PREPARATI ON OF FI LLER- METAL WELD ROD BY | NJECTI ON
MOLDI NG OF POADER This invention relates to the
preparation of filler-netal weld rod and, nore
particularly, to the preparation of weld rod of
difficult-to-deformalloys. BACKGROUND In a form of
wel di ng, I\l | { Syl ocal |y
mel ted, an ‘f%gAr?é mﬁk%%é'wgﬁ%ﬂ%gﬁvﬂw%ﬁDa second
metal . The t [ ced so that
the nelted Wﬁgﬂ(g%@pi‘%@aﬁéf@@g proach, the
second netal is another article, so that the two
articles are joined together. In another approach, the
second netal is an overlay deposit that is also

Thi§Biveibntllated Go tHaHril-HioADf BlleCASH] wildBd bhe h&s Phiticularly,
that the first article is overlaid with the second

to thapraparationf ofl weld redeefxliffienlide-defoon allaywi t her of t hese
approaches. In the joining of two articles by

I '@gNthefiller netal may be added into the nelted
BA(;\gr?ceﬁ PI Il the space between the two articles. In
the overlay process, the filler nmetal may form
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metplgp griged with arsecandimetaly phredsmperauge isberseliesiadussd so thah the
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different conposition to provide particular properties

depesyt thatds alse mgked dusngthreweldme psoagssamith dheresufhiiat the figst article

ismr/re%taad iﬂé oefst en dSUQeEJ ied as a weld rod that is used in
R0tonat &hvvgfcﬂnrﬁ apparatus and ot her wel di ng
procedures such as manual wel ding. (As used herein,

A filléraetal AAcbe ved th dier of thésk desrodh¥s | Iaahe folinBof thatart@il& by

consj dered rods and al so physical forns that are
welding gheiEHeranetplimay, besaddpdinte theimeelied aones todilbihy space between the
ected distihcti et her

arbitrari se as to the .
two e, 3P R Phctinty o TSR oalite MBS B8 saie
oved®y. AheTiIRS tfek AhayWRltBE Bne RVMRIor SUMM@MQIG:@B@EH% joined in

source such as a laser or electron beam heats the
the firstapproach. Intthe segpnd epipeoach, the fitker mesel, mashenthe ganse anfhe aticle
bein%ooc‘)/leﬂaig,h Sich'ab bin T @meiGhls SP%e bl 49 ae}nlgyregtgrded during a
repair process, or of a different composition to provide particular properties to the surface

of the overlaid article.

The filler metal is often supplied as a weld rod that is used in automated welding
apparatus and other welding procedures such as manual welding. (As used herein, “rod”
and “weld rod” include physical forms that are considered rods and also physical forms
that are considered wires, avoiding the need for any arbitrarily selected distinction as to
whether the physical form is a rod or a wire.) A heat source, such as an electrical welding
. power supply or a beam source such as a laser or electron beam, heats the region of the
-article to be melted, forming a molten pool. The filler-metal weld rod is gradually fed
. into the molten pool to supply the desired \;'olume of the filler metal.
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into the nolten pool to supply the desired vol une of

the filler netal. 1 The filler netal may be produced

inrod formin various ways. In one approach, it is

cast as a billet and then extruded or wire drawn to

smal  er transverse size. In another approach, it is
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starting material. The process is also relatively
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types ‘of products. The present invention fulfills
this need, and further provides rel ated advant ages.
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The present invention fulfills this need, and further provides related advantages.

—

BRIEF SUMMARY OF THE INVENTION

The present approach provides a method for producing filler-metal weld rod that is
widely applicable. However, the process is most advantageously applied to weld rod
wherein the filler metal is a difficult-to-work material such as a high-gamma prime
nickel-base superalloy or a titanium aluminide, because there is no gross deformation of
the weld rod required during the manufacturing process. The present approach produces
a weight yield of usable weld rod, as compared with the weight of the starting material,
of near 100 percent. There is excellent process economics and reduced cost of the weld
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wherein the filler netal is a difficult-to-work
materi al such as a hi gh-gamma prine nickel -base
superal l oy or a titanium alum ni de, because there is
no gross deformation of the weld rod required during
t he nanufacturing process. The present approach
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and reduced cost of the weld 2 rod. The quality of
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that can be transferred to the welded structure. New
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providing a mass of netallic powders, wherein the
tog%@rshaaﬁ the £ier- m@tabswaﬁ@%nort,@gétm@ﬂanm&@em@tﬁléw powders with a

e T RTRRE L o E 0 BSpGE .

mixaig fefipeciire abowed tHa h{eﬁnapluitw @mpeﬂaﬁfré bAthethé@inoplastit kinder.
t enperature above the thernopl astic tenperature of the
Thetipieetierpmeldable Bixtee s therrlier injestion Bieldrg| 2 ap ijestiontplding

he
tembalaBPART: U DloBEH P EET e HrbM SRR Mt
injetti-AoRledSollC ThendEier, dxGedsahsindiplastibjbatder 9 réfbvdddrom an
rod. Thereafter, excess thernoplastic binder is
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centerless ground after sintering or further
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preal | oyed and f Substantially the sane
Thewatplicippivders may mstead be of different compositions, but selected so that their
net composition is the filler-metal composition. The prealloyed approach is preferred,
so that the finished weld rod is macroscopically and microscopically uniform throughout
and already of the filler-metal composition throughout. Otherwise, some alloying is
required during the processing or the use of the weld rod in a welding procedure, and
 there is a possibility of incomplete alloying although full alloying occurs during the

subsequent welding operation. In any event, it is preferred that the metallic powders are

generally spherical with a diameter of not greater than about 400 micrometers.




The netallic powders nmay instead be of different
conpositions, but selected so that their net
conposition is the filler-metal conposition. The
preal | oyed approach is preferred, so that the
finished weld rod is macroscopically and

m croscopi cal 'y uni form t hrQqughout d alrea of the
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is hgﬁtt?éaka'bfe BPERIE nfGE thAEHBHAH ¥gl§?§é%e%&ﬁm{ %é%ﬁl!i‘ #Ame phgse.

Iameter of not greater than ab rometers.
ExafifptesfinasderRenaPhi4aatloy dndRemot 108 qiloy eArtles preferred filler metal
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conmpositign a nominal filler-petal composition in
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percent al um num and from about 48 to about 50.5
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After the step of sintering, the filler-metal weld rod typically has a relative density of not
greater than 90 percent. For many welding applications, this relative density of the filler-
metal weld rod is satisfactory. If a higher relative density is desired, after sintering the
filler-metal weld rod may be densified to greater than 90 percent relative density by hot

isostatic pressing.




m xture is |oaded into the injection head. The
i njection-noldable m xture is forced out of the
i njection nozzle onto the novabl e receiver, while
novi ng the novabl e receiver away fromthe injection
nozzl e at the sane linear rate as the

m xt ure
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of not greater than 90 percent. For
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bas SpyarqllPSp and Qptrieifld PEPRbRTYonal kfedl ot W pel Bl Bjenty
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relative denS|ty by hot isostatic pressing. 4 T
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ad lrll ehe &}%@%@ﬁten{s QU8 RWartdy ARESalse¥Efbeting a chemical
dlfflcult to aw netal s such as hi gh-gama prime

reastionkentl rerharcb obthpoxggdnoys and i nternetal lics.
Conposi tional control of the weld rod is highly

preci se W co SI t| be readi | roduce
O FasiEs AR TR i R BB eaE o MR BRAEaE fom the
follgﬁih%l 1‘9&@%@@3115@ ﬂé&‘cﬁ?ﬁ’oﬂ OF AP plef @AM YNIRRE; Stﬁﬁeﬁ’\ﬁ%nj unction
making weld rod a new conposition. The oxyge
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the contents .of .the startin
the JONGEHSR | QS SOtk BaRVOPSR i B BHCYEndvHR & U greferred
emgggyrg@rﬁ O:her features and advantages of the present
I nvention will be apparent fromthe follow ng nore
detail ed description of the preferred enbodi nent,
BRIEIRRSCRIEIONQE TN DRAWIENEGRe acconpanyi ng dr awi ngs,
which illustrate, by way of exanple, the pri nci pI es of

Th f th t .

Filighidy BPROok i waB e CRRarpioar for et tomg I el onsry £r
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a block flow
Figte 245 2 3tHina80 iIRRREOGE ST d0ihjdefiéehiotdiflg apgieatid\wgat i on;

Figure 3 is an elevational view of a filler-metal weld rod produced by the approach of

Figure 1.
DETAILED DESCRIPTION OF THE INVENTION

Figure 1 depicts the steps in a method for preparing a filler-metal weld rod of a filler-
metal composition. A mass of metallic powders is provided, step 20. The mass of
metallic powders taken together have the filler-metal composition. The metallic powders
are preferably prealloyed. That is, each powder particle has the net filler-metal
composition as to metallic elements. Prealloyed metallic powders for compositions of
interest are available commercially, or can be prepared specially by known techniques.

The metallic powder particles may instead be of different compositions, but selected so
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Figure 2 is a schematic illustration of an

i njection-nolding apparatus; and Figure 3 is an

el evational view of a filler-netal weld rod produced
by the approach of Figure 1. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Fi gure 1 depi cts the steps in a rret hod

that&&r Iéell?r Sé?ggq%ﬁ%gﬁ of erpé% 1‘6?0"\?/{:@? grul‘tlcges %’éﬂ‘iﬂ Eolgg her 15 the filler-

metBl @ipgdeRionoF alerd®. The mass of netallic povvders t aken
together have the filler-nmetal conposition. The

metallic powders are preferably prealloyed. That is,
Theeprepen Gptieacty s opetablehigs piodacen aiy of 14 é’ﬁdﬂrréﬁtnﬂ? of filler-metal
osition as_to netallic Iems I
confiFRRR ST L Brffo-R0 msBaB TR e M o @bflips can be
confbiidd!t BbRnecOsBImIcsitRhlof intérest %&Ihvﬁﬂalﬂé aR@peeens pRstbahlvay be
known techniques. The netallic povvder particles
utﬂm@ Hﬂ‘;ﬂ?‘éféds% gl‘lerdilﬁtﬂbWélﬂtmé Geippesitiorase op partiselpeinteest,

t hat ntco sition of all of.t t.al |
becfis ' 48 Pt O imRBRRRS gt tioy oSy Ere ey Ome
prefeRBP A LA el Rfa Aibk@basd supdBoP HRS BilicalRRAAE o p®duce more

operable to produce any of a w de range of

tharf abiout 30 vieltiale petnsnipgasima prige pbasel ddebers pf i dlepy e matenals

worR A aPidB Rk T aed it BdFat3fHE o FGERAEE m
by vﬁ&@&ﬁﬁﬁnga&wm Qébhﬂ'ﬁ]!le ?tﬁ]ulr'rﬁg drb%eidforhlaBN f the 9041&ial to form
|l er-metal weld-rod conpositions are of particul ar

the micbrcels@f thispBlenumetat. hEyarapI@s o fsh¢he high-gammarpomsiitkel-base

sop oS e ReRg 4 altey PEASE diigpal V- Prsl Souhign i

weilKiGRE@Rl 6f HBbuR10IHE& AR cBbalf, ABHuARS Wercdflt MBLMITEN, about 1.5
percent gamma prine phase. Nenbers of this class of

- peraeat molwhdiemum;vabdut H& phecent mingaigi, dbgut Arfdpeaccat dlenivog labout 6.35

limte dut| that t is d|ff| Itto r.oduc %”f

pergspt (gptaliny efS?”Fié ”é‘(‘}ﬂrﬁb&% @a{ﬁepﬁ '%@@%g out 0.12

perééﬁ ?@f a@Butoé Oi?%eﬁ:@ﬁteﬁdr@ﬁ Bafank® rn%@kef héd ‘ﬁﬁﬁ& 8188HeAE; and
Exanpl es of such hi gh-ganmma prime

Rena% ked alh@vﬂmwrgmpmmhhldillar-nmdl edmpRetied b wa;ghe@dmept of from
aboriol b BuboBY T ABE e BB GBS 10 S 310 Rergpat thtatu,
fronP SSEERY 1 ¥REB Y 'ﬂerc@tlﬁ%f)ah]; f8m about 7.6 to about 8.0 percent aluminum,
from about 0.12 to about 0.18 percent hafnium, from about 0.5 to about 0.6 percent
silicon, from about 3.7 to about 4.0 percent tungsten, from about 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, balance nickel and incidental impurities.

Another preferred filler metal is an intermetallic alloy such as a titanium-base
intermetallic alloy, which also has a high rate of work hardening and limited ductility,
and therefore is difficult or impossible to form into weld rods by gross deformation
processes. Titanium aluminide is an example. One such class of titanium aluminide
filler-metal weld rods have a composition in atomic percent of from about 45.5 to about

48.0 percent aluminum and from about 48 to about 50.5 percent titanium, with the
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percent nol ybdenum about 4.9 percent tungsten, about
2.8 percent rhenium about 6.35 percent tantal um
about 6.15 percent alum num about 1.5 percent

haf ni um about 0.12 percent carbon, about 0.015
percent boron, bal ance nickel and mnor elenents; and
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aluBRRGH, nfobRuk §11RRR! ardthSFb&Aun SiREu@bout 5.3 to about
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wor K hardening and limted ductility, and therefore
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el A b e O s gL
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licide. Some other alldys of interest are difficult
maximumesiliéag OBSepeasntvmasginnon abatause 0080 pleknt mikighmard for,

a ni n ates that .make them difficult to draw at.. .
0ogighfif P@ﬁ%@?ﬂ‘a{% 'é%t‘?‘*ﬁﬁ OB ﬁﬁalvavaw&%eﬁ tguposition in
we%'p%féeﬁﬁoif@&ﬁ'aﬁaw;@rio faH&thSIB RRcelPhigkd] 2roin HBGH 1798 abput 21

I'ti ple steps of cold drawi ng and anneal i ng, so that

perdehiechpsmuiig fiommbooist. 75 t dbogld. SUjeecept @denbiuagustacthlum, from

abogiot bt § MBS ORRIEoTmREE) £8y0 e hiS geroent

_ ; 1 . . .
a6 il OBOHEA BB AR (Ferckl o Coar,
and Jalingeireentalinigt1 90 iperentite. Weigletr cent chrom um 4. 3

Optionally, nonmetallic powders may be mixed with the metallic powders. The
" nonmetallic powders are typically hard intermetallic compounds such as carbides,
borides, or the like that are not melted during welding but are incorporated into the

weldment when the weld rod is later used in a welding procedure.

The metallic powders (and nonmetallic powders, if any) are mixed with a thermoplastic
binder to form an injection-moldable mixture, step 22. The thermoplastic binder is
temporary in the sense that it is removed in a later step and is not present in the final weld

rod. The thermoplastic binder may be any operable thermoplastic binder suitable for
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percent nol ybdenum bal ance nickel; Ti-64, having a

nom nal conposition in weight percent of 6 percent

al um num 4 percent vanadi um bal ance titani um A286,

having a nom nal conposition in weight percent of

24-27 percent nickel, 13.5- 16 percent chrorri um

1.9-2. 35 .perce j taniu rce nDI denu
sintfing GPa TR GRECTy it A0 UR0 DL VIERBERE e AR Dinder
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waxp end polystymné. m&rrsuﬁisr[emamourﬁ 0@6@-@%})@@&@@!‘1@%@&@ to render

g'g’lf@%%%pfl’sg%n@ﬂ P ‘a]él L&e}{?ggra Fﬁa \élffg glgﬁrlllglgg{%?tl grature of
the IBHopRSIPBIAEN! ThE GiRing 4 G RRRIEs dnkl HR WREHLis Bhoferably
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a t hernop
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I's renoved in a later step IS not present
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ropy ene,” wax "such as paraffin wax
swagfngcarmkimﬂammechanchl peforsiticre pecesk whirtithe eldy mrmarlﬂﬁable
of thethererFIastrc binder, is used to render
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produssds eaddit Ye readily used with many alloys that may be made into filler-metal
weld rods by the present approach due to their limited ductilities, such as intermetallic
alloys and high-gamma-prime nickel-base superalloys. Hot isostatic pressing cannot
generally be used to close internal porosity. Consequently, approaches that produce
centerline porosity cannot be used to produce weld rods of many of the materials of most
interest. The combination of little or no water, use of thermoplastic binder, and elevated-
temperature injection molding of the present approach aids in avoiding the centerline
porosity, and none has been observed in prototype specimens of weld rod produced by

the present approach. Accordingly, it is preferred that the thermoplastic binder is non-




performed at a m xing tenperature that is above the

t hernopl astic tenperature of the thernoplastic

bi nder, which is typically 200F (about 93 F) or
greater but depends upon the specific thernoplastic
bi nder materi al that is used. The thernopl astic binder

materi al . r" en’' at and abqve
aqupls, BHGF ingF Zerck e A aRshgmolibleixel, Aoy s used
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sintering. Centerline porosity, if present
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the present approach. Additionally, such gross
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oys and ganna rime nick ase superalloys
tempbx’atures dHteatljechqm wxslerd prafierably hay amecalbt groksesen$a altlough it
cl ose i nternal porosity. Consequently, approaches that
couldy hapyg other $hRe%r | i ne porosity cannot be used to produce
wel d rods of many of the materials of nbst interest.

Pretgﬁh% 9%10@9& 9 19 géd tBtrlac,S:D%" anAQnYRIRE inj&teBnHoldable mixture

fopl astic bin el evat ed- tefnperature
48 as titj flosdsi feom thel mﬁlectgmofozzlh d4 pBemes ofdjxprodahipeaifdise weld rod that

is byBE B BrurhS ploarbRY Kevae BveR b onaaied. Tt Badaaht o
1njeptﬁon1tn Ro&REN bin F‘IBH%IR%PE (ﬁ&ﬁﬁ[@ﬂﬁ@ﬂo% fidn. | RisthEhehsBlle

at t t her nopl as 'S non- aqueous, wat er
receivgr BOis paslsixﬁeded/votrétetvlaehd injcetidri-motdablecaikivee 48 thhtfl®@ys faord the

' injegtgonvr\gtzzelg 4i4.SAurg§e(ijVing surface 52 of the movable receiver 48 moves away from
the injection nozzle 44 at a linear rate that is adjusted to be the same as the linear rate at
which the injection-moldable mixture 48 flows from the injection nozzle 44. This
movement allows the injection-moldable mixture 48 to be smoothly and continuously
deposited onto the mo'ving receiving surface 52. The shape of the injection-moldable
mixture 48 is maintained by the combination of this movement and the consistency of the
mixture of the metal powders and the thermoplastic binder. In Figure 2, the movable

receiver 50 is depicted as a continuous conveyer, but it could be any other operable

 structure such as a movable plate-like surface.
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in the subsequent step of renoval of excess

t hernopl astic binder. The injection-nol dable m xture

of nmetallic powders and thernoplastic binder is

thereafter injection nolded to form an

i njection-nolded rod, step 24. The injection nolding

4 is performed with th cti.on
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thermuipthsiis museihl tnd isthefefore aclatiwinpgidt dvel hard. It may therefore be
i njection-noldable mxture 48 as it flows fromthe
Plck%“@é‘?ﬂ@ﬁ“ﬂ%‘%?’[‘t@ C3%. Because of the rod shape of the
vvel d rod that is being made, such a closed nold woul d
tgngﬁ'& %n‘i’o t
| nj ectl on%f?r]tgﬂk | nt&e?ssﬂl}{::&ﬁa% el oﬁgggﬂwiﬂh%#%%s%ace 5(? of the
injettort-miobted @od Sﬂ,mitpsml The ﬂxnmbhmnopbsm bimder5i® remstily removed

positioned o receive the [nje on- nol dabl.e m xtu
witly g sefygflt for e%?ﬁ‘é?nthqﬁleoplaﬁ}ce%pﬁ Pz 59tueni 45 gntacted fo the

extén?sﬁ es'u?fh&gs & %l{] E%Q o eg} Oéxcleﬁeth&?%%%fﬁ Y the & fABY 68 the

rom i on nozz inear rate

inj etﬁtﬂltmblﬂe@fhdm add bblmwhhe tlneacs MethTﬂidmNelnm aelectat sccatding

whi ch the injection-noldable m xture 48 flgws fromthe
to thespeefie Sirigplastec binderthytds usedy dhe elventisiseterply not aqueous
inn h %ectl on-nol dabl e m xture 48 to be snoothly and

onti nuously deposited onto the noving receiving

urface 52. The shape of the injection-noldable

TherthpéttivremdRBled sod18d Rithdrettdr biyitckdip step 2B atatsimerimgftetperature to

novenment and the consistency of the
form a filler-metal weld rod 58, illustratedin Figure 3 The sintering is preferably

performed in a vacuum oven. As the temperature of the injection-molded rod 54 is
increased, the remaining temporary thermoplastic binder is evaporated and removed,
preferably leaving no frace chemicals that might later contaminate the weld. The
sintering is preferably solid-state sintering and thus below the melting point of the metal.
After sintering, the filler-metal weld rod 58 preferably has a cylindrical diameter of from
0.010 inch to 0.250 inch (about 0.025 cm to about 0.64 cm), preferably 0.035 to 0.070
inch (about 0.089 cm to about 0.18 cm). The diameter of the injection-molded rod 54 is

 therefore somewhat greater than this sintered cylindrical diameter of the filler-metal weld
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m xture of the nmetal powders and the thernoplastic
binder. In Figure 2, the novable receiver 50 is

depi cted as a continuous conveyer, but it could be any
ot her operable structure such as a novable plate-like
surface. 9 To performthe injection nolding step 24

i.ng thi referred i.nj ecti.on- ol din [ at

rod 358 et bof B RS At Fleting The LCHmBRER R b spitey be
of 4 §HiREd MdrhRAsth 4% of HNRUBA $d:rip8r 1hGth for MRY @6l ab@nfafiCRelding
~ the injection-noldable 48 m xture out of the injection
appmeizl e 44 and onto the novabl e recei ver 50. The

recei ving surface 52 of the novable receiver 50 noves
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full Asndity. PrEMORSyAABs hive ddi@Rirhted tHA0Z ZdlRivé4enstiy®df 90 percent
i njection-nol dable m xture %%lckly cools so that by a
¢

or shghtht lowienistsuffidient fershe welklorofl SSrte ligoinm petedpied Howppeguent
1@1.4 t he (Ié%ryt ection-nol dable m xture 48 is bel ow the

WelCNg PREBIYSY i ¢ tenperature of the thermoplastic
material and is therefore relatively rigid and hard.
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Any excess thernoplastic binder is thereafter renoved

havé pdrighen relaties dersity in Prdee 16 Gedprm saccessijlbe t The highier eddative

denf s PP B0 e Ry G e AR PRI By s and
tempBRORR BLaHid HroRbANER largé Enstohd, eMlichicve G Mifhefichtive Bedsht the

external surface 56 to dissolve the excess
fillet-metatoysldsd is phiferdely optiondily forthéraisasified byie process such as hot

ol S A 47 Sk AR R B3 o
2106%9LHRR1256 4§ b ﬁ%-bﬁ%p&ﬁll%-gr%ﬁ 152 A8 2158°F (about

pretferably not aqueous in nature.
11804)) dot titaniumm hloednides] ab4 pressurh e dimin alpous i1H1060 dol abeutel$,000

28, at a sinterin eratu ta, forma filler.-netal
poues ne” seirra ch ot d P Bertont Efag i logsm Presdurts By, M 1o @
timdS&BLARS Yiours increases the relative density of the weld rod 58 to about 98-99

percent.

Initial studies indicate that the as-fabricated weld rod 58 is sufficiently straight, of round
cross section, and of the desired diameter to be used for most applications. Centerless
grinding, step 32, may optionally be used to improve the quality of the surface finish of
the weld rod 58, if desired.

The final filler-metal weld rod 58 is used in a welding procedure, step 34. The welding
may be surface welding of a single article. Such welding is used, for example, to repair
a damaged region at the surface of the article, and for this application the composition of

the filler metal is typically the same as that of the substrate being repaired. Surface
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perfornmed in a vacuum oven. As the tenperature of the
injection-nolded rod 54 is increased, the renmaining
tenporary thernopl astic binder is evaporated and
renoved, preferably |leaving no trace chem cals that
m ght |ater contaninate the weld. The sintering is

welﬁgnigf ! al?sF%ti %F o & ctsalgﬁt ol n?se 2ad 3 ehus ne{h%\g%ltfgc% of the

resrntery

artidle.| TRY ﬁlre%%talw(ﬂmﬁ@@ dlgoafe%@cbdoxz{mh awoar ﬁmfe ek Gkther
di aneter of from 0.010 inch to 0.250 inch (about

by @¢ld@8. cm t o about 0.64 cn), preferably 0.035 to 0.070
inch (about 0.089 cn1to about O 18 cm). The dianeter

of th 0 0 r t
ol SR 6o B AP A TR B
diathbfet @Rtddalf mﬂeﬁ"‘ 11@ aﬂ@fl lﬁsinede@ aB&e Aninchear (abhuti ikagpin

during sintering. The filler-netal weld rod 58 nay be

lengsh, bothk avitioand dvithowit stepeA@end 32 obFigvrenlc Hhewnyete n%%@quhne
df&? use in automated wel ding apparatus. The sintering
ep 28 preferably sinters the filler-nmetal weld rod
58 to a relative density of not greater than 90
AltReigh eNpartidller embddinkmeoliheshtentioh hab IDEelpdéscﬁbé(BgEdaﬁﬂ for
the full density that is reached. For exanple,
purmspmﬁﬂluartraaone\ra@ouwoeéicemorg@nﬁ eplasgemenis may\l?@ rrepéﬁ @flthyut

L R

tobenﬁhtemeﬁeéfpyaﬁjdﬂie% pédée ci@ga@nstrated that a rel ative
density of 90 percent or slightly lower is sufficient

for the weld rod 58 to performas required in
subsequent wel di ng operations. On the other hand, for
some ot her wel ding operations the filler-netal weld
rod 58 nust have a higher relative density in order
to perform successfully. The higher relative density
is preferably not achieved with further sintering,
because the sintering tinmes and tenperatures becone
prohi bitively large. Instead, to achieve a higher
relative density the filler-netal weld rod is
preferably optionally further densified by a process
such as hot isostatic pressing, step 30. Hot

i sostatic pressing at a tenperature of greater than
about. 2100F (about 1150 C) for nickel -base
superal | oys or greater than about 2150F (about
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1180C) for titanium alum nides, at a pressure of from
about 15,000 to about 25,000 pounds per square inch
(about 1050 to about 1760 kil ogram per square cnm), and
for a tinme of about 1-5 hours increases the relative
density of the weld rod 58 to about 98-99 percent.
Initial studies indicate that the as-fabricated weld
CLABMS5S i s sufficiently straight, of round cross
section, and of the desired dianeter to be used for
nost applications. Centerless grinding, step 32, may
optionally be used to inprove the quality of the
surface finish of the weld rod 58, if desired. The
1. fi namdthdd @tr-pmqiadhg\weilljsrﬂmIaIS\Seldsodlgéd filler-anejial | adimpysition,
n{oroced re, fep 34. The welding may be surface
compuspeihe Hepsplsi ngle article. Such welding is used, for
exanple, to repair a damaged region at the surface of
proﬁhﬁlg%rmhé‘slﬁ,maﬂﬁc BlvdéR] WhaBR the AlabOSf nbRIIROMRATRES fo8ther
of "the filler al is typically the sane as that of
vacﬂwfﬂhbﬂmﬁdﬁanmﬁﬁngmrepalred Surface 11 welding may
al so be used to apply a coating, such as a hard

urfac of th articl o
mixrt e Reialf o N R D e orsy Benfitste finadt o inssgion
mol@iblEBIiguR: Besflepget her by wel ding. The present

approach has been reduced to practice to rmake 0.050
inch (about 0.13 cm _dianmeter weld rod of ReneTM 142
inj eamorbwloldmg t@ﬁeme@tlmgldalzl& miptme 8t graipingtiosmaldipg temperature

abops i hermdBlati e Pte ek iri ey B o WP in ipjestion-
nuﬂaapﬁmﬁtﬂaﬂaﬁ&;enbodlnent of the invention has been

described in detail for purposes of illustration,
various nodifications and enhancenents may be made

remoying gxeess thepaenlasiig bindsriromeansgsiternal sarfacesaf dheingsgetippranolded
rdj£ﬁ$€tiqg§ Accordingly, the invention is not to be
0y 3R A cept as by the appended clains. 12 CLAI M5

sintering the injection-molded rod to form the filler-metal weld rod, wherein the

temporary thermoplastic binder is removed in the step of sintering.

2. The method of claim 1, wherein the step of providing the mass of metallic

powders includes the step of

providing the net metallic composition as a nickel-base superalloy that is heat treatable

to produce more than about 30 volume percent gamma prime phase.

3. The method of claim 1, wherein the step of providing the mass of metallic

powders includes the step of
providing the net metallic composition as an intermetallic alloy.

4. The method of claim 1, wherein the step of providing the mass of metallic

powders includes the step of
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1. Anethod for preparing a filler-netal weld rod of a

filler-metal conposition, conprising the steps of

providing a mass of netallic powders, wherein the nmass

of netallic powlers together have the filler-netal

conposition; mxing the nmetallic powders with a

t.enpoyary thernoplastic binder to forman injection-
proyigingaby et malailiv é?mP‘Pﬁéﬁ“éh%Staeﬁ“aﬁUH]néﬂPmHﬁdWﬁ‘Fe&“ﬁ@ﬁ oy
i njection-noldable m xture at an injection-nolding

5. tenpRIAlHb®of ARAY E Wilkeih %M&%ﬁ&hﬁiﬂgﬁﬁ&ﬁ&é&h’é ﬁeIIS’{ije |

the thernoplastic binder to forman 1njection- no
rod; thereafter renoving excess thernoplastic binder
providing theymess ef matallupdvatees lfvinghe nominat fillermetal derdpositiuy in
and thereafter, si ri he.i njection-nol d rod t
atorR G EFICHO AT SO0 HAPh B SRR P AopIAEe TPBHBIE o
abobf . SBRLAR tHmilh NWER tHealAFDYEE: LiBmERE, Step of
sintering. 2. The nethod of claim1l, wherein the step
of providing the mass of netallic powders includes
6. t hdlletraghed ofwlaivi Uiwlpreih ¢hartep efraviding indngesdhe stemoks
a ni ckel -base superalloy that is heat treatable to

pr.oduce e th about, 3 ol upe,. percent ganma prinme
proffiR a6 tRi Pl AR v b TR Re st ep of
providing the mass of netallic powders includes the

7. St efheQhetR6PYT SlhiRO1,WiRrdif the BépPd f hikimOmpRdéd the Btepsf an
internetallic alloy. 4. The nmethod of claim1, wherein

~the step of providing the mass of netalljc  powders , .
mixjng thegmstatlivepewdsss gnd 1he teraReranyntermeplasic biader at ¢ mixing

it Ci . o . i

tem TR0 By efugrtds O BRI oF MR Bk
provi ding includes the step of providing the nmass of

8. MetRielhahfdutigsis havliendn the vy ¢faintéring @chuded the step of
conposition in

sintering the filler-metal weld rod to a relative density of not greater than 90 percent.

9, The method of claim 1, including an additional step, after the step of sintering,

of
hot isostatic pressing the filler-metal weld rod.

10.  The method of claim 1, wherein the step of injection molding includes the steps

of
providing an injection-molding apparatus including
an injection head with an injection nozzle, and

a movable receiver positioned to receive the injection-moldable mixture flowing from the

injection nozzle,

loading the injection-moldable mixture into the injection head, and
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atom c percent of from about 45.5 to about 48.0
percent al um num and from about 48 to about 50.5
percent titanium wth the bal ance other el enents. 6.
The method of claim1, wherein the step of providing
i ncludes the step of providing nonnetallic particles
mxed wth the allic powders.. 7. .The t hod of
forcipg i, i) ccpmOIdiolemiete P Hhdnistiphapgde SniBe gpeysble
ree e g T ol R By A0 L EOR ROt o same
linetineatd dseherinpdcisn-inooldahiqmiattirerie fated fiem theinjootibmsoizbe.
bi nder. 8. The nmethod of claim1l, wherein the step of
sintering includes the step of sintering the
filler-metal weld rod to a relative density of not
greater than 90 percent. 9. The nethod of claiml,
i ncluding an additional step, after the step of
sintering, of hot isostatic pressing the filler-netal
wel d rod. 10. The nethod of claim 1, wherein the step
of injection nolding includes the steps of providing
an injection-nolding apparatus including an injection
head with an injection nozzle, and a novabl e receiver
positioned to receive the injection-noldable mxture
flowng fromthe injection nozzle, |oading the
i njection-noldable mxture into the injection head,
and 14 forcing the injection-noldable m xture out of
"the injection nozzle onto the novable receiver, while
nmovi ng the novabl e receiver away fromthe injection
nozzle at the sane linear rate as the -
i njection-noldable mxture is forced fromthe
I njection nozzle. 15
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