1 9 Nov 2004 H GH PURITY N OBl UM AND PRODUCTS CONTAI NI NG THE SAME. AND
METHODS OF MAKI NG THE SAME BACKGROUND OF THE | NVENTI ON The present

invention relates to metals, in particular niobium and products mati§ NO¥rifbh
ni obi um nmetal s as well as nethods of naking and processing the niobium
metals. In industry, there has always been a desire to form higher purity

metals for a VarietF%ﬁ%ﬁURﬁ@@@@%ﬂﬂ%@hﬁDPﬁéﬁ@éTSb@N@kﬁﬁN@”I hi gher purity
as

netal s are especi al
for superconductors,
its potentigl 458

eaME AN PEEHO0s ORI MRLING BHEISEMES @ barrier naterial
a sputtering source for optical coatings, and for

e i S8hmeamRonent s such as capacitors. Furthernore,
there is growmng tnterest rn high purity niobiumtantal umalloys for. use

|0 super conduct pe plelchAiidh refflt bs HALL GF phtGF AbhAIS AR D! Y as a

barrier filmfor copper interconnects In "integrat circuits. Thus,

| MpUr T T €S 4dks LiBGudlRhel of 3 A9BSR ARl ExRE bEGlobRf ddlls, PrOPETT i es

and/ or the performnce e articles tor om niobium N obiumis

found in nature pal ARG X0l SR hten dteliftSo foth MeRlr pRfly R¥lal%rGNRRGp) as
colunbite ore or as a by-product of the benefaction of tantalumbores. The
process useg ﬁgompw@ﬁpﬁ&aw&oﬂ%; fiYhePpR HELRBEApel WD §RE-dbY £RQNST StS of a
chem cal extraction and” crystallization operation toyield a

ni obi um beagingyt QRiA abaikr mierted M GheRBnRbolNS d PicAnSMulce rPpREPdUCE a

ni obi um metal consolidate, -and vacuum mel ting of the consolidate to produce
a hi gh- puri do¥edpk QR Bd i8Rkl ukliS eMASHUWRpathts Slch R 4RCHHE Ofurhamotdien be
mechanically worked into a variety of mll fornms such as sheet, strip,

bar, rod, agte\W gSwind Heerdd 8Migh Wity riobithOlth bl ]aDG8 tor AinMibelcoh@ich® can al so
be hydrided, crushed, dehydrided, and subsequently processed to produce

ni obi um povEigk, el bltRh&iifedoatt@d) afd fafibiPhs PBRRF HROMFRppe BiddddnbiéctYn Products.

The inpurity elements in niobiumcan be classified as refractory netal
| puri ti es, inre@fale® cirdit. alThibsC ikgiitids| ih R Smet@ngn hiVle@h Shdekirable dHaRisn the eS.
Refractory nmetal inpurities include

properties and/or the performance of the articles formed from the niobium.

Niobium is found in nature almost exclusively in the form of an oxide (Nb205) as
columbite ore or as a bv-product of the benefaction of tartalum ores. The process used to
produce high purity niobium metal typically consists of a chemical extraction and
crystallization operation to yield a niobium-bearing ionic salt, a reduction of the ionic salt
to produce a niobium metal consolidate, and vacuurm melting of the consolidate to produce
2 high-purity niobium ingot. The vacuum-cast niobium ingot can then be mechanically
worked into a variety of mill forms such as sheet, strip, bar, rod, and wire. The high purity
niobium ingot 2and mill forms can also be hydrided, crushed, dehydrided, and subsequently
processed to produce niobium powder suitable for capacitor or other powder metallurgy
products,

The impurity elements in niobium can be classified as refractory metal impurities,
other metallic impurities, and interstitial impurities. Refractory metal impurities include

elements such as tantalum, molybdenum, and tungsten; these elements are infinitely soluble



el ements such as tantalum nolybdenum and tungsten; these elenents are
infinitely soluble 1 1 9 NOV 2004 in, and have a sim/lar vapor pressure as

ni obi um and cannot be readily renoved through vacuum nelting. Theref @V 2004
refractory metal inpurities nust be renoved prior to or during the niobium
consolidation step using nethods such as liquid-liquid extraction, fused
salt el ect mphniSiase a simtlarchzesn matury axoshiche peisdatricobe {eadi)rerhavednthrdugli um
halides. Gther netallic and interstitial inpurities can be renoved by
vacuum el t vaitgurdelfih® Oihefordybdfradtbry Getabih@omet Sius UERemdsedakilseth o dukihg@insi ti on

and rare earth netal s have hi gher vapor pressures and are vol atized by

vacuum el t the GiopeCO®SHEbatidH Glap asindnehdds QithBe diguif-ER)id ertationgfusedaaium  Ar c
Melting (VAM, Vacuum Arc Renelting (VAR), or Electron Beam Fl oat Zone

Mel ting ( EBEZddblysit, nbh@Eteinidal @dpor depsbitioh (€8D) fdd hidBiam, habdey.JOther @atslbon, and
hydrogen) are al so renoved by vacuum nelting, or by annealing the niobium

metal at a kidoheaing ahpiick &P ok abttvad vy osid RinY af Widkiuntlydenen
typically is readily outgassed fromnitrogen at tenperatures above about

400C i n vac dementd dusis @ Med, Rinkiig e fafeails meri B hidheonhsfpistinasagd  di at omi ¢
nitrogen (Na); the kinetics of the reaction is a function of the

equi | i bri unkre GoRAGRN LY Foindh nRfting ploka@€fuch Bs ElB@roR Bekh (BB) afelfie! Wiciinned by
Sieverts law, (E. Frommand G Harz, intern. Met. Rev., 25 (1980), pp.

269- 311, i nags PRiALFUAM), VaSu@nhic Rinelthy (VelRgr &NERctol BeginMloat Gne - P, ,
exp(4Sm / R) exp(-.6.Hu IRT) where ASN = -70.3J/nmo7 1i and MHO , =

- 178kJ/ mol RN eEFzRcan be decarburized with oxygen either dissolved in
the netal or fromthe atnosphere to form carbon nonoxide. The equilibrium

concentration ofmteRfidaPinpaitesPfiroLs, okygei, @b ind HdrBgdn ar®slscartB&RPBEr | C
decarburization as follows, (E. Frommand H Jehn, Met. Trans., 3 (1972),
pp. 1685- 169zZuai Ghekting, ot ®ptdahgHhe shetiin métaVatadligkahngalibBtemperamre in a
strong vacuum. Hydrogen typically is readily outgassed from nitrogen at temperatures
above about 400°C in \'racuu'm.- Dissolved nitrogen {N) is removed from fiobium as
diatomic nitrogen (Na); the kinetics of the reaction is a function of the equilibrium
concentration of nitrogen in the niobium as determined by Sievert’s law, (E. Fromm and G.
Horz, Intern. Met. Rev., 25 (1980), pp. 265-311, incomporated in its entirety by reference
herein).
ey = /Py, eXp(ASy / R)exp(—AH, / RT)
where ASS =—70.37/mol « K and AH, =-178%J /mo!

20  Niobium can be decarburized with oxygen either dissolved in the metal or from the
atmosphere to form carbon monoxide. The equilibrium concentration of carbon can be
estimated for in-sity or atmospheric decarburization as follows, (E. Fromm and H. Jehn,
Met. Trans., 3 (1972), pp- 1685-1692 and E. Fromm and H. Jehn, Z Metallkd, 58

(1968), pp. 65-68, incorporated in their entireties by reference herein).



(1968), pp. 65-68, incorporated in their entireties by reference herein). 1
9 NOV 2004 For in-situ decarburization~cl = RCo exp(-5600/RT-11.2) Po} Rco
e -1270/RT-5 30 xp( . For atnospheric decarburization) xlcl = 112 Pd 9 NOY 2004
Typically, carbon is reduced in niobiumby assuring that there is a
stoichionetric anbunt or excess of oxygen to conpletely convert carbon to
carbon nonoxi de. Any renaining oxygen, is renmoved in the form of niobium
suboxi des B heat bagrhbatizengar or abpye “hem(-360Q/iRdg-1p8h nt of ni obi um wi thin
a very high vacuum 1In using a conbi ndtei on of the above-nentioned
processes, the ability to produce- niobiumnetal having a purity of 99.999%
and better has been_ denonstrated; (ALIKQet?%@7qp%TJ”Ln Mbench, Mat. Trans.
JR 41 No. FO{ FOWPIs-omaBion| nediporar & 11T emti¥ety by reference
herein). These or simlar methodol ogi és® al so have been utilized to
manuf acture_ tantalumnetal having 99.999% purity, (lnterpational
Appl i cat i ontYRISAVE R ioredrse g mipbip iy Gireang Usatherds apPnsicGmONB O EP 0 902
102 Al, incorporated in their entireties by reference herein). The ability
t o produce SBeRshH ohP¥Eeh it PIPPIFEY SPTYAT SAGOY Bnteshoninmends gy TeRaBs eat i on of
techni ques for the manufacture of high purity niobiumtantal um all oys.
However, cH&nEads raraved o the foray of Hebiyp gebopdrspeatingcst inedr 05 1259'5 thhe
functionality and o )

melting point of niobium within a very high vacuum.

In using a combination of the above-mentioned processes, the ability to produce
niobium metal having a purity of 99.999% and better has been demonstrated, (A. Koethe
and J.I. Moench, Mat. Trans., JIM, 41 No. 1 (2060), pp. 7-16, incorporated in its entirety by
reference herein). These or similar methodologies also have been utilized to manufacture
tantalum metal having 99.999% purity, (International Application No. WO 87/07650 and
European Pe.ltcnt Application No. EP 0 902 102 Al, incorporated in their entireties by
reference herein). The ability to produce both high purity niobium and tantalum lends to
the creation of technigues for thé manufacture of high purity niobium-tantalum alloys.

However, chemnical purity is not the lone parameter critical to the functionality and
performance of high purity Nb or Nb-Ta alloys. There is a desire to have a high purity Nb
or NE-Ta product having higher purity. a fine grain size, and/or a uniform texture.-
Qualities such as fine grain size and homogeneous texture can be an important property for
superconductor barrier sheets where formability is paramount and for sputtering targets
where a uniform microstructure void of (001) localized texture bands can lead to irnproved
uniformity of thickness of the sputtered deposited film. Further, other products containing
the niobium having fine grain size can lead to improved homogeneity of deformation and
enhancement of deep drawability and stretchability which are beneficial in making

capacitors cans, laboratory crucibles, and increasing the Jethality of explosively formed

[S]



performance of high purity Nbo or Nb-Ta alloys. There is a desire to have a
high purity No or Nb-Ta product having higher purity; a fine grain size,
and/or a uniformtexture. Qualities such as fine grain size and 19 NOV 2004
honbgeneous texture can be an inportant property for superconductor

barrier sheets where formability is paranobunt and for sputtering targets

where a uni Lorml GEASHT UGLUSLE KL A1 ubBRT) ol ERhd:CLklng-RaNds can

|l ead to |npro rmty of thickness of the sputtered deposited film

Fur t her,, ﬁﬁmg&%ﬁﬁ%gynggnt@a@; gﬂm%}é‘) Qb YRR ot Edilfoflf @lgh ST ze can

l ead to |np ove hoan formation and enhancement o deep

dravwabl || {200 35S ﬁ{s@w)'& Chodiel, RERCTAGhEL BB, BRIbGE amGapact tors

cans, Iabora ory |ncrea3|ng t ethallty of expl osively

formed 3 1 gD W&m&m& | et al um
cont ai ni ng pr oduc %s can rncrease spuftering ef?|0| q%§L ,lgreater

Sputter rat | SQkd d deep

i aveini 1§y oo R PRk BUERRAE (MROTRR. 2800 %ﬁ‘*ﬁ%ﬁaﬁ@f SR e o e,

Field, Pr ocreg,ez ﬁtenngonf Texture of Materials, J.A Szpunar (ed.),

National Ergce esearch Counci | of Canada (1999) pp. 1357-1362,

I ncorporated in its entirety by reference herein). SUMVARY OF THE PRESENT

| NVENTI ON A feature of the present |nvent|on relates to high purity niobium
and al |l oys ¢ 2 ) : enalshe present invention is to provide
a high puri’ exhibiting a fine grain structure

and/or uni form tﬁ&éd;egauc t g,%g @anﬁé&raaes Bl AP B5ERbmd AR 1S O

provide articles onen al ni ng Igh purity

ni obi um or al | Oy&o‘ﬂﬂ?"f&{&k of ¥, Blck inQ%ﬂL%iseﬁt%vﬁleq iRy BR6iH dinvent | on

Is to provide processes to m purity niobiumand alloys thereof

as well as LG ALbhdffind ﬁ%ém&ﬁl@&?&m&ﬂﬁ%&‘m&%é containing the high
oys

purity n|ob|u

Another feature of the present invention is to provide articles, products, and/or
components containing the imigh purity niobium or alloys thereof.

An additional feature of the present invention is to provide precesscs 1o make the
high purity niobium and alloys thereof as well as the articles, products, and/or components
containing the bigh purity niobium or alloys thereof.

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
learned by practice of the present invention. The objectives and other advantages of the
present invention wil] be realized and attained by means of the elements and combinations
particularly pointed out in the description and appended claims.

To achieve these and other advantages, and in accordance with the purpose of the
present invention, as embodied and broadly described herein, the present invention relates

' to niobium metal having a purity of at least 99.99% and more preferably at least 99.999%.
The metal preferably has a fine grain structure and/or uniform texture.

The present invention further relates to an alloy containing niobium metal, wherein

4



Addi ti onal features and advantages of the present invention will be set
forth in part in the description that follows, and in part will be
apparent fromthe description, or may be |earned by practice of thgNQy 2004
present invention. The objectives and ot her advantages of the present
invention will be realized and attai ned by neans of the el enments and

conbi nat i Ofge niffI Ml RskY iR @ Fhs@iphrity Bf & hast desiss ifdtndpreadblpppended
clainms. To achieve these and ot her advantages, and in accordance with the

pur pose of it.Qeng cBERS G alloh YERN! 4 Rst tiRSHiMROLERr@Rd ibhe agty\r tesee) bed
herein, the present invention relates to niobiumnetal having a purity of

at |east 9941582?4?&%ﬂaﬂap£&e%%&ﬁ&&kﬁn@&-uhm&emww% The nmetal preferably
has a fine grain structure and/or uniformtexture. The present invention

further relatesho,alnmahl-MonGR0 tdidiHg h@@bﬁrﬁmomﬁxahemmrogismwa 9 NOV
2004 the niobiumnetal present in the alloy has a purity of at, |east

99. 99% and HDIE o4 ShELAR YecBthavib LAy R9yAARKH shRsiRIViBYN eRrgge gratl | €ast the
ni obium metal presént in the alloy or mixture) also preferably has a fine

grain struciMre .806/196 b REMLRX hiVufk: a TAGarP(ESPHbe tetaNubsimtialiyso rel at es
to a high purity niobiummnetal or alloy suitable for use as a sputtering

target, ha\ﬂnjag%l@utf ik | dickrB " YS! idbhed! n@fRiaAd Phefabl thiovaRbuavier agige gr ai n
si ze of about 150 pmor less and/or having a primary (111)-type texture

subst ant i al el SrQHIREb i tikal thi/GKIReRE 29 bbdei® of isedde (00N Bkke Bads pr ef er abl y
t hroughout the entire thickness of the niobiumnetal and/or having an

absence of PRl ot tdbg, bands w thin the thickness of the niobium
The present invention further relates to nmanufacturing plate and sheet from

the above-ment hﬁ@?&s&ﬂi QRLA4Eh FRa relies fd alandihgihg @latehmd Rheabiroim et al |,
machining into rolling slabs, annealing rolling slabs, rolling into plate

or sheet, theRk Aomesdicdiuk@eRl 3 ie-BigiRatiobiudrineal, madnduch® rellish as
sputtering targets can be then machined fromthe anneal ed plate or sheet.
slabs, annealing rolling slabs, rolling into plate or sheet, then annealing the plate or sheet.
Final products such as sputtering targets can be then machined from the annealed plate or
sheet.

The present invention also relates to a sputiering target comprising the above-
described niobjum metal and/or alloy. The sputtering target can also be formed, for
instance, by radial forging and subsequent round processing to produce billets or siugs,
which are then forged and rolled to yield discs, which can then be machined and annealed.

The present invention further relates to barrier sheets, resistive films and capacitors
comprising the above-described niobium metal and/or alloy.

The present invention also relates to articles, components, or products that comprise
at least in part the above-described niobium metal and/or alloy.

Also, the present invention relates to a process of making the above-described
niobjum metal or alloy which involves reacting a salt-containing nicbium metal either with
or without the presence of an alloy metal salt (e.g. K2TaF7) with pure sodium or other

suitable salt in a reactive container or pot and an agitator which both are made from or have
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The present invention also relates to a sputtering target conprising the
above- described niobiumnetal and/or alloy. The sputtering target can al so
be formed, for instance, by radial forging and subsequent round prioFg®s e
to produce billets or slugs, which are then forged and Tolled to yield

di scs, which can then be machi ned and anneal ed. The present invention
further rel%insscamprisag pimstal gradlay Sereplowtiicy oy Sesameer higher V3pg FEcsuesras
conprising the above-described ni obiumnetal and/or alloy. The present

i nventi on dlieburn siekl @ emsitpe ppisl daobpmmpdient s, or products that conprise
at least in part the above-described niobiumnetal and/or alloy. Also, the
present inventi Ghe preteatipeention furthsr edates to peceppiginRguhReid pevder efadvand bed

ni obi um netal or alloy which involves reacting a salt-contaiping niobium
met al ei t heaf nigbium mespl apdl alinypowid &y prebisg Fe @owder i kel wouwreefd0™” walar (e. g.
K2TaF7) with pure sodiumor other suitable salt in a reactive container or
pot and an Te@Et dhepregtrectbolpthi melias fayee thap @e wporhpcewr s afgheN@Pui®94 a | i ner
conprising a netal or alloy thereof which has the sanme or higher vapor
pressure asexisipg byi therpeneden melitstoch e Pregerablynthe pesiiting o theruesiiiehiimpret alioy The
present invention further relates to processing niobiumnetal powder or a
bl end of rmedipawdereerasceamplished yywlegepndeam pgltingl ti ng t he powder in a high
vacuum of 10 2 torn or nore. The pressure above the nelt is |ower than the
vapor pressur es lof taeendergond thatdbsth thedorsgdipgyzeneraltdsecripionaged thefdllowingock.
Preferably, the nelting of the pure niobiumor alloy netal powders are
acconpl i shedtangd daseriptipyare peaplapedng exlgnatory only andarp éntepdefde provideifurtheit bot h t he
f oregoi ng general description and the following detailed description are
exenpl ary aR@lapatior afthe BresprigRYeptinngs claireed; nt ended to provide further

expl anation of the present invention, as clainmed. 6 19 NOV 2004



DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON The present invention rel ates
to a niobiumnetal having a purity of at |east 99.99% Preferably, the
ni obi um nmetal has a purity of at |east 99.999% and can range in pugbt@ fb}gm
about 99.99% to about 99.999% or nore. O her ranges include about . &g
to about 99.999% and from about 99.999%to0 about 99.9995% and from about

s 15 YoN b THEPREEENTVSHENDION urt her rel ates to netal
all oys that contain the high purity niobiumnetal of the present

i nvention, suchrRsy@edBirvERiorkdi tO8 n@bile meal hathg Whineh of0 Raai9nes%st he hi gh
purity niobium as one of the conponents of the alloy. The netallic

i mpuri ties gbabniBYe H6oiRh f8Mas b Purker abiegNOPINOtLand Ein@ddige! I piEtydomar e | ess
than or equal to 0.01% by wei ght and typically conprise other body-centered

cubic  (beghok 68 5R% LOENUNBLBIR, R indrd)f OiBkrl iengBObildel dbbit 991998% @beem such as
tantal um nol ybdenum and tungsten. Simlarly, the gaseous inpurities that
may be pfe@?.@?]g% Bnd hEh PihE b Y5994 RRIEMMBIBE, andiRm £5& HegY; o atequial to
0.20% by welght and typically conprise interstitial gases such as oxygen,

nitrogen, 389oda4. PAR preldCintinbl MPthdFediads teMetalibR it ¢RQMERS higopinal ni ng t he

ni obi um nmetal preferably have a texture that is advantageous for

particul ar nﬁﬂﬁﬂ&ﬁ&ﬁbofﬁié%&sé:?in%ﬁéﬂ, 8ich 30z Nb-T2 Afch 6F NP Ity whickktemaibhe ni obi um
nmetal or alloy thereof is forned into a sputtering target having a surface

and then sputtarRthy fddfint R6hédnebmbiiftms bof digy.met al in the present
I nvention leads to’a sputtering target which is easily sputtered and, very
few if any areagpd Rehil isRbilitshit eyl RBBEnt id 86 high peitY hicBiuNGetalFa t her, with
the texture of the niobium netal og the present invention, the sputtering
of the sputilehialGr 2081 0.018085 weighttant QYpicaliNidnFis @ikt bbd+demeredicatsd on t hus
| eading to a sputtered filmwhich is therefore uniformas well. It is
preferred thalrebrhorinehis binfktR\sbIABi1iH Ay niftHin, lsiych abtditalpingh@pishym,anuri ty of
at | east about 99.99% has a grain size of about 150 m crons or |ess. Mre
pr ef er abl y, urdgdd@n GhaildilySthZRsdobs imbormtiea that ihay 1o prtent iphigh poitaiickitm k@1 m crons,
or from about 25 microns to about 100 microns. Preferably, the niobium
metal is ake le@aBin Ragid & 0.30% BCwigitahd fygiedly cangiserbeestipal @bes alghys at | east
about 80% of the niobium netal

oxygen, nitrogen, and carbon.

D
PREET

The niobium metal and alloys thereof containing the niobium metal preferably have
a texture that is advantageous for particular end uses, such as sputtering. In other words,
when the niobjurn metal or alloy thereof is formed into a sputtering target having a surface
and then sputtered, the texture of the niobjum metal in the present invention leads to a
sputtering target which is easily sputtered and, very feﬁr if any areas in the sputtering target
resist sputtering. Further, with the texture of the niobium meta of the present invention,
the sputtering of the sputtering target leads to a very uniform sputtering erosion thus leadng
to a sputtered film which is therefore uniform as well. It is preferred that the niobium
having any purity, but preferably a purity of at least about 99.99%, has a grain size of about
150 microns or less. More preferably, the grain size is from about 10 microns to about 150
microns, or from about 25 microns to about 100 microns. Preferably, the niobium metal is

at least partiaily recrystallized, and more preferably at least about 80% of the niobium metal
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7 1 9 NOV 2004 is recrystallized and even nore preferably at |east about
98% of the niobiumnetal is . recrystallized. Mst preferably, the niobium
metal is fully recrystallized. Also, it is preferred that the niobi g@mtm]‘
has a honpbgeneous texture through the thickness of the product Mor
preferably the texture is such that the (100) peak intensity wthin any 5%
| ncr ement al istrdredaiiezsd and etehendre pheferdly & lea8Ssbouhely: abteicdfns Areom and/ or
has a natural log (Ln) ratio of (I 11): (100) center peak intensities

wi t hi n t he senyealiiredr Bioetiteferglile d=afobivhaneta laully recrdta0iz€d. . €., neani ng, -4.0,
-3.0, -2.0, -1.5, -1.0 and so on) or has both the (100) centroid intensity

and the ratio. Thieo, ténpreferrgrbtalt thenficbisi nytali s phehReabhytefiro mrapuye 0 random
to about 30 random and nore preferably is fromabout 0 randomto about 15
random O haickfebO6f) the protucoi Modelphedigll Hé RRGAS's biRE HathBe (100 pedt Btenddy |1 Mt ed
to, fromabout I randomto about 10 random and from about 1 randomto

about 5 rangiiih aftis% hefemehiabthlcR@ss dfalid otfm (sdsd Yiah I 3002RH0RT, aftiRk
intensities is fromabout - 4.0 to about 15 and nore preferably from

about - 1. 5 tXasabental bg Ln)@tiBef (19 Li(1 BPLtef FiaR Qensifiesh@PinRiski@8 incleRedtude, but
are not limted to, about -4.0 to about 10, and from about -3.0 to about

5.0. Most pgrediertrdalafout —t40060.6)) ok -wet-ab, Das-1tsha . 0das sy @flortas béty tef at | east
about 99.99% and the preferred grain size and preferred texture with

regard to t{160)ckfyid inkasignmdiha katioN TR Ghieypeald thteh S i frafdmbly £06@)about 8t i 0 Of
i ncremental centroid intensities. The nmethod and equi pnrent that can be used

to charactendone td Beut BXtaddden, ahé nitesgefelbll 14 FoAdBsH 0akndoh. 1o Maktaki al s
Sci ence Forum Vol . 157- 162 (1994), pp. 31-42; Adans et al., Metallurgical

Transact i onsndgm.\Gher (B4 centifid irtendi§IadgedNaciudk, bt pre nSlibnied i, Adhizghk 1et al .,
I nternational Academ c Publishers, 1317 Channel Dajie, Beijing, 1996
(" Text ur es mhddvitocsbbal19 rddien ewttiraigsboof ] tahdendto @v@ns fanddit. SuRfhén] Gabk
Conference on Textures of Materials); Wight, Journal of Conputer-Assisted
M cr oscopy, ratiolof (B,1):(U00) cedtex AR Ijtensizibd isi fronD sipar attdd 1 boldh &5 Bndembrer ety by
reference herein. The high purity niobiumnetal of the present invention
can be usedpreferablyritoniaboutedl.5 to about 7.0. Other suitable ranges of log ratios, include, but are

not limited to, about —4.0 to about 10, and from about —3.0 to about 5.0. Most preferably,

the niobjum metal has the desired purity of at Jeast about 99.99% and the preferred grain

size and preferred texture with regard to the (100) incremental intensity and the (111):(100)

ratio of incremental centroid intensities. The method and equipment that can be used to

characterize the texture are described in Adams et al,, Materjals Science Forum, Vol. 157-

162 (1594), pp. 31-42; Adams et al., Metallurgical Transactions A, Vol, 24A, April 1993-

No. 4, pp. §19-831; Wright et al., International Academic Publishers, 137 Chaonei Dajie,

Beijing, 1996 ("“Textures of Material: Proceedings of the Eleventh International Conference

on Textures of Materials), Wright, Journal of Computer-Assisted Microscopy, Vol. 5, No.

3 (1993), all incorporated in their entirety by reference herein.

The high purity niobium metal of the present invention can be used in a number of

areas. For instance, the high purity niobium metal can be made into a barrier sheet for

drawing superconductor filaments, a sputtering target, or into chemical energy (CE)
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areas. For instance, the high purity niobiumnetal can be nmade into a
barrier sheet for draw ng superconductor filanents, a sputtering target,
or into chemcal energy (CE) S 1 9 NOV 2004 runition warhead Iiner.&ﬁmmvgm;
hi gh purity netal can also be used and forned into a capacitor anode or
into a resistive filmlayer. The niobiumnetal or alloy of the present

i nventi on cawmitidpevaiwediiien T pigh ptiite ngtaloen derhpesednnd fshheliote o eapesitti onal

ni obiumor tantalumis used and the nethods and means of making the

vari ous ar tanofleas irow 2 ceastye filmiagerc Gt mobiimg ettllvealloy ofithe presentneMentitinotsi um can be
used equally here in incorporating the high purity niobium netal into the
vari ous ar theolsebsinany eitip onemtpenenFwhich cevaticn] nivhien onbseuantsepawtessi ng
used in nmaking sputtering targets, such as the backing plate, described in
U. S. Pat enttht\osthodd akbRe@9 ®f nrkEs 2thé 0ficuaprticlss, s20nFReentsanonbmingsked here and
t hese patents are incorporated in their entirety by reference herein.

CGener al |y, @npmtices siobityatcarc budse eyl haroinnadorpotating Hie dghpuritytnjobivirobi um net al
of the present invention involves a refining process, a vacuum nelting
process, anueta inthéwenvaliovs atichamicoaponprto Eersustantenthe Nibsequens prosessiegruseher at i on,
the refining process involves the steps of co-extracting the niobium

met al , pr efisradifing spnttering tdrgetsmsech as thobwibing platsndeserfbed do bSaPatestgNosni obi um
The ni obi um powder, or co-reduced niobium netal and all oy powder, or a

bl end of n$,613i09a 50%d.6€0, enrehi2aiS3atdncy visdhete ans) thesaprtantsare ibrerpsisd éuent | y
vacuum nel ted. After the refining process, the vacuumnelting process is
used to purieir ¢ntipetnbsirefenompe bgreiont i npurities, such as al kal i ne and
transition metals fromthe niobiumwhile consolidating the niobium
material into a Gentrry. apirecss thean baysedtoimalpthe high perdy a@grymméal oithobi um

sel ected for nelting has | ow amounts of inpurities, especially, in the case
of high- puPFeyt inveEiPmimBlrED GNPSOS hVasmyBIESURIPCesend 1 REEPEN. More
preferably, the amount of tantalum nplybdenum and tunpgsten is_bel ow
about 100 pPRfhazifil ProERet 1piEs RIPGERY §f op&ation dhegrimsRceS ISR thaHeRs °h sel ecti on

| eads to a purer niobiymcast nmetal . Then, after tgi S L.
co-extracting the niobium metal, preferably in the form of a powder from salt containing

niobium. The niobium powder, or co-reduced niobium metal and alloy powder, or a blend
of niobium and elementa! alloy powders, can then be subsequently vacunm melted.

Adfter the refining process, the vacuum melting process is used to purge low meiting
point impurities, such as alkaline and transition metals from the niobiumn while
consolidating the niobjum material into a fully dense, malleable ingot. Preferably the
niobium selected for melting has low amounts of impurities, especially, in the case of high-
purity, low amounts of tantalum, molybdenum, and tungsten. More preferably, the amourt
of ttmfalum,- molybdenum, and tungsten is below about 100 ppm, and most preferably is
below about 10 ppm. Such & selection Jeads to a purer niobium cast metal. Then, after this
process, a thermal mechanical process can be used which can involve a combination of
cold working and annealing of the cast niobium to allow for material to recrystalize during
annealing to achieve the preferréd grain size and/or preferred texture in the finished

product.



process, a thermal nechani cal process can be used which can involve a

conbi nation of cold working and annealing of the cast niobiumto al tggng%m
material to recrystalize during annealing to achieve the preferred i
size and/or preferred texture in the finished product. 9 19 NOV 2004 The
hi gh purity niobiumnetal preferably may be nade by reacting a

sal t - cont ai ni ngThetighputitnnidbivm méisl pedsblyoney.be agdnity restinpesaltcotaimige nent )
capabl e of reducing this salt to the niobiumnmetal and farther results in
t he for mat ingbivaf with sllag oansbear(e s aonpaing at diement)aapable atiedwwing dosdahioner . The
reaction container can be any container typically used for the reaction of
met al s and tisdwibkhicn whetdh aficafickheri reditd @ riefoahatioe ©f anrlap hed/er @end afit mbrout 8000C
to about 1,20011C For purposes of the present invention, the reaction
cont ai ner Ggactidhecdniainer. The reattien rcaadier 0mm be atyatoneiner wWhically wedrés then cont act
with the salt-containing niobiumand the agent capable of reducing the
salt to ni okictidh ofinsetaledie shoubdvithstamd 8ghl ahpdiatiegh thé erderasfabont 800RE gher vapor
pressure as ni obiumat the nelting point of the niobium The agitator in
the react iabsit CQOGE For putiidesaf thepaenthventioh, §@ Macitatcalthifdr opthe Baenirbe | i ned as
well. The liner can exist only in the portions of the reaction container
and agit at Gke fehdibn e0i®Bner, Wiicioned invdohthct tviieh the adittcontatling nttbivmndBxanpl es of
such netal materials which can formthe liner or reaction container

i ncl ude, bulgerfkgable bf feihitine @tk sabto mddiual, idrasdedronipd asterizl Ravingdies sameon ni ckel ,
chromum iron, manganese, titanium zirconium hafnium vanadi um
rut heni um @levdpor présané bdmivbipm bl tedhalting folrd bf thel Mobiok. Jhy agiawbinnkd i on
thereof or alloy thereof as long as the alloy material has the same or
hi gher vapGeachitre@atiiner @6 bé edentd ke isang fiaérial orakn bd el enwete tRhk linerlearef er abl y,
the netal is a nickel or a nickel-based alloy, a chromumor a
chr om um bas@tionlhyain kieyportions @fithel reaotion@ontaer kndagitdarsiet cane ioyontathweti thaer, on t he
reaction container and/or agitator, if present typically will have a
t hi ckness chit fmdwividire.u Exaniplaf twh abelhatSianwhih dae formtthe Gdeness@sorcan be
used. It is within the bounds of the present invention to have nultiple

container include, but are mot limited to, metal-based materials made from nickel,

chromium, fron, manganese, titanium, zirconium, hafnium, vanadiom, ruthenium, cobalt,

thodium, palladium, platinum, or any combination therecf or alloy thereof as long as the

alloy material has the same or higher vapor pressure as the melting point of niobium metal.

Preferably, the metal is a nickel or a nickel-based alloy, a chromium or a chromium-based

alloy, or an iron or an iron-based alloy. The liner, on the reaction container and/or agitator,

if present, 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 niobivm can be any salt capable of having niobium contained
therein such as a niobium oxide (Nb;0s). With respect to the agent capable of reducing the
salt to niobium and a slag in the reaction container, the agent which is capable of doing this

reduction is any agent whose reaction products have a Jower free-energy of formation (AGy)

than that of the niobium salt; for example, niobium can be formed by a thermite reaction

10



| ayers of liners made of the same or different netal materials described
above. The salt-containing niobiumcan be any salt capabl e of havin

ni obi um cont ai ned therein such as a ni obi um oxide (Nb2QO. 5). Wth rgﬁd‘@&tmm
to the agent capable of reducing the salt to niobiumand a slag in the
reaction container, the agent which is capable of doing this reduction is
any agent WHwem NeQewiddhpprdsducts have a | ower free-energy of formation
(AGh than that off the niobiumsalt; for exanple, niobiumcan be forned by
a thermte reaction 10 19 N OWbZBOAlbetbeerNb206 and Al powder: Nb?Cs + A]
-~ Nb + A1203 O her thermte reactants include, but are not limted to,
magnesi um Qdzt Gieunite rptapts Spaludy, but @e borijmited &nimagpesamel caldiam,iperssiv.t h r espect
to the agent capable of reducing the salt to niobiumand a second salt in
~the reacti ombapntaaiumeand thiveira g@ith respectcth thesagerivagrble obfeddapratye s#i®® reducti on
is any agent which has the ability to result in reducing the

sal t - cont anivbing and k edodndrsalt i tiv redotianromtehe)] thoazdntottinbris depaplecd leing ©is(e. g.

- salt(s)) which can be separated from. the niobiumnetal, for exanple, by

di ssol vi ng rédnetios aib tagy wgetrh wiviah dues e abilihero mepltemusducipguthe edt-coPtemingr abl y, this
agent is sodium O her exanples include, but are not limted to, Ilithium
magnesi um neaivei tajobjuot rastali andrptha dndrdinnts ¢eag: satis)hwiicxéad d¢ sipoaied fbmdr ogen, and
the like. Details of the reduction process which can be applied to the
present i ndentivHmnimetalyfoewxaipld, e drsdepntheapid mithtwaten carobesequepusrth in Kirk
O hmer, Encycl opedi a of Chem cal Technol ogy, 3d, Edition, VoL 22, pp.
541-564, UsSrceRaPreferabNpthis £2¢0 500466, O8ehaamBeincludy, hut gregipelimigddo.3, 767, 456,
all incorporated herein in their entirety by reference. Once the niobium
powder is dittiyrmohasdesiumg writinmspatassien,i coryon, enpori mpnexide; onicrigdrogeni My,

i ncl udi ng any contam nation fromthe reaction container can be renoved

t hr ough melthe likg. Detilstofi ghe mécutsion progeseverbich canthe applisd itathe prswatinvantien e nel ted a
nunber of ways such as a vacuumare renelt and/or. an el ectron beam

mel ting. Geiest ofl the presenapplieatiomare g¢tiferd inHark-fthmer, Encyclopedia of Chemical

Technology, 3™ Edition, Vol. 22, pp. 541-564, U.S. Patent Nos. 2,950,185; 3,828,310;
4,149,876; and 3,767,456, all incorporated herein in their entirety by reference.

Once the niobium powder is extracted from this reaction, any impurities remaining,
including any contamination from the reaction container can be removed through melting
of the niobium powder. The niobium powder can be melted a number of ways such as a
vacuum arc remelt and/or.an electron beam melting. Generally, the vacuum during the melt
will be sufficient to remove substantially any existing impurities from the recovered
niobium so as to obtain high purity niobium. Preferably, the melting occurs in 2 high
vacuum such as 107 torr or more. Preferably, the pressure above the melted niobium is
lower than the vapor pressures of the metal impurities in order for these impurities, such as
nickel and iron, to be vaporized. The diameter of the cast ingot should be as large as
possible, preferably greater than § ' inches. The large diameter assures a greater melt
surface to vacuum interface that enhances purification rates. In addition, the large ingot

diameter allows for a greater amount of cold work to be imparted to the metal during
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will be sufficient to renove substantially any existing inmpurities fromthe
recovered niobiumso as to obtain high purity niobium Preferabl y E\e
melting occurs in a high vacuum such as 104 tore or nore. Preferabsw gq%
pressure above the nelted niobiumis |ower than the vapor pressures of the
metal inpurities in order for these inpurities u ni cke nd iron,
to be vaporFOEFngT WBicYiBRaES f e(?f‘l‘?% Ogﬁ"set fmalpyeguct h(g‘ﬁﬂB SgRRsHEt IP%}rege as

possi bl e, preferably greater, than 9 i nches. nge |.arge dianeter assures
a greater MHEbum SoRYoHEest 3"‘3\2&6’&5?%3%“%1? favee? tPHAY Bridnte HEERaeat i on
rates. In addition, the Iarge ingot diameter allows for a greater anmount
of col d worikefeBblyS9i9HA O BIghe oTherfdectian RRAMRIPSERRPS Preteratdy Regyrs Qbﬁ)ﬂlebr ocessi ng,
which inproves the attributes of the final products. Once the mass of

nel ted ni GBE @hfremrBaL i e dout 449dbs P@B?urruﬁrsq%fép%lq $0.000 v PEG of 99. 99%
or higher, and preferably 99, 999% or_higher. The gl ectron beans processing
pref er abl y aotsuand uader a veruprp of frope éb"ﬂ‘f”f*rl@)rﬁoéb‘ﬂﬁll kl@OTP’é %BG[HG g | bs. per

hour using 20,000 to 40,000 volts and 15 t under a vacuum of
from about the ek grte is Somighiy 200 t%a%t'ﬂoib&rﬂerh%we“crﬁoé’f?éro%?oﬁ HPhwliselt rate
is fromabout 200 to about 300 | bs. per hour usin 24,000 to 26, 000

volts and 2% X750 36 2mpbend wider tiMepsvm &F e @bt X £ o'fﬁrla?ﬁé?‘ltTT ¥itho. 4 to 1 X
- 10-5 Torr. Wth respect to the VAR processi ngf the nelt rats is preferably
of 500 to leSEd PpHke ﬁBrPf‘P?S%E}“& thsm%lgf%lswf ahly st o 3.580 st RsT Y2000 anps

under a vacuumof 2 X 10-' to 1 X 10' Torr, and nore pref era_plgl 900 to
1200 | bs. p‘éﬁlgrréufro‘@ﬂtsF‘Idoﬁfﬂog@%—eooﬁ@m%‘i“’cdgfaaﬁﬁu%o%bligowlééﬁo Bnps, and
under a vacuumof fromz2 X 10 2 to X 10-' Torr. %b‘%@ ur|t ni obi um
-ingot can eﬁme&f&r@kﬁ@%&%&?ﬂ*ﬁém Rpurt feoms 3019 596"”“6? g gh purity
ni obi um cont ai ni ng product. The fine,and preferably fully recr yst allized
grain struc%We%ﬁ’ﬂ?’?SF%ﬁ’iP@Bfﬁ?’?%%ﬁrz@]i%w n'ﬁ%ﬁ'ted to the product through a

comby vt on of Gl a1dLer VAL LK. 10,200 | B oesss AIcal g, The il oh
pri mary (111)0ducc the high purity niobium containing product. The fine and preferably fully
tecrystallized grain structure and/or uniform texture is imparted to the product through a
combination of cold and/or warm working and in-process annealing. The high purity
niobium product preferably exhibits a uniform texture of mixed or primary (111)
throughout its thickness as measured by orientation imaging microscopy (OIM) or other
acceptable means. With respect to thermomechenical processing, the ingot can be
subjected to rolling and/or forging processes and a fine, unifonm microstructure having high
purity can be obtained. The high purity niobium has an excellent fine grain size and/or a
uniform distribution. The high purity niobium preferably has an average recrystallized
grain size of about 150 microns or less, more preferably about 100 microns or less, and
even more preferably about 50 microns or less. Ranges of suitable average grain sizes
include from about 25 to about 150 microns, from about 30 to about 125 microns, and from

about 30 to about 100 microns.

The resulting high purity metal of the present invention, preferably has 100 ppm or
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t hroughout its thickness as neasured by orientation inmagi ng m croscopy
(OM or other acceptable neans. Wth respect to thernonmechani cal
processing, the ingot can be subjected to rolling and/or forging processes
and a fine, uniformmcrostructure having high purity can be obt ailikh0V
hi gh purity ni obium has an excellent fine grain size and/or a uniform

di stributigqs m-Eﬂﬁich&B\Hm@yﬁﬂdtﬁ‘efE}mpbmdﬂ{ 6f 1%k @h] WohHas calsaNg RO

recrystallized grain size of about 150 microns or |ess, nore preferably

about 100 BL,GrPNSs QhrbdiE SIS« 1RAY IQMEE dFBk 9RO Lfseleall, ihan B HesRho Highr ONs or
| ess. Ranges of suitable average grain sizes include fromabout 25 to

about 150 mlGE QNS pfefefiB)yAROMEAIBO ik RriBR QY Ebodi2® PPtk RBS anddiderbilPT00 about 30
to about 100 fmcrons. The resulting high purity nmetal of the present

i nvention, pref ecadl ¥o or3ONDRAA Wppikdor Jesskafed/ 2004 less metallic
inmpurities’and preferably 200 ppmor less 02, 100 ppmor less ?v2, and 100

ppm or | ess car hag. redpbet Ao REKidgt¥is 155368 bindCforBRO W bsp@Priftdarekis e g8lidwek, than the
resulting high purity nmetal "preferably has netallic inpurities of about 50

ppm or | ess,,a04.,Prefed ahl dhe LABbdIRRNRY sphi@:Pifle Hidet e ﬂBﬁpt&rhi,%lﬁ]ﬁﬁerZ, and 50
ppmor |ess carbon. Wth respect -to taking this ingot and fTormng a

sputtering kaEgeheraf HeudyAkh BNLIE by B-QERSS 6AhelRaISREhind Re ARBc.eBDOdI NENt
the sputtering target made fron1t%e high purity niobiumnetal or alloy can

be made by HEGRRMICAIYr Alioys AEHEE Bhel MotihE dtaNG ABLhEW fudkest Qirind he ni obi um
metal or alloy, wherein thé niobiumnetal, or alloy has a sufficient

starting CLQsSecibfal kol peAlitfe hBsddfdnihbeckdiy skPDESABENbeIdW. PEBEALNY St eps
descri bed below. Preferably the niobiumnetal or alloy workpiece has a

di amet er - ofh@hichi@@Sherd of allc) AP haiRIdRumeENEY at REXD YSinels bV EBe f | at
forging the niobiumnetal or alloy into one or nore rolling slabs. The

rol l'ing sl aR{Bded@soives b fotdhiz@hd niigHind Rl oMo} MriaeaicewRresUlling amtsi al |y
uniform recrystallization after the anneal ing step imediately foll ow ng

this step amedestid bests) Bed avwsuffdnet raefokhaign St airhisye issbstatrany amifead ed in

vacuum and at a sufficient tenperature to
recrystallization after the annealing step immedjately following this step as described
below. The rolling slab(s) is then annealed in vacuum and at a sufficient temperature t0
achieve at least partial recystallization of the rolling slab(s). The rolling slab(s) is then
subjected to cold or warm rolling in both the perpendicular and paralle] directions to the
axis of the starting metal {(e.g., the niobium metal or alloy ingot) to form at least one ]:;lale.
The plate is then subjected to flattening (e.g., Jevel rolling). The plate is then annealed a
final time at a sufficient temperature and for a sufficient time to have an average grain size
of equal 10 or less than about 150 microns and a texture substantially void of (100) textural
bands. Preferably, no (100) textural bands exist The plate can then be mechanically or
chemically cleaned again and formed into the sputtering target having any desired
dimension. Typically, the flat forging will occur after the niobjum metal is placed in alr for
at least about 4 hours at temperatures ranging from ambient to about 370°C. Also,

preferably before cold rolling, the rolling slabs are annealed at a temperature (e.g., from

about 950°C to zbout 1500°C) and for a time (e.g., from about % hour to about § hours) to

-
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achieve at |east partial recystallization of the rolling slab(s). The
rolling slab(s) is then subjected to cold or warmrolling in both the

per pendi cul ar and parallel directions to the axis of the starting nega0y 2004
(e.g_, the niobiumnetal or alloy ingot) to format |east one plate. The
plate is then subjected to flattening (e.g., level rolling). The plate is

t hen anneal glieRe atfitattaartial me@rystdlizaticniek fhe aiobinin thedpRrRtatlyeheand rling @
sufficient time to have an average g -rain size of equal to or less than
about 150 Migcens rallfe & ddehiEfpaitisd Adthealdny rvitihglis of tefijDred eXesdr al

bands. Preferably, no (100) textural bands exist. The plate can then be
mechani cal | yapsboutcdresg.cal |y cl eaned again and fornmed into the sputtering
target having any desired dinmension. Typically, the flat forging wll
occur after the Wimsputt fibdnidalibhs othaieshub plats, prdf@dbly Mls dnfabig BBOWt 4 hours
at tenperatures ranging fromanbient to about 370C. Also, preferably

bef ore col dvic@lih i @ealibd @t aOlehmbiigus! absfonrzetipaneticest at achieberpapieure (e.g.,
from about 9500C to about 1500C) and for a tine (e.g., fromabout'/2 hour
to about S heyk@E)izdion dBthd nRbiMn2A0Fha@hRineMe indthis lafiftisitio 8kt tfore further
recrystallization of the niobiummnetal. Preferably the cold rolling is
transver se fn@fehem&t@g“@mgsﬁ&ttoﬂﬁwﬁhyres and the warmrolling is at
tenperatures of less than about 370C. Wth respect to annealing of the

ni obi um pl ate, paefRF akl Yo pBiess MBRARBINNGetd] Sor ialoyametasd UpltRARNECAldeRg at a
tenperature and for a tinme sufficient to achieve conplete

recrystal | i zabivey&harbdaBy 6Yichdnhithly BRinalrfacdd e txadHiSGethie.§ théniaphi cat i on
set forth further preferred details with respect to this processing.

Anot her way nde@l pf 88 Si5zot)Mohardind thie Wit dtal Qlas & lstffiyeretaihg rofscceafoudlt eri ng
targets involves nechanically or chem cally clean surfaces of the niobium
met al (e.g. areh REperhid e YiBseqgied locasingdsldeyribed gbdve, Thalert elepinvdleesrwoldi um et al
has a sufficient starting cross-sectional area to permt the subsequent
processi ng &sgide feriidhaen aleay e allbp énte eddtassbrepoi, wieteitethe raiuins sufficiegi ng t he

ni obiumnmetal or alloy into at | east one rod, wherein the rod has

suf fici ent deformation to achieve substantially uniform recrystallization either after the annealing step

which occurs immediately after this step or the anneealing step prior to cold rolling. The
niobium metal or alloy rod is then cut into billets and the surfaces mechanically or
chemically cleaned. An optional annealing step can occur afterwards to achieve at least
partial recrystallization. The billets are then axially forged into preforms. Again, an
Optiénal annealing step can occur afterwards to achieve at least partial recrystallization,
However, at least one of the optional annealing steps or both are done. The preforms are
then subjected to cold roiling into at least one plate. Afterwards, the surfaces of the plate(s)
can be optionally mechanically or chemically clean. Then, the final annealing step occurs
to result in an average grain size of about 150 microns or less and a texture substantially
void of (100) textural bands, if not totally void of (100) textural bands. The round forging
typically oceurs after subjecting the niobium metal or alloy to temperatures of about 370°C
or lower. Higher temperatures can be used which results in increased oxidation of the

surface. Preferably, prior to forging the billets, the billets are annealed. Also, the preforms,
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deformation to achieve substantially uniformrecrystallization either after
the annealing step which occurs imedi ately after this step or the
annealing step prior to cold rolling. The niobiumnmnetal or alloy rW@
then cut into billets and the surfaces nmechanically or chem call 9 SIS @lbl
An optional annealing step can occur afterwards to achieve at |east
partial regmypsteadoldizliitg @n be Tivealdsi. Preftablyathesetaivenlirgreaperaprésoviy badfromt o
prefornms. Again, an optional annealing step can occur afterwards to
achi eve at dbeasiOOpaArc dbabt 1B36ECy SAlsd, kiyzahtabng is pridwebheracuat abrealgic abae of t he
optional annealing steps or both are done. The preforns are then subjected
to col d r ol duffitégni winperattre laed 8 a anifciph dine to Ahleey werydalizatibrecfair distkd@s of t he
pl ate(s) can be optionally nmechanically or chem cally clean. Then, the
final anneah#tsigrsilegp occurs to result in an average grain size of about
150 mcrons or less and a texture substantially void of (100) .textural
bands, if not t Gteddrhbyy, i shuatring 169 tnadd ol thd AlH Swritheiolhenl helvef e gi ng
typically occurs after subjecting the niobiumnmetal or alloy to
t enper at ur elllofingbishsichg: Gl thickness oflf@wesbout Hi.0gh er aHoenp&Y adndaesrfganrehe used
which results in increased oxidation of the surface. Preferably, prior to
forgi ng t hefrdm bidoat B¢ totabent DEA5|s@tas: isches, Bourh athedlimAlskos art pasipie.ef orns, 14 19
NOV 2004 prior to cold rolling can be anneal ed. Preferably, these annealing
t enper at ures Wi [The high fpeimn nidvheauin@06 alioy prefafblythad 30maTy cAnfed (A11y anneal i ng
is preferably vacuum appealing at a sufficient tenperature and for a
suffici ent textnme, dnd aadiimeme 1 003 cipettablghaa theaiclaksstoli the spundiingmarsaeingl or
alloy. Preferably, the sputtering targets made fromthe high purity niobium
have the fiskifSviemiy veld nB(180)dexsrral Bartihi ckness of from about 0.080 to about
1.50". and a surface area fromabout 7.0 to about 1225 square i nches,
t hough ot her di rdapicgnsinantorpad Sk Birther cThifedby gife fpllowitgexanpts whicetal or
alloy preferably has a primary or mxed (I 11) texture, and a m ni rum
(100) t ext urendditobrghoitexehpay b bkpress ivkntiohe sputtering target, and is
sufficiently void of (100) textural bands.

Other embodiments of the present invention will be apparent to those skilled in the

art from consideration of the pressnt specification and practice of the present invention
disclosed herein. Jt is intended that the present specification and examples be considered as
exemplary only with a true scope and spirit of the invention being indicated by the

following claims and equivalents thereof.
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The present invention will be further clarified by the foll owm ng exanpl es,
which are intended to be purely exenplary of the present invention. O her
enbodi ments of the present invention mll be apparent to those skiq §§gy 084
the art fromconsideration of the present specification and practice of
the present invention disclosed herein. It is intended that the present
specification and exanpl es be considered as exenplary only with a true
scope and spirit of the invention being indicated by the follow ng clains
and equival ents thereof. 15 1 9 NOV 2004 WHAT IS CLAIMED IS: 1. N obium

met al havﬁﬁﬁquﬁdyrﬁﬁﬁEPI%t | east about 99.99% and an average grain size
of about 150 mcrons or less. 2. The niobiumnetal of claim1l, wherein said
metal is fully lrecr Pdekinminetel hagingprpuriy ebatdeashehont 9999%) adamaveiage et
said netal is at least partially recrystallyzed. 4. The niobium netal of
claim1l, whenébbtounbdlmi@8ibmrdessore of said netal is recrystallyzed. 5. The
ni obi um metal of claim1, wherein about 80% or nore of said netal is

recrystallyzed2 6. Thenidbiii selalBt @ddimof, whesiniald mefabis€ully fahehallietdl has a)
a texture in which a (100) pole figure has a center peak intensity |ess

than about 15 mandomy,Er,ibRind }n‘e&l rdt &19inPf1, \((]4&31)1 &w(}ﬂetﬂe&tﬁf 108 Kartially
intensities of greater t han about -4.0, of c¢) both . The ni obi um netal of
cl aim 6, vvhergﬂr |d center peak intensity is from about 0 randomto
about 15 r8AY The ni obium netal of claim®6, wherein said center peak

i nten f r m
tensity is O %g%tloblunrl %‘e(%ia of c?alr%bf)uvghe%gn ragout%A) or more of said metal is

recrystallyzed.

5. The niobium metal of claim 1, wherein about 80% or more of said metal is
recrystallyzed.

6. The niobium metal of claim 1, wherein said metal has a) a texture in which a

(100) pole figure has a center peak intensity less than about 15 random or b) a log ratio of
(111):(100) center peak intensities of greater than about —4.0, or c¢) both.

7. The niobium metal of claim 6, wherein said center peak intensity is from
about 0 random to about 15 random.

8. The niobium metal of claim 6, wherein said center peak intensity is from
about 0 random to about 10 random.

9. The niobium metal of claim 6, wherein said log ratio is from about —4.0 to
about 15.

10.  The niobium metal of claim 6, wherein said log ratio is from about —1.5 to
about 7.0.

11.  The niobium metal of claim 6, wherein said center peak intensity is from

about 0 random to about 15 random, and said log ratio is from about —4.0 to about 15.
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9. The niobiumnetal of claim®6, wherein said log ratio is fromabout -4.0
to about 15. 10. The niobiumnetal of claim®6, wherein said | og raii g*d Slﬂﬂl,
fromabout -1.5 to about 7.0. 11. The niobiumnetal of claim®6, wh rEl r¥
said center peak intensity is from about O randomto about 15 random and
said log ratio is fromabout -4.0 to about 15. 16 1 9 NOV 2004 12. The

ni obiumnetal of claim1, having a purity of from 99.995% to about

99.999% 13. A netal alloy conprising the niobiumnetal of claim1. 14. A
metal alloy conprising the niobiummetal of claim3. 15. A netal alloy
conpri si ng t he 18i obiThmmehiemn rastalcofaflmng 1, having\ aspurity &f i frgn 198:%96%0 ot si ng
the niobiumnmetal of claiml1. 17. A sputtering target conprising the

ni obi um meEWE9E claim 3. 18. A sputtering target conprising the niobium
nmetal of claim6. 19. A capacitor conprising the niobiumnetal of claim1l.
20. A capaci t orp3can AcRBRI Ayt 8mphising tRistiimededd] oftlaith @l m 3. 21. A
capacitor can conprising the niobiumnetal of claim6. 22. Aresistive film

| ayer conpri si t he nLAPi cBFFpﬁ in@theGliiih etal 8Bclafn B€Si stive filmlayer
conpri sing theqﬁi ob?xuml?rretg):? 0 c%lggmc&l 24, eA rets:iast Ive filmlayer
conprising the niobiumnetal of claimb6. .25 An .cle conprising at |east
as a conponent 1She rﬁlgﬁﬁgﬁ o#ngﬁpnalpggﬂear}’?ﬁ"imm%%%%&fﬁﬁ%r%t I cle conprising at
| east as a conpgnent the niobiumnetal of claim3. 7. .An article
conprising at I8ast Aa%l’uge'&%‘ﬁfﬁ%?ﬂm&rﬁé‘gr’r{’%ﬂP@H{W?tﬁll ozfd‘#a”éll im6. 28.
Ni obi um netal having a) an average grain size of about 100 mcrons or |ess,
17. A sputtering target comprising the niobium metal of claim 3.

18. A sputtering target comprising the niobium metal of claim 6.

19. A capacitor comprising the niobium metal of claim 1.

20. A capacitor can comprising the niobium metal of claim 3.
21. A capacitor can comprising the niobium metal of claim 6.
22. A resistive film layer comprising the niobium metal of claim 1.
23, A resistive film layer comprising the niobium metal of claim 3.

24. A resistive film layer comprising the niobium metal of claim 6.

25.  Anarticle comprising at least as a component the niobium metal of claim 1.

26.  An article comprising at least as a component the niobium metal of claim 3.

27.  An article comprising at least as a component the niobium metal of claim 6.

28.  Niobium metal having a} an average grain size of about 100 microns or less,
and b) a texture in which a (100} pole figure has a center peak intensity equal to or less than
about 30 random or c) a log ratio of (111):(100) center peak intensities of greater than about
—4.0, or combinations thereof, wherein said niobium metal has a purity of at least about
99.99%.

29.  The niobium metal of claim 28 having an average grain size of from about 10

to about 50 microns.
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and b) a texture in which a (100) pole figure has a center peak intensity
equal to or less than about 30 randomor c) a log ratio of (111):(1006
center peak intensities of greater than about -4.0, or conbinati orsd NOY 2004
t hereof, wherein said niobiumnetal has a purity of at |east about 99.99%
29. The niobium netal of claim28 having an average grain size of from
about 10 to about 50 mcrons. 17 1 9 NOV 2004 30. The niobium netal of

cl ai m 28 havi ng a ratio of (111):(100) center peak intensities of greater

t han about -4. Del eted 32 ete 3. The nio | of claim
28, wherein sai 8 rregrQF Holyum ‘Bﬁ‘f‘l Pgelﬁ’f g@'@“/% aﬁﬁﬂ%lq?rﬁtfnbgﬂ’(%h‘ée“mrdﬁgbm

nmetal of claim?28, wherein said netal is fuI ly recrystallized. 35. The

ni obi um refignsitgs of igedater dmn apietrdi0h said netal is fully recrystallized. 36.
The ni obium netal of claim33, wherein said netal is fully recrystallized.
37. The ni obi uMlnet &lelapéd cl ai m 28, wherein about 80% or nore of said netal
is fully recrystallized. 38. The niobiumnetal of claim28, wherein said
center peak intignsi Deldtéd from about O randomto about 15 random 39. The
ni obi um metal of claim 28, wherein said log ratio is fromabout -4.0 to

about 15. 40. Ag ar ET'hE'n?ob?ﬂﬂ%étaﬁ'd?g:lélﬂezsn'u@l@mmhfé'tal%fas G|k ¢899.99%3, An

article conprising the niobiumnetal of Claim33. 42. A sputtéring target
conpri si ng.t,he niobiumnetal of claim28.
Shidtiim.

34, The niobium metal of claim 28, wherein said metal is fully recrystallized.

35.  The niobium metal of claim 32, wherein said metal is fully recrystallized.

36.  The niobium metal of claim 33, wherein said metal is fully recrystallized.

37.  The niobium metal of claim 28, wherein about 80% or more of said metal is
fully recrystallized.

38.  The niobium metal of claim 28, wherein said center peak intensity is from
about 0 random to about 15 random.

39,  The niobium metal of claim 28, wherein said log ratio is from about —4.0 to
about 15.

40.  An article comprising the niobium metal of claim 28.

41.  An article comprising the niobium metal of claim 33.

42. A sputtering target comprising the niobium metal of claim 28.

43. A sputtering target comprising the niobium metal of claim 33.
44, Deleted
45.  Deleted
46.  Deleted
47.  Deleted
48,  Deleted
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43. A sputtering target conprising the niobiummetal of claim33. 44.

Del eted 45. Deleted 46. Deleted 47. Deleted 48. Deleted 18 1 9 N?\é N%g%él
49. Deleted 50. Deleted 51. Deleted 52. Deleted 53. Deleted 54 004
Deleted 55. Deleted 56. Deleted 57. Deleted 58. Deleted 59. The niobium
metal of claim1, wherein the niobiumnetal has a substantially fine and
uni form m crostructure. 60. The niobiumnetal of claiml, wherein the

ni obi um nmetal has an average grain size of fromabout 10 to about 150

m crons. 61. The nigbiumnmetal of claim1l1l, wherein the niobiumnmnetal has an
average grain 49i ze ¥tet9d om about 25 to about 100 nicrons. 62. The ni obi um
netal of claim1l, wherein the niobiumnetal has an average grain size of
from about 25 t56. abdeleteb i crons.

51.  Deleted
52. Deleted
53.  Deleted
54, Deleted
55.  Deleted
56.  Deleted
57.  Deleted
58. Deleted

59.  The niobium metal of claim 1, wherein the niobium metal has a substantially
fine and uniform microstructure.

60.  The niobium metal of claim ], wherein the niobium metal has an average grain
size of from about 10 to about 150 microns.

61.  The niobium metal of claim |, wherein the niobium metal has an average grain
size of from about 25 to about 100 microns.

62.  The niobium metal of claim I, wherein the niobium metal has an average grain
size of from about 25 to about 75 microns.

63. A process of making a sputtering target from niobium metal having a purity of
at least 99.99%, comprising:

a) mechanically or chemically cleaning surfaces of the niobium metal, wherein

the niobium metal has a sufficient starting cross-sectional area to permit steps b) through g);
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63. A process of nmaking a sputtering target from ni obium nmetal having a
purity of at least 99.99% conprising: a) nechanically or chenicalhﬁ

cl eaning surfaces of the niobiumnetal, wherein the niobium netal $Q¥ZM4
sufficient starting cross-sectional area to permt steps b) through g); 19
1 9 Nov 2004 b) flat forging the niobiumnetal into at |east one rolling

sl ab, wherein the at |east one rolling slab has sufficient deformation to
achi eve substantially uniform recrystallization after annealing in step
d); c¢) mechanically or chemcally cleaning surfaces of the at | east one
rolling slab; & anfletfirgiggithe nwbiuneastal onie atdedst ane sollite alabawbertini the @ht
tenperature and for a sufficient tinme to achieve at |east partial

recryst al liesgaténen relling helalt hdseasfficiune defbiniatign Stealacheye caibstantiallyammiform | i ng
the at least one rolling slab in both the perpendicular and parallel

di recti onsedrpstdiNeatidy lafePdnnbdlMg$h &6p U9 niobium netal to format |east one
plate; f) g) flattening the at | east one plate; and annealing the at |east

M crone and a Lt urs AT P fcl KRR iy O s BRI SRR T
9. 999% 65, THD. pr APESENG {rcttaea 535 e a1t 4 ioTaeny rlrRlySent F % ¢ er
the niobium_netal is placed in air for at, | east about 4 hours a from
t enper at urseficienh Bg e phisre shispe mertial rerpiglizatorgfdhe gacastrens fﬁ[lw&é > of claim
63, wherein the cold rolling is transverse rolling at anbient tenperatures
and the warm re)| i ngolideratarmenibiag sheat deastodnelreling shiliin hotdihe parpadicular and
parallel directions to the axis of the starting niobium metal to form at least one plate;
f) flattening the at least one plate; and
g) annealing the at least one plate to have an average grain size equal to or less
than about 150 microns and a texture substantially void of (100) textural bands.
64.  The process of claim 63, wherein the niobium metal has a purity of at least
99.999%.
65.  The process of claim 63, wherein the flat forging occurs after the niobium
metal is placed in air for at least about 4 hours and from temperatures ranging from ambient
to about 1200°C,
66.  The process of claim 63, wherein the cold rolling is transverse rolling at
ambient temperatures and the warm rolling is at temperatures of less than about 370°C.
67. The process of claim 63, wherein the annealing of the plate is vacuum
annealing at a temperature and for a time sufficient to achieve recrystallization of the
niobium metal.

68. A process of making a sputtering target from niobium metal having a purity of

at least 99.995%, comprising:
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67. The process of claim63, wherein the annealing of the plate is vacuum
annealing at a tenperature and for a tinme sufficient to achieve

recrystal lization of the niobiummetal. 68. A process of making a 19N0OV 2004
sputtering target from niobiummetal having a purity of at |east 99.995%
conprising: 20 1 9 NOV 2004 a) nmechanically or chemcally cleaning surfaces
of the niobiumnetal, wherein the niobiumnetal has a sufficient starting
cross-sectional area to permt steps b) through i); b) round forging the

ni obiumnetal into at | east one rod, wherein the at | east one rod has

suf fici ent def @ mat msehanicadly tor shemisallis elganingpurfacemofl dhamipbiamymetal, wheesin on
after annealing in step d) or step f); c) cutting the rod into billets and
nmechani calthyniobiumhaethlctads laysufflcemn stmging omss-sactiboet @s:a0d perhat dbegs|be tlsough)i);
optionally annealing the billets to achieve at |east partial

recrystal lizatipgn; réndFsighid the hRb@inGetl Ink@hideds0bhe RIS MaERE th ht le@st banal | y
annealing the preforns to achieve at |east partial recrystallization; @)

cold rolling fleqprGtAr o.hﬂ%tgana&o la%{i‘ﬁ% %ﬂﬁﬁt&ﬂtﬁﬁ? 'u fb‘ilmh}ecﬂ{%{zill%ﬁbﬁ Yafter

mechani cal 'y or chemcally cleaning e surfaces” of the at 71 east one

pl ate; and i%man?eﬁli&ﬁyt‘ffgt | east one plate to have an average grain
si ze equal®PE"BE T BRYRRER dbout 150 microns and a texture substantially

void of (100) textural, bands, wherej anpeal ng occurs, at, | east i.n step d)
or f) or both. ¢69. TH&NE Beed g Bilgtsish meshaneal b o hGisHR Hlenptn s
purity of at least 99.999% 70. The process of claim68, wherein the round
f or gi ng ocwtfpess af thebilkaihj ecting t he

d) optionally annealing the billets to achieve at least partial recrystallization;

€) axially forging billets into preforms;

f) optionally annealing the preforms to achieve at least partial recrystallization;

g) cold rolling the preforms into at least one plate; and

h) optionally mechanically or chemically cleaning the surfaces of the at least one
plate; and

i) annealing the at least one plate to have an average grain size equal to or less

than about 150 microns and a texture substantially void of (100) textural bands, wherein
annealing occurs at least in step d) or f} or both.

69.  The process of claim 68, wherein the niobium metal has a purity of at least
859.999%.

70.  The process of claim 68, wherein the round forging occurs after subjecting the

niobium metal to temperatures of about 370°C or lower.

71.  The process of claim 68 wherein prior to forging the billets, the billets are
annealed.
72.  The process of claim 68, wherein prior to cold rolling of the preforms, the

preforms are annealed.
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ni obi um nmetal to tenperatures of about 370C or lower. 71. The process of
claim68 wherein prior to forging the billets, the billets are anneal ed.
72. The process of claim68, wherein prior to cold rolling of the Fh&f@rmﬁ,
the prefornms are annealed. 21 1 9 NOV 2004 73. The process of cla 8 2
wherein the annealing of the preforns is vacuum annealing at a sufficient
tenperature and for a tine to achieve recrystallization. 74. A niobium
sputtering conmponent conprising an average grain size of about 25 mcrons

or less and a unifaormtextur f. prdmary . 1) throu ut_a.thickness of

t he conponent. . 75. TR BIORFSS lﬁtfi?‘glp%ﬁ’ {@?‘%ﬂé ]f&%g’ﬁﬂ'ﬁﬁlé?ﬁ gE&ec?rﬁfOW% £ V¥iPei n
sai d ni obium sputtering conponent is a sputtering target. 76. The ni obi um
sput t er i ngnnsakigsoasuffisient feanerapure aphior aitimeda pehigy gy B HMer i ng

conmponent has 50 ppmor less netallic inpurities. 77. The niobium
sputtering conpbnend mdbighaputicfidg cérapananircongpvising an @0erpgsrgrain size of abayp 2550
ppmor |less N2, or 50 ppmor |ess carbon, or conbinations thereof. 78. The

ni obi UM S RiidrbiRy dr s BATPET RN tefture biprimatg (1 NAthraghdB@ thipknesy ofl thsempenait. i c
inmpurities. 79. The niobium sputtering conponent of claim 74, further

having 200 ppmy@r | e&sSniokidm shekriBp BbBporcREST clidm 70] wH&Ein BRI nbidnespterdighon,
or conbinations thereof. 80. A sputtered deposited film of niobium produced

by sputte%rﬂigmteﬁqs§?ﬁ%(%g{é4§?g%conponent of claim74. 81. The ni obium

Sputtering conponen 180, wherein said average grain size 1is
O ar i OB i S P g OB B2 Ruth 78! WA AR NS Ykt ™
component has 50 ppm or less metallic impurities.
77.  The niobium sputtering component of claim 74, further having 100 ppm or less
O3, 50 ppm or less N3, or 50 ppm or less carbon, or combinations thereof.
78.  The niobium sputtering component of claim 74, having 100 ppm or less metallic
impurities.
79.  The niobium sputtering component of claim 74, further having 200 ppm or less
03, 100 ppm or less N3, or 100 ppm or less carbon, or combinations thereof.
80. A sputtered deposited film of niobium produced by sputtering the sputtering
component of claim 74.
81.  The niobium sputtering component of claim 180, wherein said average grain size
is about 100 microns or less.
82.  The niobium sputtering component of claim 81, wherein said niobium sputtering
component is a sputtering target.
83.  The niobium sputtering component of claim 74, wherein said niobium
sputtering comprises niobium having a purity of at least 99.99% niobium.
84. The niobium sputtering component of claim 74, wherein said niobium

sputtering component comprises niobium having a purity of at least 99.995% niobium.
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conponent is a sputtering target. 83. The ni obi um sputtering conponent of
claim 74, wherein said niobium sputtering conprises niobiumhaving a
purity of at |east 99.99% ni obium 84. The ni obi um sputtering conmpanensy ?[fﬂlf
claim 74, wherein said niobium sputtering conponent conprises niobium
having a purity of at |east 99.995%niobium 22 1 9 NOV 2004 85. The

ni obi um sputtering conponent of claim 74, wherein said niobiumsputtering
conponent conprises niobiumhaving a purity of at |east 99, 999% ni obi um
86. The ni obi um sputtering conponent of claim74, wherein said niobium
sputtering conffonenthe molfiumisputtesiog yermpdnientzd ¢lairg 74, Wiesein sad nighiugpipeiteingng
conponent of claim 74, wherein said niobium sputtering conponent is at

| east par Eérﬁﬁdnﬁntrceﬁlgﬁﬁs&hidbiiwﬂaﬁ@ pubiteofit tast 9 99plittiehiumg conponent of
claim 74, wherein about 98% or nore of said niobiumsputtering conponent

is recrystalliged. B nidifuRi Yttt Reinb6ridnd b fCOERY RNt whéreidl 8didn nidbium
wher ei n about 80% or nore of said niobiumsputtering conponent is

pur 1y of 1 St tuesboft F AR ABEE 00101 T a N obi um aput tering -
i crons or 1 es8T o2 TR bIHE SHAICPEPPIG COmpeNert of MEEE; Hd gy Re  ei n
said average grain size is fromabout 25 to about 100 microns. 93. The
ni obi um sPRICERE PRAMRAEHIIR BHeasy Partipkly rreeystallizihr ei n sai d ni obi um sputtering
conprises niobiumhaving a purity of at |east 99.99% ni obium 94. The
ni obi um sputt eB8.ng Thepohent spitedhgcomsmenifetiam’4 avherein abpui 8% or more
of said niobium sputtering component is recrystallized.
89.  The niobium sputtering component of claim 74, wherein about 80% or more
of said niobium sputtering component is recrystallized.
90.  The niobium sputtering component of claim 74 having a purity of from 99.995%
to about 99.999%.
91,  The niobium sputtering component of claim 180, wherein said average grain
size is about 50 microns or less.
92.  The niobium sputtering component of claim 180, wherein said average grain
size is from about 25 to about 100 microns.
93.  The niobium sputtering component of claim 81, wherein said niobium
sputtering comprises niobium having a purity of at least 99.99% niobium.
94, The niobium sputtering component of claim 81, wherein said niobium
sputtering component comprises niobium having a purity of at least 99.995% niobium.
95.  The niobium sputtering component of claim 81, wherein said niobium
sputtering component comprises niobium having a purity of at least 99.999% niobium.

96.  The niobium sputtering component of claim 180, wherein said average grain

size is about 125 microns or less.
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sputtering conponent conprises niobiumhaving a purity of at |east 99.995%
ni obium 95. The ni obi um sputtering conponent of claim 81, wherei ?Qj@lﬁfdl

ni obi um sputtering conponent conprises niobiumhaving a purity o I g[gst
99. 999% ni obi um 96. The ni obi um sputtering conmponent of claim 180, wherein
said average grain size is about 125 microns or less. 23 19 NOV 2004 97,
The ni obi um sputtering conponent of claim 81, wherein said niobium
sputtering conponent is fully recrystallized. 98. The ni obi um sputtering
conponent of claim8 1, wherein said niobium sputtering conponent is at

| east partial | 97.r ecThesmagtiunesputtgdng Thmpamanbi efnrlaiut §ler Whefeido aid nupdiug
claim8l, wherein about 98% or nore of said niobiumsputtering conponent

i s recrystgltietizgcbmpddent iJ fidlynreapstaitivaiput t eri ng conponent of clai m 81,
wherei n about 80% or nore of said niobiumsputtering conponent is
recrystal | i zedgg 10 1Thel Mgobiibigifeany tdoipbght CaMTPlafig N8 1, ofvherkial Bi Inibbivinng a
purity of from 99.995% to about 99.999% 102. A niobium sputtering

component ok Sdritbrnti0u! REAphEAI EnRhpE Iy (1 11) - thr oughout a

t hi ckness nponent , relrn sal"d ni obi um sputtering conponent has a
purity of at |gast . 99% ni obium 103. The ni,ohj . i G t of
clai m 102, wher&in ﬁ? BIORIUGh PRI 5?}{1?(55911%%?%%%%?@%%%@%{ébds}gggt/og?r)?ﬁgen
target. 104. A _sg_uttered,deposi ted fil mof. njobium produced by sputtering a
sput t er i ngf sidmEbIENIPUBFring compore is reemstalizedt ed 106. The ni obi um

sputtering conponent of claim 102, wherein said niobium,
100. The niobium sputtering component of c¢laim 81, wherein about 80% or more

of said niobium sputtering component is recrystallized.

101.  The niobium sputtering component of claim 81 having a purity of from 99.995%
to about 99.999%.

102. A niobium sputtering component comprising a uniform texture of primary (111)
throughout a thickness of the component, wherein said niobium sputtering component has a
purity of at least 99.99% niobium.

103. The niobium sputtering component of claim 102, wherein said niobium
sputtering component is a sputtering target.

104. A sputtered deposited film of niobium produced by sputtering a sputtering
component of claim 102,

105. Deleted

106. The niobium sputtering component of claim 102, wherein said niobium
sputtering component comprises niobium having a purity of at least 99.995% niobium.

107. The niobium sputtering component of claim 102, wherein said niobium
sputtering component comprises niobium having a purity of at least 99.999% niobium.

108. The niobium sputtering component of claim 102, wherein said niobium

sputtering component is fully recrystallized.
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sputtering conponent conprises niobiumhaving a purity of at |east 99.995%
ni obium 107. The ni obi um sputtering conponent of claim 102, wherein said
ni obi um sputtering conponent conprises niobiumhaving a purity of at |east
99. 999% ni obi um 108, The ni obi um sputtering conponent of clai m 104,39 NOV 2004
wherein said niobium sputtering conponent is fully recrystallized. 24 19
NOV 2004 109. A niobium sputtering conponent conprising an average grain
size of about 25 mcrons or less and a uniformtexture of mxed (111)

t hroughout its thickness, which is substantially void of (100) textural
bands. 110. ThdORi obi nigbwpLsPuBEINECOTPYPTH SAMPBIING hnp varagsgrainsige ef sboyh?y

ni obi um sputtering conponent is a sputtering target. Il1. The niobium
sputteri ngniconp@ndeds okl « uaifonnd @S ureiod meiixed $Bi 10 thiooghaumits sthickbess,i which is
conprises niobiumhaving a purity of at |east 99.99% ni obium 112. The

ni obi um spybdtRitiaNg v6id P PIRP texfiralWandsn 109, wherein said ni obium sputtering
conponent conprises niobiumhaving a purity of at |east 99.995% ni obi um

113. The ni obi sp | C t i ergl...sad iRRI-LmM
Sput teri ng comonent "SaronHC SPRRARE colpofir AT, Hlth  1oF e Nt Mol
ni obium 114. The ni obi um Ssﬁutttt erit%}% conponent of claim 109, wherein said
ni obi um ssBﬁtEe(“élgiCﬂré'pg%ngﬁae PUSTIEREFY recrystal |ized. 115. The ni obi um

sputtering conmponent_ of claim 109, wherein said njobjum sputterjng..
conponent is at!lleadfhegupbinm FR}‘tﬁcgegfé’f@PF?“ie%fCIE‘I‘B.I#hé"}}?F%’bi%}d §%’l§t%ri ng

conponent of claim 109, wherein about 98% or nore of said niobium
sput t er i ngpeitarpgsenprises nichiym aving p puity of atieasrAR 9 egietiwis put t eri ng
conmponent of claim 109, wherein about 80% or nore of said niobium
sputteri ng condddentThe snivkiomy spuadeting edmponent of claim 109, wherein said niobium
sputtering component comprises niobium having a purity of at least 99.995% niobium.
113.  The niobium sputtering component of claim 109, wherein said niobium
sputtering component comprises niobium having a purity of at least 99.999% niobium.
114. The niobium sputtering component of claim 109, wherein said niobium
sputtering component is fully recrystallized.
115. The niobium sputtering component of claim 109, wherein said niobium
sputtering component is at least partially recrystallized.
116. The niobium sputtering component of claim 109, wherein about 98% or more
of said niobium sputtering component is recrystallized.
117. The niobium sputtering component of claim 109, wherein about 80% or more
of said niobium sputtering component is recrystallized.
118. The niobium sputtering component of claim 181, wherein said grain size is
about 100 microns or less.
119.  The niobium sputtering component of claim 181, wherein said grain size is

about 50 microns or less.

120. The niobium sputtering component of claim 181, wherein said average grain
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118. The ni obi um sputtering conponent of claim 181, wherein said grain size
Is about 100 mcrons or less. 119. The ni obium sputtering conponent of
claim 181, wherein said grain size is about 50 microns or |ess. 1RONITHEB
ni obi um sputtering conponent of claim 181, wherein said average grain 25 1
9 NOV 2004 size is fromabout 25 to about 50 mcrons. 121. A ni obi um
sputtering conponent conprising a mxed {111}-type texture throughout its
t hi ckness which is substantially void of (100) textural bands, wherein said
ni obi um sputtering conponent has a purity of at |east 99.99% ni obium 122.
The niobidﬁﬁ§bﬁ?@é¢?ﬁ§gdéﬁbﬂﬁéﬂﬁ“@@“&Iain1121, wherei n sai d ni obi um
sputtering conponent has an average grain size of about 100 m crons or

| ess. 123. The 13l obiAumicpeunt spuitering ooppensnt cofmposiag m 13ed WhEDdipe taiue
average grain size is about 50 mcrons or |less. 124. The ni obium

sput t er i ngh®oghanedtthioknast arhithl lsubshstadiyivasdiiod (100 hextaral Spuds) ehereih said
conponent is a sputtering target. 125. Deleted 126. The ni obi um sputtering

conponent dbifrhapiiekidg compPeicht Rasediudity bR 1480993994 higbiu) component
conprises niobiumhaving a purity of ‘at | east 99.995% ni obium 127. The

ni obi um Sput t €39 GHIPAENR Qhuifckfh ohBhctt B ehalky SPIC Al LA SRIEET | N0

conponent conprises ni I Ng purity of at least 99.999% ni obl um
128. The niobi um sputtering conmponent of clai 1. wherein said niobium
sput ter | ngPROHGRRPoRgt b PRE BRinarte I aBOTBE PichB Rt U sout ver | ng
conponent of claim 121, wherein said niobium FPUtE riﬂg ponPonent I s at
| east partiall >,1213,3(:Iil&];lgtn(xicrkpliug Sguttering component of claim 121, wherein sald average grain

size is about 50 microns or less.

124. The niobium sputtering component of claim 121, wherein said niobium
sputtering component is a sputtering target.

125.  Deleted

126. The niobium sputtering component of claim 121, wherein said niobium
sputtering component comprises niobium having a purity of at least 99.995% niobium.

127. The niobium sputtering component of claim 121, wherein said niobium
sputtering component comprises niobiurn having a purity of at least 99.999% niobium.

128. The niobium sputtering component of claim 121, wherein said niobium
sputtering component is fully recrystallized.

129. The niobium sputtering component of claim 121, wherein said niobium
sputtering component is at least partially recrystallized.

130. The niobium sputtering component of claim 121, wherein about 98% or more
of said niobium sputtering component is recrystallized.

131.  The niobium sputtering component of claim 121, wherein about 80% or more
of said niobium sputtering component is recrystallized.

132, The niobium sputtering component of claim 121, wherein said average grain
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130. The ni obi um sputtering conponent of claim 121, wherein about 98% or
nore of said niobiumsputtering conponent is recrystallized. 131. The

ni obi um sputtering conponent of claim 121, wherein about 80% or norel 340V 200
sai d ni obium sputtering conponent is recrystallized. 132. The ni obi um
sputtering conponent of claim 121, wherein said average grain 26 1 9 NOV
2004 size is about 25 mcrons or less. 133. The ni obi um sputtering
conponent of claim 74, further conprising a backing plate. 134. The

ni obi um sputtering conponent of claim81, further conprising a backing

pl at e. 13BizeThaboyi dbmigreryartlessr i ng conponent of claim 101, further
conprising a backing plate. 136. The ni obi um sputtering conponent of claim
109, further cddpri ghagicbibackitrgng pbmpenent 87claifth@4, fudhérwomppising @rbiackgng
conponent of claim 121, further conprising a backing plate. 138. A process
of maki ng @ateputtering conponent from niobiumnetal, conprising: a)

mechani cally or chemcally clean surfaces of the n|ob|un1netal wherein the

ni obi um netal hag a’[%lz‘fnfidb%rﬁ@%ut%ﬁétcbﬁ orfeh P8ISR B 1 qﬁﬁher%ﬁffmrsiﬂﬁﬁ‘-’tfamlﬁ
steps b) through g); b or gl ng t e niobiumnetal into at least onhe

rolling slah, wherein the at least one rolling slab has sufficient
defornatléh ?o achi eve substantially uniform recrystallization after

T oast one. r AR nd e RATay PGS FTEPER TR Pd Rt BRE FOITRG PRrhe o
sufficient tenperature and for a
plate.

136. The niobium sputtering component of claim 109, further comprising a backing
plate.

137.  The niobium sputtering component of claim 121, further comprising a backing
plate.

138. A process of making a sputtering component from niobium metal, comprising:

a) mechanically or chemically clean surfaces of the niobium metal, wherein the
niobium metal has a sufficient starting cross-sectional area to permit steps b) through g);

b) flat forging the niobium metal into at least one rolling slab, wherein the at
least one rolling slab has sufficient deformation to achieve substantially uniform
recrystallization after annealing in step d);

c) mechanically or chemically clean surfaces of the at least one rolling slab;

d) annealing the at least one rolling slab at a sufficient temperature and for a
sufficient time to achieve at least partial recrystallization of the at least one rolling slab;

e) cold or warm rolling the at least one rolling slab in both the perpendicular and
parallel directions to the axis of the starting niobium metal to form at least one plate;

) flattening the at least one plate; and

g) annealing the at least one plate to have an average grain size equal to or less
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sufficient tinme to achieve at |east partial recrystallization of the at

| east one rolling slab; e) cold or warmrolling the at |east one rolling
slab in both the perpendicular and parallel directions to the axis fﬁ bE‘?
starting niobiumnetal to format |east one plate; f) g) flattening é‘ t[]m'
| east one plate; and annealing the at |east one plate to have an average
grain size equal to or less 27 1 9 NOV 2004 than about 100 microns and a
texture substantially void of (100) textural bands; 139. The process of
claim 138, wherein said niobiumsputtering conponent is a sputtering
target. 14ban abeat Ki0osiemns ahd & fexture 1tgﬁ§an0ﬁg’r‘@iid10ﬁ(h@0)ﬂ¢?§tlrai bangsing occurs
after the niobium netal is placed in air for at |east about 4 hours and
from t enper at urld8. r dhgipnareés ofrclaintnil8Bt whereinadaglhiobid@0 €puttkddg cdihporgnosess of
claim 138, wherein the cold rolling is transverse rolling at anbient

t enper at ursggieding térde®. Wwarmrolling is at tenperatures of |ess than about
370C. 142. The process of claim 138, wherein the annealing of the plate is
vacuum anneal ijng afrpg fEIRe 6@&1915‘?1@‘{%]47&9&2%11& ﬂ@o?@ﬁ%?@dg}?@&ﬁér%@ﬁf&bﬁm?

recrystallization of the niobiumnetal. 143. A proce maki ng a

chen cal |y RREaH Ao Bt RelShtcy R FR(Ri St B ERA Arblen o

has a sufficient_starting cross-sectional area to permt steps b) through
i): b) roufdIrEYHE- t he ni obium netal into at least one rod, wherein the
at | east one rod has sufficient deformation to achi eve substantially

uni f orm r ecrystlal| i Zaeimecess péclairan38ambergin thestodd rellingis gergyersy -rolling at

ambient temperatures and the warm rolling is at temperatures of less than about 370°C.

142. The process of claim 138, wherein the annealing of the plate is vacuum
annealing at a temperature and for a time sufficient to achieve recrystallization of the
niobium metal.

143. A process of making a sputtering component from niobium metal, comprising:

a) mechanically or chemically clean surfaces of the niobium metal, wherein the
niobium metal has a sufficient starting cross-sectional area to permit steps b) through 1);

b) round forging the niobium metal into at least one rod, wherein the at least one
rod has sufficient deformation to achieve substantially uniform recrystallization after

annealing in step d) or step f);

<) cutting the rod into billets and mechanically or chemically clean the surfaces
of the billets;

d) optionally annealing the billets to achieve at least partial recrystallization;

€) axially forging billets into preforms;

f) optionally annealing the preforms to achieve at least partial recrystallization;

g} cold rolling the performs into at least one plate; and

h) optionally mechanically or chemically clean the surfaces of the at least one
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c) cutting the rod into billets and nechanically or chem cally clean the
surfaces of the billets; d) optionally annealing the billets to achi eve at
| east partial recrystallization; e) axially forging billets into Qreh;[ﬂ’riﬁﬁ;
f) optionally annealing the preforns to achieve at |east parti al g 4
recrystallization; g) cold rolling the perforns into at | east one plate;
and h) optionally nechanically or chemcally clean the surfaces of the at

| east one 28 1 9 NOV 2004 plate; and i) annealing the at |east one plate to
have an average grain size equal to or less than about 100 microns and a
texture syhaéandi al ly void of (100) textural bands, wherein annealing
occurs at least in step d) or f) or both. 144. The process of claim 143,

wherein said nijpbi ughsdalhs el 2 9caBOFRAFIEB o hivedan SieHoe BirdiA Gizkdg@ate odfRs The
process of claim 143, wherein the round forging occurs after subjecting

t he ni obiy ve?‘ullt 168 nhiETRE a4 W \?§tu‘PJ stﬂgﬁﬂgalg/r?(ﬁg?)g (llt@%g{e%ﬁuhlf’q}an&;}?%}ﬁfe@r? ess

of claiml erern prior to forging t ets are
anneal ed. 147.. The praocess. of claim 143, wherein prior to cold rolling of
the pref oraﬁﬂ?allPﬁBCcugsraéfcl?f‘rsf@ Sgerpéi)é?ﬁﬁ]é’élbgﬁ: 148. The process of claim 143,
wherein the annealing of the Preforms I's vacuum . annealing at a suffjcient
t enper at ure and4for The tiressy ot slapn ddé vaeFPstal] njobuin gpptteiing) COMPHERL Bsd of

maki ng a sputtering conponent conprising round forging niobiumnetal into
at | east onpettanpgdfargatneal i ng said at | east one rod,;

145. The process of claim 143, wherein the round forging occurs after subjecting
the niobium metal to temperatures of about 370°C or lower.

146. The process of claim 143, wherein prior to forging the billets, the billets are
annealed.

147. The process of claim 143, wherein prior to cold rolling of the preforms, the
preforms are annealed.

148. The process of claim 143, wherein the annealing of the preforms is vacuum
annealing at a sufficient temperature and for a time to achieve recrystallization.

149. A process of making a sputtering component comprising round forging
niobium metal into at least one rod;

annealing said at least one rod,

forging said at least one rod into at least one preform,;

annealing said at least one preform;

rolling said at least one preform, and

annealing afterwards.

150. The process of claim 149, wherein said niobium sputtering component is a
sputtering target.

151. The process of claim 149, wherein said forging 1s axially.
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forging said at |least one rod into at | east one preform annealing said at
| east one preform rolling said at | east one preform and annealing
afterwards. 150. The process of claim 149, wherein said niobiumsputteri
component is a sputtering target. 151. The process of claim 149, wﬂéﬂﬁWd%M
said forging is axially. 29 1 9 NOV 2004 152. The process of claim 149,
wherein said rolling is cold rolling. 153. A process of making a sputtering
conponent conprising; radial forging a niobiumnetal; forging said niobium
netal after radial forging; rolling said niobiumnmetal; and annealing said
ni obi um et al . 13%4. Thherqeesadshimfl 42| vehaneid S8d rollieg Bicnldsallthgni obi um
sputtering conponent is a sputtering target. 155. The process of claim

153, wherein saisg. spLloésk BEmERIAR @ R/MRerin@ Somporefidomipiisingf 100) bands. 156.
The process of claim153, wherein said sputtering conponent has a uniform

texture of ”‘X?Qhﬁ%ﬁﬁ%é%ﬁ%b&&ﬁ%&aﬂhroughOUt t he thickness of the
sputtering conponent : process of making a sputtering conponent

COM 19118 | ol RO RG] B2 o nobivm el
sheet to aChIe%&hﬁgghggk%thﬁkghaQQVIng no textural (100)
annealing said niobium metal.
154, The process of claim 153, wherein said niobium sputtering component is a
sputtering target.
155. The process of claim 153, wherein said sputtering component has no textural
(100) bands.
156. The process of claim 153, wherein said sputtering component has a uniform
texture of mixed or primary (111) throughout the thickness of the sputtering component.
157. A process of making a sputtering component comprising
flat forging a niobium metal,
annealing said niobium metal,
rolling said niobium metal into a plate or sheet;
annealing said plate or sheet to achieve a niobium metal having no textural (100}
bands, wherein said sputtering component has a purity of at least 99.99% niobium or an
average grain size of about 25 microns or less.
158. The process of claim 157, wherein said niobium sputtering component is a
sputtering target.
159.  The process of claim 157, wherein said process further comprises flattening

said niobium metal after the last anneal and then annealing again.

160. A process of making a sputtering component comprising a combination of
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bands, wherein said sputtering conponent has a purity of at |east 99.99%
ni obium or an average grain size of about 25 mcrons or |ess. 158. The
process of claim 157, wherein said ni obium sputtering conponent is1&NOV 2004
sputtering target. 159. The process of claim 157, wherein said process
further conprises flattening said niobiumnetal after the |ast anneal and
then annealing again. 160. A process of nmaking a sputtering conponent
conprising a conbination of 30 1 9 NOV 2004 cold and/ or warm working of a

ni obium metal and in-process annealing to optain a uniform texture of

m xed or WF%%W(W@WOM’GB&“WWH IRGERcest anngaling QRbAP Agnifprm
wherein said sputtering conponent has a purity of at |east 99.99% ni obi um
or an avertgxferegpfanixed joy gripfary gldduthrowshgiicihg bickness ef Shegriopgmhmetah wherie
process of claim 160, wherein said niobiumsputtering conponent is a

sput t er i ngatdaspgetringkoipoiidme hps opesy obht ledsaPHPI%BGriobalmaoe am asaagt grahdizand/ or
war m wor ki ng conprises subjecting said niobiumnetal to rolling and/or

forgi ng praeesSaticrohedr ledher ptlpcess of claim 160, wherein said niobium
nmetal has a purity of at least 99.99% niobium 164. The process of claim

160, wherein sai nimgiﬂl'aaegﬁbﬁlclahﬁslﬁé, PMEkRYsa®f nRbivn dRltterifl® c9PpIacnt Rbs um
165. The process of claim 160, wherein said niobiumnetal has a purity of

at | east % ni.obi um 166. The process of claim 157, wherein the
anneal i ng Sggﬁe%gl??rg%t'ate or sheet is at a tenperature of about 800-1300C.

167, The procesg,of gL 14 o MT) Rabife SESE AGoLLSE Rk, Lohbild '

subjecting said niobium metal to rolling and/or forging processes.

163. The process of claim 160, wherein said niobium metal has a purity of at least
99.99% niobium.

164. The process of claim 160, wherein said niobium metal has a purity of at least
99.995% niobium.

165. The process of claim 160, wherein said niobium metal has a purity of at least
99.999% niobium.

166. The process of claim 157, wherein the annealing of said plate or sheet is at a
temperature of about 800-1300°C.

167. The process of claim 149, wherein the annealing after said rolling is at a
temperature of 950°-1050°C.

168. The niobium metal of claim 1, wherein the combined amount of tantalum,
molybdenum, and tungsten is below about 100 ppm.

169, The niobium metal of claim 1, wherein the combined amount of tantalum,
molybdenum, and tungsten is below about 10 ppm.

170. The niobium metal of claim 28, wherein the combined amount of tantalum,

molybdenum, and tungsten is below about 100 ppm.
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tenperature of 950-1050C. 168. The niobiumnetal of claim1, wherein the
conbi ned anount of tantalum nol ybdenum and tungsten is bel ow about &Hﬁl 2004
ppm 169. The niobiumnetal of claim1, wherein the conbi ned anount
tantalum ol ybdenum and tungsten is bel ow about 10 ppm 170. The ni obi um
metal of claim 28, wherein the conbined anount of tantalum nol ybdenum
and tungsten is bel ow about 100 ppm 31 1 9 NOV 2004 171, The ni obi um netal
of claim 28, wherein the conbi ned anount of tantalum nol ybdenum and
tungsten i s bel ow about 10 ppm 172. The ni obi um sputtering conponent of
claim 74, wher di7h t Abe ouotivimecktalndualdim 28, whentim thengomimhed amnunty of gendalum,
tungsten is bel ow about 100 ppm 173. The ni obi um sputtering conponent of
claim 74, niélgbdenim] il tamgstenriebelawabait 10@bnt ant al um  nol ybdenum and
tungsten is bel ow about 10 ppm 174. The niobi um sputtering conponent of

claim 102, whengbn trig nfobli SRfkeri onlht draniml7uNvhareinthel €bThe Bdikbunt
tungsten is bel ow about 100 ppm 1 The ni ob| um sputtering conponent of
claim 102, f nol ybdenum and
tungsten |°sf\‘%l%{]%\b\7q3%]§§?&@gph%$n%?g g%lg&nalbé g}utterl ng conponent of

claim 109, wherlgévn bjge co%nbl ned anount oft . E’f Y ¢
tungsten | bel GORR08 B PRt SBH Ao PR PR BHEOENE™ of
cl ai m 109, wherein the conbined anount of tantalum nolybdenum and
tungst en iof tapaale melybdenyon, prhiungsten is PRIWADEY: WAPSBUt t er i ng conponent  of
claim 121, wherein the conmbined anount of tantalum nolybdenum and
t ungst en i s belldw adbat nigiempsmattedTO cofMpenani oifi dans J02,t shersin ¢lampeembined of
claim 121, wherein the conbi ned

amount of tantalum, molybdenum, and tungsten is below about 100 ppm.

175. The niobium sputtering component of claim 102, wherein the combined
amount of tantalum, molybdenum, and tungsten is below about 10 ppm.

176. The niobium sputtering component of claim 109, wherein the combined
amount of tantalum, molybdenum, and tungsten is below about 100 ppm.

177. The niobium sputtering component of claim 109, wherein the combined
amount of tantalum, molybdenum, and tungsten 1s below about 10 ppm.

178, The niobium sputtering component of claim 121, wherein the combined
amount of tantalum, molybdenum, and tungsten is below about 100 ppm.

179. The niobium sputtering component of claim 121, wherein the combined
amount of tantalum, molybdenum, and tungsten is below about 10 ppm.

180. A niobium sputtering component comprising an average grain size of about 150
microns or less and a uniform texture of primary (111) throughout a thickness of the component,
wherein said niobium sputtering component has a purity of at least 99.99% niobium.

181. A niobium sputtering component comprising an average grain size of about 100

microns or less and a uniform texture of mixed (111) throughout its thickness, which is

substantially void of (100) textural bands, wherein said niobium sputtering component has a
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amount of tantalum nolybdenum and tungsten is bel ow about 10 ppm 180. A
ni obi um sputtering conponent conprising an average grain size of about 150
mcrons or less and a uniformtexture of primary (111) throughout &9NOV 200/
t hi ckness of the conponent, wherein said niobiumsputtering conponent has
a purity of at |east 99.99% ni obium 181. A niobium sputtering conponent
conprising an average grain size of about 100 mcrons or less and a
uniformtexture of mxed (111) throughout its thickness, which is
substantially void of (100) textural bands, wherein said niobiumsputtering
conponent pusity o aBRast 999N MiiGk®Y. purity of at | east 99.99% ni obi um 182. The
ni obi um sputteri ng conponent of claim 180, wherein said purity is at | east
99. 995% ni obi umg2.18The hlvdium efuttering futiigoacnt g conp8tevtierah sl puriyliBex, least
wherein said purity is at |east 99.999% ni obium 184. The ni obium

sput t er i NnGoGORRGHEHEMOf ¢l ai m 181, wherein said purity is at |least 99.995%
ni obium 185. The ni obi um sputtering conponent of claim 181, wherein said

purity is at lgast [§9,RRH %@Qﬁ%onﬁ%nent of claim 180, wherein said purity is at least

99.999% niobium.

184.  The niobium sputtering component of claim 181, wherein said purity is at least
99.995% niobium.

185. The niobium sputtering component of claim 181, wherein said purity is at

least 99.999% niobium.
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