-method’ of any one of the preceding claims, wherein the step of éxtmding
o Ancludes the step of extruding the extrusionrod with an areal extrusion ratio of fmm.
0 about 9:1 to about 25:1. |

9. A method of manufacturing a welding filler metal, comprising the steps of:

. casting a nickel-base alloy as an extrusion rod  of about 6 mm (1/4 inch)
| diameter, the extrusionrod  having at least about 12 grains in 2 6 mm (1/4 inch)
5. diameter cross section of the extrusion red;  and |

11




i ncl udes the step of extruding the extrusion rod with an_areal extrusion
RAf2Rt €%nhg a

ratio of from 10 about 9.:1 to about 25:1. A nethod of
welding filler netal) conprising the steps of casting a nickel-base all oy
as an extrusion rod of about 6 mm (1/4 inch) dianeter, the extrusion rod

| east about 12 .grains in a 6 mMm (1/4 inch) diameter cross

havi ng. at
section of the -extudisgithextmsion rodd 8 ifeRingR skirgH Pégég ' e ext rusion
rod in a sidigh&efottiidhs b QRELAL 'OQ%.t a ?igl I er-mgeltqg | ?ig{r?er?%frlgﬁ?&ﬁ om
about 1.3 nm (0. 05 |nch§(n{ o aW‘ .’5‘°W@b‘f"@é-§ﬁ@h§0-061@9hﬁhe net hod of
claim9, wherein the step of casting the nickel-base al-loy includes the
hod of claim9 or

0. vier Efﬂgag The Al of 840t o WRELTH h8Yeep Ecastng g mickelChase plly ncludes -
ni ckel™ basgil TSt daaiingmnigkel bapostiperalloysel ect ed from the group consi sting

of Rene' 195, which has a nom nal conposition in weight percent of about

10 7.4-7.8 gerc t chrom um about 5.3-5.6 percent tantal um ‘about 2.9-3.3
percent cobXI t’ ‘ﬁﬂl?H’Pd'ﬂfGlaﬂnﬁeqfdanhatﬁmthewtmoibmﬁhg%clﬁde@tﬂ@s@%f;ent

BboLt L. 5-g i peranar Franl o iy WAk p fieitoh SIACEPRL Ihe gmon:
0.01-0.02 ﬁerlggﬁé%&%%ﬁsgeﬁc@ﬁaﬁpm-camosiﬁmiﬂnweightpdrmnﬂbf‘fabaﬁ; Rene'’
N5, Wi ch . Gparcent niabntanpiboit 5.915.6 Pertit YalRE! A5 2 813 RBAULnc Lotd S
R O BN N MO ) B

about 6.5 percent

mol ybdenufilicaBorhous3 Fet.@ percenttingsstenuba 15-1.0 p@x@eﬂ%&ﬁgﬁ]}j‘ X Jl,?@ng ut

yitri uny Qarenb 2O, SR, ORGSR g ebaindel micol s, isideont e 5
nom nal - cBHAENES Bane' NSt hapemomsihalongosition 12 weighepaedit of 8h6:93) !
abous 4. Zpecesegtals ket RS BRI AR 07D
“about 5.7 PeAbout 1 percent Wngsisoy abaut 1155 ipercentnolybi&ived]) abdOs tpefbeRd
per cent ‘cﬂIebimn, &80ati0.08. RénP 854BER! 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 thenium, 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 yitrium, balance nickel and incidental impurities; Rene 142,
| which has a nominal composition, in weight peréent, of about 12 percent cdbalt, about
25 - 6.8 percent chromium, about 1.5 peicent molybdenum, about 4.9 percent fungsten, about
6.4 percent tantalum, about 6.2 percent aluminum, about 2.8 percent thenium, about 1.5
percent hafnium, about 0.1 percent carbon, about 0.015 percent boron, balance nicke] and
ipcideﬂtal_imptirities; PWA1480, which has a nominal composition in weight percent of
, a‘bout.S percent cobalt, about 10 percent chromium, about 4 percent tungsten, about 12'

- 30 percent tantalum, about 5 percent aluminum, about 1.5 percént titanium, balance nickel
‘and incidental impurities; and PWA1484, which has a nominal mmposiﬁon 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 percént hafnium, baiancé nickel and
85 incidental impurities. ' |
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boron, about 0.01 percent yttrium balance nickel and 'nﬁﬁdﬁgrt al %Oogercent

inmpurities; Rene 142, which has a nom nal conposition

of about 12 percent cobalt, about 25 6.8 percent chromi um about 1.5
percent nol ybdenum about 4.9 percent tungsten, about - 6.4 percent

tantal um about 6.2 percent alum'num about 2.8.percent rhenium about 1.5
percent hafnium about 0 1 percent carbon, about 0.015 percent boron;

bal ance ni gxel uritie PWA1480, which has_a nom nal
conposi t | oﬁr n \i\!/feirgg i per g@?’l ?tmglp@?@ﬁ@ecﬁ%?f%@@ nigkeber cent

chrom um %@ﬂonlq@bldeeﬂw stepiodsasting tlahﬁcltel-basewof Qﬁﬁ%&ﬁ@&tﬂiﬂiﬁl mégout 5

percent al ghgh BH6Y: pg efy 5 percent titanium balance nickel and
incidental inpuri t| es, r)d PWA1484, which has a nom nal conposition in
wei g per cent of about 10 . percent cobalt, about 5 percent chrom um

about 2 perxentTh nt tun about 3 p rcent
rheni um g‘?out :E%%rgggﬁ#{?%ngn?% Bg%g ﬁ’é f"é?tmﬁthﬁ @lbout 0.1

percent h 93¢ alley igsludesdbe ?FPBRéinVasmhent cﬁsﬁmg:thelmkdl-bﬂsﬂﬁllkﬁy fntesmold 12 8
February 26Rmgl@graihiiefind biRdeR’ erein the step
of casting theg ni ckel - btgse xﬁﬁg;&/ﬂ%?ﬁ‘\gg t%hgwgpep ot "é%@’tc’:{\‘ﬂg t he

ni ckel -base alloy with a superheat of no nore than about 10C (50F). 5 I 3.
The net hod of any one of clainms 9 to 12, wherein the step of casting the

ni ckel - base alloy includes the step of investnent casting the nickel-base
alloy into a nold having a grain refiner adherent to an inner surface of a
wal | of the nold. .13
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