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 ?fﬁﬂpq% PRt al

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 aéalglled to a face of a substrate to build up the
substrate. This seclgﬁﬁq@lf@é\. Mﬁ“@uﬁ@%gﬁiﬁfbl\f@h&r 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 may be of nti.nuous Iengt hs used in automated wel ding nachi nes. A w de
variety ofill F“’I‘Fgﬂl@ din weldingproes g anch dn narticwler, & argeconohnizal metufhcturing 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 draWACKGRMMDODF SHEJSN/ENPDIGer techni ques are also of linmted use,
as they are expensive and nay lead to a final product of insufficient

ductilityto be ef | . Instead, in cgonventignal commercial practice the
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metal (also sometimes termed “weld rod” or “weld wire” in the art). In another type of
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 répair 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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mm) dianeter. The 1/4-inch (6 mm) dianeter rods are de-c t to
| ength, sealed S February 2006 into a anot her extrusion (qutruded a
second tine'to about 0.06 inch (1.5 mm) dianeter. T approach I-s accept abl e
technically, but it leads to a high cost of the superalloy welding filler
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ni ckel - base superalloys The approach nay substantlally reduce t he cost
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.|n a crosdvmcon of the extrusron rod, and extrudl ng the extension rod
in a single extrusion operation to a filler-metal dianmeter of |ess t han

~about 2 I.nc and usi ng an areal extrusion ratio of at |east about
9: 1tof§ﬁé‘9§m N In a preferred approach, the nickel
base all Oré cast to an extru5| on-rod di aneter of about 6 mm (114 inch),
and t herf® ﬁ"ﬁ%?&@@prtt Pfathe; pregentrimvantion. provides a manufacturing method for
preparing welding filler metal 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 castrng a nickel-base alioy as an extrusion rod
havmg 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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di aneter of fromabout 1.3 - 1.5 mm (0.05 - 0.06 inch). According to a
second aspect, there is provided a method of manufact urif§ehrd Wong
filler metal conprising the steps of casting a nickel-base alloy as an
extrusion rod of about 6 nm (114 inch) diameter, the extrusion rod having
~at least about 12 grains in a 6 nm (114 inch) dianmeter cross section of
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1.5 nm ( 1nch) Al t hough the present approach works with a w de
vari ety of nickel-base alloys, its greatest benefits are achi eved when the
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about 10C ?%5 gﬂg%ﬁﬁ%ﬁ &f&? rﬁ%ﬁg‘bagﬁlsﬁ@”ﬂ@g@ﬁgg e alloy into a nold
having a grain ref| ner "adherent to an inner surface of a wall of the nold.
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not uggé F?%na l‘rl\}gaﬁléﬁc%tmpﬂg? XPE%’&F‘F%FI Uptoratngld-havingagreint relidgrar ged
vvh| | e regladhsreoﬂoaellmﬂmsuﬁaciﬁofaé\ﬂﬁlgoftth@rﬂowgth of the rod are fully reduced
Because usually a |l arge nunber (typically about 200) of the extrusion rods
are bundl ed together and extruded at once,

I the cast extrusion rod has fewer grains than speclﬁed, it is likely that during the single

| extrusion operation at least some location along the length of the extrusion rod will have
a grain whose crystallographic orientation is unfavorable 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.



sonme of the neighboring extrusion rods will be of reduced cross-sectional
area to accommodate the bul ge. Consequently, a |large nufs&Prugry

extruded welding filler netal rods will have a defect that nust be cut
out, shortening the effective length of each good section of welding
filler metal,. increasing the nunber of joints that are required along the

| ength of the welding filler nmetal, and increasing the per-pound cost of
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| arge nunber of grains in the cast extrusion 1od,
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metal of sjignpificantly reduced cost, because the yield of fina product as
a fracti onch{Bﬂﬂ?é’c%'i“B g rginght Wiseh Hastste.dty way ofecnmple the BinBipleswdr y 2006
Q her feat #:95veflgy advant ages of the present invention will be apparent
fromthe followng nore detailed description of the preferred enbodi nent,
taken in conjunction wth the acconpanying draw ngs, which illustrate, by
way of exal * DERERPTION pIFEEHBDRAWENIGSvent i on. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a block diagramof a prior approach for preparing

wel ding fikler net of ..nickel-base superalloys; Figure 2 is a bl ock

di agram of “EHE LESARINEK disgragnehameier gprspagh fog predating gvelding dillermietl o6f

ni ckel -baslgc@mggeagub%ﬁbyg.:i gure 3 is a perspective view of an extrusion rod
prepared by the approach’ 6f Figure 2; Figure 4 is an enlarged
cross-sectional view of the extrusion rod of Figure 3, taken on line 4-4;
Figure 5 iBgure2dhehlock diagraawofthe presastappgadtviod pfophrif GBI Bl Xkl pF on 1 od;
Figure 6 inslckaei_%chenat‘i cross-sectional view of an extrusion assenbly of
the extruston PodPF ' gure 3, but after the single extrusion has been
conpl eted. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Figure 3 is a perspective view of an extrusion rod prepared by the approach of Figure 2; |

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 -




Figure 1 dep| cts a prior approach for preparing welding gll_J Lerﬁgﬁ@ of a
ni ckel -base superalloy in a standard size of about 1.3 05 -

0.06 inch) dianeter. A one- inch (25 m) round bar of the nickel -base
superalloy is cast, nunmeral 20. This bar is extruded to about 1/4 inch (6
mm) dianeter in a first extrusion operation, nuneral 22. |In performng
this first extrusion, a nunber of the one-inch (25nm dianeter bars are

bundl ed t agethéresteel a&rlﬁﬁn@msélﬁﬁéec&i@tdxﬁﬁﬁ&ﬁ nGRBralM, GhtH 5 WBhESHrafB Yhen The
extrusion can and the contained bars are extruded with an areal extrusion

ratio of aW¥he 1gissare Rb@'étrl 3 ext.p usino@,05%086 dach)iis diencterdftdr sbsdduent
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extrusion ratio such that the rods are about 6 inch)
in di amet ereight obthequateriad m@mduc¢Cbmm/ﬁtile réspectitelaxtrasibn psicess. daRombaedial

ext rusi on PIASERS htas a scr {y unu %éé material at the front end
and the t&I1VEndCEF PEH%ES%&'F QWallﬁﬁfatF‘Pﬁé 0 egcest oighe ok vesight drat isne

wei ght of f&sh%as!f&iﬁé ab, dnfl pLQcess. In
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per cent ofhis v yigldadf gned gielding fitler rsetal nesﬂts inastet ost of &pmdch avPIb40myp be even

| ower . jmateri ost, and this lowyield of good
wel di ng frﬁ(@ ﬁ'é‘f%ﬁ?ngﬂpp V%]ﬂm&fﬁ{éf t of as much as $1540/kg ($700
per pound) of usable welding filler nmetal. By contrast, Figure 2 .
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ni ckel - base superal IS provi cast into an extr on- rod 30. For
the presehic erbﬂlS@lSl@HeaalloanlsqfrO‘udei s east 1Mmanteh&u$1mefce¥3(EdFﬁ1tﬁe!pmsems of a

1/4 inch ter .ext r and. a 0..06 in di anet er
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the al | oyi8&iongs Botrsodieledp(S¥ eldingt ke metal” Btalkersomietmentermdtrayeli ekl - base
superal | 0¥~ H1& wire” in the art.) As used herein, “nickel-base™ means that the composition of
| 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 borbn, 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, -




typically of a conposition that is strengthened by the precipitation of
gama-pri ne phase or a related phase. The nickel -base s8feP&EN65W | oy
typically has a conposition, in weight percent, of fromabout 4 to about
20 percent cobalt, fromabout | to about 10 percent chrom um from about 4
to about 7 percent alumnum fromO to about 2 percent nolybdenum from
about 3 to about 8 percent tungsten, from about 4 to about 12 percent
tantal um fé@MEbBut @12 ti.kaniu. f t bout, .8 per cent
rhenium fromO to ag(gg%mg (}Sg g%ﬁ%mrﬁtiﬁﬁ{eﬁﬁf aﬂl.ﬁnm 4@(@%&%&%%%@&9%“8 rcent
ni obi um  fsileanofiom aboutd.7 6o dboupd pesht taagsuan frof MEUO1.5 G0 skt §hddenper cent

boron, fromQ to_.aboyt O percent yttrium fromO to about 1.5 percent
haf ni um brglFIgHJ@e ﬁiqpbﬂli@m grﬁél to ghow é’rﬁgd?em%eafbm drom goaus 0l atrmabest B2

speci fi ¢ Meskal bhd e ' Lch. 1] rgsent. invention may be
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per cent t%l:il?t a%%’ frg[’n about. 2.9 to about 3.3 percent cobalt, from about
7.6 to abdiP¥ -gle?r ugngwahopt 65 petsenidantalpmogbout 6 pembuutngdteh2atioat about

0.18 : ' t t bout 0. t LI ,
about s, 7 ToPaEchy el BB Broded Rt g OBt s hor cont

rheni um  f0:Q0 prourtt Hordd] abouta 08! ipeReABhATRIIGE Wy 16 HbRAN0.0f r&meﬁbgﬂﬁmﬁ- 01 to
about 0.0 percent boron, bal ance nickel and incidental “inpurfties! Rene'

N5, which cenightlppd ncidenighapuritiss; Ranelp giticlpbascomtmiod] @bpotition & per cent

cobal t, alQutn? r,qm ab .2 rcent, al um.num_. about 6.5

percent tant LPﬁlp&gggﬂ{lbOgE[}g;gcﬁér&m}tGﬂg@%’ea%?utaggtﬂﬁceﬂt. fEEAtbavs b denum
about 3 peewentmolybdinum, 280 8175GcRRNDBRERD], a6 BAber@RPHEniut:, 904,:BSY cent

boron, about 0.15 percent hafnium up to about O. lerpercerrllltug-hyttcftf8%r

bal ance nPEIcent tapfalum, aboys §i 73 peroeptialnminasn, ahewtd). 1 SNGrcanh hathivng sbeutricos nal
conpositi ' ' abou X ercent. co t, ahout 4.2
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5.75 per-celr;t all um num _about 0. 15 percent hafnium about
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 pefcent thenium, about 1.5 percent hafnium, about ‘O'.l 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




percent carbon, about 0.004 percent boron, about 0.01 perﬁ:ent ¥t£ | um
bal ance nickel and -incidental inpurities; Rene 142, whi gieR 1 nal
conposition, in weight percent, of about 12 percent cobalt, about 6.8
percent chrom um about 1.5 percent nol ybdenum about 4.9 percent
tungsten, about 6.4 percent tantalum about 6.2 percent alum num about
2.8 percent rhenium about 1.5 percent hafnium about 0.1 percent carbon,
about 0. Q02 63 ekt HOGBE Am, A LOGL dent al < i rj.ti.es;
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super al | oyhd extmsion rod 60 eraghiloybepatectiptound. If iid me PetetThussh, gl ﬁgst
extrusion {ﬁ?’ 40 SQ,BV\“ in Figure 3, but the as-cast extrusion rod may have
a di amet efUH PEAGIEAT 2PPBInl 2t in the cros-sentiqral 2rea of a8 eiwivhlent Hadndgse

pr ef er abl ﬁuﬁfﬁ%@&ﬂ%’mﬁr mm (0.2 - 0.3 inch). If the dianeter of the
extrusion rod 40 1s |less ctl'han about 5 mm (0.2 inch), there will be

insufficient reduction in area upon extrusion to achieve the desired
propert i edn prefimiteey diveiestleading to the prosbhtiaveion0d Wi fofnd'BIz€ it BRRk Akout 13

mm (0.5 igpgh),., a typically nore than about 8 nm (0.3 inch), .It cannot be
ext r uded gc %&H?Itg'?‘?‘? lugngraavalm%m%%éﬁwtm ohthsr edusion MHeA0] iereich (6 nm)
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"equal tosyne Egpuediong thedength of theiegtiistorfrod sudiig aRldle &tthRidn O;EJQraﬁ t the
extrusion f10d 419. my not , be Qer fectly round. If it is not perfectly round,
t her e rrus'Ftr C Tesull 1s ail 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 -




still be at |east about 12 grains in the cross-sectional area of _an
equivalent 1/4-inch (6 mm diameter round rod. In preli &iFGBRENEZRE es

| eading to the present invention, it was found that, if there are fewer

t han about 12 grains in the cross section of the extrusion rod 40, there is
a |ikelihood that a single grain of unfavorable extrusion orientation wll
dom nate at |east sone regions along the length of the extrusion rod

duri ng t heoshmsliBe &bt UgLQN 3P |, O ' ext.rusi def ect
in the form oI:‘@a bul gguiﬁgﬁt Hg rﬁ{) gtﬁ?tﬁ’e%cfgﬁ%%hokftsﬁgd Ié% a\igo(r}g%tl e grain

ori ent at i dhermBdyrarsically favorgd Thetiquidef tetperanis forShanall®d s AaBaHeRked
toget her i.n t{;ﬁi extrysion can, a corresponding defect in the formof a

S
reduced sd&EEABHORPM Ptilaﬁf'edlﬁ%m If thesHperheat dngeaterigar about deC (B6FR); thgref i | | er

metal. Th e | ch npre easi cponduct ed en_t he
wel di ng f?ﬁl\ger ér#e}? g&:}{sna% unl}"%br% ograag%gtrglps,, r%\tﬁ?f '%ﬁ‘@é’f“@’g’f’%ggﬂﬁn

i nterferegnihd the wel di ng operations. The defective | engths of wel ding
filler metal may he cut out and the. non-defective lengths butt welded in
an end-to-g‘ggF fashion, but that repair is costly. Thus, the present

appr oach rk feafyre is et dhapersting mekd ¢4, Sowutin Towe & fyprovidedwith/ad- i nch

6 di | 40 .01 d h.d ts. T
bt i at o e erngeat it B AR B el shy nihiBuF 5 e EBnehien (6 mm
round rod46 id schématiualf aidicatkdtag alsatdsud embMAos Pk iﬁ?ﬁacfié‘ﬂf%b‘@ﬁﬁlljeﬂnérrl% casting

step 30. First, the nickel-base alloy is cast w a | ow superheat of no
mor e t han'SHBRiGaliviaplugatioryt smpllparticlgssneteas cobait oxide editiréd totimrioserisetfaveen t he

nolten me I ure.and.the liqui dus enper ature of the
al | oy. Thle‘ahfg‘ﬁi &gg‘?@f?@@ﬁ%?%ersénﬁlﬁpﬂ%eﬁOéjr%%%%%“épf e aares punber g
February aDflemiohisiies dt Rich droivis hfa9 MublBSie "Tht BSmBhak&h ofttﬂéloWu?%E.ﬁn of

solid metal . is first thernodynamically favored. The |iquidus tenperature
for nost M HePresencaefthe prain refioes aidis agjeving Bro ahjeqtive o6 adieasyrbont 12f t he

super heat gllaﬁls% aat ﬁlﬁiﬁcﬂ?g nﬁ’ll’?)o&{gmétgg er sSSOSI&:e):ﬁ_ont éﬁﬁg 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 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.




is a tendency to forma small nunber of |arge grains, raége% th | ar ge
number of small grains. The second feature is that the taStTaY d 44,
shown in Figure 5, is provided with a grain refiner 46 on the inner
surface 48 of the nold wall 50. In Figure 5, the grain refiner 46 is
schematically indicated as a series of small dots, and in practice the
grain refiner 46 is typically a plurality of small particles such as
cobal t oxiglghcudhew 1 f: . e . | . .50.. These
smal | particl eg g’;aﬁg%gfer?%ﬁ iingrill:'reh?\Sr Q%H%rlg?f?l éﬁgha]g%rb %éeh (ril%gngg?mo‘fletﬁ@é?reati on
sites at witegeldlingratioy, vatohembéificdiemsaadbhnacimihtohay Be nlagwmamper heat
and the prgsence .of &@e g{g%g refiner aid in achieyving the objective of at

| east abodEPAHNE G the spitit apdisoppg of Fherinyamtiogy Agrerdingly theripyentivads hotn of t he
as-cast ex$ by Hlfid e 495%Jﬂ£a Akl cfafhd ner normally remains on the
external surface of the rods and I's renoved with the ceram c shell during
post-casting cl eanup. The extrusion rod 40 is extruded, in a single
extrusi on operation, to a diameter of less than about 2 nm (0.1 inch) and
with an areal extrusion ratio of at |east about 9:1, and preferably from
about 9:1 to about 25:1, nuneral 32 of Figure 2. (The areal extrusion
ratiois 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 |ess than about 9:1, the
desired final structure of the welding filler nmetal is not obtained. In the
preferred case, the 6 mm (1/4-inch) dianeter extrusion rod 40 is extruded
to about 1.3 - 1.5 nun (0.05 - 0.06 inch) diameter welding filler netal

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 made 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 large extrusion press wth
the desired extrusion ratio. 8 February 2006




Al t hough particul ar enbodi nents of the invention have begﬁ glescré'o%gd I n
detail for purposes of illustration, various nodificatidn§”dAY
enhancenents may be made without departing fromthe spirit and scope of
the invention. Accordingly, the invention is not to be limted except as
by the appended clains. | CLAIMS: 1. A nethod of manufacturing a wel ding
filler metalCLAIMSrising the steps of. casting a nickel-base alloy as an

extrusion rod. having a dianeter of fromabout 5 - 13 mMm (0.2 to 0.5 inch),
51in a cross section of

the extrusign ro ' : ast abouyt. 12 grain L

the extrusion roﬁéﬁﬁdg}gﬁﬁw&“’é@@g etahd | rrompsisingthe sigpyafsi on
operation to 'a $astimgs nickels st AT exdfusiof $6d-t hafhaaihglﬁ ’%m@& i nch)
and Uusi ng_ agbodt £213 At 0Bl f:k] ofea.t | east abqut :1dlto o&’%ﬁ%ﬁie

vel di ng filler metal, (flofé’%rLe L@%%%W“S‘Pné? i m'Bavigatiensh abowt 12igmsingof

casting t he™i R sepien of dhelesfrusion radjes anie step of casting a nickel - base
rein the step of c I ng

'l oy. 3. Ly 1 20
Tnel udes ¢ he ¥ Sxeullhl 10 eRrOR £ g e S nledh ovpraors s dikeron
sel ected frB "ﬁéﬂ‘ﬁﬁebﬂﬂeisjhmabwgﬂm&.l Rehpand 8Sing whiaeda] BRGusdon ifihal

conpositi Omfiaﬂ[eéﬁiﬁbﬁtggff&ﬁ%ﬁ] :le] L%: 4-7.8 percent chrom um . about
5.3-5.6 percent tantalum a ou@gﬁ%§§ 5P?:eg‘ﬂt cobalt, ..about 7.6-8
percent al um num about 0.12-0.18 percent hafnium about 0.5-0.6. percent

sili clgn, about 3.7-4 percent tungsten, about 1.5-1.8 percent rhenium about

0. 01-19. 03 2per c¥hé methad bPHaint P Wlerdn Me Lerl reent. boron, .renainder

ni ckel andﬂi'erl,(ﬁei \(;Ivgnt 20. i rrﬁ#ri {1 es %esg? &lﬁ% &h%?ecrhcﬁejé)aﬁé ﬂ'[ﬂ!ﬁlﬁ%l oS
~conposition’i P |cﬁﬁ“gﬁé'f°(l5€ asgpupgsalley. 7. 5 percent cobalt, about 7 percent

chrom um about 6.2 percent alum num about 6.5 percent tantalum about 5
ercent rhenium

AR e S PR A N T MR WA A

: casting a nickel-base alloy having a composition selecied from the group
I5  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 mickel and incidental
20 mmpurities; Rene’ N5, which has a nomiinal composition in Wcight 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 molybdenﬁm, about 3 percent
rhenium, abou; 0.05 percent carbon, about 0.004 percent boron, about 0.15 percent

| haﬁ:uum, up to about 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 rhenium, about 7.2 percent tantalum, about 5.75 percent
aluminum, about 0.15 percent hafnium, about 0.05 percent carbon, abo'ut 0.004 percent

| “boron, about 0.01 percent yttrium, balance nickel and incidental 1mpur1tles, 'René 142,

30  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 aluminuni, 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; PWA 1480, which has a nominal composition in weight percent of
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haf nium up to about 0.01 percent yttrium bal ance nickel Fan) I n ent al
impurities; 25 Rene' N6, which has a nom nal corrp05|t|on i'fY 0 er cent
of about 12.5 percent <cobalt, about 4.2 percent chrom um about 1.4

per cent nol ybdenum about 5.75 percent tungsten, about 5.4 percent

r heni um ab?olut g 2 percent tantalum about 5.75 percent alum num about

0. 15 percen RPLRRL cebaltitaboutals) pepeent elbmierh Dabivut APEHLL ?,% ;?dbﬁte )
and_ 1 nci den

b b rCer®
opur t?eiu"e@ﬁn 0 loplii Sbout's borH Lt BT St igmmmm halonsiegiickel
per cent o3l igpuities; and BAVA 1484 wiiich 16 afiasto §1ﬁﬁhﬁf’kre%ﬁf’m 1.5

4 percen

per cent nolndnmnwﬂ babp ten
" tantalg 6. 2ap rgte) éer%dgen({oﬁﬁg] aﬁqgl?%f Ercgntpgﬁ'g%quﬁ tu%nPealGDUt 1.5
Per cent haf n&g#? PereeRtdupgsten; labogt fﬁbembnt&h@ﬂ;ﬁni;)%&ﬁrﬂ 758

bal ance ni mmammme%@%@%%“@ﬁe‘b%ég%fg I;l !has a nom naI

corrp05|t|orind l.aht
cobal t, about f%ﬁu% ® chroni um about 4 percent tungsten, about 12

percent t ant al um about 5 percent alum num about 1.5 percent titanium

bal ance ni gkel 4§, nt aI | rities; and P WA 1484, which has a
noni Bﬂ comp SI ti on ‘Jitﬂn&dvxg g}r)ﬂ’é mh@mdm stepbfilchstingbout 5
per ceft ‘chiisHdgsn about 2 percent 5 nol ybdenum about 6 percent tungsten,

about 3 per centcgsﬁﬂgn ercent . tantal um about 5.6 percent
al uni num .ab@uthqa) percel?e? ﬁ.&efaﬁt X&F ap sxtisignied dismegon of abeni Glmm 62/4
impurities® ?Félﬂﬁb@ISfoPOﬁmm:ni:luﬂaﬂhBr i ng clains, wherein the
step of casti NGextrhink i ng th ni ¢ e . base alloy to an

ter. o gou?&% {03 et eleroffram about d13e 5§ ep of

extrusion-1o
ext rudi ng Iﬁwg(f)&égmatoﬁén@ep of extrud| ng t he extru5| onrod to a
fillkr-metal dianmeter of fromabout 1.3 - 1.5 mm (0.05 to 0.06 inch).

5. The method of any one of the preceding claims, wherein the step of extruding
includes the step of extruding the extrusionrod  -to a filler-metal dtameter of from
about 1.3 mm (0.05 mch)toaboutl 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 step of casting the
LB nickel-base alloy includes the step of investment casting the nickel-base alioy into a mold
: _having a grain refiner adherent to an mner surface of a wall of the mold; |

8. 'I‘he method of any one of the preceding claims, wherein the step of cxtmdmg
o -inchides thie step of extruding the extrusionrod with an areal extrusion ratio of from
0 about 9:1 to about 25:1. |

9. A method of mauufacttmng 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 Ieast about 12 grains in a 6 mm (1/4 inch)
5 diameter cross section of the extrusionred;  and

11




15 5. The nmethod of any one of the preceding clainms, wherein the_step of
extruding includes the step of extruding the extrusi on P&§PEUENL2006

filler-metal diameter of from- about 1.3 nm (0.05 inch) to about 1.5 nun
(0.06 inch). ?0 6. The nethod of any one of the preceding clains, wherein
the ste of p casting the nickel-base alloy includes the step of casting

the ni ckel - base exitudingihe extasivnped heatin 8 kingR eMi‘énbE&Qﬁé@@%ﬁﬂ%%é OF) .
7. Th t [iasdy fe A0 ' | ai.ms, wh h :
g ¢ ne et Ao SR 1 40 B3 RN abofiic e O inpkost ment cast i ng

casting the 15 ni
the nickel base alloy into a nold -having a grain refi-ner adherent to an

'Lpgire%fﬁrgf ;I;gi © I8 et oF claie, WRbiting 405 oBFiching thp sickablusse Abowinelpdest -
extrudi ng FHStenefqastinga nigkelhasdsuparadlogal extrusion ratio of from 10 about

9.:1 to about 25:1. A nethod of manufacturing a welding filler netal)
casting a nickel-base alloy as an extrusion rod of

conpri si ng,§he s§eps_of
about 6 mi E'l/ "4ﬁﬁ§1‘?}h°6i°ftﬁﬁlér9, ortlie whgteinithe steprofidasting iimgudes thd £géf: about 12
.grains in a 6 catiod/enickel®Mase W3 X hOQ tﬁg Gl pusion rod
i and 8 Fe&ﬂé&ﬁ%‘ 2?@? gxtrud) '_ng t%, ﬁs‘.‘f‘%’r‘ﬁ’%@&“i Trigted F’eﬁﬁxﬁ"ﬂgi on -
oper?[t)i on ‘;;8—.761 gP l}éhé;‘l‘ H WJ“&  hage apminal compositiouin weightporééhit 05aboweh) to
aboull1.5 (®péréent nldoniurhhbokh % 31554 P&dert tarftA1d ”31:?)11- > g&gé 2 ep of
casting ! iboll £6S ARASEaRldm | BSLUSS o 11e. o %%@ﬁ% AR oo
superal | oy, 117", & . a Pf?‘ -h9- 1§ pereent : mbomtd).ﬁ-ﬂmen@ntasti ng
i ncl udes  SHicos: #oub3.7-4.¢ perventguregsteing Kisdut b@ﬁsgﬁoeﬂt rﬂéaﬁh@gal%u@ amges ' "
sel ected fpeRight %&E{)uﬂoﬁoﬂﬁgﬂ(}j‘iﬁ"f Foeon, Somiai ot ok 303 robena |
COMpoSi ti on 1 0. woL Gt “parcontUd op ron, 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
| 1Themum, about 0.05 percent carbon, about 0.004 percent boron, abeut 0.15 percent
hafnium, up to about 0.01 percent yitrium, 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
b{n:on, about 0.01 percent yttrium, balance nickel and incidental impurities; Rene 142,
| which has a nominal composition, in weight percent, 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
,!:erf:em haﬁuum, about 0.1 percent carbon, about 0.015 percent boron, balance nickel and
lpcldental_unpuﬁﬁes; PWAI1480, which has a nominal composiﬁdn in weight percent of
: a‘bout.S percent cobalt, about 10 percent chromium, about 4 percent tungsten, about 12
- 30 percfant tantalum, about 5 percent aluminum, about 1.5 percent titanium, balance nickel
‘and incidental impurities; and PWA1484, which has a nominal composition in weight
p@rcent of about 10 percent cobalt, about 5 percent chromium, about 2 percent
molybd_enum, 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
85 incidental impurities. '
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ol ybdenu

10 7.4-7.8 percent chrontunt about 5.3-5.6 percent tantaéenb abo 0 2.9-3.3
percent cobalt, about 7.6-8 percent alum num about 0.1 i@nb gent

haf nium 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 inpurities; Rene
N5, which has a nom nal conposition in meight percent of about 7.5 15

: t | t t. 6.2 t al
2@235”6_2‘)“’%%%%?99&%3?3?%&? Lol RSP L i die i ofasatng th ‘é&ttz{f‘cem
nF BHaY inglydes the mtep of basting the rtlelbad. Moy PEMEHHeMBEIITHo ARE U

0. 004 per cgih abstitqQe gﬁpg? 0.15 percent hafnium up to about 0.01 percent
yttriym balance nic i nd incidental inpurities; Rene' N6, which has a

nom mal conposition in weight percent of about 12.5 percent 20 cobal t,
cbout 4.2 T coThe saRIb-Gy GO il oRE T SHr RIS S OO 21

per cent ‘ﬁ%?@ about Perce

about 5. 75" Shipcluges the mmeﬂtdastmgathemkellfbhfsaaﬂkm inéh@Hiold. 05 :
percent cdiaving a gERUEAr QHerBR" OQ erc t yttrium

bal ance ni ckel and |nC|dentéﬁ&ﬁﬁgﬁr e|es ﬁ%%%hz s a nom nal

conposition, in weight percent, of about 12 percent cobalt about 25 6.8
percent chrom um about 1.5 percent nol ybdenum about 4.9 percent t ungst en,
about 6.4 percent tantalum 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 nickel and incidental inpurities; PWA1480, which
has a nom nal conposition in weight percent of about 5 percent cobalt,
about 10 percent chrom um about 4 percent tungsten, about 12 30 percent
tantal um about 5 percent alum num about 1.5 percent titanium bal ance

‘nickel and incidental inpurities; and PWA1484, which has a nom nal

conposition in weight percent of about 10 .percent cobalt, about 5 percent
chrom um about 2 percent nolybdenum about 6 percent tungsten, -about 3
percent rhenium about 8.7 percent tantalum about 5.6 percent alum num
about 0.1 percent hafnium balance nickel and ;5 incidental inpurities.
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.12 8 February 2006 12. The nethod of any one of clains erein
the step of casting the nickel- base alloy includes the Q?E%R@péggghrng t he
ni ckel -base alloy with a superheat of no nore than about 10C (50F). 5 | 3.
The met hod of any one of clains 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 MENHSOPHOD (R N CKEL- BASE ALLOY VELDI NG
FI LLER METAL ABSTRA! fi netal 52 |s manuf act ured by
casting a nickel - baﬁl%ﬁﬁwgéﬁ%%Ldt@E INfg E MBETHBvi ng a di ameter of -
fromabout 5 mMmm (0.2 inch) to about 13 nn1(0 5 |nch) The extrusion rod
(40) has at |east about 12 grains in the cross section of the extrusion

rod (40). The extrusion rod (40) i ABSIRACEd in a single extrusion
operation to a filler-netal dianmeter of less than about 2 nm (0.1 inch)

el ding ?Fefrﬁe@fér 5 ol 2 BBl S ool W aicherr sl tna.
ni ck basﬂé‘Ig%?}bro AR diliglltﬁﬁll Viformiaat 5 (B2)0.2 inch) i Aot rermmf(o gbout
(1 e o e Al e 1o 08 T Rl e” ™
gle 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). Preferably, the process
10 is used to make a nickel-base superalloy welding filler metal (52) of a diameter of about
1.3 - 1.5 mm (0.05-0.06 inch) from an extrusion-rod casting of a_borlt 6 mm (1/4 inch)
diameter and having at least about 12 grains in the cross section.

15  Fig. 2
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