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powder and ingot metallurgy. The ingot metallurgy process begins with
selecting and blending suitable powders, pressing into bars and sintering.
An electron beam or plasma or arc furnace is used to melt the bar and
cool it into an ingot. The melting can be done in multiple steps. Electron
beam melting and remelting removes impurities to produce an essentially
20  pure tantalum ingot. Purities of 99.9% tantalum are routinely achieved.
The ingot is thermomechanically processed and further cold or hot worked
as needed (or cold worked with intermediate annealing) to produce a
desired shape, such as plate, sheet, rod or fabricated part (hemisphere,
semi-hemisphere, conical, dished sheet, cup, box, etc.). Components
25 may also be machined directly from ingots 3.

This overall process is relatively slow and results in a final yield of
approximately 40 to 60 percent. The sintering process consumes a
significant amount of furnace time, but it is required to provide sufficient
mechanical strength in the bars and is a preliminary deoxidation step for

30 the refractory metal powder, such as tantalum. The bars are usually
electron beam-melted under a hard vacuum to remove chemical
impurities. The electron beam melting process can also consume a

significant amount of furnace time and power, such as three electron
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15  process has been developed to manufacture near-net shape titanium
components for the aerospace industry. But a process does not exist for
still higher melting refractory metals, such as tantalum.
Additionally, sputtering targets of high temperature materials, such
as tantalum and other refractory metals (Ta, Nb, Ti, Mo, Zr, metals and
20 alloys; hydrides, nitrides and other compounds thereof) used in integrated
circuit manufacture and other electrical, magnetic and optical product
manufacture usually are eroded in a non-uniform way during the process
of sputtering which leads to a race track like trench on the operating side
of the target. In order to prevent any contamination of substrates or
25  catastrophic break-through of coolant fluids behind the target, the targets
generally are withdrawn from service well before the refractory sputter
metal is penetrated, accepting the need for a new target after only a minor
portion of the sputter metal has been consumed. The major part of the
sputter target can be resold only at scrap price or recycled with difficulty
30 and apart from this, the backing plate of the target needs to be removed

and may be re-bonded to a new sputter metal plate for recycling.
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15 It is yet another object of the invention to reduce the cycle time
between removing the refractory metal part, such as a sputtering target,

from service and getting it back to service will be shortened.

SUMMARY OF THE INVENTION

20 The invention relates to a process for making a refractory metal part

comprising (a) loading powder metal particles into a hopper for feeding
into a laser additive chamber, (b) loading a substrate into the laser
additive chamber, (c) feeding the powder metal powders into the additive
chamber onto successive points on the substrate in a linear trace, (d)

25 melting the substrate and the powder with a laser beam and building up
multiple coatings of a controlled microstructure, (e) tracing the substrate
over a selected area with a combined deposition and melt beam and
building up a coating of a controlled microstructure in multipe layers, and
(f) building up a deposit from the coating and forming a refractory metal

30 part.
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the tantalum sputterma/ targgt. Al%'l\‘ﬁatlvely, the invention can also
include products made from such processes.

15 As such, the present invention is a process and the resultant
product. The process is one to chemically refine and consolidate
refractory metals and their alloys to a fabricated product of net shape or
near-net shape with higher throughput, more consistency, and lower
manufacturing costs compared to prior art routes. Powder metal is

20 loaded into hoppers to be fed into the LAM equipment. A suitable
substrate is loaded into a LAM chamber onto which the powder will be
deposited and consolidated in a point-scan process. As the powder is fed
onto successive points of the surface of the substrate in linear traces, the
laser is used to heat partially melt the substrate and partially or

25  completely melt the powder. A combined deposition and melt beam
traces the substrate surface repeatedly over a selected area to build up a
dense coating of controlled microstructure in multiple layers. A fully dense
deposit is built up that becomes the desired shape. This entire process is
conducted in a chamber under inert conditions, such as argon, at, near or

30  below atmospheric pressures but can also be conducted under a hard

vacuum.
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applicatio ~in“the manufacture of sputtering targets, the process
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target. In the case of HIP-bonding either low oxygen Ta powder or any Ta
15 plate material could be used. Rejuvenation is an economic process if
filling the trench by any of the proposed methods is cheaper than
recycling the whole target. No debonding of the backing plate is needed.
It can be reused as many times as desired.
Used sputtering targets can be processed to fill the race track
20 trench or other erosion zone on the face of the target by a placement or
deposition of sputter metal and sinter bonding by laser or EB heating for
sintering, plasma discharge coupled with deposition or HIP-bonding
powder/plate material. Use of these methods will yield a fully dense
coating. This avoids the need for decoupling the tantalum from the copper,
25 filling the erosion zone of the tantalum plate with tantalum powder and HIP
bonding and reassembly. In the case of laser or EB scan sintering or
plasma discharge coupled with deposition the target can be rejuvenated
without separating the backing plate from the target.
The various forms of rejuvenation produce a filled erosion zone with

30 microstructure similar to the balance of the target.
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embodiments of the process of the invention;

Fig. 2 shows a typical metallographic section taken from each such
15  deposit;

Fig. 3 shows a cross section of typical target and backing plate;

Fig. 4 shows a face view including a usual erosion goal;

Fig. 5 is a block diagram of the rejuvenation process; and

Fig. 6 shows in outline form a vacuum or inert gas chamber set-up

20 for practice of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

An embodiment of the present invention is a laser process to

produce high purity refractory metal and alloys formed from refractory

25 metal powder. The tantalum powder (-120+325 mesh), and a tantalum
plate substrate applied in a depositing apparatus as described in U.S.
6,269,536, incorporated herein by reference in its entirety). The laser
energy was approximately 17 kW delivered. Figure 1 shows the five
deposits formed from the laser process. Each deposit is the result of

30 approximately five to seven layers with each layer being approximately
0.010" thick.
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deposit as conpared to the starting powder. Wth the exception of titanium
10 and vanadium there was a neasurable reduction in the netallic

cont am nawioois/062491t he deposit. Titani umand vanadi um cont ariQTarS06/018281Te
fromprevious work in the test equi prrérﬁ‘ conducted with Ti-6Al-4V all oy.

15 20 25 30 WO 03/062491 - 8 - PCT/US03/01825 5 Table 1 Concentration
Concentration (ppm (ppm El enment Powder Deposit PPM Reducti on
Powder - Deposit B 0.18 0.04 0.14 M 35 0.21 34.79 Al 1.4 0.46 0.94 Si 30
4.2 25.80 P 1.1 0.121.00 Ti 0.9 30 (-29.10) V 0.1 3.1 (-3.00) Cr 3.8
1.4 2.40 WM 0.8 0.07 0.73 Fe 50 4.5 45.50 Co 0.47 0.07 0.40 N 700 29
671.00 Cu 4.6 0.05 4.55 Nb 91 90 1.00

5 Table 1
Concentration Concentration (ppm)
(ppm)
Element Powder Deposit PPM Reduction
Powder-Deposit
B 0.18 0.04 0.14
Mg 35 0.21 34.79
Al 1.4 0.46 0.94
Si 30 4.2 25.80
P 1.1 0.1 1.00
Ti 0.9 30 (-29.10)
V 0.1 3.1 (-3.00)
Cr 3.8 1.4 2.40
Mn 0.8 0.07 0.73
Fe 50 4.5 45.50
Co 0.47 0.07 0.40
Ni 700 29 671.00
Cu 4.6 0.05 4.55
Nb 91 90 1.00
Mo 1.8 0.44 1.36
w 2.6 24 0.20
%Ta 99.908 99.983 -——-
Total 925 166 759




M 1.8 0.44 1.36 W2.6 2.4 0.20 %a 99.908 99.983 ---- Total 925 166 759
WO 03/ 062491 PCT/ US03/01825 -9 Figure 2 shows a typical netall ographic
section twloes/bz49am each deposit. No porosity was found i rrcanysospiszbe
sections exam ned except at the very-8uter surface of the deposit. The
deposits exam ned had from two to five grains (grain boundaries are marked

with arrows) acr ¢dguretestiowsawypichl métuliographic sectivretakendrorhk@chr i gi nal
grains in the base plate. There was no evidence of any internal defects

(i.e., crackeerasie|Neipgrasitymmefaynd ipanyiefitee seglirns examines)exgept Ak

deposits. T I I I : The

Vi cker's 13“&&%5%?&12& Srﬁgg?sOf?%K?bgng?ﬁe?réptsﬁﬁrt%éﬁ%?"r[ﬁll%%ﬁng es are
slightly hitgleto fiveagrainsyforaineboemplacies diré onarked Mdith srrelveenrate thdimnt al um
sheet (VHN of approxi mately 100). These deposits have not been anneal ed

and the YHN Widfyests the material is not brittle. The slightly higher
hardness of sa I ; I i i F t of its
NHeRe %(ramscgqaw&ﬁ the ORI g.lsaln%’ss ﬁ‘{)‘ﬂ&gﬁﬁé bl oS

slightly 15 higher oxygen content. e roomtenperature
yi el d and ulwasmpevidermegfianyoihiernakdefebisdéedepackist inciusions, HerehgTM

specifications, for rolle nd,anneal ed tantal um sheet. The sanples 1, 2,
and 3 there p%'@'eﬁcégglt%ﬂée,a) 'H(Stﬁ%ra?ﬂg'f' ding the elongation values are

slightly bel ow spefdd il 6AlIRBhBWIMBUBCHAMES tbiFesaRdPNS Bickaps ed near the
radius of the 20 test bar, not in the center of the gage section, and was
deened H badHardsesp Nurgbers (VHN, 500g) for three of the samples are slightly
higher than might be expected for rolled and annealed tantalum sheet
(VHN of approximately 100). These deposits have not been annealed and
the VHN suggests the material is not brittle. The slightly higher hardness
of sample 1 as compared to samples 2 and 3 is the result of its slightly
15  higher oxygen content. Table lll shows the room temperature yield and
ultimate strengths of these three deposits meet the ASTM specifications
for rolled and annealed tantalum sheet. The samples 1, 2, and 3 there
are acceptable, notwithstanding the elongation values are slightly below
specification minimums (note that sample 3 failed near the radius of the
20  test bar, not in the center of the gage section, and was deemed a bad

test).
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30 WD 03/062491 PCT/ US03/01825 -10 5 Table Il - Vicker Hardness Nunbers,
500a Sample 1 Sanple 2 Sanple 3 121.7 114.0 109.8 120.0 106.6 109.2

125.4 107w @Bh82461 125.0 106.6 108.3 124.3 106.6 111.6 1A Xx030i825 110. 7
121.1123.6 111.7 110.1 121.4 105.4 10909 121.1 112.1 106.8 123.5 110.0
106.2 Avg. 122.9 1.8 109.2+3.0 109.3+1.7 Table Il - Room Tenperature
Tensil e Test Results Sanple No. Yield Strength (ksi) Utimte Tensile Total
El ongation Strength (ksi) 1 29.7 31.7 24.1 2 25.9 31.5 23.5 3 26.4 30.0
12.7 ASTM B365 15.0 25.0 25.0 (mins.) The results presented above show t he
| aser fornmed tantalum 10 deposits have chem cal and nechani cal properties
equi valent to rolled and anneal ed tantalum sheet. The deposits were fully
dense with no evidence of porosity except at the very outer surface of the

deposi t ‘5 Table |l - Vicker Hardness Numbers, 500a
Sample 1 Sample 2 Sample 3
121.7 114.0 109.8
120.0 106.6 109.2
125.4 : 107.4 ’ 110.7
125.0 106.6 108.3
124.3 106.6 111.6
123.2 111.5 110.7
121.1123.6 111.7 110.1
121.4 105.4 109.9
121.1 112.1 106.8
123.5 110.0 106.2
Avg. 1229 +1.8 109.2 + 3.0 109.3 + 1.7

Table lll = Room Temperature Tensile Test Results

Sample No. | Yield Strength (ksi) | Ultimate Tensile | Total Elongation
Strength (ksi)
1 29.7 31.7 241
2 25.9 31.5 23.5
3 26.4 30.0 12.7
ASTM B365 15.0 25.0 25.0
(mins.)

The results presented above show the laser formed tantalum
10  deposits have chemical and mechanical properties equivalent to rolled
and annealed tantalum sheet. The deposits were fully dense with no

evidence of porosity except at the very outer surface of the deposit.



WO 03/ 062491 PCT/ US03/01825 -11 The rejuvenation of refractory netal parts
Is illustrated in Figs. 3-6. Figs. 3-4 show a tantalum (Ta) sputter plate
bonded t ow® @mppwt (Cu) backing plate which may include additwSosned2s

conpl exity such as bonded-on water cetflirng coils (CL) or even be part of a
| arge cooling liquid reservoir 5 and/ or have conpl ex flanges and nechani cal

and el ectri cal aﬂﬁ@q@;m@naﬂbrﬁ of raffftoryEmetilipadts e illastraRidcal Figacket rack form
erosi on zone_arisin rom sputtering usage. is a flow chart of

Fig. 5
i mpl enent at 6. ¢4 Shewd tasdaltm chaspuar plate bgng%tmmwppeh@tu) gas zone is

est abl i shed : : r . e i -Zone) is
fil1ed wthPBouaAEaHviEn ey Foltle ARSRT Komel Sty SRR A poREE PR

el ec]c ron bewatér:i&)olir@ﬁdcﬂ’ls (lgtaioném bg pugﬂ of aogaﬁgeboow \lj\%ﬂds“gs@rubirnot

conpl ete_parti s. The ting can be done durin powder deposition or
af{rgr de%gs?f‘ﬂg?fehﬂ‘/eapqn& §¥f'8H8?%9BFi rgganical g ﬁg@%ﬂ@@' Atashingl foil can

al so be presﬂ?ﬁé@é%d laid into the trench. 1In all cases the fill is
sintered for se { ondi ng and adhesion to target and |leveled off by

machi ni ng, sandi fgindicabese tygitalaace traek ¢brinm grosiomizome aribimgrfrom sputteri ng
process. The fRI l.owi ng are several detailed ways of rejuvenating a
refractory SPBUGHPY USAQC-shown in Fig. 6 such a plate can be placed in a

vacuum chanber Y05 RVAGR ICRASTTRDRIBEHELEA % M Broddnt fivedtibneAt gas
(argon) atnosphere utilizing conventional punp P and gas back-fill

appar atU$ Gvaoiym ardneit ggs ona ip estrblishedfinra yserbl asintarget asgenebliiozz| es
fo the 25 el BiRoEl R REoN SR SR et R SR e e e
erosi on zoRehoidédd By ldey @k eftirdpchdBd ¢EBY PAstbi ddarinhcptd inetidaeyster feeder.
A 15-20 surfaces, but not complete particles. The melting can be done during
powder deposition or after deposition on a layer-on-layer basis.
15 A powder derived foil can also be pre-made and laid into the trench.
In all cases the fill is sintered for self bonding and adhesion to
target and leveled off by machining, sanding or other abrasion etching
and/or a burn-in sputtering process.
The following are several detailed ways of rejuvenating a refractory
20 part. As shown in Fig. 6 such a plate can be placed in a vacuum chamber
(VC) evacuated atmospheric pressure purified inert gas (argon)
atmosphere utilizing conventional pump P and gas back-fill apparatus G
with valving V. A powder feeder comprising multiple nozzles can insert
multiple high velocity streams of Ta powder of -100 to 325 mesh to the
25 erosion zone (region). The powder feeder can scan along the erosion
zone or the target can be moved relative to a fixed powder feeder. A 15-20
KW (preferably 20-25 laser beam LB formed by a case C and
conventional scan optics MI, M2 which can be wholly in the chamber or,
partly outside the chamber using a window for beam passage can be
30 traced in raster scan fashion over the erosion zone, as the powder falls, to

melt powder particle surfaces and enable particle to particle bonding and



KW (preferably 20-25 | aser beam LB fornmed by a case C and conventi onal
scan optics M, M2 which can be wholly in the chanber or, partly outside

t he chanmbwo wsmiceuy1a wi ndow for beam passage can be 30 traced/usesneser scan
fashi on over the erosion zone, as the-fpdwder falls, to nelt powder
particle surfaces and enable particle to particle bonding and WO 03/ 062491
PCT/ US03/ 01828dingli® therdisa®ftioe ehesitazenetohtieuarshsand repewtediynt i nuousl y

and repeat ed| ound the.zane unti| it is filled., Powder mass,
cal cul ati on&" G gl it 'H?Eo#@"‘é% nB%S%%%B‘ﬂ?BO%PBWMW@“%'an etion

and a cut - offorfiforé chhibedusel® détéﬁﬁfne%?n@%ﬁdﬁ dRdROSH: f%bhnnlg@.tfﬁ@ to

conpl ete the sintering. Separate 5 target heaters can be used to preheat
t he target tasescaniptevidddiost-Gthaeatiegto compieig thdeintajng.eBapamte One for m of

i le f fabricati d j ti f t,0. tals is th
Cast or mir afSar pegters Brapedisshlenancel B dtist O ponis Aoefphalhed ° '° 1"
descri bed, dufing thé® réjobeidtiont al ., "Laser Forming 10 Titani um Conponents”

in the May 1998 issue of Advanced Metals & Processes and Arcella et al.,
"Produci ng Ti t afineghiosey fgeuirmenthpsrida fer faprigatingbanid rejusemafincaser For mi ng, "

Jour nal of 0Q)., - : j I | sq. be applied
to ot her re@%@p{ﬁ%ﬁ%%%féﬁ&&r@ﬁﬁgr@@g%&igé%!j&gwﬁﬁ%ﬁ%%t%m §§/ Mo,

al l oy, RE alNepyMetCohp.uos deteritbed, Wiy qin ApBott @bel. NMlekeHFoahingys. 1t will now
be apparent _to those skilled in the art that other enbodi nents,

i npr ovelftnt dtabimCampenentsisadhe Mantd9ttssuesrididyaaned Meatals &he | etter and
et on.  DEPUSEAR AR, Aalh SR P I 50858 coffp
From Powder Using Laser Forming," Journal of metals (May 2000), pp.
28-30.
The invention can also be applied to other refractory powder
15 metals, such as Re, W, Mo, W alloy, Mo, alloy, RE alloy, niobium,
tantalum alloys, and niobium alloys.
it will now be apparent to those skilled in the art that other
embodiments, improvements, details, and uses can be made consistent
with the letter and spirit of the forgoing disclosure and within the scope of
20 the invention.



-13- WHAT IS CLAIMED ISt 1. A process for nmaking a refractory netal part
conprising: (a) |oading powder netal particles into a hopper for feeding
into a | exens3agiti ve chanber, 5 (b) | oading a substrate RaTrEsoBhes2k aser
addi tive chanber, (c) feeding the powdds -rret al powders into the additive
chanber onto successive points on the substrate in a |linear trace, (d)

mel ting theWHlééHSaCéAiaME[Dtlﬁe powder with a |aser beam and bui I di ng up

mul tiple coatin IIed m cr cture e) tracing the

s contr GJI y
substrate over g sel £PE%P6§P qr fakingsa & Fﬁﬁﬁ@’d“etﬁh?@ﬁqqrﬁﬂn%lﬂa nel t beam
and buil di ng up () cogbaditigPovrict tR&tPpLRIIes EJQ*FJOPPEF Hr?%é@gg‘fﬁfo'é)e

| ayers, and (f) building Uup a deposit romt e coatlng an mng a
refract ory iasesladgifive. chegntzer, The process of Claim1l, wherein the deposit

I f t d The process of
lColluiau ﬁn tipsqugpef 28} hgqg?%'gg@ssqbftr rﬁggﬁ?n) %ereﬁagweﬁ'?émb%nd. ti ons 4. The
process of d ai @), wbéﬁmgﬂhéfpem@@a%éthp@&w&%hmdﬁth@f e&@arﬂb near or

bel ow at nospheric pressure. 5. The process of Qaiml ere| n t e process
is carried 80O SugrRSSIVE PRiRlS %&mﬁﬁbs@ratqheaﬂmeeetface)f Claim 1, wherein the

e oA gened) = pathb GLEDb Al MEdloy S i 308, L
Claiml, vvhbuﬂadlngtdjﬁmuﬁfpléic@@ﬂngsrm’f@bomlted Micréstpustlteer i ng tar get.

10 (e)  ftracing the substrate over a selected area with a combined
deposition and melt beam and building up a coating of a controlled
microstructure in multipe layers, and

(f) building up a deposit from the coating and forming a
refractory metal part.

15 2. The process of Claim 1, wherein the deposit built up from the
coating is a fully dense deposit.

3. The process of Claim 1, wherein the process is carried out
under inert conditions.
4. The process of Claim 3, wherein the conditions include argon,
20  ator near or below atmospheric pressure.
5. The process of Claim 1, wherein the process is carried out
under a hard vacuum.
6. The process of Claim 1, wherein the laser beam generates
sufficiently high heat to create conditions that purify the powder and the
25  refractory metal part.
7. The process of Claim 1, wherein the refractory metal part is
a sputtering target.
8. A refractory metal part made by the process of Claim 1.
9. A method for rejuvenating a tantalum sputtering target
30 comprising subjecting an eroded region of a tantalum sputtering target



8. Arefractory netal part nade by the process of Claiml. 9. A nethod for
rejuvenating a tantalum sputtering target 30 conprising subjecting an

er oded r egioos/oe49a t ant al um sputtering target WO 03/ 062491PCT1¥S03/01825

PCT/ US03/ 01825 to plasnma deposition, ~flfrn ng a fully dense coating, and
thereby rejuvenati ng the tantal um sputtering target. 10. The net hod of
daim9, wheloPlasmacdereaitionforpingtaciully gensacgating,aandathesey ng pl ate and

the target i Felﬂ@é"ﬁ‘@?ﬁhsq?%gﬁgbgﬁ%”@@%}aépg t he backing plate fromthe

target. 11. A’spu i ng ‘'method of Caim9. 10. A

met hod for rejuvdlati MheamtthucedOaing, wdicrsia thértsmtamrﬁgaeftéﬁﬁgg subj ecting
an eroded region of a tagtal um sputtering target to |aser sintering,

forming a fu rgeldiassa bag mr@@teﬁr&@wargstds/éemvenajeg méthoat t ant al um
sputterimg t@é&%din%%hew@gﬂgibmgfgmg%{n%b , Wherein the tantal um

Ssputtering target has a ng plat e target is rejuvenated

wi t hout debondi rid. t hé\ fputtaring tprgetenddo by the nich@® bf Cldm @ sputtering
target made by tqﬁ met hod  of ai m 10. 13. A method for rejuvenating a
I"ng

15 :
tant al um sputter t A gethod forseityenating ajtantaluny sawitesingitadgetegi on of a
sputtering tey@Btisi il t | [ ] ul .y dense
coating, and fi FIIflﬁg_s{]u%!aecgpgﬁd%%g?%ﬁ'gﬁf&g; ttaé%g?lnlr}ﬁ%@%hﬁget%%g t? ar get,
t her eby rej Uageasinteyingsénming alfutly depse teafinyg therehgtreju¥Bndiing thesput t ering

target fpde Gy hhe éfoq}f{é?ﬂgqgrggt.ai m 13.

11.  The method of Claim 10, wherein the tantalum sputtering
target has a backing plate and the target is rejuvenated without
debonding the backing plate from the target.

12. A sputtering target made by the method of Claim 10.

15 13. A method for rejuvenating a tantalum sputtering target
comprising subjecting an eroded region of a sputtering target to hot
isostatic pressing, forming a fully dense coating, and filling the eroded
region of a tantalum sputtering target, thereby rejuvenating the tantalum
sputtering target.

20 14. A sputtering target made by the method of Claim 13.



