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; €3ezl "&6&Tz[ WD 02/ 088412 PCT/ US02/ 23640 5 TANTALUM AND NI OBl UM BI LLET@)
AND METHODS OF PRODUCI NG THE SAME BACKGROUND OF THE | NVENTI ON  The present

i nventi onyi£l.akes,t 0 tantal umand ni obi um netal s and net hg y fm/gj%[“;n' ng

product s ?r om tan%al um and/ or ni obi um such as tantalum bi['l'et's or ni obi um
billets. The present invention further r,mmmmwmmu ntalumbillets or
niobiumbillets that have a fine, unifor ture including a
uniformgrain size. ¢ Metal billets, such asiss@gptalumbillets are

commercially available froma variety of manufacturers. Typically, these

billets are defi Y, i hi,ckn Lar ratio. Typical
billets are ?}%ﬂ%ﬁf@éﬁﬁ?ﬁ[é%@a’gba@%ﬁfﬁgﬁﬁg@gggg ngﬁﬁf%qﬂ%égw@ nor e
and/ or have an aspect ratio of L/D of greater than 0.5. Thus, billets are
not netal plgt c ically an internediate product forned
. froman ingo atd majel Tantalum 5 billets are then
typically further_processed by ans sutfh as forging into other forns used
by a variety of e plﬁisﬁrfté”vfﬁtl‘ons”fr]el:? fqdantalup and)pbiam; mgaly ad gestkoda afiformias | i ke.
The tantal um bil | e%rs provided to these end users typically do not have a
fine and uniFBfYfSgFaPnadflym. andigs miokm. shthas éneluny dletsduiciebiuma hilistsu ine
billets have a grain structure that varies between the center and edge of
the billet. PRENCERYRNEP Bithernelateiianiabym billets ef aibbisntiillctsahat hyysiacfiel wiites a ' o
m crostructure conposed of broad bands of |arger, elongated grains adjacent
to regions OPICRSHYSivg includmegraifimeraiesier of unrecrystallized material.
Conversely, the outer portions of the comercial tantalumbillets have a
rel atively fine eM@Fa'ulPiﬁ‘Ft%arSH@fg?Satidmalsmrhthtmﬁr@ wonpaialy dvaildblkdraeatverietpfoft he
billet. Thus, products forged frombillets having a coarse, non-uniform
grain WO mypifactgds.4ypicaliys tte@Tilis0at 28fied bysheiuminimen nrgkneds sod/exdspéitt  a
coarse, non-uniformagrain structure. For many hi gh performance applications
for tantal umesedlypigs! ik areeilindriceldn gletps amidive hdime st ofnie irgiesrod Rickd d/or
war heads, a non-uniformgrain structure has been reported to detrinentally
i npact pr odutsave perdpectiativcef LIS .of greatér thdnt 0.5. Gihls, btetyare A Ghet BlateRat d1@stand
Textural and Mcrostructural Gadient Effects on 5 the Mechani cal Behavi or

of a Tant al uare Bbihiy anNbemiddlategiraiatt fammbd Momedi iados, sTeraR 8 aGlal @R od) TAARMM
pp. 1025-1031, 1994; C. A Mchaluk, RO Burt, and D.P. Lewi s, Tantal um 101:

Econom cs angliicteadfeh agycaly fukifier Mrdo@isélySmean® Mich Q9IMER DifitoloHePloRRL hseMBy 2 VOI .
23, No.8, pp.271-278, 2000; C. A Mchaluk, Correlating Discrete Oi1entation

and Grain Sivzgiel, ot dha 1304tbes IR tsh@Rrifs UERd b wefjid gy nal
of Electronic K/tgt erials, Vol .uc31, No,sbl , nl% p%e.rt2-‘%?thgdgg?megﬁaﬁglpﬁc%ﬂ§gr at ed

in their entihalish RYERIRHLBGE BRAB Bo not have a fine and uniform grain size. Instead,

commercially produced tantalum billets have a grain structure that varies between the center
and edge of the billet. The center of the commercial tantalum billet typically has a
0 microstructure composed of broad bands of larger, elongated grains adjacent to regions of
varying fine grain size or of unrecrystallized material. Conversely, the outer portions of the
commercial tantalum billets have a relatively fine and uniform grain structure compared to the

center of the billet. Thus, products forged from billets having a coarse, non-uniform grain
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Accordingly, there is a need to provide tantalum and ni obiumbillets having
a uniformgrain size and preferably made from high purity tantal um and/ or

ni obi um hon, there is a need to provide methods t h a

t ant al um bi ?ggk%r ni obi um billet. 15 SUMMARY OF THE PRESE%?WEQ%Eﬁ¥?CN A
feature of the present invention is to provide tantalumbillets or niobium
billets having a substantially uniformgrain size. Another feature of the
present invention is to provide nethods to make tantalumbillets or niobium
billets having a substantially unlforn1gga|n size. 2 o Another feature of
the present invention.is ﬁ provide intermediate billet products which can
be used to f%ﬁ“ﬁ?'&d’dﬁyfé@eﬁ @H&(PP?%H%“%@"%}Q[W’[ BHFHE- tReF Fapshighesr®ipanche end
use products as well as the internediate billet products have a

subst ant i al | 3PPUGRHIPRSY TRY GRialum wrlyes sputicsiag iesisand eheatiehl erereyrounitipnarithegdssa of

the present invention will be set forth in part in the description that

" fol l ows, andnanrinffaim g strusaraals deemtepdried ie detemdeteldy impactoproduot perfaymiyee W O
112/ f188-412 3 PCT/ US02/ 231~11 | ear ned by practice of the present

i nvention. Tid. Wighle G T éganmdd dtDhollatvErteg esd dficroftecpr&Senticnt iBffeqt bon

will be realized and attained by means of the elenents and conblnatlons
parti cul ar | yth¢dephawirablehaviar vhe Tdeskmi Puteodealidgapmdddaenn 2

t hese and ot her advantages, and in accordance with the purposes of the 5
present i nveddi ap; 038 e d@P4edCandMhaed| R.Od ety iabédD.ReLewin, Toaguwpr REeNt
invention relates to a tantalumbill et haV|ng a substantlally uni form grain
si ze. Pref eriohgmict ned tTactalogymobiTh | Mdteriudss Saunicandix ghaidnals ivae 20f Nalzput
150 mcrons or less. In addition, preferably the purl ty of the tantalumin
the billet ipm.2t —2W&aﬂ100;99.:49$%ch5l1|ﬂe Moielathg DisckeRCORERSEIM ardd VR $i8 0 the
alternatively can be niobiumw th the same characteristics. 1 o The present

i nvention f uspuher Dabiabesrdpersput Tekding Ihangeirsdenmrdidaan vhesahayq,

described tantalumbillets or niobiumbillets of the present i nventi on.

Al'so, the prgsentodrvanhidoried aties chfe@ biriote @befior ming a tantal um
billet having substantially uniformgrain size and invol ves taking a

tantal um i ngot a')’d:c@r‘dtn%lynlﬁe&h@a h28 ) prbﬂ&@tarﬁt@lﬁﬂ%n@'nchgﬁﬁﬁlallJpﬁ r%r gj&ln{ lets
e Sea

are either placed into can which is then evacuat or the

billets are ﬁﬁﬁ%i@gam 5r@feﬁb19rn%d@%h\‘r§gh%my'tﬁ}galum}]c@gr IRB&E!ECIB%d(LPC% {h%Fqu

billets from
a need to provide methods to make such a tantalum billet or niobium billet.

15 SIIMMARY.QEIHE_ERESEN.T_IN.YENIIQN
A feature of the present invention is to provide tantalum billets or niobium billets
having a substantially uniform grain size.
Another feature of the present inveption is to provide methods to make tantalum billets
or niobium billets having a substantially uniform grain size.

'20 Another feature of the present invention is to provide intermediate billet products
which can be used to form end use products such as sputtering targets wherein the end use
products as well as the intermediate billet products have a substantially uniform grain size.

Additional features and advantages of the present invention will be set forth in part in

the description that follows, and in part will be apparent from the description, or may be



oxi dation during subsequent thermal processing and can al so serve as a

| ubricant during subsequent extrusion operations. The large billets are

next heat ufficient tenperature to ensure at | east Lia

recrystalﬁ?yg%wgﬂ§of the extruded tantalumbillet and preF§$?§P§§¥%% ful

recrystallization of the tantalumbillet. Afterwards, the can or protective

coating can be 20 renoved and the extruded rod, if desired, can be cut into

smal ler billets or pieces and further prgcessed by conventional nethods,

such as forging and the like. Again, the sane steps can be used to form

ni obi um bi | | gf. , - 412 : / ~0 1t is to be.ynderstood

_that both thlg&fﬁ AR X?\éﬁ‘éeo‘g!etﬁ%‘?gﬁ%ﬁ‘évéé‘rﬁ?%j{ﬁ}%’%égﬁ%?f"hdeOt#‘% e %Y Oéﬂ‘FareFf‘é%

description are.. - expl anat or 1l y . and are intended to provide

2 turt her ol SHE PR R SR AR Rk et R rivgbin e ey
DESCRI PTI ON OF _THE W NGS Figure 1 is a flowhart showi ng a typical

" commer ci al d%gg%g%“gﬁﬁ%ﬁ?@ﬂﬁpB%ghBnggi#@W&enbodinent of the process of the

pr esent inventi03* FLgur ) 2(@9 and 2(B) provide tables show ng

experi ment al resultEMNEE BESn|dthey 2 Y8R pandairecetrdance vith gha pHrppseraefathe al s

made or used in the exanples of the present application. 1 o Figures

3( A- B) - 9(A- BYCSERdNRER AT R kRgied pRd b@f*ﬂ&wdq‘i@'lh@ﬁgerg‘ﬂam PESSany wventien tsfateg & @ ous

sanpl es used and/or _prepared in the exanples of the present application.

DETAI LED DESERptaigt byingesubsprsiipruni iy RpinGizeT Ris feprbéss dsttariahwe hilletdhs prel at es

to tantalumbillets and/or niobiumbillets having a i5 substantially

uni f or m gr ai ?¢9g% grainrgze pLIRIYE 50 aficrensi & ety bineddgion, biefarablys thaperityydfithelr i cal

in shape or can be shapes other than circular cylinders such as forns

havi ng an oviamalusdudiedillet iset lgrryel. 25%. Bie bilst yigbnptseoriosstisedmativelyae be

present invention further relates to products forned fromthe tantal um

bi | | et's and/oebiyh ofith thre seing Flerastesistish. as sputtering targets and the |ike.

Al so, the present invention relates to nethods of nmaking the tantal um

bill ets &hd ni obiThmp2eserdsiihveation dfrththelaps as epitteriny emgdto formWl flomr @8 peslte- t 0

the tantalumbillet or the niobiumbillet, preferably, the billet has a

subst ant i al | desaribed antalugr tdilets aintsbiundvbitles pited weei ipventible bill et has a uniform

grain size throughout the diameter and length of the billet. For purposes

of the present i miethicoptesent BubgibRMIA b)a M&hécpémoﬂhﬁxgrh @hié8m BIRASWNRL 1 n

accordance to ASTM E112, determ ned about WO (12/088-~ 12

substantially uniform grain size and involves taking a tantalum ingot and cutting the ingot into

large billets. The large billets are either placed into a can which is then evacuated and sealed,
15 or the billets are coated with a protective coating, which protects the large billets from
oxidation during subsequent thermal processing and can also serve as a lubricant during
subsequent extrusion operations. The large billets are next heated at a sufficient temperature
to ensure at least the partial recrystallization of the extruded tantalum billet and preferably the
full recrystallization of the tantalum billet. Afterwards, the can or protective coating can be
20 removed and the extruded rod, if desired, can be cut into smaller billets or pieces and further
processed by conventional methods, such as forging and the like. Again, the same steps can be

used to form niobium biliets.



5 'PCT/ US02/ 231~.tf1 any increnental area throughout the cross section of
the extruded billet, does not deviate by nore than about +/- 100 m crons
fromthe g STM grai n size determ ned across the enty section
of the eggpﬁ%@gﬁgﬁllet. In addition, the size of the grai%g&asgggﬁﬁhe Cross
section of the extruded billet preferably vary uniformy in accordance to a
normal or Poi ssons distribution, and preferably does not exhibit a dupl ex
m crostructure as evident by a binodal grain size distribution.

Furthernore, the aspect ratio of the |ongitudinal grains preferably does

not exceed 20. Longitudinal grain r efined as those contained within
any pl ane withi n?tt %éo FI”P‘Z?St\?ﬂ?gibaésbﬁig\ g‘eicii e%f)é'?‘gp%er‘fa’iatﬂtls‘érfpt‘f)[‘) ap, the SQHIW[RE on
“direction. The.extruded and anneal ed billet preferably exhibits a partially
recrystalli z‘gﬁ”g‘ﬁfsfﬁ‘pé‘%éfered%‘?ﬂ%.a“ 'péanf,tp@'fch,lyaquﬁre ‘t”%édeﬂiti’ pevide & fyriee t han
80% recrystal lized, and nost preferably the extruded billet is nore than
" 99% r ecr yst re3PiPRaign of thp aresiihBRInEeN. BS ¢lpiged. i n addition, preferably has an
average grain size of about 150 m crons or |ess, though other grain sizes
are within the bounds of the present invention. Mre preferably, the
average grain size of the tantalumbillet or the niobiumbillet of the
present i°nvRIEFDESCRBUGON OBDHE BPRANK | ess 15 and even nore preferably
about 100 m crons or |ess, and nost preferably about 54 microns or less. A
preferred averag&igyral is aflopsharaghgeings tfpiaihraboetialbodes @hpated k&Oprafecedns
and nore preferably an average grain size range of fromabout 25 mcrons to
about 100 miegmbodimentidighelirpdesstod thefpreséne inperdgiment i nventi on preferably have a
fine, uniformmcrostructure. Preferably, the extruded billets of the
present inventi offigakes A(Aeand 26X qedvidentbléseskbuing exeeriateateiuds rddting $o vaMduch ar e
especially suitable for such uses as sputtering targets. The tantal um
present in tphentesndt fat eenmibintateginls pragdé eradl ih thasampeuof thypredenedpplicdst. 99. 5
t hough other purities ower or higher than this can be used. Mire
preferabloy, the Fanral3unByd{aB) arsphatomidrbiriphefsh@ting @R rai® YurQele anehrad
range in purity from about 99.5%to about 99.999 or nore. Qher ranges
i ncl ude fronuaplesitised PG Ydpare@hand ex@RpRISMEREhr HPNAkaUt 99.995 WO
112/088 12 6 PCT/US02/231~f1 to about 99.999 % and from about 99.999 %to
about 99.9995 % The tantalumthat is present in the billet of the present
invention can further include other netals and thus be a tantal um all oy
billet whichprg Lo, ' e PRicGRNAUN YN ERN @2l um et al as one of
t he conponents o oy. onponents ich can formthe tantal um
al oy billet of the ﬁes@r&eﬁ@&taoq ywagé;g; E)g]aneam UGr Mo[ %lo%anuwﬁgqe@agﬁg §0

F
yttrium niobium tungsten, no titanium silico I ron,

ni ckel , ,chr Qm : : ke, I i .antalumthat .can he used
o for mthe Taniar BRhRF g, i P s b FE RS e Mgt et
follow ng t e rib Ln_lnternational Published plication
(! G 09,1 BhoRe 2 B LA N WDl LS A1 90 B 3050 (R0 R

Pur poses of "CHaepR R AL SR SR arethnl apeRTBUMORTORRRLE pRgRES abl y
has a cylindyical. sh d s a diameter, that |s 2 % inches or greater.
Anot her wayq{)lg’egé%o@} ﬁggan?‘ﬂ’én @ﬁ?tf @idgi%f’gi%ﬁ‘é“ ?ib@%@ﬁb 2 HYRHIeSHEs sandHb likene
aspect ratio L/Dis greater than 0.5 and preferably is 1.0 and nore,
preferably i/45% te pff’%@t HIVETUOR rgftes Rempipedsetitmakingdht fagipluny bidlets ad @obin
enbodi ment preferably has a diameter of from about 3 inches to about 5

i nches &fd %”gﬂsrﬁfrﬂé? BEENSPEMIP- from about 3 9% i nches to about 4 '/z

i nches, and even nore preferably about
With respect to the tanfalum billet or the niobium billet, preferably, the billet has a

substantially uniform grain size. More preferably, the billet has a uniform grain size
throughout the diameter and length of the billet. For purposes of the present invention, a

substantially uniform grain size, measured in accordance to ASTM-E112, determined about



37/8 inches with the billet having any height such as, but not limted to,
5to 7 inches. As stated earlier, the billets of the present invention can
then be sy ly formed into end use products such as I

targets §§B§ﬁ&#%2% the billets into desired "sizes and thgﬁﬁﬂ%éggkggrging
the billets into disks which can then be used as planar sputtering targets.
In z o addition, the billets can be rolled to produce sheet or plate. The
billets of the present invention can al so_be used for a variety of other
uses such as, but not limted to, hol | ow Tat hode magnetron (HCM sputtering
targets, chem cal energ% (éﬁ? war head liners, and feedstock for _

deep- dr awi ng®RpPFERsTRle Bigughogtthe Gioss sseiiRicpiieextrudetbibistadiss setisviesdy

" tubes, and the |ike. WO U2/ UBB-412 7 PCT/LJS02/23G-0 Essentially, the
billets of tRE" &MU FHVARMHGANSHERM B avswer AR TMheais ive detamiesd agtoss the
conventional tantalum and ni obiumbillets except the billets of the present
“invention ha®¥ire fEsS pTIVKdhPmded bk i edditions the size obtha srainsrabow tld erossi ze
and preferably a small average grain size, such as about 1 SO microns or

| ess whi ch | &&Hen elgheexpudedbilletprefereldy yasy unifospbrie aessrdguretto asgrme! ¢rRoissots
limted to, nore honogeneous deformati on and work hardeni ng throughout the
wor kpi ece® dudistigutiany erttprefsrablyrdoesews iextibit THigex mivrasumatyre ad dvidest fycer bienodal
reduction in the tenperature of subsequent annealing operations and all ows
for the att aimmeme dftritatipi.nEurthemmore the@megendoefShatbaginginal wedinsrpeeferably deesf i nal
formed product than could otherwi se be realized by conventional processing.
10 The bil | ebs epfecti B@. poresteditaligraimsnte defingiras tpsefoaraatel withimday gland WiHiowse.
Preferably, a tantalumingot or niobiumingot is obtained and cut into

| arge bil | et bidleze®sspabisgsrpbrdiomab1dthe adnasibn didectistches and nore preferably
fromabout 8 to 3 1 inches in dianeter and nost preferably about ten inches
in dianmeter with The ekienigh handebiigalabillee NgtBrablEx aiiRSa OfaritMly t @kl ailigagt hs
include, but are not limted to, fromabout 10 to about 40 inches and nore

preferabby 1lRidésii@ROUMES preferad Uhe et NS hgse TR S0obikdrRtamRl! Gdbfokhe
starting billet size prior to converting this billet into the tantal um or

ni obi um bi | | lefepdblyt R QHASANDIILNNEALE Whan FIETEE-ABLYived NiTRe 3?&:%51 &%ﬂlepii et
is then either placed in a netal can which can be evacuated and seal’ed, or

the billet caihg, Ex@ﬁf’a%@ H%Erha\%ra@é Qrtaﬁncshie\é?a%(aﬂ b%arJ@@ I%E,g%u&g ?ﬁ'leroérai

protective coating preféerably prevents the oxidation o S ace”of the

billet and aghs a?eswi@higg'leleMds%@mE gl@wn.gmgenttigﬁ’. ﬁ&pgﬁ%gagaﬂ{, 81%519&:?%%%3}? s'ize-lg}us’

any suitable can or protective coating can be us prevent

or reduce oxjyd ‘ﬂrhé?ﬂn (Bfllet Qﬁhé Hié%ig%goil?e&og @? lpge'g%nlt ?nklex‘ﬁ%g i%Mélblolut Eﬂ i?rﬁéseé&i}o rate

during subsequent processing € protective ¢ titd be
0

uent  p! . prot e .
a copper & Ofa&ddneg/ﬁeplop rE@do Gb I?(I)d l%g{ol%g oF l%ps\,/?n%tnllos? g%&%g@%g#@gﬁ&%g&g%?zw

flame spraying. endi ng upon the extrusi on’ tempe
ot her prot eCFeEs\./% Srgﬁgrleé] %dragsel“lg(f:ari]n size\/\flgngoezljs %%%Agbout 25 to about 150 microns and more

preferably an average grain size range of from about 25 microns to about 100 microns. The
billets of the present invention preferably have a fine, uniform microstructure.
Preferably, the extruded billets of the present invention also have excellent texture
20 characteristics, which are especially suitable for such uses as sputtering targets.
The tantalum present in the tantalum billet preferably has a purity of at least 99.5 %
though other purities lower or higher than this can be used. More preferably, the tantalL\m
metal has a purity of at least 99.95% and can range in purity from about 99.5% to about 99.999

% or more. Other ranges include from about 99.99% to about 99.995% and from about 99.995



s 'PCT/ 11502/ 23C~11 as gl ass-based coatings, may be enployed. At
substantially high extrusion tenperatures, a high nelting point netal can
be used i kpagtion with a glass coating. For instance, an,
such as n&@%hﬂ% can be used to protect the tantal um orpcﬁﬁ/%%’?%%w rom
contam nati on during soaking and extrudi ng operations, while the glass
coating provides s lubrication. Follow ng extrusion, the glass particles
are enbedded in the inexpensive can netal and not in the tantal um or

ni obi um billet. The glass contami nants cln then be renoved by machining the
can netal w thout havi ngq to machi ne the underlying tantal um or niobium
billet, resubt gt #98A° i"herdismdbytdPdIDPs tohabonoPRI%s PeriBievientslamttbdtisn or
"niobiummaterial. Once the can is in place or the protective coating is
preferably apgeitad the bidetsafdahe pragpntl Bvéntibn edn fuether Gecliveattied nataloanduhis e ent
tenperature and for a sufficient tinme to assure that the deformati on and

" stored ener gyntilgmahipy bitled whicli sreferablytcenlpiises tHeenighonukipi etelustiundal gs amdofahd er
extrusion, and preferably cause at |east the partial dynamc

recrystal | i zamporenand thostoypOttecatpoyentshehittutdn foee thesthimhlumzaby BiMeOdf thdhre
billet during extrusion. As an exanple, a conventional extruder can be used
for extrudi ngesemtiavestibraifclge,cbuk aRetfot Snaed & Yeudiunh,OniSliuG) RAeh, helybfalimt he

| ength and di ameter of the pre-extruded billet plus the can or protective
coating. As tamieXailebe haliluaxidnysicien clomifnabnd gRtRE The aphhardened. s teel
havi ng a taper of about 45 and an inside dianeter of about 4 inches can be
used. The exhii bsu@d tafoem3Rd tantPlainiliet 6f thpre@eLBYdrEBn 6dn BehBrafle@FdoWehelthd | €t
can be generally heated to a tenperature near the billet soak tenperature

to prepare fidce@xty d&t@ed Buinfeitalional PORBREAL Ngyﬂﬁzatiid?xCNb'.dWO o1 AbEWREE is
limted to, tenperature ranges 2 0 of from about 1200F to about 29SOF, and

preferably am_bﬁorelte(ﬁ@wi:n in i@@@cﬁetfy.oSin{i@ﬂ%uﬁmmet])s%%fﬁrefeﬁ@d With hi€hiwhs heated for

a sufficient tine so that the center of the billet is at or near the soak
tenperatiy e, -t hensidagyigddibbid) e Diph&l oGAL b Qi
extruder and ext rtﬁded.rl Vi'O 6?/‘%188941ZP%QE%%%%TQ%é@%gﬁﬂ;}%@gw@, t he
extruder utiJ.l h I 0 Q. abput, 10 i nches/second
f )
dependi ng updtgéngrtg??é hgg%)g@ﬁ%ﬂ?ﬁl g]féap %fa Rﬁag%edﬁ’?%%il%éﬁ 'Srrgc}ﬁfnﬁ}éés 9 SepiR ’é{f'roglfgrer red
enbodi ment, jf, I: Ll ) di er of about .10 inches, the
ext r usi on pr‘*é éé g%f)@geﬁé%%ggso Pthﬁg%é?ngﬁé?ng?n 3‘?h rEFLhée A ratfool(/ b Bhind théa“foos' 4
i nches. The ' L, f_soaki ng. -t billet, s at el evat ed tenperature
and the subsagglrg)gér#}%e{wgt]f(aat Elmg IH%rgltp?e r];egrgbﬁ%bsu%'b'ethedﬁ'ﬁiﬁn(gntg%pf:ea@l& JHPERAIE 2 0 t he
partial recrystallization an referably tq _the ful]. recrystallization of
the billet. ﬁ%rrefleeé”ﬁbﬁ%‘g}%{“ %ngﬁaglty%ﬁsraeﬁ?‘w%ﬁ@ ffé’B‘nftbaF‘rst‘“&heé Wit ingflep gnd
uniformgrain size throughout the billet with g preferred average grain
si ze of lelbod?orfigff?eiﬁb@f Eﬂg ag?“tpe'/éé"c gide %Q?PEA' pt B¢ F’e?ﬁpﬁveé‘dn%ﬁéF%%bg? h size
of about 10 7/m'c ons, o& l'ﬁsﬁf .The bi|llet can be produced b_y, a single pass
t hrough t he 7 BB HHdRs billghhayjpe apyhrighsudicasdit ot ligyted i9sp 81 Bpfed-at i ons, or
by a conbi nation of extrusion and conventional deformation processes.
As stated earlier, the billets of the present invention can then be subsequently formed
into end use products such as sputtering targets by cutting the billets into desired 'sizes and
then upset forging the billets into disks which can then be used as planar sputtering targets. In
20 addition, the billets can be rolled to produce sheet or plate. The billets of the present invention
can also be used for a variety of other uses such as, but not limited to, hollow cathode

magnetron (HCM) sputtering targets, chemical energy (CE) warhead liners, and feedstock for

deep-drawing applications such as cups, crucibles, and drawn seamless tubes, and the like.



After exiting the extruder, the extruded billet is preferably allowed to
air-cool, or optionally can be water-quenched to quickly reduce the
tenperatu extruded billet and prevent grain growp.y
preferred“ﬁggﬁm&hgthe can netal or protective coating can theﬁﬂ%&pﬁg
renoved by dissolving in acid, or machi ne cleaning, or. any other type of
techni que used to renpbve coatings fromnetals. Once the protective coating
or can is renoved, the extruded billet is,preferably annealed to attain a
partially recrystallized mcrostructure, and nost preferably to achieve a
fully recrystalli e Wt onogepnous .or uniformgrain

si ze and preferabE%sg?at%Yl tﬂe ,{ey Jt{é,rafe?%“%inf"a‘“% C%SB © He8riB ke e ety

" nore preferablly er, ]t% é ) Q l? catn occur at any
tenperature to %thoné g 8’&3‘1 39 Q\V’e‘? et%?“cf’%é St Pl BAPTEAT N ‘é\aé’ef}}eom
~about 950C or. Ies% t o about. 1150C or ?D nd p%fferabl occurs in a
vacuum such "B8°%% ‘?rg%étﬂes W‘Q’ r’fﬁ’e?f 1 gpiformgiain s 8aq PeErabhie Seakaverass giing
hours or ot her SU|ta2# nor e n or less than 2 hours. The
anneal i ng pr SE&SUCHS @F&BH@"WW@F&&@% gﬁh#@ﬁﬂpéﬁéﬂﬂé@f@EﬁW%MWﬁﬁ§S@ﬁha&VVO
02/ 088. 112 1% PCT/ USt1 2/ 236~0 ot her surface cleaning techniques prior to
anneal i ng°t o F%Hﬁv@“&‘ﬁiytosd‘?qr%l@@m@gﬁﬂf’% JetommationTand wpik| kardening thiesghobe theut
into small er pieces as described above and processed into end use products
as with any tXPH®iest duens shrseeieal pisristing s. Thisorinj thst atews ferhe reduptfieet inofhet he
present invention can be forged to a disk and used as a sputtering target.
As stated eardinsfaturgpk gybsepeensanngalinggeetatisng pratallos fayghepttaismant of mfiest more
having a substantially uniformgrain size as well as a fine grain size, the
end use prodienegehenustcrpstautenia thy finabfosmérapreduchthas aorid etherelise dateapredpyr t i es
whi ch are beneficial for the reasons stated earlier. As an option or

al ternative eoboudiorelmrocessing. ext rusi on of the billets can occur in the
manner descri bed above but the extruded billet does not need to be at | east
partial | 010 recrVist hillkts 2édhd prebéne iexehtionSiro profiraite sitade Wesllows. Preferably, a
recrystallization does not need to occur during the extrusion process, the
extrusi on camnadeuingat oratiybidre iHReT Btdbtathed dtdici@sntd 1058 Bbaulzeaghh 80kl oom
tenperature (e.g., 20C - 25C) to tenperatures below the nelting point of

t he tant al umabgut Ni4olEREENanPrRdre rpadibrdbly tideh @dut 8SioN tRAReHALiHh&er §1df B
about | 200F to about 5400F for tantalum |[If extrusion occurs with very

little recrysgkaddbizaoliash %ﬁ‘egrr{alafgethm&me ﬂs@mms&wgﬁq Hhﬁ% s o? RRibfOt
occur at all, the ‘extruded billet can then be pref era 1"y "su jecte to one

or nore anne@éngﬂﬂgm'étu@é)%ui e QbABhitdd 9o, %Hlsa@)o@ttloltga%ut Q@rntchéla’nd r{orerﬁéfelfabll !
recrystallizatron of the extruded billet. The annealing tenperature I

t enper at yge %ﬁqf hLens %&ﬁt%em es'm%ui%@% Al bd ﬁfé[}éﬁ%@@t hfué% Ograp? ol he

extruded billet and preferably full recrystal I zati o e ex

bi | 1 et ) Pref @&{v@rqm?gpsgtﬁlllét Wo H‘l@%?&r Wn?&lm ﬁ]llét o?mg%pe%htt n?érggnt 0 about |

| 50C with respect o tant or apre erre annealngtlrre of 2

hours. As indi cat %\Q/@hl sfartln§ tﬁ{]e?fx? 64 1t‘1<9r hject. tg%b:%%{(w‘r‘fgdcﬁg:b%lreio

to conventi onal eanl as convent onaI acl

any anneal | ”QvathatéaeJﬁ‘a ga]&f%r ﬁ}é 11?? cancb%ncto;%ga wﬁl[;l a protective coating. The metal can or

protective coating preferably prevents the oxidation of the surface of the billet and acts as a
| 20 lubricant during the subsequent processing. Thus, any suitable can or protective coating can be
used as long it will prevent or reduce oxidation of tﬁe surface of the billet and will not
deteriorate during subsequent processing steps. A suitable protective coating would be a
copper coating which can be applied by conventional techniques such as flame spraying.

Depending upon the extrusion temperatures discussed below, other protective coatings, such



The ingot which is used to formthe billets of the present invention can be
obt ai ned by conventional techniques used to formtantal um or niobium
i ngots. FQr ce, the tantalum WO 02/(188.112 PCT/ U 1 can
be obt ai ng (W)géﬁgre and subsequently crushed and the tan?ﬁ%ﬁ{nsﬁ%gl‘é“g‘l' at ed
fromthe crushed ore through the use of an acid solution and a den5|ty
separation of the acid solution containing the tantalumfromthe acid
sol ution cont ai ni ng ni obi um and ot her n?uri ties. The acid solution
contai ning the tantal um can then be crys aIIized into a salt and this
tantalum 5 co hen reacted ure sodiymin a vessel
havi ng an agﬁt Sf‘gﬁ‘ia@%ﬁs Va%%)ﬁsefnrp[?é’?cg R fLmﬁ l?ﬁ?’ high) eXirusioh SMPEPUe? ei n
"the salt is then dl ssal ved | n er .to obtain ta tal um powder. whi ch can
hen:be. el CUET BSAE GO BEY! B Seed Ty oTRURPE IS SEER SR FornHeA

mel ting, vacuur’? arc renelting, or plasma nelting. Preferably, the starting
"ingot used tBHorh f45R %tﬁ?ly@%aurPaPﬁ“aP%H?eﬂltPIl%?te‘itsth?atWFa@H“phrﬁ“?h}”'% fegpm
tantal umingot. Cenerally, a process that can be used to nmake the high
purity tant adoniHniatien dwingt wakipg ased sriridingepreradans AOE e glasy efaling mpvidencess,
a vacuum nel ting process, and a thermal nechanical process. In this process
or oper at5 orfubricaéon efqllﬁng piogien she alag peeticles tes enlegddedoin i tineapdnisivg can
tantalum netal preferably in the forma powder fromore containing tantalum
and pr ef er abhstaltehé ngriethe tamtadiom pngiobiamtbdleti T e adlee tathiicemts @wteanmbe rasvef
inmpurities, especially, |Iow 15 anounts of niobium nolybdenum and
t ungst en. Mhyenghaingrtedtan, mé¢thevidrmotihdyingf to maolinaitie umddriybgeantaiym andidbinngst en
i s bel ow about 10 ppm and nost preferably is bel ow about 8 ppm Such a
sel ecti on | €aliks, resnltiag puanancrdasat yad!dinf thetate expihtier tatthiemroe hiobiungngpedatess, the
vacuum nel ting process is used to purge low nelting point inpurities, such
as al kydes and t Canstheican initmics drnienprofeetiveanitmk Usmpmwferdbdy apied [thedairting t he
tantalum material into a fully dense, 2 o malleable ingot. Then, after this
process, 1t hebillgdgai be asutddeat HEGIRINENE ddnlpéranpé kedfor whiveritichetiig & asshfcatde-tp t he
as-cast grain structure, to a size and formappropriate for extrusion. The

high purity defithatdamnaBicéd BreederaibmTRiRuBde Y wbiaktd BSHR and after
salt-containing tantalumwith at | east one agent (e.g., conpound or

el ement) capalliGorDfanl §eEIPY LdliesS af fl’éaEt ¥h9 fahel oRdnat YeR PRl AatidNdnd %(;sher

results in the formation of a second salt in a feaction contai ner.

(12/°U88-1 12 R/ HSURN Zl%érgéjcghﬁlﬂgn rcﬁaﬁﬁe' Ot CAMAE! fl@u”usn l@nAQeana@)Kang)@@téi' ner

typically used for the reacfion of netals and should wthstand

t enper at ur es,,Qikntibiei Q\trqg r 2 bARRH %30k m@?l?”évu?%]gﬁr%psng QluaPRI R erGRr of

t he pr esent 1 nvention, e reaction cont a ner or t I ner n the“reaction

cont ai nefs, Wi efeﬁgﬁm& n%é?to‘?ﬁ{e g}@t éxauééa%ll&@,})ms{ﬁgpénao ng}e &@J&Lﬁlgﬂg@m the

agent capable o ucing the s s tanta rom a erial

h th t.al t th t

having (he. SATRR kAR POAUAAL ey LRl BB B
t I

sor o il 468 B TR B TR LSS B el R,

the salt and such tal materials can formthe

t
liner or r eaé?f’ﬁlﬁl Eﬂ]ftga?]ggp?fﬁﬁlﬂlﬁfﬁg tedbtﬁta YPREEE NEq° rtﬁetbéléettsﬁa?‘ PRRRSIVE s ed

mat eri al s made frfom ni ¢kel, . %Prom um iron, manganese, titanium zirconium
haf ni um prepare for extrusion. Suitable temperatures mclude but are not limited to, temperature ranges

20 of from about 1200°F to about 2950°F, and preferably about 1800°F-1900°F for tantalum.
Once the billet is heated for a sufficient time so that the center of the billet is at or near the

soak temperature, then the starting billet can then be introduced into the extruder and extruded.



vanadi um ruthenium cobalt, rhodium palladium platinum or any

conbi nation thereof or alloy thereof as long as the alloy material has the
same or hj or pressure as the nelting point of tan .

Pr ef er abl b@?@g’yﬁgt al is a nickel or a nickel-based all oyfp%gmczgh%}r{ﬁ%m or a
chrom um based alloy, or an iron or an iron-based alloy. The liner, on the
reaction 15 container and/or agitator, if present, typically will have a

t hi ckness of fromabout .5 cmto about 3 cm O her thicknesses can be used.
It is within the bounds of the present i Mvention to have mul tiple | ayers of
i ners nmade of t sa r different nmetal materials described above. The
sal t-containing t Cé”ﬁnﬁ‘@aﬁ“%’geraﬁﬁ}“@él Bmc £pesat T offoRadionly & larie adbens 10

" cont ai ned thereip sugh as a potassiumf|uoride tantalum Wth respect to
the agent caPSBPEeenddagndinggiromdhes gapabiliest ofriha exiHsion dnashisecloribie pedferredn t he
reaction contajner, the agent which is capable of doing this reduction is

" any agent \/\hF’E'PPdH‘&%‘Lt'ﬁ@eégﬁlnigthei sraedigineteri of abewdU8iirryess He estsiongmefemblyi ng
tantalumto just tantalumnetal and other ingredients (e.g: salt(s)) which
can be separ Etusgs theshametrs of ipbidleiimabast Altg 4 fngheseKlimrpoméinatinn disszkilgvhenigjlidthe
salts with water or other aqueous sources. Preferably, this agent is

sodi um QG he#t aaxeleygtedstemnperturd eand et subsesuendtadlabatict leatingoincuriet! Riutimg extrudio®

02/ 11 88-412 13 PCT/L SU2/23(~~(1 magnesi um cal cium potassium carbon,

car bon nonoxlegds,to thepartiakryatystediémtioncand ptelfigatly toahe il picoadalliyatioh beths bitietndrhs al t
which also is fornmed during the reduction of the salt-containing tantalum
i s sodi um f | weliagkebilldDptefirdtdy @htaink e satsdutsliyonifpimogeia Sizethiraigh@l thelbdlledpthi ed
to the present invention in view of the present application are set forth

i n Kirk- O hneprefefiad pedrageeglaia sise of abohe ndocalerohe oh eed aglymordpebfdrshly kD Bverade! -

22, pp. 541-564, U.S. Patent Nos. 2,950, 185; 3,829, 310; 4, 149, 876; and
3,767, 456. Feminkize ofisHoai 108 ndéroishe 1es. qbe Bisletgn 6F pro@utt@byk i pabathfcapinglei N
U.S. Patent Nos. 5,234,491; 5,242,481; and 4,684,399. Al of these patents
and publ icat ¢xpmeerpsieby f @R &xirdsidhSicration, bf Bf ¥ cBYbih®{o8 08 RGRIsRATHH N-
The above-descri bed process can be included in a nulti-step process which

can begin 1 enWriibndl @¥foRttioh Yrotagsal um such as ore-containing tantal um
One of the inpurities that can be substantially present with the tantal um

i's niobium O herAfitéMftiinEitﬁ'eseﬁrtudérmtlT% éﬁhﬁ&% B it BRASERN aildtdd! 6 WecoGRlE! Um
iron, nmanganese, etc. In nore detail, low purity {antal um can. be pur’lfled
by m xi ng t hgy i 3 i riti.es wi,th an
aei d sol dti o CRRRHELS KebATRHTANA DR LR LR L CBHEL TR % st
be crushed b [ ' 4t cid solution The acid

sol ution Shoﬁ‘rﬁé&hﬁg@?%ﬁ%ﬁﬁgﬁﬁe%l %ﬁggl”\%ﬂi"g‘ @56@} %%'fﬂioglp &/écg ﬁcogtfngtcl%%tr{earl?f al um
and inpugdti sneglal oy, .XI 1s occurring at. high

t enper at {JE!I’ eSEE&%e@fﬁgﬁgé%dwggp’uér%%c n)élsc a g’soﬁ' f 8ﬁh%rn1?pet ?fr’}SChfq'&u%lfliegé?ve
substantial Iy all. if..pot all, of the solids containing the tantal umand
inpurities, a l1qul d'Zoli'd Separation can occur which will generally renove

any of the undissoly inmpurities. The salution is further purified by 20
liquid-1iquid ext “585?%8%%@{’%W“P%&B&§/|'5 KEP e %Mﬂékﬂ&gahﬁﬁ%és RSECELDS
contact the tan%% um rjch solution, and deionized water can be added to
create a tantFalTh Praleln opprtially recpistallged prcrosiMerussn@dnnoh Prefarabhi Brachieddent i n
the liquid cfg‘nt aining tantalumis %eneral |y bel ow about 25 ppm Then, with
the |iquid cUhY ECHFA 264 Erpip SR & p BipsogeReus) ar guifum; gsaip sipsindtreeferally an
crystallize into a salt with the use of vats. Typically, this salt will be
a potas stUm 3V8148%BIHA pize,6f i1d@ mygpys or less and more preferably under 100 microns. The

annealing can occur at any temperature to achieve desired levels of recrystallization, such as

from about 950°C or less to about 1150°C or more, and preferably occurs in a vacuum, such as
-4 . . . .

at least 1x10™ Torr. The annealing time can be for 2 hours or other suitable times, more than

or less than 2 hours. The annealing process preferably includes conventional acid pickling or



WO 02/ (188A2 14 PCT/ USU2/ 231~0 More preferably, this salt is K2TaF7. This
salt is then reacted with an agent capable of reducing the salt into 1)
tantal um g, second salt as described above. This cogpound, wl|
typically be pure sodiumand the reaction will occur in a reactron
cont ai ner descri bed above. As stated above, the second salt byproducts can
be separated fromthe tantal um by dissolving the salt in s an agueous
source and washing away the dissolved salt. At this stage, the purity of
the tantalumis typically 99.50 to 99.99% Ta. Once the tantal um powder is
extracted fromthis reaction, any inpurities renaining, including any

cont ami nat i GHeF uBfaser draning dgshnigyes Popr taiapreplingda rentye penewide: whiawinghis. et i ng
~of the tantal um powder. to The tantal um powder can be nmelted a nunber of
ways such a@iligt caacibenmbarcut ingaremalleppiecss as| desdribedh alyyarmndepirdcessep inGeerelr adel vy,
the vacuumduring the nelt will be sufficient to renove substantially any
exi sting i npradigts es withomyt tiee pEcowentdalt Fltal Romisstanas tho bolet af the irgglntpuri ty
tantalum Preferably, the nelting occurs in a high vacuum such as 10-4 torr
or nore. Préafventmblopn be fesglr tesisdiskeandbosdeast haputieing éatgttant sthiadrearter) widethet han
t he vapor pressures of the 15 netal inpurities in order' for these

i mpuritiés, esmchd bidetmfdkepregndinvention hayilger subpattinthechifofherall dretsevellat at he
cast ingot should be as |large as possible, preferably greater than 9 %

i nches. The fihaggia steahetrerusassducasfoted fieal the bitteh havs thefsate etcollevbgropbities
interface which enhances purification rates. In addition, the |arge ingot
di amet er al howh afeeneddic@l Rathereaddmyfaied edriigol d work to be inparted to the
nmetal during processing, which inproves the attributes of the final 20

products. Once tAeaiBsHNAr aBthitRE eBBdiAEANTHE @RERI0h dR kIRl NG IBART, frer Med
will have a purity of 99.995% or higher and preferably 99.999% or hi gher.

The el ectr OmahRANeRIBEE 266 RIbIRT BE QR 906 WeRs @bt AedBldl bE @ ®alf pdidpn about
300 to about 800 Ibs. per hour using 20,000 to 28,000 volts and t 5 fo 40

anps, ang URdB/staiz PGB eRusionPRRROWher rerydiBiiZarioR dBRAH ' Ll
More prefer abl%gi,a tzhe&urrﬂélt ruast gcﬁl%s frorﬁea{:)ega/t 410(5l to ag%upéegé%a B‘S‘.“I%@r hour

using from h MO QR LIEREL ik s1d L%H%é&?%g&?t%‘bﬁ%%& %19},[1 ?q&ﬁ%oé?é%b?exﬂnd 17

to 36 anps, and under a vacuum ofn roma orr.
o P52l e A P GE ST 9%, Bl S SR AP T 100,
rac o or bl B e T T e AR ol 3R
vacuum of {SBAHE o Ahfint 9 busF R totEbl TR TR DB e et @
15 extruded billet or does not occur at all, the extruded billet can then be preferably subjected to
one or more annealing steps in order to cause at least partial, if not full recrystallization of the
extruded billet. The annealing temperature is a temperature sufficient to cause at least partial
recrystallization of the extruded billet and preferably T'"ull recrystallization of the extruded
billet. Preferred annealing temperatures are from about 950°C to about 1150°C with respect to
20 tantalum, for a preferred annealing time of 2 hours. As indicated above, it is preferred to
subject the extruded billet to conventional cleaning steps such as conventional acid pickling
prior to any annealing to remove any surface contaminants.

The ingot which is used to form the billets of the present invention can be obtained by

conventional techniques used to form tantalum or niobium ingots. For instance, the tantalum



and preferably 50 ppmor less 02, 25 ppmor less N2, and 25 ppmor |ess
carbon. if a purity level of about 99.995 is desired, than the resulting
hi gh puri preferably has nmetallic inpurities of a or
| ess; and%ore (Fesrggll%ly 50 ppmor less 02, 25 ppmor |ess NZF}]%;%{!&'%@P@ ppm or
| ess carbon. This ingot can then be used in the manner descri bed above to
formthe tantalumbillets of the present invention. As stated earlier,
alternatively, niobiumbillets can be na(rj[ﬁ foll owi ng the above descri bed
extruding details. Accordingly, a niobiumbillet having a substantially
uni form gr ai n sibze is ﬁ??t ai ned. The Bref erred paraneters for the grain size
and ot her chafadfSPIRUET fomypie apg YRt cashed dind tthe tantehv senssaisdr Fave ther s
" provi ded above, , t aki igto account the different nelting tenperature and
ot her wor ki ng™SBFA" q@% e 4iF ShPRIASIE eoligion aag @ dgrith geratatip aiihe peidpelntionur es,
such as from about 1000 C to about | 650 C) that are known to those skilled
in the art. TRE2BMgLEIRNRIKDN B agid|spluien sautairig nighinm jahd ethetiynptititges. The
foll owi ng exanpl es, which are 20 intended to be exenplary of the present
i nvention. TwWedtsqhian eanairiog thettastium rrgotien frecestdtedintd risplt endEthéschutalnmBeam
(3EB) nelting were fabricated into 3.75" dianeter billets by different
processi ng mepHaEne saf iy Hgotredcige rwitlf ped sodivg iy WSSt Tavite aPGEAISURZAG- 1( 1
"Conmercial Process" was a 12" dianeter ingot weighing 3476 pounds.
Cheni stry resonstrgctéd eimiskahslies matkienwheramthd ealit isphenndliskdived ianeteb@d bBEmOf
the ingot are provided in Figures 2(A) and 2(B). The ingot was manufactured
into 3.75" ditantedtre powdsd whishregn gteabd aretted byrrearthadf el orgesshniduesuch Bleftiogur e
1. A sanple slice, approximately'/" thick by machi ned di aneter was cut from
a billet takdparh meling vposmtaroemelgpg,@s plagrargeltitie m ddl e portion of the
forged product. The sanple slice was annealed in a vacuumof at |least 5 x
10-4 torr for 2 hBufesblyleiatatingrisgohiusedspeeinnBaatiepLEGRAT big it #AGH tugiynal
cross-sections of the center and edge of the sanple slice were polishéd in

accor dange t eansthamihgotdGeretatih| qgs@pthe cRf RASEHIH @fike A8 iR HGHE LntaMirdme] 4t | on
to 50HF-50HNG3 for 30-60 seconds. Results of the netall ographic exam nation

of the 1 o celemeehwihleftish Yot teRRingd! prdBedd] b b RLUM R prBESs, SHBRLZQd 1N

Figures 2(A) and 2(B). An ingot of the present invention was a 10" di aneter

i ngot wei ghi fgcheh@dl ROdRdsn (RS LY opfsiidht Be frgfﬁmgsﬁwgsei%vélg%gne gtg;]%.rgft he

top, mddle, and bottom sections of the ingot are al'so inclu I n Figures

2(A) and 2( Blxirddding @MELANERa Re bR kn M8 %rﬁ?;z; é%wdef) g%;é %g&;cg{ngagﬁgﬁéﬁgg@%%&ﬁ e(éo nd

ingot was cut into 4 sections approxi mate

oo o poBUEE e S RLANEL LT B JEET 18 LRI, B0°
Fi gures 1sangmg(ds B niobium, molybdenum, and tungsten. More preferably, the amount of niobium,
molybdenum, and tungsten is below about 10 ppm, and most preferably is below about § ppm.
Such a selection leads to a purer tantalum metal. After the refining process, the vacuum
melting process is used to purge low melting point impurities, such as alkydes and transition
metals from the tantalum while consolidating the tantalum material into a fully dense,
.20 malleable ingot. Then, after this process, the ingot can be'mechanically worked, which helps to
break-up the as-cast grain structure, to a size and form appropriate for extrusion.
The high purity tantalum metal preferably may be made by reacting a salt-containing

tantalum with at least one agent (e.g., compound or element) capable of reducing this salt to

the tantalum metal and further results in the formation of a second salt in a reaction container.



Process A Ingot Section A Machined to S.9" dianeter, Canned in Copper,
Soaked at 1800F for 6 hours, Extruded froma 9.5" liner through 4.0"

di aneter {j ess B: Ingot Section B, Machined to 8.9 4di r. Canned
in Coppergloggé geﬁgat 20 | 850F for 6 lours, Extruded from é)cg./@w}jl%ﬁoer

t hrough 4. 0" dianmeter die. Process C Ingot Section C, Machined to 8.9"

di aneter, Canned in Copper, Soaked at 1900F for 6 hours, Extruded froma
9.5" liner through 4.0" dianeter die. Prgcess D Ingot Section D, Machined
to 9.5" dianeter, Canned in Copper, Soaked at |900F for 6 hours, Extruded

f 10. 25% | | 4.0 dj dice. . VSQ 02/ (188A 2 |7
_ PCT/ US02/ 23@‘8 rké%ﬁ%? 3%@?‘%3%“ bgé“é g%@%?%ggp&g*lglu;?e%%g%e FATOR %Pt Mthed

di amet er wer t fromthe center portion of each Juded rod, FEach sanple
slide was cd Ouﬁ%tﬂrhﬁ%@gﬁégs ‘%”ﬁ%?faz‘”siaﬁéhef PG 8@3 UES{% gd@da Bld %%%gaﬁ?feal ed
cin a vacuumof at least o x 10:4 torr for 2 hours at tenperatures of 980,
1050, and 1PS0ESQMEPTFE JMAPINCE pRE IReBaing s dactiner 1ghe AGioR Gentsagr s
cross-sections ,of the center and edge.qof the sanBIe slice were polished in
accor dance t" *@%C&Hﬁaw&%‘i‘w3&#@5&3@"&%@@%%, theggsnt eapeiieef edicledhsl ut i on
to 50HF- 50H for 30-64 seconds. Results of the netall ographic exam nation
of the extr B PUHPE: §Meps rerae Myteratheyigs fiesamsen highstvapar ressue astentelam and
2(B). Photom ¢rographs, showing the_grain structure along the | ongitudinal
pl ane at thét S’Td?é‘ﬁtgé%o‘“éﬁﬁth%&@’éluﬁ’e"grg%?%m@f in; th reagfipmepriqingricgn b o thebi | | et
are shown in Figures 3(A) and 3(B). Here, the billet axis is perpendicul ar
to the nicrdaMeEgiesalgy cahbe jingd gewell Fihg linerscag exijt anhin BfeBortisowl tramsactadn t he
i ssues associated with the mcrostructure of comrercially produced tantal um
billet. Fir$pnaingrengagitagr thef copledn pontacetitic b el and tentahinp| Bxamgleabfisugt metelt ur e
conprised of broad bands of unrecrystallized material containing snall
i sl ands of crajesialy whigheean f®@m theylitjen erenisectipn congagien irs derbubdra netdiniiad ge metal-
el ongated grains. The center of the commercial billet exhibited a grain
si ze ranfe fessmhmdirials egle fiomalibelk clzgBium, jron, menpaegetttniva meowim gradim,si ze
observed in all materials exam ned. Second, the grain structure character
al ong t he edgeadofn,trhtherdan@bali, ahodhint,| patladivas, Flatinkiy, veatyy@hbidatigethe@otor
relatively uniform This was significantly different than that in the
center of thédopihkleefas I@ads thehll@ahsetidl Ae thd Smest hidedr Wk pﬂeﬁﬂ@@%ﬁﬂlt‘id@ seen
in comercially produced tantalumbillets. Photom crographs show ng the
center and ed@eoSRAEhILANMEA. Béfeflgetle hRA] Aa ﬁ&@e&lae;qcléruba%&oauo%oa%hr&ﬂq 1150C,
are provided in Figures 4(A) and 4(B), 5(A) and 5(B), and 6(A) and GTB),
respectivel ¥ (CORRRIMGsdNI0L "HILSirb of bif WokBasta G1IGLRBSHEALS hdEaGRRer al
effect of annealing tenperature on the mcrostructure. The grain size

charact e segfaihér dida8eatdt(bresent, typically will have a thickness of from about .5 cm to
about 3 cm. Other thicknesses can be used. It is within the bounds of the present invention to
have multiple layers of liners made of the same or different metal materials described above.,
The salt-containing tantalum can be any salt capable of having tantalum contained
therein such as a potassium-fluoride tantalum. With respect to the agent capable of reducing
20 the salt to tantalum and a second salt in the reaction container, the agent which is capable of
doing this reduction is any agent which has the ability to result in reducing the salt-containing
tantalum to just tantalum metal and other ingredients (e.g. salt(s)) which can be separated from
the tantalum metal, for example, by dissolving the salts with water or other aqueous sources.

Preferably, this agent is sodium. Other examples include, but are not limited to, lithium,



WO 02/ 088A2 18 PCT/ US02/23G~11 and 4(B) were simlar to that observed in
the commercial billet, but with noticeably | esser anmount of duplexing. In
general , | YaRspd the annealing tenperature from 950 toé%ﬁﬁgﬁb/&gonot
dramatically 1 ncrease the average grain size of the extruded tantal um
billets, but did enhance grain size uniformty and percent
recrystallization. An anneal tenperature of 1 150C 5 did pronbte sonme grain
grow h wi thout sacrificing uniformty in the extruded tantalumbillets. The
hi gher tenperature anneal assured that tHé microstructure t hr oughout the
extruded tantalumbillet was uniformand fully recrystallijzed. .

Phot oni cr ogr SFHES'GF tcﬁlé‘u%r?f’@?s’%ocaf%@ecaf@ﬁi BRROxKe: piG hyleeeeni andathe like. B,

" C, and D, ea h,aqne |l ed at 1150C for 2 hours, are given in Figures 6(A) and
(B), 7(A) and'Rigyly. B AFcond galgmbich Biso inframed dyringrifie rayictioneaf shectaltveontgining
Together, Figures 6-9 reveal the influence of extrusion tenperature and
"billet size Batatueigsodivn duorifet Detailsodl theeedestionurtetst whichlcanrbbiprlied to Ber t he
8.9" dianeter ingot sections extruded froma 9.5" dianeter |iner and
anneal ed at RESOONFeton irhview of th presentapplingtiotae et fartnsn Kirk4Qeimpey Bxtepelepefiiaom
1800 to 1900F had a slight effect on increasing the grain size and

enhanci ngSgr aff fheypigad Tashfodeayi 8sd. Edftiving Viok. d2d pphBsS 8 hBtS. iPaenielies. Rg3D.58%;he
extrusion tenperature increases the uniformty of deformation and stored
energy in tha8hildr 4adkoBNpant S76@ds6. grtestdetadds ofi theHpwevsdng, off tartalam 1Q0 B
extrusion tenperature, increasing the dianeter of the ingot section from
8.9 to 9.5" Bmwdd éx{rSisPatamt Noref,2¥40h 924,480; A 2584, 8H%net ef these gAWER hnd

bill et product having an equal or finer average grain size and simlar
grain size upiblicatioh$ yre intbipsrarl Sethsipdntiesty lasRRatd i@ that increasing the
pre-extruded i ngot diameter 2 o al lows for a b eater amount of stared

energy to be i rrpame%ov@dets&m;e@fsioadsﬂ% teiihdi@led i@ aRINAE prbdess WIEPENBELAN
devel oped in this exanple concludes that the optinum process invol ves

extrudi ngo |l awge Idv puritd it@m&rsu&%t@-wﬂiﬁ?&ntﬁﬁﬁﬁ oRBSF 8k iRplrREPaLhAlHe of
1900F to produce a 4" dianeter as-extruded rod that can machined into 3.75"

di aneter bi | k@bisntiafly bréséry with Setdiidhh iZRshidR lome! g@pm@ésxst mﬁisié% W wpesian,

i
m crostructure having an average grain WO 02/ 0 t12 19 P

size el ow | QeddMAGHASTort Rin ALk & & 57 REAL oMl ERGLAI G B olrfied )i eved

th
after annealing the extruded tantalumbillet at a teénperature o

1050- 1150C. ﬁx{ﬁ? tpﬁ;ﬁ%ﬁ&%rﬁﬁkﬁluﬂ; wﬂiB?hagrtﬁl%qlml aé@iﬁﬁg&llugsr\wm %nl ac| esoﬁﬁ?llgag at to

t hose skilled rom consi deration o present Speci Fon

and practi ceyf e%t{n taH{aﬁﬁqué)ﬁ%Qﬁe/t%g%?% éiili R4 lﬁ?s% %Qar*&?ﬁe ib@forc:' lg(eér{rg;cplgggng%glﬁ that

the present sp I cation s be consrdered as e W th
2 L ue Seopafidy RBfdt 18L aLBRoACHbLA e AR ISR LBt R, LPL B2 N0
tantalum and impurities, especially when the mixing is occurring at high temperatures.
Once the acid solution has had sufficient time to dissolve substantially all, if not all, of
the solids containing fhe tantalum and impurities, a liquid solid separation can occur which
will generally remove any of the undissolved impurities. The solution is further purified by
20 liquid-liquid extraction. Methyl isobutyl ketone (MIBK) can be used to contact the tantalum
rich solution, and deionized water can be added to create a tantalum fraction. At this point, the
amount of niobium present in the liquid containing tantalum is generally below about 25 ppm.

Then, with the liquid containing at least tantalum, the liquid is permitted to crystallize

into a salt with the use of vats. Typically, this salt will be a potassium tantalum fluoride salt.



V1' O 02/ 088-L12 PCT/ US02/231~0 20 WHAT IS CLAIMED IS: 1. A tantalumbillet
havi ng a substantially uniformagrain size. 2. An extruded tantalumbill et
having a gsieaysal Iy uniform average grain size, 3. Thep%¥h§gggg“{antalum
billet of claim?2, wherein said average grain size is about 1 m crons or

| ess. 4. The extruded tantalumbillet of claim?2, wherein said average
grain size is about 100 mcrons or less. 5. The extruded tantalumbillet of
claim2, wherein said average grain sizelis to about 50 microns or |ess. 6.
The extruded tantalumbillet of claim 2, Wherein said average grain size is

from about 25, mcrons,tq.about .crons, 7. The extruded tantalumbill et
of claim2, Ravi raggl%%ﬁ‘ilst%?gbifl(z f%lﬂﬁ%iaﬁé%tgmre%?dg‘t’«)‘é anpgens capgple oiReycinged
“tantal um bil| et lof chai m.2, vvhg:rei n gai d tantalumbillet is ful [g )
recrystal | i z8§ sal§interpdaniglim agd & 4 s5eand saliasiescribed abpvee This wprppoundhe Biypicallyi d
tantalun1biILet is at least partially recrystallized. 10. The extruded

tant al um bi | P&PUBFOLYRBR e regeudney il csair dn ¢ Edetionrentingn describsd abovutAs2Bted8 % or
nore recrystallized. 11. The extruded tantalumbillet of claim2, wherein
sai d tant al uR§Rl thesecond sals umroduteat barspasateblipny sheahitplnmdy dissoNn@Rie si8Gin112
21 PCT/ 11SU2/ 236-tU 12. The extruded tantalumbillet of claim2, having a
purity of °fr 3hParert sogccogriovahingru@y 190diogdes ' salt.3At Tie steget thededitt afthal um
billet of claim2, further conprising at |least one alloy material. s 14. A
sputtering t&ngem icarmnellsPhEP 1198 98%Tauded tantalumbillet of claim2. 15. A
capacitor can conprising the extruded tantalumbillet of claim2. 16. A
resistive filml ayee thotpraiwi pgvdehé exscaataddiean tlenteattiom iy imetritet rahahing, 2.

| 7. An article conprising at |east as a conponent the extruded tantal um
billet of clachdidg aipcdBamifatipndoestie feactionmknaigert b lexemnorde dhrbntnaditiip 47 | | et
of claim2 conprising extruding a tantalumingot at a sufficient

t enper at ur e tathnfabm powderficient tine to at |least partially recrystallize
the tantalumbillet during extrusion. 19. The process of claim 18, wherein
sai d suffibci ent tErqpertatimrpewider chi bemnaikeautnuhBOOfFvaOsuahedd vRABDark renldk 0-
The process of claim 18, wherein said tenperature is uniformthroughout the

extrusi on pracessrondeam mehigPCORRAS tf vablluai Birikd thd MEIE BT beCORIhSth Andvae
step of water quenching the extruded tantalumbillet after extrusion.

The process aibsehtidllahy 8xistinglifb@itics RO theSteRY efER GaHiAIEm Gb QAR dbthird RiEh ‘Béﬁit&“déd
20 tantalumbillet.
tantalum. Preferably, the melting occurs in a high vacuum such as 10% torr or more.,
Preferably, the pressure above the melted tantalum is lower than the vapor pressures of the
15 metal impurities in order for these impurities, such as nickel and iron to be vaporized. The
diameter of the casf ingot should be as large as possible, preferably greater than 9 Y inches.
The large diameter assures a greater melt surface to vacuum interface which enhances
purification rates. In addition, the large ingot diameter allows for a greater amount of cold
work to be imparted to the metal during processing, which improves the attributes of the final
20 products. Once the mass of melted tantalum consolidates, the ingot formed will have a purity
of 99.995% or higher and preferably 99.999% or higher. The electron beam processing
preferably occurs at a melt rate of from about 300 to about 800 Ibs. per hour using 20,000 to

28,000 volts and 15 to 40 amps, and under a vacuum of from about 1 X 10™ to about 1 X 107

Torr. More preferably, the melt rate is from about 400 to about 600 Ibs. per hour using from



23. A process for making the extruded tantalumbillet of claim 2,
conprising extruding a starting tantalumbillet at a sufficient tenperature
and for pGlent tinme to at least partially recrystal b} nt al um
billet t§N§§?&$§gfd extruded tantalumbillet. WO 02/088k5¥g%#?%%(§/230~0
22 24. The process of claim 23, wherein said sufficient tenperature is from
about 1200 F to about 2950 F. 25. The process of claim23, wherein said
tenperature is uniformthroughout the extrusion process. . 26. The process
of claim 23, further conprising the step'df water quenching the extruded
tantalumbillet after extrusion. 27. The process of claim23, further

conpri si ng redéRP e2GPWaysilthand Heo dempw el wndat aayaghybiof frem abeg ! XalQriedess f or
" making the extruded tantalumbillet of claim2, conprising 1 o cutting an

i ngot into ald [TeasWithrespsetae thergrRobrodastingathd redlttrhiers prpistapiyred 560 tor2ei0e dltsi ve
coating on said starting billet or placing said starting billet in a can;
ext rudi ng t her kauwansing35-85 Molestand 2,00080 22,000 amgs underperatunr of 220d0°F or! %10*
sufficient time to at least partially recrystallize the tantalumbillet and
to form sai diexbndded: paferalyudiobi 11260 Ibslfer 20ur aFeonpBOce$6 volts ald e &
wherein said sufficient tenperature is fromabout 1200 F to about 2950 F.
30. The pr ocks90 afpg laad nnd2B; vastnen of fronsaiXd OF erpEriat’ doe. i s uni f or m t hr oughout
t he extrusion process. 31. The process of claim 28, further conprising the
step of water qudhekdsnigng high Quitry trfetatiiagottpeaiératl v Rashliol dpet oradst awtaRix tihpigition. 32.
The process of claim28, further conprising machi ne cleaning the extruded
tant al um bi ldn@pref@ably S0 QpRrop (L562,0f5 pplvedrmesd 312, whieTsaiph Saled chBEQUT 4 Surity
obtained by the electron beamnelting of a high purity tantal um powder

feedstock. eWVor AP B899 2is 23siREThAdShd Zs@dhz hich 3drity theal Dra& sy hafm&hiat m 28,

wherein said protective coating or can is renoved after said extruding. 35.

The process ighuGhiaiofuiRft sOPSh 8F Rss; HAprREY €€ bhry 6r £&AYI, N phifi of REDNEAnPY
acid washing or nmachi ne cleaning, or both. 5 36. A niobiumbillet having a

substant i@l | ¥ ;ﬁb’fﬂ éﬂés@c%@ﬁﬂ“hﬁii@t cad fhendR u?@éigﬁ Hﬂ}ﬁ%nﬂér@@&dﬁ%@bbb&% fhavihdg a

substantially uniform average grain size. e extruded niobiumbill et

of claim 37’ta?g’ge\gﬁledilﬂésscﬁitl%bﬁélg@?ﬂg?twnai n si ze. is about 50 mcrons or |ess.

39. The extru ni obl um claim 37, wherein said average grain

i is 10 about |O i - Ty [P¥elo] " Ll f
o200 3,10, 2008 A0 SEA0E ko R OGO B M1

The extruded, ni obiumbij.l |l et .of claim 37 erei I d average.grain. size is
from about - 2ssived e Sl Sobromen s mlhhs bi® Ml LR Al
billet of clai.m37 t% Vi gT@ EU{#% of Zt ﬁle%st about 99.995% 43.. The
extruded ni oBf0MEHIYPENE TRE BEHSPArARRET LR E ST YEaBH QiRebORREErSies Al | y
recrystallized. 44. The extruded niobiumbillet of claim37, wherein said
i b um B | (Gt st & P3GT el qrende yry ded pBtver Ak Regno ssccum e differiod
ni obium bill et of claim37, wherein said piobi L]gm.bi.l | et is abqut 98% or
nor e recrystlaflplilgzé?jx}perature and other working conditions of niobium (e.g., extruding at fower
temperatures, such as from about 1000 °C to about 1650 °C) that are known to those skilled
in the art.

The present invention will be further clarified by the following examples, which are

20  intended to be exemplary of the present invention.

EXAMPLES
Two tantalum production ingots produced by triple Electron Beam (3EB) melting were

fabricated into 3.75” diameter billets by different processing methods. An ingot identified



46. The extruded niobiumbillet of claim37, wherein said niobiumbillet is
about 80% or nore recrystallized. WO U2/f188-t12 24 PCT/ USU2/ 23G-U 47.

The extru ik@phbum bi Il et- of claim 37. having a purity r ut

56 0ot 1 NS yINBRGCT 006 45, The oxtuaed i obrum b let JCTISRRIE
further conprising at |least one alloy material. 5 49. A sputtering target
conprising the extruded niobiumbillet of claim37. 50. A capacitor can
conprising the extruded niobiumbillet of claim37, SI . Aresistive film
| ayer conprising the extruded ni obi um bi Pet of claim37. 52. An article
conprising at,.l east, A5, 2. .conmpon nt the extruded niobiumbillet of claim37.
10 53. A proce¥umergi E@R‘?sﬁgw he lextiridednet sisiehine e epungs. Eheminnamsults

" conprising e trudirl1 a niobiumingot at a sufficient tenperature and for a
sufficient tifESeyP g& takeafEqm fg iqr Biddie. and betae af the ngotanepraviddsi i Fighieb R@X)
during extrusion. S4. The process of claimb53, wherein said sufficient
tenperature P¥ #PomlEpéget Mepvamiaciredoniet3. 786 5tknreter 18d 5Sng Fhelagproorstciof
claim53, wherein said tenperature is uniformthroughout the extrusion
process. 56. PrPeRss HrovwédsEigute IclAajampB3licef apptcxamatd p i thicd iygndchieedsdigpetafwagat er
guenching the extruded niobiumbillet after extrusion. 57. The process of
cl ai m 53, 5f uguttiem & biftgirtaksinrfiprmapbsitive repraseming ghet hildiesxportlod @€ the GorBédORbali,
billet. 58. A process for making the extruded niobiumbillet of claim 37,
conpri si ng eXtewmuplglice wisantdareg ima odoiunmpit ldagtsx 80™ tarr Sfof hétir£ Merd| RERSKIBL Ur €
and for a sufficient tine to at Least partially recrystallize the niobium
billet to fosperigandreprsentioebngidbialmssistcieds. of thaWeeP240&Be 32th& Bample slice

PCT/ 1JS112/ 23G. 10 59. The process of claim58, wherein said sufficient

t enper at ur e were poliaedinantordDOHoktahdardhellog@Bi0 pfocedfes, ahA@tchddaR §sSu@dh t§! @l m

58, wherein said tenperature is uniformthroughout the
SO0HF-50HNO; for 30-60 seconds. Results of the metallographic examination of the
10 commercially produced tantalum billet product are summarized in Figures 2(A) and 2(B).
An ingot of the present invention was a 10" diameter ingot weighing 3734 pounds.
Chemistry results from samples taken from the top, middle, and bottom sections of the ingot
are also included in Figures 2(A) and 2(B), by reference to ® and extrusion temperature. This
second ingot was cut into 4 sections approximately 20” long and designated A, B, C, and D.
15 Sections A-D were portioned from the bottom to the top of the ingot, respectively, and hot
extruded as described below and shown in Figures 1 and 2(A-B):
Process A: Ingot Section A, Machined to 8.9” diameter, Canned in Copper, Soaked at
1800°F for 6 hours, Extruded from a 9.5” liner through 4.0” diameter die.
Process B: Ingot Section B, Machined to 8.9” diameter, Canned in Copper, Soaked at
20 1850°F for 6 hours, Extruded from a 9.5 liner through 4.0” diameter die.
Process C: Ingot Section C, Machined to 8.9” diameter, Canned in Copper, Soaked at
1900°F for 6 hours, Extruded from a 9.5 liner through 4.0” diameter die.

Process D: Ingot Section D, Machined to 9.5” diameter, Canned in Copper, Soaked at

1900°F for 6 hours, Extruded from a 10.25” liner through 4.0” diameter die.



extrusion process. 61. The process of claim58, further conprising the step
of water quenching the extruded niobiumbillet after extrusion. 62. The
process ofyoidaks»8. further conprising machine cleaning El&e/l@ﬁ/ gl‘ed
niobiumbillet. 63. A process for making the extruded nio |un1b| of
claim37, conprising 1 o cutting an ingot into at |east one startlng bill et
and either applying a protective coating on said starting billet or placing
said starting billet in a can; extrudi ng the starting billet at a
sufficient tenperature and for a sufficiént tine to at least partially
recrystallize thg niohiumbillet a extruded niobiumbillet.

i 5 64. The procgassp Ie Q'CET 5?%3@§roxwgellye2nth§é‘l pied flametet YRS EPREUR & s

" from about 00 F. to Hdg : rocess of claim63, wherein
sai d tenper 3?“ 7 e"c’ftéond’rglefri ?ht'i” f ’i?ghgﬁf ‘fj? 05 6 ipoovesless, apha wgke

~ process of gla|n163 %#rth r COHF Eg the step of water quenching the 2o
ext ruded ni GBPUEACR ISR 4p] &S @Rpcrlsd iimA vagrm phat b‘?%ééé% e &r 3i aueaat
further conprising m% i ne cleaning the extruded niobiumbillet. 68. The
process of PRRUERS of AR IOPH 3§§|‘éPq Gigdletallgeranhicaspaeimensyreprigeniénedongiodingeam
melting of a high purity niobium powder feedstock. V1' O 02/ 088al2 26

PCT/ US02/ 23rogsegions Phdhepeestcs 918d Srizechlathens@mple wliasr wrm pokishdd v etcentanageto
coating or can is renoved after said extruding, 70. The process of claim
69, wher ei nsugay peigtessanhicepreerdilen ghinsetthedriv e dolpiomtr BOHRSHHMO: fr 3t0hi ne
cleaning, or both. 5 71. The process of claim18, further conprising

anneal i ng sé&icandsx Regidie @f thermeihlingraphit legminafign ofithe epiralee santanim billad prodiibts
wherein said annealing occurs at a tenperature and for' a tinme sufficient
to at | east aganctuded ImFigueesri4) andi2(Ble t he extruded tantal umbillet during
annealing. 10 73. The process of claim 71, wherein said annealing occurs at
a tenperature ofPlotasrierarepits 960Rgt the gbﬁ)ustrubmﬁ@@oﬁg)rtheabmgﬂtud&ahplaﬁéat #d. The
process of claim 23, further conprising annealing said extruded tantalum
billet. 175. céfiee apd edgesegiafs oflted comiderciailygredutedsisiiiel annshoohi inFigRs 3(A) Al a
tenperature and i5 for a time sufficient to at least partially

recrystal | i 2@)t hi¢erexhe bitlechxisdnpa@bsndiclbd b e HidFdnnGala bR eRlimBgs. Flured DAY
process of claim 74, wherein said annealing occurs at a tenperature of from

about 950C i a(@yushow HEBCof @ie ARRYItassdciteVdth thé- m-EhﬁtrMLQQ%‘?%omneﬁllﬁl*m 28,
further conprising annealing said extruded tantalum2 o bill et

A R F N B A i S s i Al
billet duri pgnRROELS brB bands of unrecrystallized material containing small islands of crystallites
15 . adjacent to regions containing large, elongated grains. The center of the commercial billet
exhibited a grain size range from about 20 to about 245m., the largest range of grain size
observed in all materials examined. Second, the grain structure character along the edge of the
commercial billet was fully recrystallized and relatively uniform. This was significantly
different than that in the center of the billet, and reflected the microstructural inhomogeneity
‘20 seen in commercially produced tantalum billets.
Photomicrographs showing the center and edge section of extruded rod A, annealed at
950, 1050, and 1150°C, are provided in Figures 4(A) and 4(B), 5(A) and 5(B), and 6(A) and
6(B), respectively. Comparing the images in Figures 4-6 demonstrate the general effect of

annealing temperature on the microstructure. The grain size character seen in Figures 4(A)



WO 02/ (188A2 PCT/tJS(12/23C~0 27 79. The process of claim77, wherein said
anneal ing occurs at a tenperature of from about 950 C to about 1150C for
about 2 The process of claim53, further conpri l'ing
sai d ext?ﬁ@ggnﬁggﬁiun1billet. 81. The process of cIa|n180P%mﬂg?g?Q$2ald
anneal ing occurs at a tenperature and for a tine sufficient to at |east
partially recrystallize the extruded niobiumbillet during annealing. 82.
The process of claim80, wherein said annealing occurs at a tenperature of
from about 950C to about 1 | 50C for abol® 2 hours. 10 83. The process of
claim58, further conprising annealing said extruded niobiumbillet. 84.
The process ¥ ¥Parereailaifie that absated imacammarsiah dlier duawith nptewgidy &sr e and
“for a time sufficient to at least partially recrystallize the extruded

ni obi um bi | | @gougief dyglesinae dn igengral, liber@Bing Meanpealice tspefatucd Borm98GB1o 16Y@i n
sai d anneallng occurs at a tenperature of from about 950C to about 1150C

" for about 2 tienetsiramatBally iMhisagsrtor asmgo tranl sdemf 6, extrudddnettaloariypiictss bitglid
anneal i ng said extruded niobiumbillet. 87. The process of claim 86,

wher ei n sai derémie glainizeondomsityahd pert@unpeenysitilizagiomndn 2meflasmperdtirger sishéd ci ent
to at least partially recrystallize the extruded niobiumbillet during
anneal i nge  88d prohetepboe gmin gbwthaithouBacriflog LeifdmsRitkthasi@atd Bgaloebiles. at a
tenperature of from about 950C to about 1150C for about 2 hours. W O
|12/ 088~ 12 28e RighérUBapedRke 4hreaBssud PR GRS snidrbdtrubBkel Mhebubhein exd Eudaed
tantalumbillet of claim2, conprising extruding a tantalumingot to form
an extruded taabalbur Whd dngforna gl fuhercagneRtl Ng sai d extruded tantal um
billet at a sufficient tenperature and for a sufficient tine to at | east

partial ly recrystabtbinifogrdplis 8K the e atna@ag%lrwrmdflegttmde@ bﬁQtsAAHchO%ﬁéé for
meki ng the extruded tantalumbillet of cl aim 2, conprising extruding a

starting tankal simehid hetisge ffoPQ 'Ebé:@' e@e c G M‘i‘?@xrés%@k?m“@‘? %(hgsnda@sl z{g)&?n

anneal i ng sai d extruded tantal um bil for sufficlen

sufficieny toangs, a&nﬂr ﬁAt) Odnat(Bz e%g:;ectﬂf%[zt ' %g{e ef, qﬁ% ot gl He&e% mﬁx)égnrﬁugfdof

tantalumbillet. A proces I ng e extruded tan

claim 2, CO@E+§6ﬂ9mger8u%%BE 'bﬁlgtsf?ﬂc}nr?lgeogram u%tufrietdo She eX, runﬁg%%ﬂ?qtl 1Ilgt? Fgl | gt

and eit her apply ctive coatirng o tar [ aci ng
R AT L HE RS
at a sufficl E hgtﬁmﬁcrr%tsnlrjur’ ?he emrugu())nr te%pgrgtmelf%me rl‘%OO to 1900°F had a slight effect on
increasing the grain size and enhancing grain size uniformity. This trend shows that increasing
15 the extrusion temperature increases the uniformity of deformation and stored energy in the
material imparted during extrusion. However, for a 1900°F extrusion temperature, increasing
the diameter of the ingot section from 8.9 to 9.5” and extrusion liner from 9.5 to 10.25”
diameter produced a billet product having an equal or finer average grain size and similar grain
size uniformity. This observation demonstrates that increasing the pre-extruded ingot diameter
20 allows for a greater amount of stored energy to be imparted to the extruded billet,
Together, the information developed in this example concludes that the optimum
process involves extruding large 9.5” diameter tantalum ingot sections at a temperature of

1900°F to produce a 4” diameter as-extruded rod that can machined into 3.75” diameter

billets. A fully recrystallized and relatively uniform microstructure having an average grain



to at least partially recrystallize the extruded tantalumbillet. 15 92. A
process for making the extruded niobiumbillet of claim 37, conprising
ext rudi ngyay B %)‘jl?m ingot to forman extruded ni obi um bil Ip%tr/l%ta92§6[;@n
anneal i ng sal d*&Xtruded niobiumbillet at a sufficient tenperature and for
a sufficient tinme to at least partially recrystallize the extruded ni obium
billet. 93. A process for making the extruded niobiumbillet of claim 37,
conprising 20 extruding a starting niobiymbillet to form said extruded
ni obium billet and then annealing said eXxtruded niobiumbillet for a
sufficient ti nd for a sufficient tenperature to at |east partially
recrystalli fézgﬁ’ﬁgwewpr*ﬂhg’&osﬁf}ﬁﬁpﬁrﬁlcﬂ?sw ion of the billh iy achjeygpafiep anpngaling the
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either applying a protective coating on said starting billet or placing
"said starting bi Qtlear empodimenisef thomresgd inventiorewidk berappanent i thosetskitled okearsai d
extruded niobiumbillet and then 5 annealing said extruded niobiumbillet
at a suffi cifeam cansidpretiaatalithe pagsentfspecification dnd prastice df itheeprésentavehsmsdisciaed i al | y
recrystallize the extruded niobiumbillet. .AN .Ah. ALh. A {?. AF. R A&
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5 3. The extruded tantalum blllet of claim 2. wherein said average grain size is

about 150 microns or less.
4. The extruded tantalum billet of claim 2, wherein said average grain size is
about 100 microns or less.
5. The extruded tantalum billet of claim 2, wherein said average grain size is
10 about 50 microns or less.
6. The extruded tantalum billet of claim 2, wherein said average grain size is

from about 25 microns to about 100 microns.

7. The extruded tantalum billet of ctaim 2, having a purity of at least about
99.995%.
15 8. The extruded tantalum billet of claim 2, wherein said tantalum billet is fully

recrystallized.
9, The extruded tantalum billet of claim 2, wherein said tantalum billet is at
least partially recrystallized.
10. The extruded tantalum billet of claim 2, wherein said tantalum billet is about
20 98% or more recrystallized.
11.  The extruded tantalum billet of claim 2, wherein said tantalum billet is about

80% or more recrystallized.
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material.
5 14. A sputtering target comprising the extruded tantalum billet of claim 2.
15. A capacitor can comprising the extruded tantalum billet of claim 2.
16. A resistive film layer comprising the extruded tantalum billet of claim 2.
[7.  Anarticle comprising at least as a component the extruded tantalum billet of
claim 2.

10 18. A process for making the extruded tantalum billet of claim 2 comprising
extruding a tantalum ingot at a sufficient temperature and for a sufficient time to at least
partially recrystallize the tantalum billet during extrusion.

19.  The process of claim 18, wherein said sufficient temperature is from about
1200 °F to about 2950 °F.

15 20.  The process of claim 18, wherein said temperature is uniform throughout the
extrusion process.

21.  The process of claim 18, further comprising the step of water quenching the
extruded tantalum billet after extrusion.
22.  The process of claim 18, further compr.ising machine cleaning the extruded

20  tantalum billet.

23. A process for making the extruded tantalum billet of claim 2, comprising

extruding a starting tantalum billet at a sufficient temperature and for a sufficient time to at

least partiaily recrystallize the tantalum billet to form said extruded tantalum billet.
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25, The process of claim 23, wherein said temperature is uniform throughout the
extrusion process.
5 26.  The process of claim 23, further comprising the step of water quenching the
extruded tantalum billet after extrusion.
27.  The process of claim 23, further comprising machine cleaning the extruded
tantalum billet.
28. A process for making the extruded tantalum billet of claim 2, comprising
10 cutting an ingot into at least one starting billet and either applying a protective coating on
said starting billet or placing said starting billet in a can;
extruding the starting billet at a sufficient temperature and for a sufficient
time to at least partially recrystallize the tantalum billet and to form said extruded tantalum
billet.
15 29.  The process of claim 28, wherein said sufficient temperature is from about
1200 °F to about 2950 °F.
30.  The process of claim 28, wherein said temperature is uniform throughout the
extrusion process.
31. The process of claim 28, further comprising the step of water quenching the
20 extruded tantalum billet after extrusion.
32. The process of claim 28, further comprising machine cleaning the extruded
tantalum billet.
33.  The process of claim 28, wherein said ingot is obtained by the electron beam

melting of a high purity tantalum powder feedstock.
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washing or machine cleaning, or both.
5 36. A niobium billet having a substantially uniform grain size.
37. Anextruded niobium billet having a substantially uniform average grain size.
38.  The extruded niobium billet of claim 37,.wherein said average grain size is
about 150 microns or less.
39.  The extruded niobium billet of claim 37, wherein said average grain size is
10 about 100 microns or less.
40.  The extruded niobium billet of claim 37, wherein said average grain size is
about 50 microns or less.
41.  The extruded niobium billet of claim 37, wherein said average grain size is
from about 25 microns to about 100 microns.
15 42.  The extruded niobium billet of claim 37, having a purity of at least about
99.995%.
43.  The extruded niobium billet of claim 37,‘wherein said niobium billet is fully
recrystallized.
44.  The exiruded niobium billet of claim 37, wherein said niobium billet is at
20 least partially recrystallized.
45.  The extruded niobium billet of claim 37, wherein said niobium billet is about
98% or more recrystallized.
46.  The extruded niobium billet of claim 37, wherein said niobium billet is about

80% or more recrystallized.
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48.  The extruded niobium billet of claim 37, further comprising at least one alloy
material.
5 49, A sputtering target comprising the extruded niobium billet of claim 37.

50. A capacitor can comprising the extruded niobium billet of claim 37.

51. A resistive film layer comprising the extruded niobium billet of claim 37.
52.  An article comprising at least as a componént the extruded niobium billet of
claim 37.
10 53, A process for making the extruded niobium billet of claim 37 comprising

extruding a niobium ingot at a sufficient temperature and for a sufficient time to at least
partially recrystallize the niobium billet during extrusion.
54,  The process of claim 53, wherein said sufficient temperature is from about

1000 °F to about 2650 °F.

]
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55.  The process of claim 53, wherein said temperature is uniform throughout the
extrusion process.

56.  The process of claim 53, further comprising the step of water quenching the
extruded niobium billet after extrusion.

57.  The process of claim 53, further comprising machine cleaning the extruded
20 niobium billet.

58. A process for making the extruded niobium billet of claim 37, comprising
extruding a starting niobium billet at a sufficient temperature and for a sufficient time to at

least partially recrystallize the niobium billet to form said extruded niobium billet.
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60.  The process of claim 58, wherein said ltemperature is uniform throughout the
extrusion process.
5 61.  The process of claim 58, further comprising the step of water quenching the
extruded niobium billet after extrusion.
62.  The process of claim 58, further comprising machine cleaning the extruded
niobium billet.
63. A process for making the extruded niobium billet of claim 37, comprising
10 cutting an ingot into at least one starting billet and either applying a protective coating on
said starting billet or placing said starting billet in a can;
extruding the starting billet at a sufficient temperature and for a sufficient
time to at least partially recrystallize the niobium billet and to form said extruded niobium
billet.
15 64. The process of claim 63, wherein said sufficient temperature is from about
[000 °F to about 2650 °C.
65.  The process of claim 63, wherein said temperature is uniform throughout the
extrusion process.
66.  The process of claim 63, further comprising the step of water quenching the
20 extruded niobium billet after extrusion.
67.  The process of claim 63, further comprising machine cleaning the extruded
niobium billet.

68.  The process of claim 63, wherein said ingot is obtained by the electron beam

melting of a high purity niobium powder feedstock.
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70.  The process of claim 69, wherein said protective coating is removed by acid
washing or machine cleaning, or both.

5 71. The process of claim 18, further comprising annealing said extruded tantalum
billet.

72. The process of claim 71, wherein said annealing occurs at a temperature and
for a time sufficient to at least partially recrystallize the extruded tantalum billet during
annealing.

10 73. The process of claim 71, wherein said annealing occurs at a temperature of
from about 950°C to about 1150°C for about 2 hours.

74.  The process of claim 23, further comprising annéaling said extruded tantalum
billet.

75.  The process of claim 74, wherein said annealing occurs at a temperature and

15  for a time sufficient to at least partially recrystallize the extruded tantalum billet during
annealing.

76.  The process of claim 74, wherein said annealing occurs at a temperature of
from about 950°C to about 1150°C for about 2 hours.

77.  The process of claim 28, further comprising annealing said extruded tantalum

20  billet.

78.  The process of claim 77, wherein said annealing occurs at a temperature and

for a time sufficient to at least partially recrystallize the extruded tantalum billet during

annealing.
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annealing.
82.  The process of claim 80, wherein said annealing occurs at a temperature of

from about 950°C to about 1150°C for about 2 hours.
10 83.  The process of claim 58, further comprising annealing said extruded niobium
billet.

84.  The process of claim 83, wherein said annealing occurs at a temperature and
for a time sufficient to at least partially recrystallize the extruded niobium billet during
annealing.

15 85.  The process of claim 83, wherein said annealing occurs at a temperature of
from about 950°C to about 1150°C for about 2 hours.

86.  The process of claim 63, further comprising annealing said extruded niobium
billet.

87.  The process of claim 86, wherein said annealing occurs at a temperature and

20 for a time sufficient to at least partially recrystallize the extruded niobium billet during
annealing.

88.  The process of claim 86, wherein said annealing occurs at a temperature of

from about 950°C to about 1150°C for about 2 hours.
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5 90. A process for making the extruded tantalum billet of claim 2, comprising
extruding a starting tantalum billet to form said extruded tantalum billet and then annealing
said extruded tantalum billet for a sufficient time and for a sufficient temperature to at least
partially recrystallize the extruded tantalum billet.

91. A process for making the extruded tantalum billet of claim 2, comprising

10  cutting an ingot into at least one starting billet and either applying a protective coating on
said starting billet or placing said starting billet in a can;

extruding the starting billet to form said extruded tantalum billet and then
annealing said extruded tantalum billet at a sufficient temperature and for a sufficient time
to at least partially recrystallize the extruded tantalum billet.

15 92. A process for making the extruded niobium billet of claim 37, comprising
extruding a niobium ingot to form an extruded niobium billet and then annealing said
extruded niobium billet at a sufficient temperature and for a sufficient time to at least
partially recrystallize the extruded niobium billet.

93. A process for making the extruded niobium billet of claim 37, comprising

20  extruding a starting niobium billet to form said extruded niobium billet and then annealing
said extruded niobium billet for a sufficient time and for a sufficient temperature to at least

partially recrystallize the extruded niobium billet.
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29
94. A process for making the extruded niobium billet of claim 37, comprising
cutting an ingot into at least one starting billet and either applying a protective coating on
said starting billet or placing said starting billet in a can;
extruding the starting billet to form said extruded niobium billet and then
5 annealing said extruded niobium billet at a sufficient temperature and for a sufficient time to

at least partially recrystallize the extruded niobium billet.




