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 ding, a netallic article to be welded is locally
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articles are J 0| ned together. In another approach, the
second netal is an overlay deposit that is also
mel ted during the welding process, with the result
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"rod" and "weld rod" include physical forns that are
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two articles. In the overlay process, the filler metal may form substantially the entire
overlay. The filler metal may be the same as one or both of the articles being joined in
the first approach. In the second approach, the filler metal may be the same as the article
being overlaid, such as when the dimensions of the article are being restored during a
repair procéss, 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, fonﬁing 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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Although the recently developed processes for manufacturing titanium aluminide and
- high-gamma prime nickel-base superalloys are operable, there continues to be a need for
- a further-improved approach to the fabrication of weld rod and related types of products.

The present invention fulfills this need, and further provides related advantages.



hi gh- ganma prine ni ckel - base superal | oys are operabl e,
there continues to be a need for a further-inproved
approach to the fabrication of weld rod and rel ated
types of products. The present invention fulfills
this need, and further provides rel ated advantages. 2
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filler-metal weld rod of a filler-netal conposition,
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i njection-nolded rod; and thereafter sintering the
injection-nmolded rod to formthe filler- nmetal weld
rod, wherein the tenporary thernoplastic binder is
renoved in the step of sintering and the sintered
filler-metal weld rod has a relative density of not
greater than 90 percent. 4 O her features and
advant ages of the present invention will be apparent
fromthe followi ng nore detailed description of the
preferred enbodi nent, taken in conjunction wth the

acconpanyi.ng drawi ngs, which illustrate, by way of
exanple, the principles of the invention. The scope
of the invention is not, however, limted to this
preferred




enbodi nent. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1
is a block flow di agram of an approach for practicing
the invention; Figure 2 is a schematic illustration
of an injection-nolding apparatus; and Figure 3 is an
el evational viewof a filler-netal weld rod produced
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avai | abl e commercially, or can be prepared specially
by known techniques. The netallic powder particles
may i nstead be of different conpositions, but selected
so 5 that the net conposition of all of the netallic
powder particles taken together is the filler- netal
conposition of interest. The present approach is
operable to produce any of a w de range of
filler-metal conpositions. As |ong as prealloyed
powders or powders who conpositions can be conbined
to define a conposition of interest are available, the
present approach may be wutilized. However, sone
filler-metal weld-rod conpositions are of particul ar
interest, because they are difficult or inpossible to
produce by conventional techniques. One preferred
filler metal is a nickel-base superalloy that is heat
treatable to produce nore




t han about 30 vol une percent gamma prinme phase.
Menbers of this class of materials work harden so
rapidly and are of such Iimted ductility that it is
difficult to produce them by wire drawi ng or other
techni que requiring gross deformation of the materi al
to form the weld rod of this filler nmetal. Exanples
of such hi gh-gamma prinme nickel -base superall oys
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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




bal ance ot her el ements. Exanpl es of other
intermetallic alloys of interest include nickel
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Reng pi ety gang o neeeinaciliedalcomposiics i vetghapercent of from
abot P 1!0 about 7.8 percent chromium, from about 5.3 to about 5.6 percent tantalum,

from about 2.9 to about 3.3 percent cobalt, from about 7.6 to about 8.0 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 titanjum 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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borides, or the like that are not nelted during

wel ding but are incorporated into the weldnment when

the weld rod is later used in a welding procedure. The
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titanium, from about 0.20 to about 0,80 percent aluminum, 1.0 percent maximum cobalt,

and balance iron totaling 100 percent by weight.

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



injection nolding and sintering. Centerline porosity,
if present, nay be renpved by swaging or a simlar
nmechani cal deformation process where the alloy is
mal | eabl e. However, the renoval of the centerline
porosity adds to the cost of the product, a cost that
is avoided in the present approach. Additionally, such
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step 24, A preferred injection-nolding apparatus 40 is
swaging or a similar mechanical deformation process where the alloy is malleable.
However, the removal of the centerline porosity adds to the cost of the product, a cost that
is avoided in the present approach. Additionally, such gross mechanical deformation
processes cannot be 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 superalioys. 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-



illustrated in Figure 2. The injection-nolding
apparatus 40 includes an injection head 42 in the
formof a chanber, with an injection nozzle 44 as the
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in the TH@e bf 9 Bhahez| Ritk4n infBdtn nvRXe BNk (Rl b1aws of B chamber. A
i njection-nol dable m xture 48 to be snoothly and

movalptnivion 46 {preagetbe shicetoromoblableemizsyiend8 ceptingdnyyithin the

. ._surfac ._The .shape .of the injegti.on-nol | 2 .

injecfEh P 43 oro TR RRAGh s HE SRR NER % ol o

. contfYSIE BB terdU0th iR € MSinfe 8AEhoRfableBix it ¥ te ﬁ}j@cftiohfiﬁolding .
net al E}ovvders and the thernoplastic binder. I'n Figure

tempgratyrige The magnition noele #4 prefgably dagie piredas$ress section, although it

nti nuous conveyer, but it could be any other
wul%ﬁ%‘fea{’gﬁgﬁgmsum ure such as a novable plate-Ilike

surface. 9 To performthe injection nolding step 24
Prefatghlfohd Hosed i@l & iised té RicEivt hADsHIpk didigjeafRaflidible mixture

48 as it flows from the injection nozzle 44. Because of the rod shape of the weld rod that
is being made, such a closed mold would have to be elongated. It would be difficult to
injection mold into such an elongated hollow mold due to friction. Instead, a movable
receiver 50 is positioned to receive the injection-moldable mixture 48 that flows from the
~ injection nozzle 44. A receiving 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 moving 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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40, the injection-noldable m xture 48 is |oaded into
the injection head 42. The piston 46 is noved to
force the injection-noldable 48 m xture out of the

i njection nozzle 44 and onto the novabl e receiver 50.
The receiving surface 52 of the novable receiver 50
noves away fromthe injection nozzle 44 at the sane

o A AR R S5 AR CERS yhE hres
40, thBjif&dtioannsrehble thiftukd 48 & lohdeddBRABE 1§EtHRARAd B8, The piston
receiving surface 52 to forman injection nolded rod

46 isgnovetliie lortaifhe dnjedionrmdldaine 68 mixtungroat afthe snjedtion eor4hed4 and

t.her no stic tenperature. of th t.her | astjc binder
onto .atgfa iqm%h@rra(éfgv?rr - ‘.‘e“fcﬁ}véttgt §Lgﬁacﬁ g?zqugg quv?h recerver 50
movedURE HaR tHERhdaRinthozle ¥l WE @c Gath€ Khoar £AOASHS hidchah-nfYdBle
poi nt about inches or so fromthe injection nozzle

mixtyee 48 Rdoticed Eom tha injedtipalioaziridds wribatyBe injediiohonoldpdmixture

is dcpi L S FresNRE T EPP 921t ER gRIerRYY BOLKY A4, The
injeckionFBNdAHIET B0 B8 iPiHkes ME AREnHFRMCeibdritufd T the
Any excess thernoplastic binder is thereafter renoved

therrhoplastiabinsler as ih ainexpes framcshstijestion hezzlé #4.eThd ipfechwi-tettlable
. .rod 54 st ... The excess . thernopl astic binder is

it iy a0 Cer A SRU PAFROCE B o0 P SieURiEghon nozle 44

the IREDRPAASIIE kS48 EKNBeIs®! HRNMhelRo M cARhE rdttet S the

external surface 56 to dissplve t he excess
thermépdastiophatstialcandi in dlzarefate tefipivelyriigid endfhatdielt may therefore be

. injection-mgl ded rod 54 and bel ow the surface as well.
pick Jé’%%ﬁ?é‘ﬂe ivg‘ﬁla%r%ct ed according to the specific
t hernopl astic binder that is used. The solvent is

Any Bi@fehaliopl38t bRAABES Hiereatlr RBTNEEfroh ¥ external surface 56 of the
i njection-nolded rod 54 is thereafter sintered, step

injecign-mulded roidritdesien@ot Ehp excesuthsreoplastisrinderfis rdadily netated
oweldr 58, illustrated i.n.Figure 3. The sintering i
with §s? o e e et i B oRG 1 frrsereto fhe
exterh8NRBF8L Y680 WHissbRR thPleREdsk %rﬁ%bﬁ@ﬁjc bderd: IS surface of the
i ncreased, the remaining tenporary thernopl astic
injecthimuieldeil sodbpal Eded tendrirermwead], The solvent is selected according
to the specific thermoplastic binder that is used. The solvent is preferably not aqueous

in nature.

The injection-molded rod 54 is thereafter sintered, step 28, at a sintering temperature to
form a filler-metal weld rod 58, illustrated in 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 trace 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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preferably | eaving no trace chemcals that mght |ater
contam nate the weld. The sintering is preferably
solid-state sintering and thus bel ow the nelting point
of the metal. After sintering, the filler-nmetal weld
rod 58 preferably has a cylindrical diameter of from
0.010 inch to 0.250 inch (about 0.025 cmto about O0.64

referahl y,0.035.1t0.0Q, 070 ~in abhout .0Q. 0 cm
rod 8l B G TG nbigte Bk ledfs, ThLE ARl S35 6 be
of aisBleered ishort T@lgdedr bOd hdch BngéhehgthOfof us® e ¥aMhatt 6adl8ing
than this sintered cylindrical dianmeter of the

appafaipd.er-metal weld 10 rod 58, to account for shrinkage
during sintering. The filler-nmetal weld rod 58 may be

. el .. ;
he P85 S SH BT s BTN e B SR bRl RO
of nat igfiate? thapoefpercet. Yihei“rdlfive dehityf id thepero@itade ofetecfull dehnsity

58 to a relative density of not greater than 90

that i5apacked. . Forrreampley teiweighi of s vad rquSSth@Op@fc‘@eTﬁebﬂgi@e density
s oo BRhO L pOSRHry WRLl B VBRSE oL o1 SR Bstlihyp

full depsif0 Meliwpraty fbditdigvedeabhstitedthyve rdlatioeldadsity BEIS péreent

volume and same material, but of full density.
or sliphly joyyas ay sufBeigal 195 theaveld deddh &t patsm asgguitedria subsegeent

i ty. 90 percent or slightly lower is sufficient
Weldﬂ%rrbspteh%m\%ge'l d rod 58 to performas required in

subsequent wel ding operations. On the other hand, for

On tigostRerdiahé) fondnil afeopedmi cppmtibhethkifilles et tald 20dl 58 must
rod 58 nust have a higher relative density in order

haveaohighert ighative deadtysipurmigr torprefarmgthepess@tlla | The highersietafive
dens SRS b i B B B s an
tempBafiidsctond@ piohibati @y latdes Tededd, oQchietd £Mighé rbla@hedensity the

relative de_nsit% the filler-nmetal weld rod is

fillerppetpleveldirgd pwreisrably 9ptionalin rrthge densifieddpyapracess sedisas hot
. C h hS ati.c.pressing, .ste 0]

isostéedtie Wy 3t PR PGP BRI S PluBBrctls ot fster hapabout
21008b@Bbut 1150 °C) for nickel-base superalloys or greater than about 2150°F (about
1180°C) for titanium aluminides, at a pressure of from about 15,000 to about 25,000
pounds per square inch (about 1050 to about 1760 kilogram per square cm), and for a
time of about -5 hours 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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2100F (about 1150 C) for nickel-base superall oys or
greater than about 2150F (about 1180C) for titanium
al um ni des, 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 cm), and for a tine of
about 1-5 hours increases the relative density of the

welcﬂ\ﬁa’ cg?ﬂ E? %e% tﬁ%’ég %% Csear}% {’a% @)lthg gllljrgac%%f the

amcﬁzu frhe Gilleminkiil wEldabyhg mapﬁlsé Ba ﬁﬂ:d t6 fo2$ m&&qhb&rpaecam@g@ther
the desired dianeter to be used for nost applications.

by weldig®er | ess  grinding, step 32, may optionally be used
to i nprove the quality of the surface finish of the

The %ﬁﬁké}g %B}?rogtﬁi hisTbeAPRILE f?btlcé F@llcrllaf(é b bg? ngsﬁg(%ou\.ﬁﬁ!ei% cm)

S use In a we g procedur e,

diamweer dvad@) rodreg Rens tr Iﬁcﬁldw irdpiegesoiboat g4 rigties Qﬁﬁduﬂ: l6¢.cm) in

Such wel ding i s used, for exaqg#e to repair
lengihahetyouth aul withawt steps 39 andatieolofigtnsel . alhere| veere A

ddk&gls application the conposition of the filler netal

I's typically the same as that of the substrate being

repaired. Surface 11 welding may al so be used to
Altheyghl y particolat iembodisenh ofi sheainvasitibrf B ggn degerithed mudetal or

of th article, The filler-nmetal weld rod 58 may al so
purpgsgs aé@’aﬂsftr%ﬁqnowqw@ figabipns decnbiangegsaisfagy byjade without

depa%ﬁ‘m' é‘k*trc}?lg the t%ﬁht%ﬁ%g%gﬁﬁ% {gﬁr‘é{\‘x (g‘g px%?@gé@#%qgv&ﬁo is not

to bevlaﬂu@bdr@delﬁtfas BeniecTapéddedadidioy, i n pi eces about 24
inches (about 61 cm) in length, both with and w t hout
steps 30 and 32 of Figure 1. There were no centerline
defects. Although a particul ar enbodi nent of the
i nvention has been described in detail for purposes
of illustration, various nodifications and
enhancenments may be made w t hout
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departing fromthe spirit and scope of the invention.
Accordingly, the invention is not to be limted
except as by the appended clainms. 12 CLAIMS 1. A
nmethod for preparing a filler-netal weld rod of a
filler-metal conposition, avoiding the user of water
conprising the steps of providing a mass of netallic
povvders wherein the mass of metallic powders together
¥ the filler-metal conposition; mxing the netallic
powders with a tenporary thernoplastic binder to form

1. an '&‘hx%&{ohg&: Rféglérﬁ'ﬁ"?%h ?‘11#%} gi Eap Sreld 'P d 624 tf?t?ler-h{%ta‘f%h]%smon

nol di ng e m x ure
avoidingché mer oDWaiengorhprighey thieuteps ofibove the thernopl astic
tenperature of the thernoplastic binder to forman

ection- nolded rod; thereafter renoving. exce
Pfqudé%rﬁ pnass of ek ?%%‘?W‘ierr%ﬁ’{féﬁﬁe“éﬁ%f‘emﬁ%l Ofémtgl&e@oa}‘idelfsrfegether

ha&&h@ﬁilbﬁ&e@}:nﬂﬁg@mﬁ d and thereafter sintering the

I nj ection-no "to formthe filler-netal weld
rod, wherein the tenporary thernoplastic binder is
mixiegﬁxﬂeniethlﬁc phwd&'s githaftermporharthergnopldtic hedei totfenedh injection-

Ia?t |d rod has a relative density of not
mo IEixt'frﬁ’a er@ PJercent. 2. The nethod of claim1,
wherein the step of providing the mass of mstallic

injREIYA %[cﬁdﬂn@ GhUAGR bR TR Rfix RN 'aﬂ'lﬁh‘gcﬁdhemﬁﬁﬁng tem e¥amre

nmetallic conposition as a nickel -base superalloy t
above thethermomastizbbmperaturgobite deermpplstih bindeboubrB@n injection-

' lL.ume percent gama prine phase. 3. The nethod of

_mot?fegirﬁrﬁfgerﬁi%ei n the step of providing the mass of
metallic

removing excess thermoplastic binder from an external surface of the injection-molded

rod; and thereafter

sintering the injection-molded rod to form the filler-metal weld rod, wherein the
'temporary thermoplastic binder is removed in the step of sintering and the sintered filler-

metal weld rod has a relative density of not greater than 90 percent.

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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powders includes the step of providing the net

nmetallic conposition as an internetallic alloy. 4. The
net hod of claim1l, wherein the step of providing the
mass of netallic powders includes the step of 13
providing the net netallic conposition as a titanium
aluninide internmetallic alloy. 5. The nmethod of claim

oo e Rt s SS ot Sho

nom nal filler-metal conposition in atom c percent of

5. from aledd AR1mt10 whbRu thé 8B o fdiﬁ’dih% Al dHeB B ot

from about 48 to about 50. 5 percent fitanium w'th
t he bal ance other elenments. 6. The nethod of claim]1,
provigHes Biermass @fﬂ@ﬁihéﬂmﬁﬂ@r@ ihgving ai nesninelellarimactak egmpsisition in

atonf Qatheh AP RAMELANSLS 6. RO 4SS SScdl HEthittel nd fon oy 48 0
about 158 SSﬂeﬁiénpﬁwmuﬁ Kk@thl tﬂ@b:ﬂ@ﬁ& dne eﬁin%ihtspf m xi ng the

metallic powders and the tenporary thernoplastic
bi nder at a m xi ng enper ature above the

6. t héhemnsthedaf @W@dpéfhaqemfée sfep oheravidingisiusss the saprfer .
8. The nethod of claiml1l, wherein the step of

Provfd I%rhﬁlﬂalh? Bé\r}g]@%§ i g&l Wi Hle%et?ﬁlcgybgfde&g the

met a nsity of not

greater than 90 percent. 9. The nmethod of claiml1,

7. i nThemhiethgd @i chaidili whaein the etep ofifixing idvdudes e 9ép of
sintering, of hot isostatic pressing the filler-netal

rod...10. The net hod of cl ai i.n the step
mixig ﬂi‘%f‘é’*&"’c‘ i6RONIPT HY hRcietpedy ﬁgéfgxoe%tw 3#1 d6F G iadPigng
tempeRitdrBh6&V (RO tHERhGH1RGiARRAE RS o f AE k&nBlastic binder.

8. " The method of claim 1, 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 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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an injection head with an injection nozzle, and a

novabl e receiver positioned to receive the

i njection-noldable mxture flowing fromthe injection

nozzl e, loading the injection-noldable m xture into

the injection head, and 14 forcing the

i njection-nol dable m xture out of the injection nozzle

onto the novable receiver, while noving the novable
forcmg e vmﬁctlamgolflalﬂmmh@m Afiteet the Aniaetion eozale enfe thamovable

rate ectio

' recel?/%rr gﬁ&e frlrog}ﬂgta}:ﬁ%rrxic)ﬁ?bé% ecgwexi%wntgéom ﬁg inject 10n nozzfe at the same

linear rate as the injection-moldable mixture is forced from the injection nozzle.
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