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BY 5 LASER FORM NG AND MELTI NG BACKGROUND OF THE | NVENTI ON The preseng juN 2006
i nvention relates to fabrication and rejuvenation of refractory netal parts,
and nore p [ ly to fabrication and 10 rejuvenation qf ory neta
parts at ngfbgﬁg%ghor near shape with controlled nicrost?ﬁ%@§$%®§ rrent
processes for producing high purity refractory netal parts, such as sheets
made fromtantalum and tantalum alloys (for usage as sputtering targets,

t ube perforns, furnac%ﬁggrt perfornms, etc.), include 15 powder and i ngot

metal | urgy. The i ngGREMRAGTORGYIETAScAND AHdGNRERININGEY ecting and bl endi ng
sui t abl egpowders, pressi nq_Ag,Q %1@"@%\5&% mEq_rﬁ@%. An el ectron beam or

pl asma or arc furnace is cool it into an ingot. The
melting can be done in nultiple steps. Electron beamnelting and renelting
renoves inpurities to pr ent i L tantalumingot. Purities
of 99.9% tantal um are roﬁ'g—ﬁgﬁ?\g@ﬁbﬁgm éﬁ@?‘ ygot i s thernonechanically

processed and f ghklesser@iriedtion edlate8 ik &sbricaforn8fd eslutéiationlgd wor ked wi th
i nternmedi ate annealin % to produce a _desired shape, such as plate, sheet,

rod or fabriretadanyactal pads: ahapee parieyptniofabiieation antbni cal , di shed sheet,
cup, bo et.c: SHRmRs i ' fromingots 3.
Thi s ov)e1r0al Irgjb"%%rclzess [ gsfr?ée(ftgﬁiﬁvgfa\(ypg{'t%\%t Qﬁﬁ?gglﬂ??\ga?ﬁﬁ% ‘Mgl yi el d of

appr oxi mat elopn#tollecomBBostaratenet . The sintering process consunes a significant
amount of furnacge ti but it i ui,red ta provide sufficient nechanical
Strength in t hecugent Biegdfeesioppld oG aidPeldotaR BEE PR 30 ¢ he
refractory ngichlasepeeRmage dormasintaivhalndtantaien Bads @rudiyeads y el ectron
beam nel ted under a hard vacuumto renove chemcal 1 ppurities. The el ectron

beam nel t i nGPyHeTRGArgeLs tybe peFioRasfEMace part performs, etc.), include
15  powder and ingot metaliurgy. The ingot metallurgy process begins with

selecting and blending suitable powders, pressing into bars and sintering.
An electron beam or plasma or arc fumace 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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hours. Renelting is usually required which also consunmes significant furnace
time and powwwgp as four electron beamguns at 150 kilowatts for 8 to 16
hours. Laser addriive manufact uri ng (2AM is a direct depo®tTVWHOPRdcess 5
that uses a high power |aser and powder feeding systemto produce conplex

t hr ee- di menspeymRhusP BPPOE RISwtisOraY 8BS ab haewsdqaémemhgz\§1h9@al|ypower | aser and
multi-axis positioning systemwork directly froma CADfilé to build up the

conponent useAyired whicha$e corsumes,gigrifigant finace Hioeesand pewessueh a8 t o
conventi onal | ' t Al stereolithography and
sel ective | Jggfagﬁtﬁ%?faﬁgy@é%%t,1%224(9!3?%@52?0@;%%6?39&%%er wel di ng was

devel oped t o | oilasenadditive masufastuing (bAMB s a direet dapositioni pbeedsnt egral to a

conponent ver, a full ense tal, ¢ onent ., can on be made with such
addi ti onéﬁ gﬁ\éﬁésegsa 6'9&%%9@?S%Iaﬁgfﬂ‘?&’dﬁﬁﬁet%'qgsW&%m?% p[)?%‘é?i ng). Such a

| aser 15 progswesiek dfebekimnensivehlapathonentEroth asstalr sowdksts - Tied highape titani um
conponents for the aerospace industry. But a process does ngt exist for

still hi gherPOWaT{asRy aneripaiéirapds Pesitailing sysiem work durety Giom aEaPilenal 1y,
Sputteri ng. (@Rl pahe dbBbohBRPRIAY H'sEialBl Hidia Son o PisFabaial um and ot her

refractory netals , nmetal s an 0 all'oys; hydri des,
ni tri des andsimilacio connpotiordd rapie peaidlyping dechiniqueas; egemasd circuit manufacture

and ot hey, el ectri.cal nef | nd.optical . pr t nufacture usually are
er oded i@ a ﬁ%ﬂ%"hﬁf’%ﬁ@%&@ ﬁ?(ﬁwg 'El’ﬁ??é Sﬁ‘?%tf@s@%ﬁfa%dg@ﬁgwﬁﬁﬁ‘%i ch leads to
a race trackLdsek veldigg easdeveidbpedive jort twidcsrhgener$ of itefabaitgietan | n order to
prevent any contam nation of substrates or 2§ygat astrophi ¢ break-through of

cool ant f1 ui #&CIBdMERER! tha coameeent. iaweaven gdtlly dense metal component
can only be made with such additional steps as casting or HiP'ing (hot

isostatic pressing). Such a laser

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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rocessin met ho or.r ctor al s an ejr oys at produces a
fully dense depolit anRaiectahNg aseinvention i¢ piaids  [RsebPrasessing

mi cr o- mechaningdthod RIrdBRaétbBSmatald Qﬁéiheﬁ%lb}@ﬂ@l"prddﬂcbé%ﬁﬁuﬁj/ gepsd y mel ted,
consolidated, rolled and annealed parts. [t is a further object to increase

yi el d r ecovedgpasitithet ran e PanarQr guried agth magior ead imjerormeshaitigdlcost s by

net - shape or : [ ' | ' of the
I nvention top%r%%%ét |§ Eéei ru(':\{'/ac Itﬁ%ﬁ%l&@?nal%m?@geﬁgfgﬂ %@3@% ?r%c?g{)@arts, such as
t ant al um pl ated anoeakeduddrist i ng targets including their backing plate. 15 It

is yet another object .of the.inyention to reduce the cycle tine between
renovi ng t he refrgd? 8#9”%03119%!9 fneregseryield recvans ad PREWSPget . from

service apd detidase falridadieH tifre ST Yogte binkt-sihgheShraidp R shapdMARY OF THE
I NVENTI ON 20 The invention relates to a process for naking a refractory netal

part conpri abrigatiay. | oadi ng powder metal particles into a hopper for feeding

addi | ve chanber  "(3F 'FaLg culeqtoE s MAEHER B RURELRAE roctelind RS adai ti ve
of refractory metal parts, such as tantalum plates for sputtering targets
including their backing plate.
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 inta 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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to a nethod for rejuvenating a tantalum sputtering target conprising

subj ecti ng afPWiesPgdatasyrempesing stblecing A e&ysiad: repionpftehiagtalumo pl asma
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r ej uvenat i ngthereyhtejuvemating the tantalymsautjeningtangati si ng subj ecting an eroded

region ot a tant terl . S] ring, .fiormng a fully
dense coati ng, tﬂ"é\gg@ﬁ?m%j%e%gﬂtéﬁgog%h'éetﬂ?%#foiﬁ%%%ﬁ}ﬁgeq%%a@@rget, The

i nvention al _Smtfetrin@ttﬁ;igetOpmpﬂEMb(sdbfgeténg ah_@vmwfﬁegmnaoftmh;dlmm 10 S|outte[1 i ng
target conprising subjecting an eroded regiop of a sputtering target to hot
i sostatic pr%%‘étte%@,g tﬁ%ﬂeﬁfch@%_ﬁr sinter '99df@H§@%c%§¥|VﬁSP_3%ﬁeatf’?QvIthfigfﬁbyt he eroded
region of a '\Fé%ia‘ﬂ%ﬁrﬁ%'fatn?élhﬂ% BORY targdter eby rejuvenating the tantal um

sputtering target. Alternatively, the invention can also include products
made from such pilbedaenionBisoneslales o a metheg fosdejuvematingta tantalgma process and

consol 1 45t o PAFPEE Ehst cORERERGRABIcLAng AR el kBNl sl BRSO

consol i date oysS t rnca product of
net shape or targetao-hotisostatiperesdiny, iomtieg atfblhodertseutoatingy andfillisg st ency, and

Lower  manuf get U48g rSsh B S EMENAshkelinG thrgdl, thorBy SSiuveraatig” metal 1S
the tantalum sputtering target. Alternatively, the invention can also
include products made from such processes.

16 As such, the present invention is a process and the resuitant
product. The process is one to chemically refine and consolidate
refractory metals and their alioys 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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application. used in, t manuf acture of sputtering targets, the process
wll vyield Pﬁgorﬁbt%@étg‘%{“‘@‘%&aé@ eitlictty and have a columar grain structure

to aid uniforms 8L oses, the
race track trenchpg'tn'te?j\}gﬂfggg@agfﬁﬁsgg thé r%ettrégﬁtgérg% ecﬁ??nﬂtaglgt??nﬂgegut tering

target i30fi | defarigrptachieatalginransittering tqmg@tsaﬁlledjbplwet Blotertng, plaegondi ng
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of | aser sintering or plasna the et dou j uvenat ed
wi t hout debondénsg dd%ngad:lkthagcaﬂeadféaﬁeranﬂemg ortpiagaa debositibe thease of

HI P-bondi ng etlatrghe souRhe rejVenated RN 4eBond ng the backing plate from the
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, piasma 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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taken in conjunction wi BREFHIESCRIPHON ORTHE MRAYINGS whi ch: 10

Fig. 1 shows the five deposits (products) formed from the preferred

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 tantaium 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 faser
energy was approximately 17 kW delivered. Figure 1 shows the five
deposits formed from the laser process. Each deposit is the resuit of

30 approximately five to seven layers with each layer being approximately
0.010" thick.



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows the five deposits (products
formed fromthe preferred enbodinents of the process of the invent i1anJUNFI0HD
2 shows a typical netallographic section taken fromeach such 15 deposit;
Fig. 3 shows a cross section of typical target and backin Iate Fig. 4
shows a fad¥ W44 ncl uding a usual ergsion goal; Fig. 5 ?E ISHOYLR di agram
of the rejuvenation process; and Fig. 6 shows in outline forma vacuum or

i nert gas chanber Tﬁ@'lfghzﬁlcaﬁﬂ' Ogéﬂl%ﬂlf@?érlcég debcritt)] AaNdls® medaEtd LED
DESCRI PTI ON OF PREFERRED ENB NTS An enbodinment of the present invention

is a laser prdseesi§on stps Hadde brimuctplower {hander tepiny. The B‘Qhﬁrn@elil | oys forned
from refract QiphpermurdBird the ecfond@tﬂn&?@%()té‘?h%&ﬁgéreﬁ td4itshiem Mesh), and a

tant al um Iate substrate applied In a paratus as described in
Uus. 6, 269 5e&ntithe: tantaluax maltere pedrwas probalbly emedler and esrealteirr et y) . The | aser

For mod 11 8m (e S8 Polyfet ol EampELEF e = fie loditBRveror 30" 2ppr oxi mat ol y

TUN 2006 V0 03] bam0 o O i oo e CaL o abor Uy it {6 ence
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descri bed absi@tiag PBWAERLARd fh‘?ef'“ql]JgBB%$'ft5r Broengraldh %%IW?%V Bl E@bh | ower than

for titani umcnEhgs b GBIy mRATRBRENE (<RaRibh, WIS Rl BRgict | Vi ty of

tant al um corrpare to titaniu meant eta umnol ten pool was probably
smal | er and alepoait hecoBpquecthta the stdrtipg pawder: YVithitheeexeeptien obitaniuen avai | abl e

| aser po ysis (GDVS) of the
starting V\d%%waq%(?% ﬁgqﬁgrﬁa\*}g%éﬁi%sthzab? ﬁé%gﬂé'?gﬂht%qé?@q@as very little
change i n t heonefmiaation yf tetddpositriTitamiunt exd vphadiutdocordaahingtionfcatrize

from previous work in the test equipment conducted with Ti-6Al-4V alloy.
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deposit as conpared to the starting powder. Wth the exception of titani 10
and vanadi um there was a neasurable reduction in the netallic cor:ltzaﬂﬁ“h@& on
of the deposit. Titanium and vanadi um contam nation cane from previous work
in the test  equi nt conducted with Ti-6Al-4V alloy. 15 3 JUN
2006 0 03SESIERITS pCT/ US05! 01625 5 Babl ¢ 1 Concent r ati ST EARARAT ot on
(ppm (ppm El enment Powder Deposi t PPM Reducti on Powder - Deposit BO. 180. 040. 14
My350. 2134. 79 Al 1.40. 460. 94 Si 304. 225.80 P1.10.11.00 Ti 0.930(-29.10)

V0. 13.1(-3.00) Cr3.81.42.40 M10. 80.070. 73 Fe504.545. 50 Co0. 470. 070. 40

Ni 70029671. 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 14 0.46 0.94
Si 30 4.2 25.80
P 1.1 0.1 1.00
Ti 0.9 30 (-29.10)
\Y% 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




Cu4. 60. 054. 55 Nb91901. 00 Mbd1l. 80.441. 36 W2.62.40. 20 %a99. 90899. 983- - - -
Tot al 925166759 1 3 JUN 2006 WO 03/ 062491 PCTI US03/01825 -9 Figure 21$hqws)0es
typi cal netallographic section taken fromeach deposit. No porosity was

found in a f the sections exam ned except at the very face of
t he deposi No%gﬁtz?féposi ts exam ned had Jrom two to five 5?!!”5@3’@5 ain

boundaries are marked with arrows) across their 5 width. These grains grew

fromthe original i i | at There. ng _evidence of any
i nternal defects (Iﬁéﬁﬂefgﬁé&%g?yﬁﬁajh@ﬁ@qﬁgﬁ?pq%gg&&p\’ﬁggp?riogrll 8@,% and the |ike)
in the deposi depoditbNepordsityiwhd found irs hayot the seetidranézhinkasixcegtsatl ts. The

Vicker's 10 rdness Nunbers HN,, 500g)_for three of the sanples are
slightly hi gk§ Ve QYteR Cﬁé’(fg&)@%ﬁ%%t- %T(;l,e ‘5"(90558951‘18'%%’@&‘ g‘g'“t ant al um

sheet  (VHN obywaRpfige hrmLlgraih Yaunddfies sredraket withay G dcrogeipenneal ed and
the VHN suggests the material is not brittle. The slightly higher hardness

of sanple a¥idtbnpared to sanples 2 and 3 is the result of i ts slightly 15
oot gD contile ool o IR 08 GHP APRAMEB L. (o
rolled and anmeslrexlevidence efrarstieteimal Detecis (el asadks, helusiohs3 fareigne  ar e
CpeoPt fontt on PR ARI RO R R4 SBRIE" 11 IS8 hear “the i v of the 20
test bar, not in tTgpleentand IRfshblvehs ashasichl 186t re8lRs. \afe Vieramd a bad test).
10  Hardness Numbers (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 IIl 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).

25

30



25 30 1 3 JUN 2006 WD 03/062491 -10 PCTIUS03101825 5 Table Il - Vicker

Har dness Numbers. 500a Sanple 1Sanple 2Sanple 3 121.7114.0109.8 13 JUN 2006
120. 0106. 6109. 2 125.4107.4110.7 125.0106. 6108. 3 124. 3106. 6111.6

123.2111.5 4 .1111.7110.1 121.4105.4109.9 121.1112.

123. 5110. 011‘%‘8‘.’%06%3 122. 9+1. 8109. 23. Q439. 3+1. 7 Table |11 ;’&9’&8‘§’Fﬂwﬁénperat ure
Tensile Test Results Sanple No.Yield Strength (ksi)U timate Tensile Total

El ongation Strength (ksi) 129.731.724.1 225.931.523.5 326.430.012. 7 ASTM B365

15.025.025.0 (mns.) The results presented above show the | aser forned
tant al um

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
123.2 111.56 110.7
1211 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 Ill — 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 35.0
(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.



10 deposits have chem cal and mechani cal properties equivalent to rolled and
anneal ed tantal um sheet. The deposits were fully dense with no evi den el Uk 2006
porosity except at the very outer surface of the deposit. 1 3 JUN 2006 WO

03/ 062491 /01825 -11 The rejuvenation of refract parts Is
Il lustrat egﬁ#@?ﬁ 3-6. Figs. 3-4 §ch|>v_v a tantal um (Ta) 9@%3?@@?&& ate
bonded to a copper (Cu) backing plate which may include additional

conpl exity such as- ho r ,Coo0 ven_, be part of a

|l arge cooling Ii qj-lh @@%gr%wg\fagﬁﬁﬁtpg’ mﬁgfg@a&%r'ﬁ)',"i&%t?g%ggsaﬂ *mechani cal
and el ectri cthg:atatashowga taptalurnt(Ta psputier plade bah@e:dt@éwpf@ér'(cuace track form
erosi on zone arisin ut. t r|n a Is a flow chart of

i npl ement at | GRS B'In Gt %te O’B%‘"é yil g@‘:ﬁfo&? cog R?)QJ@M@HFB@SFW@?? d@Rs zone is
establ i shed fypitePceiRg chils @L @rféij%hb@éaﬁff@ﬂéll J BSolRigqriufres8RBI( E- Zone) i's
filled wth powders o the@;I utter netal hatargls E@d bry Ieasér or electron

beam ( EB) Sr agingforswayerfionplextianges m\mecham@i ﬁad@@ctml attechiognpl et e
particles. Trgeﬁ,ugﬁjréé ng can be done during powder deposition or after
deposition on a [ayer-on-layer basis. 15 A powder derived foil can also be
pre-made and | ai d B imdicatdsea typeat hace trackdbim eesston zdvee anigihg fremsi nt ered for
sel f bondi ng ang{eadhem on to target and leveled off by machining, sanding or
ot her abr asi OWUEEERY H3?9%ind/ or a bumin sputtering process. The follow ng are

several detailed \m%ss idfa il UN@rlﬂafinﬁtﬁe@eht%fclbﬁ@fﬂerpreBQnﬂQﬁVéntloﬁSAShOV\ﬂ in Fig.
6 such a pI ate can pl aced in_a vacuum chanber _(VC) evacuated atnospheric

pressure Qurl"‘lalcéﬁml‘?féf‘%rtg%z?'&? Fornfablisnpd faer esed Ta-CH gt @ssemblyonal punp P
and gas backfiid bro3RRAoRb!E-Fnehts f h,e\ﬁ%m Pélvdlrs of tie FRAE{ GO | SI NG

mul tiple nozzles can insert OCIt treams o a powder of
-100 to 325 riebhnded bydaser or electron beam (EB) raster scannlng to melt powder
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 M, 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



25 erosion zone (region). The powder feeder can scan along the erosion. zone
or the target can be noved relative to a fixed powder feeder. A 15-201 3 KU 2006
(preferably 20-25 | aser beam LB fornmed by a case C and conventional scan
optics M, M2 which can be wholly in the chanber or, part t3|§je t he
chanber usWﬁd’3’£6thow for beam passagg,can be 30 traced quqs(g? scan

fashi on over the erosion zone, as the powder falls, to nelt ovvder particle

surfaces and 006 WO

Sur aces  yBRRLTo b g AN e BANRLBR Mo e %@%vaon

colntl Inuousl yaacnnh/drtbpeahedlhyl it Brfmledd F’tolu.dezmbwslmatmlatlbhzlasndforldpedal Powder mass
cal cul ati ons _and/ or itors can be use t conpl etion and
a cut-of f of MIN Pr%a'PEmHSGCF Egg&eﬂ'ﬁweﬁomﬂ@@“p%ﬁaf‘m? Hgfilﬂ‘ﬂ h® conpl ete
the sinteri nmseSeaﬁrp?dmépéﬁrfmerteahﬁg&&emsmb@@m@ﬁngosaba#mat the target or
provi de additional heat during the rejuvenation. One form of equi pnent

usabl e fo? fideEetheatay cande @?Qﬂ/@#ﬁ?hﬁ%} the &argaerdirovigetasiditional besd Lasf or m

brand direct 4 system of AeroMet Corp., as described, e.g.,
in Abbott et gﬁﬁ&kh{a@er ét)(r%r]n ng 10 Titani um Conponents” in the May 1998

i ssue of Advanced)rNB‘Derh:of&qulprmméssweMdabmmmgaandtremvenathw oduci ng Titanium
Aer ospace Co nt s [am Po i.n r _Formng.,.' Journal .of netals
(May 2000), Wac oy ngﬁta ST'ﬁéh? ﬁdgﬂfﬁﬁarﬁaﬁ ?gbet%lecjngagitmg&yf "Q)Pﬁer refractory
powder 15 nplepbidet SUR, @sddRrib¥d, &48., iNABbbORt allvt'JLasaérchormur@E al | oy, niobium
tantalumallo and nloblumallo S. Lt will e apparent to those skilled

in the af H‘é@nk‘iﬂhgpmp@ﬁﬁﬁfé iPeW?éwaY m%@&%ﬁgédvﬂlﬁeﬁpﬂga%&d uses can be
made con3| St@?éces‘@*—;% @ngﬁﬁél%téteél aﬁl‘é)dﬁ@hb'ﬁtaﬂfun’? RErdspagde Cinstimmtosur e and

wi thin the scope o e Inventio
From Powder Using Laser Formmg,“ 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 JUN 2006 WO 03/062491 PCTI US03/01825 -13 WHAT IS CLAIMED IS: 1. A’igrﬂﬁ%ﬁ
for making a refractory netal part conprising: (a)loading powder netal* J
particles into a hopper for feeding into a |laser additive chanber, 5(b)

| oading a substrate into the |aser additive chanber, (c)f ' powder
met al pomd‘é’gé’%lo?ff' the additive chanmbefzonto successive p%%gsagglk he

substrate in a linear trace, (d) nelting the substrate and the powder with a
| aser beam aVﬂlRWIé%L’NMﬁD @il tiple coatings of a controlled mcrostructure,
10(e) tracin ver a selected area with a conbi ned deposition
and nelt beam anitl. bui Adiraceasfonmakingi anrefraictary owialrpirt eampriiging'st ruct ure in

mul ti pe | ayers, d ( ui l di deposit fromth oat. ng .and formng a
refractory netal (aagar t Tc}af?’? F’%‘g‘g;ﬁ%@@%@%@iﬁs tﬂ*%ﬂﬂ%?%f%ﬁ%?‘ﬁf"@ﬁ@@eposi t built
up fromthe peatbaditiveé chambely dense deposit. 3. The process of Caiml,
wherein the proc 35 I's carried out under inert conditions. 4. The process of

d ai m 3, %herei nllhe Q3N syrstiaie Mg thelagenaddie chamb@far or bel ow
" her | - ' C . :
at nospheric presgyre. s '@‘@Sﬂfwﬁﬁ&' ﬁvﬁie’?@ ho¥%§|ﬁél%m5&c_ess S

carried out under “a hard V: e 'process o erein the | aser
beam gener at @ptosgidceasivg PPiptshom hengiistrate iprackinear tfaneli ti ons that purify the

powder and the Z?J)ef r ?r?etltﬂ{gythg%hﬁgtré)t%ratnd the powder with a laser beam and
building up multiple coatings of a controlled microstructure,

10 (e)  tracing the substrate over a selected area with a combined
deposition and melt beam and building up a coating of a controlied
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 at or 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



7. The process of Claim1l, wherein the refractory nmetal part is a sputtering
target. 8. Arefractory metal part made by the process of Claimi1. 9. A Jngithelds
for rejuvenating a tantalum sputtering target 30conprising subjecting an
eroded region of a tantalum sputtering target 13 JUN 2006 / 491 -14
PCT/ US03/ 0 Y25/063#9hl asma deposition, fauring a fully dens‘é‘\'{)@gg@fﬂgsg,g and
thereby rejuvenating the tantalum sputtering target. 10. The nethod of Caim

9, wherein th &M@?ﬁ%tqgﬁgggﬂgb?ﬂrﬂnﬁg;g[xL@Q%ﬁﬁgggaﬁﬁ%ﬁhitﬂ&eﬁ,&ate and thelafar %et

is rejuvenated ondi bac te fromthe target.
sputtering targevenadidg thy tart@urmespwdieriog tatbei.m 9.  10. A net hod for

rejuvenating a tantalu i .arget. _conprisi subj.ecting an eroded
region of a tant alnl m s%‘?ﬁﬁﬁwﬁg o?g;ll%@t&%er?'ggﬁ?%@tﬂﬁg}?%ﬁmgrm' ng a fully
dense coat i ngtarybetiady baekiny praé and thdRargetls FejiNatated wRbbdter i ng target. 11.
The met hod of Claim \é\,her_lel n the tantal um sputtering target has a backing

10,
pl ate and®t he deBPRYENA the packinepigtetiomithe &rget. debondi ng t he backing plate from
the target. 12. Aqsput taeg @%ﬂ?g{tﬂﬁ]&t HBade b?)fhé Resthsd 1afh & aim10. 15 13. A

met hod for rejuvenating nsputtering targe conpri sing subjecting
an eroded regi on df0.a Fpmethedifayrejuvepating a tantalum sputteringdapgetéssi ng, formng a

L enve. oping Aokl AR08 RS o RO el E T BhR S e e
sputtering tafgser sintehind)Yoriiey aditllyaderst coatingnthéreby rejuvenating the

10 tantalum sputtering target.

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 spufitering target, thereby rejuvenating the tantalum
sputtering target.

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



