0 9 JUL 2005— WO 027088412 PCTI US02/ 23640 TANTALUM AND NI OBl UM BI LLETS AND
METHODS OF PRODUCI NG THE SAME BACKGROUND OF THE | NVENTI ON 5 The present
invention relates to tantal um and ni obi um netals and net hods of fgQrm ng
products from tantal um and/ or niobium such as tantalumbillets o 31 |Qmm
billets. The present invention further relates to tantalumbillets or
niobiumbillets that have a fine, uniform mcrostructure including a
uniformgrain size. .0 Metal billets, such as tantalumbillets are
commercially available froma variety of manufacturers. Typically, these
billets ave 03@%84ted by their mi ni numthickness and/or aBpEEPI2Z28HPi 0. Typi cal
billets are cylindrical in shape and have a dianmeter of 2 '/, inches or nore
and/ or have an aspect ratio of L/D of greater than 0.5. Thus, billets are
not nmetal plates or slabs and are typically an internediate product fornmed
froman ingot, such as a tantalumingot. Tantalum .5 billets are then
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.0 Metal billets, such as tantalum billets are commercially available from a variety of
manufacturers. Typically, these billets are defined by their minimum thickness and/or aspect
ratio. Typical billets are cylindrical in shape and have a diameter of 2 % inches or more and/or
have an aspect ratio of L/D of greater than 0.5. Thus, billets are not metal plates or slabs and
are typically an intermediate product formed from an ingot, such as a tantalum ingot. Tantalum

<5 billets are then typically further processed by means such as forging into other forms used hy a
variety of end users for such uses as sputtering targets and the like. The tantalum billets .
provided to these end users typically do not have a fine and uniform grain size. Instead,
commercially produced tantalum billets have a grain structure that varies between the center
and edge of the billet. The center of the commercial tantalum billet typically has a

‘0 microstructure composed of broad bands of larger, elongated grains adjacent to regions of
varying fine grain size or of unrecrystallized material. Conversely, the outer portions of the
commercial tantalum billets have a relatively fine and uniform grain structure compared to the

center of the billet. Thus, products forged from billets having a coarse, non-uniform grain



structure MAy arso exnibit a coarse, non-uniformgrain structure. For nmany
hi gh performance applications for tantalum such as sputtering ta%t’?@%
chemi cal energy nmunition warheads, a non-uniformgrain structure 05
reported to detrinentally inpact product performance (S.1. Wight,
Gay, and A.D. Rollett, Textural and M crostructural G adient Effects on 5
t he Mechani cal Behavior of a Tantalum Plate, Metallurgical and Materials
Transactions A 25A, pp.1025-1031, 1994; C. A Mchaluk, RO Burt, and D.P.
Lew s, Tantalum 101: Econom cs and Technol ogy of Ta Materials,
Semi conduc™¥? 9%§8d2 nati onal Vol . 23, No.8, pp.271-278, XSTOIS0Z23640 M chal uk,
Correlating Discrete Orientation and Grain Size to the Sputter Deposition
Properties of Tantalum |ournal of Electronic Materials, Vol. 31, No. 1, 10
pp. 2-9, 2002), all incorporated in their entirety by reference her ei n.
Accordingly, there is a need to provide 2antal um and ni obi um billets having
a uniform grain size and preferably made from high purity tantal um and/ or
ni obi um | n adfEFEedRey ARexkbit & coage aptnifogn FrRBEEIrEet ey kigh pealeenasech a
tantalumbillet or, niobiumbillet. 15 SUMVARY OF THE PRESENT | NVENTI ON A
feature of th&PliFaeusTPr PRHAYLASIHAS Frtisriae res% PercheitelEneet BInitosmerhsrdsid obi um
billets having a substantially uniformgrain size. Another feature of the
present i nvenPYoRiiPEN EENTHHIE bR FAYTR 40 AeimentalbimpashP Byt RFE™MAEE ni obi um
billets having a substantially uniformgrain size. 20 Another feature of the
present i nven(flgi loNrigtt G- &%?%Epn?@feﬁ’e%?"&’f"é“’fﬂ Micgsrprgglfeeden fiedhorcan be
oets mhereln the end use
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pp.271-278, 2000; C.A. Michaluk, Correlating Discrete Orientation and Grain Size to the

Sputter Deposition Properties of Tantalum, lournal of Electronic Materials, Vol. 31, No. 1,

10 pp.2-9, 2002), all incorporated in their entirety by reference herein.
Accordingly, there is a need to provide tantalum and niobium billets having a uniform
grain size and preferably made from high purity tantalum and/or niobium. In addition, f.here is

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

15  SUMMARY OF THE PRESENT INVENTION

A feature of the present invention is to provide tantalum billets or niobium billets
having a substantially uniform grain size.

Another feature of the present invention is to provide methods to make tantalum billets
or niobfum billets having a substantially uniform grain size.

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

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

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



| earned by practice of the present invention. The objectives and other
advant ages of the present invention will be realized and attaineqbgy ans
of the elenents and conbinations particularly pointed out in the 2@05
description and appended clains. To achieve these and ot her advantages, and
in accordance with the purposes of the 5 present invention, as enbodi ed and
broadly descri bed herein, the present invention relates to a tantalum
billet having a substantially uniformgrain size. Preferably, the t ant al um
billet has an average grain size of about 150 microns or |ess, In addition,
preferabl yWPHYBARi ty of the tantalumin the billet is 2¢7VP¥223499 950 The
billet of the present invention alternatively can be niobiumwth the sane
characteristics. 10 The present invention further relates to sputtering
targets formed fromthe above- described, tantalumbillets or niobiumbillets
of the present invention. Al so, the present invention relates to a nethod of
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Afterwards, the can or protective coating can renoved and the extruded

rod, if desi r@faluf @ﬂetb‘ﬁvxﬁé;’g sdbﬂ&rﬁa%lf&rﬁxrgrm l Lceh%fe%lypﬂh@ﬁﬁﬁlu@lrﬂmcf ke bher
processed by conventi onal™ net hods,” such forging and the like. Again, the

Same Steps Cafed@ prilsade bP alddf MR G il e bitiod, Seflebly 305 He/ 088412
PCT/ US02/ 23640 4 % is to be understood that both the foreg0|ng gener al

description agdalie thodilie@WiaNgast 99.95%. The billet of the present invention alternatively can be

niobium with the same characteristics.
10 The present invention further relates to sputtering targets formed from the above-
described tantalum billets or niobium billets of the present invention.

Also, the present invention relates to a method of forming a tantalum billet having
substantially uniform grain size and involves taking a tantalum ingot and cutting the ingot into
large billets. The large billets are either placed into a can which is then evacuated and sealed,

15  or the billets are coated with a protective coating, which protects the large billets from
oxidation during subsequent thermal processing and can also serve as a Jubricant during
subsequent extrusion operations. The large billets are next heated at a sufficient temperature
to ensure at least the partial recrystallization of the extruded tantalum billet and preferably the
full recrystallization of the tantalum billet. Aflerwards, the can or protective coating can be

20 removed and the extruded rod, if desired, can be cut into smaller billets or pieces and further

processed by conventional methods, such as forging and the like. Again, the same steps can be

used to form niobium billets.



detail ed descriptron are exenplary and explanatory only and are intended to
provide a further explanation of the present invention, as clainiﬂ 5 BRI EF
DESCRTPTI ON OF THE DRAWNGS Figure 1 is a flowchart showing a typilt3iJUL 2005
commerci al process conpared to a preferred enbodinent of the process of the
present invention. Figures 2(A) and 2(B) provide tables show ng experinent al
results relating to various paraneters for certain materials made or used
in the exanples of the present application. 10 Figures 3(A-B)-9(A-B) are
phot om cr how ng the grain structure of various sed and/ or
pr epar ed Bﬁéﬁﬁgﬁgaml es of the present application. 5?@&%]2%3@ | PTI ON OF
THE PRESENT | NVENTI ON The present invention relates to tantalunrblllets
and/or niobiumbillets having a 15 substantially uniformgrain size. For
purposes of this invention, billets arecylindrical in shape or can be
shapes ot her than circul ar cyIinders such as fornms having an oval, square,

rectangular, of PelyGARANILHRES Sk B | Q{)n%ﬁf@éscﬁpﬁ&?%w A0 Lper

relates to products formed fromt e t ant ets ‘and niobium billets
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the present %ﬁﬂ&ﬂﬁ}w$%&§t$@§9ﬁpﬁsé£h&ﬁe tantalumbillet or the niobium
billet, prefer h | et ha$ a substantlally uniformgrain size. Mre
preferably, the b|IIet has a uniformgrain size throughout the dianeter and
length of the billet. For purposes of the present invention, a

substanti al | RGP R A 4 i n accordance to ASTM E112,
det er mi ned about 0 9 JUL 2065 MD 02/088412 PCTI US02123640 5 any
increnental area fibEoYGhORwchMEhow RS & r;g@ﬂtcbﬁ%ﬁhe@fal brogseoptphteled abirdrdRl, does
not deviate by nore than about +1- 100 microns fromthe average ASTM grain
si ze det er m REGodMHER SFthé Fcess of the present invention.

Figures 2(A) and 2(B) provide tables showing experimental resuits relating to various
parameters for certain materials made or used in the examples of the present application.
10 Figures 3(A-B)-9(A-B) are photomicrographs showing the grain structure of various

samples used and/or prepared in the examples of the present application.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The present invention relates to tantalum billets and/or niobium billets having a
15  substantially uniform grain size. For purposes of this invention, billets are cylindrical in shape
or can be shapes other than circular cylinders such as forms having an oval, square,
rectangular, or polygonal cross-section. The present invention further relates to products
formed from the tantalum billets and/or niobium billets such as sputtering targets and the like.
Also, the present invention relates to methods of making the tantalum billets and niobium

20  billets of the present invention.
With respect to the tantalum billet or the niobium billet, preferably, the billet has a
substantially uniform grain size. More preferably, the billet has a uniform grain size
throughout the diameter and length of the billet. For purposes of the present invention, a

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



entire cross section of the extruded billet. In addition, the size of the
grains about the cross section of the extruded billet preferably vary
uniformy in accordance to a normal or Poissons 5 distribution, and
preferably does not exhibit a duplex mcrostructure as evident by ﬂgpgﬂﬂgﬁmas
grain size distribution. Furthernore, the aspect ratio of the longrtu I
grains preferably does not exceed 20. Longitudinal grains are defined as

t hose contained within any plane within the billet whose pole is

per pendi cul ar to the extrusion direction. The extruded and anneal ed bill et
pref er abl WERMHEs a partially recrystallized 10 micr SSTISAAE. More
preferably, the billet is nore than 80% recrystallized, and nost preferably
the extruded billet is nore than 99% recrystrallized. The anneal ed billet,
in addition, preferably has an average grain size of about 150 microns or

| ess, though other grain sizes are within the bounds of the present

i nvention. Mire. preferably
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99. 999 % and #ron1ab8ut 5%9995u%)€0 gbodt 95?9995 % The tantalumthat is

The extruded and annealed billet preferably exhibits a partially recrystallized
10 microstructure. More preferably, the billet is more than 80% recrystallized, and most
preferably the extruded billet is more than 99% recrystrallized. The annealed billet, in
addition, preferably has an average grain size of about 150 microns or less, though other grain
sizes are within the bounds of the present inveﬁtion. More preferably, the average grain size of
the tantaium billet or the niobium billet of the preseﬁt invention is about 150 microns or less
15  and even more preferably about 100 microns or less, and most preferably about 50 microns or
less. A preferred average grain size range is from about 25 to about 150 microns and more
preferably an average grain size range of from about 25 microns to about 100 microns. The
billets of the present invention preferably have a fine, uniform microstructure.
Preferably, the extruded billets of the present invention also have excellent texture
20 characteristics, which are especially suitable for such uses as sputtering targets.
The tantalum present in the tantalum billet preferably has a purity of at least 99.5 %
though other purities lower or higher than this can be used. More preferably, the tantalum
metal has a purity of at least 99.95% and can range in purity from about 99.5% to about 99.999

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



present in the biTTet of the present invention can further include other
nmetals and thus be a tantalumalloy billet which preferably conpﬂzéhﬁu¥2§
high purity tantalum netal as one of the conponents of the alloy 05
conponents which can formthe tantalumalloy billet of the 5 present
invention include, but are not Iimted to, yttrium niobium tungsten,

nmol ybdenum titanium silicon, halfnium iron, nickel, chromum and the

| i ke. The high purity tantalumthat can be used to formthe tantalumbill et
of the pres i nvention can be obtained follow ng the descri bed
in Internéw%éﬁ’? 84Bubl i shed Application No. WD 00/31310 m2&8ﬁ33§&5§
incorporated herein in its entirety. Simlar purity levels are preferred

wi th niobium 10 As descri bed above, for purposes of the present invention,
a tantal um or niobiumbillet preferably has a cylindrical shape and has a
di anet er that is 2 %2 inches or greater. 6 Anot her way to describe the billet
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cutting the billets into ' en upset for the billets
into di skts.é V\ﬁfesw?(':né’ﬁm'toﬁ mcg‘be’ blﬁlge fe ”um %br‘ﬁp u?gatcn s‘g dﬁ n20
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of the present |nvent|on or a varie er uses such

as, but not linmd zto%mﬂz n&%ﬁlﬂ?&%e émﬂ% %:Ré&%lgﬂ %gmé argets,

cheni cal energy ( I ners, stoc eep-

appl i cations led), ASChiBs; ,ncrnumamneﬁpubmdd qi\r Wi GeRE! 845 0B8RS wheﬂqs t he
like. 0 9 JUL 2005 WO 021088412 PCTIUSOZ/Zf Essentially, the billets
of the presenfcolyaMeAhen if@ant}ery USigtarplrity |ib@el§ﬁ€'§ref£ﬁ=élﬂ@i’ih fidbium.
10 As described above, for purposes of the present invention, a tantalum or niobium billet
preferably has a cylindrical shape and has a diameter that is 2 ¥ inches or greater. Another
way to describe the billet of the present invention is that the aspect ratio L/D is greater than 0.5
and preferably is 1.0 and more preferably is 2.0. The billet of the presen; invention in a
preferred embodiment preferably has a diameter of from about 3 inches to about 5 inches and
15  more preferably from about 3 ! inches to about 4 % inches, and even more preferably about
3 % inches with the billet having any height such as, but not limited to, 5 to 7 inches.
As stated earlier, the billets of the present invention can then be subsequently formed
into end use products such as sputtering targets by cutting the billets into desired 'sizes and
then upset forging the billets into disks which can then be used as planar sputtering targets. In
20 addition, the billets can be rolled to produce sheet or plate. The billets of the present invention
can also be used for a variety of other uses such as, but not limited to, hollow cathode

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

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



conventional tantalum and niobiumbillets except the billets of the present
invention have the inproved properties with respect to uniformggain size
and preferably a small average grain size, such as about 150 m (gnsllﬂ.r 2005
| ess which |eads to a variety of desired properties such as, 5 but not
limted to, nore honogeneous deformati on and work hardeni ng throughout the
wor kpi ece during subsequent processing. This, in turn, allows for a
reduction in the tenperature of subsequent annealing operations and all ows
for the attainnent of a finer, nore honpgeneous microstructure in the final
formed proWO/0¥84En coul d ot herwise be realized by convBRVPEREZP4Br ocessi ng.
10 The billets of the present invention are preferably made as foll ows.
Preferably, a tantalumingot or niobiumingot is obtained and cut into

| arge billet sizes such as from6 to abgut 14 inches and nore preferably
fromabout Sto |l | inches in dianeter and nost pref erably about ten inches

di anet tht h itable |ength
i ncl ude, but are HOET TN PRAES. @ AP OREIA0E i b 555% Efas“ oHEL5y more:

preferably 15 fr Qnmor?alP%HGalu;hS%nE%xo%ggxt&lleggxée&ct eeﬁﬂ t§et prcsex%t mvgrh n%x the

starting bill &t 81 26 prior converting t tacl um or
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t hen either pl aced nmet a or the

billet can be sﬁg@&éﬁ% )ﬁﬂohthls@ nﬂﬁr&‘is%? eEV\%I&Q?aE% RY. vatble of Reliftk 8%9%1& 5 ,Ot ective

coating preferably prevents the oxidation of the surface et and
acts as a 20 lybpd G QUM hag ﬁoﬂeoeﬁé&%@wﬁﬁaomp&%@ml e %'tﬁ?ou ﬁ&Yu?eU' table

can or prot ective coati ng can used ong It pre ent “or reduce

oxi dation of tRERW bARE éﬁf)seﬁxréﬁt Qﬂo!:elssf?ﬁg aﬁ*ﬁts W Jumn%iowsd?otr & k@ﬁc%&? uﬁlﬂﬁé ng
subsequent pr oce55| ng steps. A suitable protective coating woul d

copper coat ' ngenvya\lasah: dF 3lbsRRe Bitlchi R o&Yan&Q@M@mobv@'ﬂﬁ'thetaﬁﬁh}%n%ﬁsﬁéid%raas flame
sprayi ng. Depending upon the extrusion tenperatures discussed bel ow, ot her
protective CoabmbB@RsouSHithsPRiuddtn tk0Aal foifel Brda L8 8 2ouR(TthddRcd b 308 By
conventional processing.
10 The billets of the present invention are preferably made as follows. Preferably, a
tantalum ingot or niobium ingot is obtained and cut into large billet sizes such as from 6 to
about 14 inches and more preferably from about 8 to 11 inches in diameter and most
preferably about ten inches in diameter ;Nith the length being any length. Examples of suitable
lengths include, but are not limited to, from about 10 to about 40 inches and more preferably
15 -from about 15 to about 30 inches. This billet would be the stariing billet size prior to
converting this billet into the tantalum or niobium billet of the present invention.
Preferably, this starting billet is then either placed in a metal can which can be
evacuated and sealed, or the billet can be coated with a protective coating. The metal can or
protective coating preferably prevents the oxidation of the surface of the billet and acts as a
20  Jubricant during the subsequent processing. Thus, any suitable can or protective coating can be
used as long it will prevent or reduce oxidation of ﬂ;c surface of the billet and will not
deteriorate during subsequent processing steps. A suitable protective coating would be a

copper coating which can be applied by conventional techniques such as flame spraying.

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



as gl ass-based coatings, nay be enployed. At substantially high extrusion
tenperatures, a high nelting point netal can be used in conbination with a
gl ass coating. For instance, a netal can, such as nol ybdenum caﬂigqus

to protect the tantal um or niobiumfrom contam nation during soaking an
extrudi ng operations, while the glass coating provides 5 |ubrication.

Fol | om ng extrusion, the glass particles are enbedded in the inexpensive can
metal and not in the tantalumor niobiumbillet. The glass contam nants can
then be renoved by machining the can nmetal w thout having to machi ne the
under | yi ng™O3{08844dm or ni obium billet, resulting in an PEEW&{%’@G“OW el d of
the nore expensive tantalumor niobiummterial. Once the can is in place or
the protective coating is preferably applied, the starting 10 billet can be
heated at a sufficient tenperature and fé)r a sufficient time to assure that
the deformation and stored energy s un forn1y di stributed in the workpi ece
during and afte ext.rusion, fera /g at | east the partial
dynam ¢ recr ySt galsﬁ ‘?aiegt"l‘)?mg%ﬁ'&?y po‘?def % ‘V“"E S(é’ u‘ixfmst’%‘ctf’% ¥ 2ati on of
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2050F and priETr ‘ﬂ? %‘8’5‘9‘%%%&%3@ Fare et a%“%m“%b At Bl s
heated fora s rfuécmnﬁxgtthe éﬁmeﬁﬁwkmﬁ; hatvnx t& gfh etﬁgur;d nls.rnglEm o?m@%urgr near

the soak tenperatur en the starti cant e Introduced into

the extruder gpd, r@sﬁﬁlﬁuﬁl‘iﬁ'mc@aslwel@gﬂﬁe mé@@e%ﬁs%%éa%nﬁﬂ(o%%%ﬁﬂo 9

Typically, the extruder utilizes ram speeds of fromabout 0.1 to about 10
Once the can is in place or the protective coating is preferably applied, the starting

10  billet can be heated at a sufficient temperature and for a sufficient time to assure that the
deformation and stored energy is uniformly distributed in the workpiece during and after

extrusion, and preferably cause at least the partial dynamic recrystallization and most

preferably the full recrystallization of the billet du}ing extrusion. As an example, a
conventional extruder can be used for extruding metals having a liner size equal to or greater
15  than the length and diameter of the pre-extruded billet plus the can or protective coating. As an
example, an extrusion die fabricated from hardened steel having a taper of about 45° and an
inside diameter of about 4 inches can be used. The extrusion die set, prior to introduction of
the starting billet can be generally heated to a temperature near the billet soak temperature to
prepare for extrusion. Suitable temperatures inciude, but are not limited to, temperature ranges
20  of from about 1200°F to about 2950°F, and preferably about 1800°F-1900°F for tantalum.
| Once the billet is heated for a sufficient time so that the center of the billet is at or near the

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



i nches/ second;—depenarng upon the capabilities of the extrusion machine. In
the preferred enbodinent, if the starting billet has a dianmeter gf about 10
i nches, the extrusion preferably reduces the dianeter of the bi Iﬁ& JHH 2005
about 3 to 4 inches. The conbination of soaking the billet 5 at an el evated
tenperature and the subsequent adiabatic heating incurred during extrusion

| eads to the partial recrystallization and preferably to the ful
recrystallization of the billet. The resultant billet preferably contains a
substantially uniformgrain size throughout the billet with a preferred
average graPR¥e¥#e of about 150 nicrons or |ess and mor & YE %N v an
average grain size of about 100 mcrons or |less. The billet can be produced
by a single pass through the 10 extruder, or by a progression of extrusion
operations, or by a conbination of extruilon and conventional deformation
processes. After exiting the extruder e extruded billet is preferably

allowed to air-co? @ opti o aluﬁ gan be ter uen hed ckI reduce
thetmmmaﬂneo’?%ye r BYEE ?@t%hP&?&m g%ﬁ the
preferred neth gan netal or tecti coatln b 1 renmoved
by di ssol vi nd"% ﬁysﬁ%cing E(B’endr?ac"ﬁon fe 0‘18 aglrll':ﬁﬁsg?ytg? SRR § E??e egchni que
used to remy oat i rom netal s... Once ve coat i r can i s
removed, the & P&'Uﬁn b| I SRS bget;}‘re SPTSIE © a%%“‘gg‘"é St WP%?W’%Q’EE'F'H ally

recrystalllze crostr e% r.e achi eve
recrystalli ze§° grsat{’en g ereuré) eb’“ t% "hbou gl nce‘h‘ric‘ous C}cg)rf’g’ﬂartl’lo %581 Qrfgg?enb’gl ze and

preferably, an %6§£aag% g'gt@erlﬁlth%e uQJe%u:L?rl LG AR rmch dunﬂéj e%s%n

preferably unt er Pons ann ng can ocC erature to

achi eve desi n@%ﬂﬁ@aﬁla@i&r&&m r&h%é bréftabl 'Ebthéfdﬁpecgéalh{a{:%fﬂ@%wet 950’ C or

| ess to about nor e pref era 'y occur$s in a vacuum such as at

lleast 1 x 10-dg foh: Br!letﬂ?@er@ﬂﬂ&ﬂﬂain?g sﬂbkﬁfﬁla%@ﬂlfgﬁn ErQh siZe ARUEHB Qe IR RAm SUI T abl e
times, nore than l'ess an 2 hours he anneal i ng process preferably

i ncl udes CONVERL{ROPAveRSd SaiRiseK bf 4b8utOr50 W82/ P RBddmd el prbiSRB 23 8¢kPage 10 Ot her

surface cl eani ng technlques prior to annealing to renove any surface

cont am nant s. grdiR€ize of about 100 microns or less. The billet can be produced by a single pass through the

10 extruder, or by a progression of extrusion operations, or by a combination of extrusion and
conventional deformation processes.

After exiting the extruder, the extruded billet is preferably allowed to air-cool, or
optionally can be water-quenched to quickly reduce the temperature of the extruded billet and
prevent grain growth. In the preferred method, the can metal or protecfive coating can then be

15 removed by dissolving in acid, or machine cleaning, or.any other type of technique used to
remove coatings from metals.

Once the protective coating or can is removed, the extruded billet is preferably
annealed to attain a partially recrystallized microstructure, and most preferably to achieve a
fully recrystallized grain structure with a homogenous or uniform grain size and preferably an

20  average grain size of 150 microns or less and more preferably under 100 microns. The
annealing can occur at any temperature to achieve desired levels of recrystallization, such as
from about 950°C or less to about 1150°C or more, and preferably occurs in a vacuum, such as

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

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



billet can thembe cut tnto smaller pieces as described above and processed
into end use products as with any type of conventional billets.

instance, the billet of the present invention can be forged to aﬁgsﬂnam
used as a sputtering target. As stated earlier, with the 5 extruded bill et
of the present invention having a substantially uniformgrain size as well
as a fine grain size, the end use products forned fromthe billets have the
sanme excellent properties which are beneficial for the reasons stated
earlier. As an option or alternative enbodi nent, the extrusion of the
billets ¥¥HhO2884i2 in the nanner described above but t HETESPEHEY bil |l et
does not need to be at |least partially 10 recrystallized by the extrusion
process. Wen recrystallization does not need to occur during the extrusion
process, the extrusion can occur at any tenperature such as from about
anbient or roomtenperature (e.g., 200C - 25C) to tenperatures bel ow the
mel ting point of the tantalumor niobium Preferably, the extrusion

t enper at ur etessurfaesrpleanpgitechiuerprioptogmsaling 16 FOPYE fryrsutiash eafaminantfThext r usi on
occurs with very little recrystallization occurring in the 15 extruded
billet or s ctiothernbayt iato snaller nisses 8 deparifedatioves prct preesssed frah enseuspr ef er abl y
subjected to one or nore annealing steps in order to cause at |east
partial, i fProfigets oiMith ragY rtyRst & ‘}OP‘ZeaTﬂqnéinb‘&“-tﬁ?é ins@nqer thgedilebiof thetPreppi® anneal i ng
tenperature is a tenperature sufficient to cause at |east partia

recrystal | i D%piisFappe foreed dx e dish der Wed et SPéWRfIm%Faéffeérﬁétﬁa;‘FdfeHB?’: with the

recrystallizatjon of the extruded  billet Preferred annealin enper at ures
are fron atEIoHe o SemTHT IVEBSP &7 Y@ %}\’Pi“ﬂ“’?@s‘ﬁ‘&’i’” §gn 5 %Sg'rfﬁléfngm for a

proterred, amncallng L of 2 holts, o Indlcaed o, 1 L2 el erred to
convent | onel Sk SRLEK| kil cReb Qi T, I 19, P LeTmve amy surface
et on oan o5, SPLaRSY e SORSIRLATS: LR MUEB B Aol Lant e
PCT/ USG2/ 2319&%\91&' !iescribed above but the extruded billet does not need to be at least partially
10  recrystallized by the extrusion process. When recrystallization does not need to occur during
the extrusion process, the extrusion can occur at any temperature such as from about ambient
or room temperature (e.g.. 20°C - 25°C) to temperatures below the melting point of the
tantalum or niobium. Preferably, the extrusion temperature is from about 1200°F to about
5400°F for tantalum. If extrusion occurs with very little recrystallization occurring in the
15  extruded billet or does not occur at all, the extruded b‘i]let can then be preferably subjected to
one or more annealing steps in order to cause at least partial, if not full recrystallization of the
extruded billet. The annealing temperature is a temperature sufficient to cause at least partial
recrystallization of the extruded billet and preferably 1.’u1| recrystallization of the extruded
billet. Preferred annealing temperatures are from about 950°C to about 1150°C with respect to
20 tantalum, for a preferred annealing time of 2 hours. As indicated above, it is preferred to
subject the extruded billet to conventional cleaning steps such as conventional acid pickling
prior 1o any annealing to remove any surface contaminants.

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

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



can be obtained fromore and subsequently crushed and the tantal um separat ed
fromthe crushed ore through the use of an acid solution and a dﬁr}giw
separation of the acid solution containing the tantalum fromthe%ati L 2005
sol ution containing niobiumand other inpurities. The acid solution
containing the tantalumcan then be crystallized into a salt and this
tantalum5 containing salt is then reacted wth pure sodiumin a vessel
having an agitator typically constructed of nickel alloy material wherein
the salt is then dissolved in water to obtain antalun1Pg@@§{awthh can
then be neWOR'¥}1 % variety of nelting techniques such e S eam
melting, vacuumarc renelting, or plasma nelting. Preferably, the starting
ingot used to formthe starting tantalumbillet is a high purity 10

tantal umingot. CGenerally, a process tha ; can be used to nmake the high
purity tantalumnetal of the present invention involves a refining process,

a vacuum me! Ue0oPEOARASroA AR B IRLABL:, JRENAMAL REAGCRBd il PrOCESS

or operation I Nt ng process | ves pPsS O I ng

tantal um et al ot a1 el h0ukdead TR BOIRS ook b0 MRLE, CANALD Pl ANt al um

and preferably the ore-tontalining tanta un1se OW anount

| mpur i1 e SBRGNA b arl A TUDLIuRh BLARLY Ty DR IIDASDS unﬁ&dﬁ;cungsten

More preferably, anount ni o |um num and tungsten i s bel ow

about 10 ppm aa@qmmtcoﬂﬁlﬁfngrﬂ?cbtgﬁfa!hﬁ REHAA idi1izes RS sal o fhi ﬁmﬁ@luﬁuﬁ I on

leads to a purer tantalumnetal. After the refining process, e vacuum

mel ting pr @Ce%énté@mé"%ﬂdlsttﬁ)enpr‘éﬁ&% W kddi R0 PR ivese) | DK b 'aﬁﬁnor %ﬁ\tgll)as
al kydes and transition netals fromthe tantal um while consolidating the

tant al um nat erch@lrddat & fekbdilo % rebesigewhedln BRIshieabingn HBGRLd inTRAR, walole@f thi s
process, the ingot can be mechanically worked, which helps to break-up the

as-cast grai n ighdllie botidRs whith aanSheaQ,ear&dedf@rdnaa&pbmemﬁg@chmnes@xahra:&u@n The
high purity tantalum nmetal preferably may be nmade by reacting a

sal t - cont ai ni n@am MaAMh@ hattued fen@ttink @apksnaneltagent (e. g., conpound or
el enent) capable or reducing this salt to the tantalumnetal and further
results in the forpafeta0n, ¢ statiseRgndsegad form meatanex@mtniamm biontisod Wigh purilyJL 200. 5
WO 02/ 088412 PCT/ US02/ 23640
10 tantalum ingot. Generally, a process that can be used to make the high purity tantalum metal of
the present invention involves a refining process, a vacuum melting process, and a thermal
mechanical process. In this process or operation, the refining process involves the steps of
extracting tantalum metal preferably in the form a powder from ore cor;taining tantalum and
preferably the ore-containing tantalum selected has low amounts of impurities, especially, low
15 amounts of niobium, molybdenum, and tungsten. More preferably, the amount of niobium,
molybdenum, and tungsten is below about 10 ppm, and most preferably is below about § ppm.
Such a selection leads to a purer tantalum metal. After the refining process, the vacuum
melting process is used to purge low melting point impurities, such as alkydes and transition
metals from the tantalum while consolidating the tantalum material into a fully dense,
20  malleable ingot. Then, after this process, the ingot can be'mcchanically worked, which helps 1o
break-up the as-cast grain structure, to a size and form appropriate for extrusion.
The high purity tantalum metal preferably may be made by reacting a salt-containing

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

the tantalum metal and further results in the formation of 2 second salt in a reaction container.



12 The reaction container can be any container typically used for the
reaction of nmetals and should w thstand high tenperatures an thmggﬁ@ %ﬂﬁ
about 800C to about 1,200C. For purposes of the present inventi :
reaction container or the liner in the reaction container, which conmes in
contact with the salt-containing tantal um and the agent capabl e of reducing
the 5 salt to tantalum is made froma material having the sanme or higher
vapor pressure as tantalum at the melting point of the tantalum The
agitator in the reaction container can be nmade of the same material or can
be lined a¥OM{OB8412The |iner can exist only in the porti oRSTEF¥HEY) eacti on
contai ner and agitator that cone in contact with the salt and tantal um
Exanpl es of such nmetal naterials which can formthe |iner or reaction
container include, but are not limted to, netal 10 based materials nmade

fromnickel, chromum iron, manganese, titanium zirconi urn haf ni um

vanadi um rut f

conbi nati on tﬁg?éeag@ &QQQ,H(’@ b!teherg amggwlpé% %d '?(L%é e{rll}/sa‘n has t he
sanme or highg u I f oot

Preferably, h%u\@remt&g &derﬁé %ﬁgi&f&%r@n g@n%n!(’: %fa asegoo(& oa?)),% iur'(?‘lr)om um or a
chromi um bas%m%LAsgmegreseﬂnan BE rélio e&@m&aaeae ek Btne L1Boh bfiEfiner OD L Ne
reaction 15 contai ner /or agitator, If present, typically w ave a

thi ckness of \f/tﬁ&r@oﬁk@s%%oma'étﬁfﬂtﬁé%alt—@&%%no%arﬁdﬁm SAdhed agEJPba%KM@&ﬁ@o%cﬁQ&ebe used.
It is within the bounds of the present invention to have nmultiplée [ayers of

liners made afy gt @iBs Bide SofnlaSenh HaRhSthe ERIQF hidhes vABSHESRES tahgyrﬁ The
salt-containing tantalum can be any salt capabl e of having tantal um

contai ned t heiRintithEdGHinAT thd tROIAS Theldithbu iHedeactidomthiHéNcay¥e hade@FBECt T O
t he agent capable of reducing 20 the salt to tantalumand a second salt in

the reacti on g@BtAieAdor cdntbe 1iAGER tveMThe Nindr SarCARABHIE indthe StRtidAE of thE FeagtRFUCT I ON
is any agent which has the ability to result in reducing the salt-containing

tantal umt o jdéshintant aditdiad ficahe ianchi0t Wier the HfkediapEitg. Hamgles dabdh(iBgdl whi ch
can be separated from the tantalumnetal, for exanple, by dissolving the
salts w th waha¢riatsrwiadhhver foag the ditks os Banticrentainky iefledealnlt yre nbdthindteAge pietal-s
sodium O her exanples include, but are not limted to, lithium 09 JUL 205
10  based materials made from nickel, chromium, iron, manganese, titanium, zirconium, hafnium,
vanadium, ruthenium, cobalt, rhodium, palladium, platinum, or any combination thereof or
alloy thereof as long as the alloy material has the same or higher vapor pressure as the melting
point of tantalum metal. Preferal;ly, the metal is 2 nickel or a nickél-based alloy, zg chromium
or a ;:hromium-based alloy, or an iron or an iron-based alloy. The liner, on the reaction
15  container and/or agitator, if present, typically will have a thickness of from about .5 cm to
about 3 cm. Other thicknesses can be used. It is within the bounds of the present invention to
have multiple layers of liners made of the same or different metal materials described above.
The salt-containing tantalum can be any salt capable of having tantaium contained
therein such as a potassium-fluoride tantalum. With respect to the agent capable of reducing
20  the salt to tantalum and a second salt in the reaction container, the agent which is capable of
doing thi; reduction is any agent which has the ability to result in reducing the salt-containing
tantalum to just tantalum metal and other ingredients (e.g. salt(s)) which can be separated from

the tantalum metal, for example, by dissolving the salts with water o other aqueous sources.

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



WO 02/ 088412 PCITUOS0Z2/ 23640 13 nmagnesi um cal ci um potassium carbon,

carbon nonoxi de, ionic hydrogen, and the like. Typically, the se d I
which also is fornmed during the reduction of the salt-containing QPQHJQEUamS

is sodiumfluoride. Details of the reduction process which can be applied to
the present invention in view of the present application are set forth in
Kirk-O hmer, Encycl opedia 5 of Chem cal Technol ogy, 3rd Edition, Vol. 22,

pp. 541-564, U. S. Patent Nos. 2,950,185; 3,829, 310; 4, 149,876 and
3,767,456. Further details of the proceSS|ng of tantalunl%%% found in

U S. Pat eNYON#83415 234 491: 5 242, 481; and 4,684, 399. AC O%’Ff’éée pat ent s
and publications are |ncorporated in their entlrety by reference herein.

The above-descri bed process can be included in a multi-step process which
can begin 10 with low purity tantalunllguch as ore-containing tantalum One
of the inpurities that can be substantially present with the tantalumis

ni obium O her inpurities at this i

i ron, nangand&encs PccmfﬁmnBW§Bﬁ@t§?$%g§5§%gﬂéﬁg aﬁﬁﬂf&V%ﬁ%@éﬁgﬁﬁgg%fz??Ed by
nci d ol uti or Pl ¥ siitp ?4"?\3"*’ A s e R P
shoul d be. caglE" dr HrES Rt ihg el s?%‘ﬁtf?%%"?cpﬁ?sss%“? o o B fand
tnee the aci SR IOPET "“e%‘t’fghes"uﬁs?’&c“% o P i SlaPb B BN 1 |e§
all, 1f not ally of cal. 'Pe@ﬁno?%b 43 Eﬁ?\%ad 'ﬁg #hﬁltsé‘m@F Up N4 BRE b4l es,

I|qU|d sol’ld separa ‘occur grally renove’ any of th

undi ssol ved iyg EE&M'&% sﬂj%i%&‘ﬁds@ ( I\l/JIrrET()dé{ahPG thP%Foc%Exﬁ%oP%m%Qm' éax‘ﬂ‘ﬂkd liquid

extraction. |éo utyl ket one e use contact the

tantalum ri %nﬁqk 4i & %Inams c%%@mlz%%ﬁ@é]esmcapsmg agdiled &a‘ie%étaﬁd a

tantal um fraction. s poi nt he™ ‘anount ni Obi um present in

liquid cont a'dﬁbl%&:&n@%%c&%x‘aﬁd glmﬁrealr&%bﬁ%%esewca@m 25 ppm  Then, vvlth “the
l'iquid containing at least tantalum t liquidis permtted to crystalllze

into a salt wth the.ddsedifribkdbrScess PbCAbIbALs it DinSltiSsab throdést Whib€ e Qb assi um
tantal um fluoride salt. _

10  with low purity tantalum, such as ore-containing tantalum. One of the impurities that can be
substantially present with the tantalum is niobium. Other impurities at this stage are tungsten,
silicon, calcium, iron, manganese, etc. In more detail, Jow purity tantalum can be purified by
mixing the low purity tantalum which has tantalum and impurities with an acid solution. The
low purity tantalum, if present as an ore, should first be-crushed before being combined with

15 an acid solution. The acid solution should be capable of dissolving 'substantially all of the
tantalum and impurities, especially when the mixing is occurring at high temperatures.

Once the acid solution has had sufficient time to dissolve substantially all, if not all, of
the solids containing ﬂme tantalum and impurities, a liquid solid separation can occur which
will generally remove any of the undissolved impurities. The solution is further purified by

20 liquid-liquid extraction. Methyl isobutyl ketone (MIBK) can be used to contact the tantalum
nich solution, and deionized water can be added to create & tantalum fraction. At this point, the
amount of niobium present in the liquid containing tantalum is generally below about 25 ppm.

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

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



09 JUL 2005—WO02rU8821Z PCT/ US02/ 23640 14 More preferably, this salt is
K2TaF7. This salt is then reacted with an agent capabl e of reduci t he
salt into 1) tantalumand 2) a second salt as described above. Hfg gbibm2005d
will typically be pure sodiumand the reaction will occur in a reaction
cont ai ner descri bed above. As stated above, the second salt byproducts can
be separated fromthe tantal um by dissolving the salt in 5 an agueous source
and washi ng away the dissolved salt. At this stage, the purity of the
tantalumis typically 99.50 to 99.99% Ta. Once the tant IS
extractedwﬁﬁaﬁg%%is reaction, any inpurities renalnlng,%k?ﬁ% ‘ﬁg any
contam nation fromthe reaction container, can be renoved through mel ting of
t he tantal um powder. 10 The tantalun1pomder can be nelted a nunber of ways
such as a vacuumarc renelt or an eIeCE{on beam nmel ting. Generally, the
vacuum during the melt will be sufficient to renove substantially any

exi st ing T IDNGIL BBh) O LIS, KAGAYSet: LA ALUI S BkocRBlal N gD Pur ity

tantalum Pre era ting occurs In uum suc torr

or more. Pregfenabl ow&%amﬁmpgne%me napaq&vagd&sa%emév@dmgggm Lﬁgl;&w?f than

the vapor pressures impurities in or

inpurities, gugh. @@éma&rla%e Aol WAbcl r{ﬂaemmwyﬁgf dellifbed ﬁwm% Shieff the

cast ingot should | ar ge as p033| prefe y greater an 9 (err)

nohes. o TeabRLd, ARhehoRSRN B AR AR R MRLEGBHAAGRI R YOG |

interface which enhances purification rates. In addition

dianeter all Q)Y\’% Jegus é@au%%& Q’!;askﬁﬁg)%& 1Y dlgs%lvgd sMprAK thi® stgge W"ﬁe& Hho t he
metal during proceSS|ng, which inproves the attributes of the final 20

pr oduct s. Cng@mhmgsgg§§ o548 dca@of@nt al um consol i dates, the ingot forned
will have a purity "of 99.995% or hi gher and preferably 99.999% or hi gher.

The el ectron beanbpaseastbig poRkiefietatdiet BGE HisSredtion afPIntpufit ferdinidg, oM about
300 to about 800 | bs. per hour using 20,000 to 28,000 volts and 15 to 40
anps, and uncfludmg\eAE tihfrfatibl H6m &Ha Gtattioh c¥nthifEr3cah B &BOWd throughklkhing of
the tantalum powder.
10 The tantalum powder can be melted a number of ways such as a vacuum arc remelt or
an electron beam melting. Generally, the vacuum during the melt will be sufficient to remove
substantially any existing impurities from the recovered tantalum so as to obtain high purity
tantalum. Preferably, the melting occurs in a high vacuum such as 10 torr or more.
Preferably, the pressure above the melted tantalum is lower than the vapor pressures of the
15  metal impurities in order for these impurities, such as nickel and iron to be vaporized. The
diameter of the casf ingot should be as large as possible, preferably greater than 9 'z inches.
j The large diameter assures a greater melt surface to vacuum interface which enhances
purification rates. In addition, the large ingot diameter allows for a greater amount of cold
work to be imparted to the metal during processing, which improves the attributes of the final
.20 products. Once the mass of melted tantalum consolidates, the ingot formed will have a purnity
of 99.995% or higher and preferably 99.999% or higher. The clectron beam processing
preferably occurs at a melt rate of from about 300 to about 800 Ibs. per hour using 20,000 to

28,000 volts and 15 to 40 amps, and under a vacuum of from about 1 X 10” 10 2bout 1 X 10

Torr. More preferably, the melt rate is from about 400 to about 600 1bs. per hour using from



Torr. More preferably, the nelt rate is fromabout 400 to about 600 | bs. per
hour using fromD 9 JUL 2005 WO 02/088412 PCT/ US02/ 23640 15 24,6)%0 to
26,000 volts and 17 to 36 anps, and under a vacuum of from about XJUR4 2805
I X 10-5 Ton. Wth respect to the VAR processing, the nelt rate is
preferably of 500 to 2,000 | bs. per hour using 25-45 volts and 12,000 to
22,000 anps under a vacuumof 2 X 10"2 to I X 10" Ton, and nore preferably
800 to 1200 I bs. per hour at from30 to 60 volts and 16,000 to 5 18, 000
anps, and under a vacuumof from2 X 10"2 to | X 10-0 Topn. The resulting

hi gh purit YO8 13 ngot preferably has 10 ppmor |ess metQPPP%%%purities
and preferably 50 ppmor less 02, 25 ppmor less N2, and 25 ppmor |ess
carbon. If a purity |level of about 99.995 is desired, than the resulting
hi gh purity netal preferably has netallic inpurities of about 50 ppm or

| ess, and preferably 50 ppn1or Iess 02, 25 ppmor |ess N2, and 10 25 ppm or
| ess carbon. This ingot can % e used in the nan?gr descrlbeg above to

formthe tan%"‘éﬁogutﬁﬁv 0P gpls 23 rﬁ‘n’é BPB% Bt UG ATHE 0T o 2bquht ddVelr X er |
| t tivel sNi obj billets b d foll b d
o ey e WA 15 BBl b e PR R |
f d te 2 '
i form 0T al i B S O 0c e 0 RERLLEG A aeLers f s b Rdferers
ded ab d f te d
e o PR SRS I M B 0 TR
such as fr9n1ﬁgﬁﬁt 100%1md&av %?Q%Q% Eq ]@ﬁ%rknomn to those skilled
on w

in the art |nven e fur arified by the foll ow ng

exanpl es, whi ch ar'r% re?&?n rg'\%d%;bf&ﬁg ohethi ot %‘e?e% Alad 1 dd)%mtc{}‘?esp LiRyEnt i on.
EXAVPLES Two tantal um pro n 1ng t pro uce @tron Beam
(3EB) nelti ngan‘ﬁ%‘?e%erably 50 ppm or less 02, 25 ppm or less N2, and 25 ppm or less carbon. If a purity
| level of about 99.995 is desired, than the resulting high purity metal preferably has metallic
impurities of about 50 ppm or less, and preferably 50 pplln or less 02, 25 ppm or less N2, and
10 25 ppm or less carbon. This ingot can then be used in the manner described above to form the

tantalum billets of the present invention.

As stated earlier, alternatively, niobium billets can be made following the above-
described extruding details. Accordingly, a niobium billet having a substantially uniform
grain size is obtained. The preferred parameters for the grain size and other characteristics are

15  the same as for the tantalum parameters provided above, taking into account the different
melting temperature and other working conditions of niobium (e.g., extruding at lower
temperatures, such as from about 1000 °C to about 1650 °C) that are known to those skilled
in the art.

The present invention will be further clarified b‘y the following examples, which are

20 intended to be exemplary of the present invention.

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

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



fabricated into 3.75" dianmeter billets by different processing nethods. An
ingot identified D JUL 2005 WO 02/088412 PCT/US02/ 23640 16 " Conmfie C‘?ﬁr 005
Process” was a 12" dianeter ingot weighing 3476 pounds. Chem stry res 52
from sanples taken fromthe top, mddle, and bottom of the ingot are
provided in Figures 2(A) and 2(B). The ingot was manufactured into 3.75"

di aneter rod using standard commercial process shown in Figure 1. A sanple
slice, approximately 1/2" thick by machined dianeter was 5 cut froma billet
taken froma position representing the mddle portion of the forged product
The sanpl eve/e8841%as anneal ed i n a vacuum of at | east 5xROTUSE2ER¢0f or 2
hours. Metall ographic specinmens representing |ongitudi nal cross-sections of
the center and edge of the sanple slice were polished in accordance to
standard netal | ographi ¢ procedures, and etched in a solution to 50HF- 50HNG3
for 30-60 seconds. Results of the netall'6graphi c exami nation of the 20
comercially produced tantalumbillet product are summarized in Figures 2(A)
and 2(B). An IREEErA Pigesspraseit” digneshinegnvaigieads 10rowdiafeessty myet

wei ghing 3734 pounds. Chem stry results fromsanples taken fromthe top,
mddl e, and bt HAPES EKFHIIN B tppRiddin pf bottam of e dgotarrredrise ini Fieumsgifes 2( A)
and 2(B), by reference.to O and extruysion_tenperature. This  second ingot
was cut into ad'dgé%)tiﬂgﬁéngﬁ’bﬁ%ﬁ’?’ﬂ%"@fe niys- 79" g eiF d Ot begTARf g commascialc, T ang
D. 15 Sections A-D were portioned fromthe bottomto the top of the ingot,
respecti vel y, PaSEF SHot™ mg%["FeJdé‘\dsaﬁ“Ble Ei‘l?%@?‘?’ﬁ’ié’ﬂa@élq/’o\ﬁ?’gﬁ’él M dizmetel Wi es 1
and 2(A-B): Process A:. Inpgot Section A Mchined to 8.9" dianeter, Canned in
Copper, Soaked!HpP™ al@&bﬁp%oéfo“%a ROUHPY fepﬁ%‘?%hﬁmfdrd%rﬁ"ﬁm@ f’%“ge ]%f%‘?é PrEff-ough

4.0" dianeter. die. . Process B: Ilngot Section B, Michined to 8.9" dianeter,
Canned in Copf)*grs?mgf)g@B'asa?““%edi‘égwufnoc’?a‘éeﬁ?o%r‘g,TOEL}If’rr R MEBRPEPRI S | i ner
t hrough 4.0" dianeter die. . Pr ok Lon C ined top 8.9"
di ameter, Canted In repspnglrn,g logégﬂ%gﬁrscé%s Sektrébggl%—lf g(régnkf? (Sjuerdéej etsrarl?aléeéﬁ?erom a
9.5" liner thuggg&isﬁed(‘}n a&hr@%g %rstaqaa?dmetallographic procedures, and etched in a solution to

50HF-50HNO; for 30-60 seconds. Results of the metallographic examination of the
10  commercially produced tantalum billet product are summarized in Figures 2(A) and 2(B).
An ingot of the present invention was a 107 diameter ingot weighing 3734 pounds.
Chemistry results from samples taken from the top, middle, and bottom sections of the ingot
are also included in Figures 2(A) and 2(B), by reference to CI; and extrusion temperature. This
second ingot was cut into 4 sections approximately 20” long and designated A, B, C, and D.
15  Sections A-D were portioned from the bottom to the top of the ingot, respectively, and hot
extruded as described below and shown in Figures 1 and 2(A-B):
Process A:  Ingot Section A, Machined to 8.9” diameter, Canned in Copper, Soaked at
1800°F for 6 hours, Extruded from a 9.5 liner through 4.0” diameter die.
Process B: Ingot Section B, Machined to 8.9” diameter, Canned in Copper, Soaked at
20 1850¢°F for 6 hours, Extruded from a 9.5” liner through 4.0 diameter die.
ProcessC:  Ingot Section C, Machined to 8.9" diameter, Canned in Copper, Soaked at
1900<F for 6 hours, Extruded from a 9.5™ liner through 4.0™ diameter die.

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

1900°F for 6 hours, Extruded from a 10.25" liner through 4.0™ diameter dic.



Process D. Ingot Section D, Machined to 9.5" dianeter, Canned in Copper,
Soaked at 1900F for 6 hours, Extruded froma 10.25" |iner throuqrg4g§l %@@
diameter die. Q JUL 205 WD 02/088412 PCT/ US02/ 23640 17 Sanple slices, h
approximately''/r" thick by machi ned dianmeter were cut fromthe center
portion of each extruded rod. Each sanple slide was cut into wedges, and a
wedge from each extruded rod was annealed in a vacuum of at |east 5x 10'4
tort for 2 hours at tenperatures of 950, 1050, and 1150C. Metal |l ographic
speci nens ting longitudinal 5 cross-sections of and edge
of the san{ﬁlﬁgﬁ@?’?@e were polished in accordance to stangﬁﬁgﬂ}%%h ogr aphi c
procedures, then etched in a solution to 50HF-50HNG3 for 30-60 seconds.
Results of the netall ographic exam nation of the extruded tantalumbill et
products are included in Figures 2(A) apd 2(B). Photomn crographs show ng
the grain structure along the |ongitudinal plane at the 10 center and edge
regions of the cosgmereGhiads scPiRAHERA L hRk bAHEcHHROWAMES: QUL 83m3kdN) and

3(B). Here, the billet axis is perpendicular to the mcron scale on the

|
i mages. Fi gui&ser 36Abn o@@éih%ﬁtﬁ)de§%@."v€mrl¥m@fs shiddBuds SRUES @E&Q%@%%d%!et h the

mcrostructure of commercially produced tantalumbillet. First, t center

of the bill etsopontiRkRfides HaPhAXanBaRl M SLEMGHWrS: 168TRTISEH Bf 2 hbgad: bands of
unrecrystallized material containing small islands of crystallites 15 ,

adj acent t 0 kQGHeRRSes @PHIRH BI0NEhd 135G, MelaMpehie Gpedirhdt8presthific G fRNnaPf t he
commercial billet exhibited a grain size range from about 50 to about
245m , the | afeesttichdddteCdentdl Sdredsd #ethe RAHRT diedl weR plidhed Sbrdhrse @xam ned.
Second, the grain structure character along the edge of the comerci al
bill et was f ahdard @ekgiaphikipraeduandhdnediaibd wed Yolutidh it 50 F-FIHNO;WBS 30-60
significantly different than that in the center of the billet, and

refl ected theedshdir ®Reulttlof the aletall SHPA® GLAEMatiyn of 2k S@edRd itdhtaQ B BIRE Grodlidty
produced tantalum billets. Photom crographs showi ng the center and edge
section of exteitdheldd mdkules 2a8)aedt(®Y] at

Photomicrographs showing the grain structure along the longitudinal plane at the
10  center and edge regions of the commercially produced billet are shown in Figures 3(A) and
3(B). Here, the billet axis is perpendicular to the micron scale on the images. Figures 3(A)
and 3(B) show many of the issues associated with the microstructure of commercially
produced tantalum billet. First, the center of the billet contains a duplex grain structure
comprised of broad bands of unrecrystallized material containing small islands of crystallites
15 . adjacent to regions containing large, elongated grains. The center of the commercial billet
exhibited a grain size range from about 20 to about 245m., the largest range of grain size
observed in all materials examined. Second, the grain structure character along the edge of the
commercial billet was fully recrystallized and relatively uniform. This was significantly
different than that in the center of the billet, and reflected the microstructural inhomogeneity

20  seen in commercially produced tantalum billets.
Photomicrographs showing the center and edge section of extruded rod A, annealed at
950, 1050, and 1150°C, are provided in Figures 4(A) and 4(B), 5(A) and 5(B), and 6(A) and
6(B), respectively. Comparing the images in Figures 4-6 demonstrate the general effect of

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



950, 1050, and—tI50C —are provided in Figures 4(A) and 4(B), 5(A) and 5(B),
and 6(A) and 6(B), respectively. Conparing the inages in Figures 4-6
denonstrate the general effect of annealing tenperature on the 03 J%m
m crostructure. The grain size character seen in Figures 4(A) JUL 2

02/ 088412 PCT/ US02/ 23640 18 and 4(B) were simlar to that observed in the
comercial billet, but with noticeably |esser anount of duplexing. In
general, increasing the annealing tenperature from950 to 1050C did not
dramatically increase the average grain size of the extruded tantalum
billets, BM‘E\’IOH?@‘”enhance grain size unifornmty and per cBat/US02/23640
recrystallization. An anneal tenperature of t 150C 5 did pronote sone gain
grow h without sacrificing uniformty in the extruded tantalumbillets. The
hi gher tenperature anneal assured that the mcrostructure throughout the
extruded tantalumbillet was uniformandl fully recrystallized.

Phot om crographs of the center and edge regions of extruded billets A B, C
and D, each 2BhAGAMEE Spilef tq fgicolsgivedain s rommergiad bijiey byt With 1otiggeblydesst A)  and
(B), 7(A) and (B), 8(A). 10 and EB), and 9(A) and (B), respectively.

Toget her, Fi giPws ofdeplaxingedr senral. ingrepingribeangtaling tempgpyis ff‘i?h‘ﬁ?é’r‘ﬂt‘@-‘ro)é‘:and
billet size on the grain structure of the extruded tantalumbillet. For the
8.9" di anet erdid TRy SEMERERLY BGEass HieraYeast Fabsireacighesextydes igtaym pilgerbubsig

anneal ed at 1150C for, 2 hours, increasing the extrusion tenperature from
1800 to 1900FNPRAEF &52i8 FireyTiom e drd Pesnt riRERIZAPRgAD Ay temas2iireed 14HaC
enhancing grajpn size uniformty. This trend shows that increasing i5 the
extrusion te APRUF gprqergéa,uégg\gé Wipawt Eﬁ‘if‘écéﬂgrﬁ"tfm' infas WWi‘%’f‘?“}i‘hgngﬁ'or ed
energy in the terial inparted during extrusion. However, for a 1900F
extrusi on teniglétr”ggkt?? é?mﬁeﬁérrﬁ%égrie%gass éﬁiegl‘t’.fi BREPEPTFUERROM R TEeRFPEA from
8.9 to 9.5" and sion.liner, from9 to 1025" dianmeter produced a

billet produc ntﬂ%@ﬁ% Wﬁﬁ”’é’%ﬂﬁﬁndﬁ”*rfcﬁéﬁﬁiﬁ%rage grain size and simlar grain

sizeruniformty. This .observatjon denonstrates that jncreasing-th
pre-extruded ingo hoé?"ét"r;rrg e?hs ngggﬂqecr)\%?sm?déer raéa%résr%fgef‘{é‘fdegﬁ%lﬁtﬁ?" gf C’s?“apéd ener gy

to be inparted o the SXisoidRM BLLL & given in Figures 6(A) and (B), 7(A) and (B), 8(A)

10 and (B), and 9(A) and (B), respectively. Together, Figures 6-9 reveal the influence of
extrusion temperature and billet size on the grain structure of the extruded tantalum billet. For
the 8.9™ diameter ingot sections extruded from a 9.5” diameter’ liner and annealed at 1150°C
for 2 hours, increasing the extrusion temperature from 1800 to 1900°F had a slight effect on
increasing the grain size and enhancing grain size uniformity. This trend shows that increasing

15  the extrusion temperature increases the uniformity of deformation and stored energy in the
materia) imparted during extrusion. However, for a 1900°F extrusion temperature, increasing
the diameter of the ingot section from 8.9 to 9.5” and extrusion liner from 9.5 10 1025”
diameter produced a billet product having an equal or finer average grain size and similar grain
size uniformity. This observation demonstrates that increasing the pre-extruded ingot diameter

20 allows for a greater amount of stored energy to be imparted to the extruded billet.

Together, the information developed in this example concludes that the optimum
process involves extruding large 9.5” diameter tantalum ingot sections at a temperature of

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

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



Toget her, the—i+nforretToOM devel oped in this exanple concludes that the

opti mum process involves extruding |large 9.5" dianeter tantal umgi ngot
sections at a tenperature of 1900F to produce a 4" dianeter as- B4 rdide 2054
that can machined into 3.75" dianmeter billets. Afully recrystallized and
relatively uniform mcrostructure having an average grain 0 9 JUL 2005 WD
02/ 088412 PCT/ USQ2/ 23640 19 size bel ow 100 pun across the entire cross
section of the billet is achieved after annealing the extruded tantalum
billet at_a tenperature of 1050-1 150C. O her enbodinments of the present

i nvent i onVRiI%¥P8%ME apparent to those skilled in the art YFTER%8HEi deration
of the present specification and practice of the present invention disclosed
s herein. It is intended that the present specification and exanpl es be
considered as exenplary only with a t:‘ng scope and spirit of the invention
bei ng i ndicated by the follow ng clai and equivalents thereof. 1 9 JUL

2005 0 O20B03G BFT) LSRRLERA R0 AT LB R VR Al V000
res & Pl SR PR G 1 L1 2l S ued rantalum
ey T her L heoRRELaL ol gESA T R STl Bl LSS b o L1 o
DO, 150, M08 s e P SR RS 3T L

100 mcr ans hgrreinl. G5 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.



4. The extruded tantalumbillet of claim1, wherein said ext ruded tantal um
billet has an average grain size of about 50 mcrons or |ess. ;§1
extruded tantalumbillet of claim1l, wherein said extruded tant alq sﬂﬂl 12885
has an average grain size of fromabout 25 mcrons to about 100 m crons. 6.
The extruded tantalumbillet of claim1, having a purity of at |east about
99. 99508V0182/6884 he extruded tantalumbillet of claim 1, wh@CE/GSISABEH0
tantalumbillet is fully recrystallized. 8. The extruded tantalumbillet of
claim1l1, wherein said tantalumbillet is at |east partially recrystallized.
9. The extruded tantalumbillet of claiml, wherein said tantalumbillet is
about 20 98% or nore recrystallized. 1Qp The extruded tantalumbill et of
claim1l1, wherein said tantalumbillet is about 80% or nore recrystallized.
09 JuL 29 %/ MD%T/ US02/ 23640 21 it. The extruded tantal um
billet of claim aving a purity of fromabout 99.995%to about 99.999%
12. The extruded tantalumbillet of claiml, further conprising at |east one
alloy material. 5 13. A sputtering target conprising the extruded tantal um
billet of claiml. 14. A capacitor can conprising the extruded tantal um
billet of claim1l. !5 A resistive filmlayer conprising the extruded
tantalumbillet of claiml1l. 16. An article conprising at |east as a
conponent the pxtrudeekthasd Bntalnd billegtwhefein Gi@kstulled tantalum billet is ingot-
derived and has a purity of at least about 99.99% and wherein said extruded tantalum billet
5 has a substantially uniform grain size after extrusion and before any further
thermomechanical processing.

2. The extruded tantalum billet of claim 1, wherein said extruded tantalum billet
has an average grain size of about 150 microns or less.

3. The extruded tantalum billet of claim 1, wherein said extruded tantalum billet
has an average grain size of about 100 microns or less.

4. The extruded tantalum billet of claim 1, wherein said extruded tantalum billet
1o hasan average grain size of about 50 microns or less.

5. The extruded tantalum billet of claim 1, wherein said extruded tantalum
billet has an average grain size of from about 25 microns to about 100 microns.

6. The extruded tantaium billet of claim 1, having a purity of at least about
99.695%.
15 7. The extruded tantalum billet of claim 1, wherein said tantalum billet is fully

recrystallized.
8. The extruded tantalum billet of claim 1, wherein said tantalum billet is at
least partially recrystallized.
9. The extruded tantalum billet of claim 1, wherein said tantalum billet is about
20 98% or more recrystallized.
10.  The extruded tantalum billet of claim 1, wherein szid tantalum billet is about

80% or more recrystallized.



10 17. A process for nmaking the extruded tantalumbillet of claim!]l
conprising extruding a tantalumingot at a sufficient tenperatu a for a
sufficient time to at least partially recrystallize the tantalupﬁ%\ﬁﬁeﬁmﬂs
during extrusion. 18. The process of claim 17, wherein said sufficient
tenperature is fromabout 1200 F to about 2950 F. 15 19. The process of

cl aim 1AwoMeesduie sai d tenperature i s uni formthroughout thecT&shsNsE4ON
process. 20. The process of claim 17, further conprising the step of water
guenching the extruded tantalumbillet after extrusion. 21. The process of
claim 117, further conprising machi ne cleaning the extruded 20 tantalum
billet. 22. A process for making the extered tantalumbillet of claiml1,
conprising extruding a starting tantal uhibillet at a sufficient t enperature
and for a sufficient tine to at | east pqrt{all¥ recrystallize the tantal um
billet to form sHid ekbe eideded watabinypillsi ofickaim g having 2008ty o awroB8412

PCT/ USQ2/ 23640 22 23. The process of claim 22, wherein said sufficient

t enper at ur €99.895% toralzmo 36.999%00 OF to about 2950 OF. 24. The process of
claim 22, wherein said tenperature is uniformthroughout the extrusion
process. 5 25. The prUpesgrdbd ehidium Bllet SAUIAIREY, fEHEPEbSHAGnS BOeSt Bk Hbywat er
quenching the extruded tantalumbillet after extrusion. 26. The process of
claim 22, fH&&?ﬁ[ conprising machine cleaning the extruded tantalumbillet
27. A process for nmaking the extruded tantalumbillet of claim1, conprising

5 13. A sputtering target comprising the extruded tantalum billet of claim 1.
14. A capacitor can comprising the extruded tantalum billet of claim 1.
15. A resistive film layer comprising the extruded tantalum billet of claim 1.
16. An article comprising at least as a component the extruded tantalum billet of
claim 1.
10 17. A process for making the extruded tantalum billet of claim 1 comprising

extruding a tantalum ingot at a sufficient temperature and for a sufficient time to at Jeast

partially recrystallize the tantalum billet during extrusion.

18. The process of claim 17, wherein said sufficient temperature is from about
1200 °F to about 2950 °F.
15 19. The process of claim 17, wherein said temperature is uniform throughout the

extrusion process.
20.  The process of claim 17, further comprising the step of water quenching the
extruded tantalum billet after extrusion.
21.  The process of claim 17, further comprising machine cleaning the extruded
20  tantalum billet.
22. A process for making the extruded tantalum billet of claim 1, comprising
extruding 2 starting tantalum billet at a sufficient temperature and for a sufficient time to at

least partially recrystallize the tantalum billet to form said extruded tantalum billet.



1 0 cutting an ingot into at | east one starting billet and either applying a
protective coating on said starting billet or placing said starﬁ@gé%l¢@§
in a can; extruding the starting billet at a sufficient tenperature

a sufficient time to at least partially recrystallize the tantalumbill et
and to formsaid extruded tantalum billet. 15 28. The process of claim 27,
wher ei IWO4R2W884U1 i ci ent tenperature is fromabout 1200 OFF m&ﬁ%ﬁ?“ 950 CF.
29. The process of claim 27, wherein said tenperature is uniformthroughout
the extrusion process. 30. The process of claim 27, further conprising the
step of water quenching the 20 extruded tantalumbillet after extrusion.
31. The process of claim27, further comprising machi ne cl eaning the
extruded tantalumbillet. 32. The process of claim27, wherein said ingot

{edst ok 08 JUL 200 P UB b3 ORBATS LT URTATRAE S gt AR

claim 27, rein sai ective coating or can is renoved after said
ext rudi ng. Y@i %'Fﬂ'élg ggg@gs)&'of claim 33, wherein said protective coating is

renoved by acid_ washing or nmachine cl eaning, or both. 5 35. An extruded
ni obi um bi | | et , 24aher BrePragassioksliny e VT absaiddepinerabyreis upifyat thranghputdee and
has a purity of at |east about 99.99% and wherein said extruded ni obi um
billet hastaspolystaast.ially uniformgrain size after extrusion and before
any further thernonmechanical processing.
5 25.  The process of claim 22, further comprising the step of water quenching the
extruded tantalum billet after extrusion.
26.  The process of claim 22, further comprising machine cleaning the extruded
tantalum billet.
27. A process for making the extruded tantalum billet of claim 1, comprising
10  cutting an ingot into at least one starting billet and either applying a protective coating on
said starting billet or placing said starting billet in a can;
extruding the starting billet at a sufficient temperature and for a sufﬁcien;
time to at least partially recrystallize the tantalum billet and to form said extruded tantalum
billet.
15 28.  The process of claim 27, wherein said sufficient temperature is from about
1200 °F to about 2950 °F.
29.  The process of claim 27, wherein said temperature is uniform throughout the
extrusion process.

30.  The process of claim 27, further comprising the step of water quenching the

20  extruded tantalum billet after extrusion.
31.  The process of claim 27, further comprising machine cleaning the extruded
tantalum billet.
32.  The process of claim 27, wherein said ingot is obtained by the electron beam

melting of & high purity tantalum powder feedstock.



36. The extruded niobiumbillet of claim35, wherein said extruded niobium
billet has an average grain size of about 150 m crons or |ess. 1&&7. Trﬁ]
extruded niobiumbillet of claim35, wherein said extruded niobiu i Sitket 2005
has an average grain size of about 100 microns or |ess. 38. The extruded

ni obium billet of claim35, wherein said extruded niobiumbillet has an
aver age ygoapessiize of about 50 microns or |ess. 39. The extRGEE0FIIEH um
billet of claim35, wherein said extruded niobiumbillet has an average
grain size of fromabout 25 mcrons to about 100 mcrons. 15 40- The
extruded niobiumbillet of claim35, having a purity of at |east about
99.995% 41. The extruded niobiumbillet of claim35, wherein said niobium
billet is fully recrystallized. 42. The extruded niobiumbillet of claim
35, wherein said,niobiumbillet s 20 least partially recrystallized 43.
The extruded ni oBfum BT PEEsP e B e SRR EG Vs htng Gralit R B
about 98% or nore recrystallized. 44. The extruded niobiumbillet of claim
35, wher ei n28&1 FhPEWEW bit let is about 80%or nore recrystallized. 9 JUL
205 WO 02/088412 PCTI US02/ 23640 24 45. The extruded ni obium bill et of

cl ai m 35, havi ng 3&. puffht proo¢ssfaf slairaBdutherein seid5ypteesivelroainDie rewovsdis, acithe
extruded niobiumbillet of claim35, further conprising at | east one all oy

mat eri al . 5 vwkEhind os platiiisg tleghih@rogebthconpri si ng the extruded ni obi um bill et
of cl ai m 35.
5 35. An extruded niobium billet, wherein said extruded niobium billet is ingot-

derived and has a purity of at least about 99.99% and wherein said extruded niobium billet
has a substantially uniform grain size after extrusion and before any further

thermomechanical processing.

36. The extruded niobium billet of claim 35, wherein said extruded niobium billet

has an average grain size of about 150 microns or less.

10 37. The extruded niobium billet of claim 35, wherein said extruded niobium billet

has an average grain size of about 100 microns or less.

38. The extruded niobium billet of claim 35, wherein said extruded niobium billet
has an average grain size of about 50 microns or less.

39. The extruded niobium billet of claim 35, wherein said extruded niobium billet

has an average grain size of from about 25 microns to about 100 microns.

15 40.  The extruded niobium billet of claim 35, having a purity of at |east about
99.995%.
4]. Theextruded niobium billet of claim 35, wherein said niobium billet is fully
recrystallized.

42.  Theextruded niobium billet of claim 35, wherein said niobium billet is at
20  least partially recrystallized.
43.  The extruded niobium billet of claim 35, wherein said niobium billet is about
98% or more recrystallized.
44.  The extruded niobium billet of claim 35, wherein said niobium billet is about

80% or more recrystallized.



48. A capacitor can conprising the extruded niobiumbillet of claim35. 49.
A resistive filmlayer conprising the extruded niobiumbillet of 1%2 35.
50. An article conprising at | east as a conponent the extruded ni o%i: UL 2008
billet of claim35. 10 51. A process for making the extruded niobiumbillet
of clai rising extruding a niobiumingot at a sufficient

t enper aﬁﬁi”gﬁ%?%r a sufficient tine to at |east partiall FOGTE0EBE0I | ze
the niobiumbillet during extrusion. 52. The process of claimb51l, wherein
said sufficient tenperature is fromabout 1000 F to about 2650 F. 15 53.
The process of claim51, wherein said tenperature is uniformthroughout the
extrusion process. 54. The process of cla@tm 51, further conprising the step
of water quenching the extruded niobiumbillet after extrusion. 55. The
process of clai msbl, Thar theted onighibrai hijgenalt bizhe 38| @annpa pheryext Foadedbou?0
niobiumbillet. 56. A process for nmaking the extruded niobiumbillet of

claim 35, ammusksidWhoufdd sdeding a starting niobiumbillet at a sufficient
tenperature and for a sufficient time to at least partially recrystallize

t he ni obi um bill t ar, i r i.ohi illet, 9. L L, .. VWD
02/ 088412 PCT/ UST?2/ 23’8“}6&?%&6%'9"%[’1’&%?%“5 glsag’gc# %’Bg%rn%%&r%bﬂ%e‘#g‘faﬁg‘%% oy

sufficient terrPerature is fromabout 1000 OF to about 2650 OF. 58. The
process of TRALE R 56, wherein said tenperature is uniformthroughout the

extrusion process. 5 59. The process of claim56, further conprising the
step of Swater qu&nchi Aquqtmgng target comprising the extruded niobium billet of claim 35,

48. A capacitor can comprising the extruded niobium billet of claim 35.
49, A resistive film Jayer comprising the extruded niobium billet of claim 35.
50. An article comprising at least as a component the extruded niobium billet of
claim 35.
10 5L A process for making the extruded niobium billet of claim 35 comprising

extruding a niobium ingot at a sufficient temperature and for a sufficient time to at Jeast
partially recrystallize the niobium billet during extrusion.
52.  The process of claim 51, wherein said sufficient temperature is from about
1000 °F to about 2650 °F.
15 53.  The process of claim 51, wherein said temperature is uniform throughout the
extrusion process.
54.  The process of claim 51, further comprising the step of water quenching the
extruded niobium billet after extrusion.
55.  The process of claim 51, further comprising machine cleaning the extruded
20 niobium billet.
56. A process for making the extruded niobium billet of claim 35, comprising
extruding a starting niobium billet 21 & sufficient 1emperature and for a sufficient time to at

least partially recrystallize the niobium billet to form said extruded niobium billet.



extruded niobiumbillet after extrusion. 60. The process of claim 56,
further conprising machi ne cleaning the extruded niobiumbillet. 31 ﬁ
process for making the extruded niobiumbillet of claim 35, corrprq F’Q ZJIQS
cutting an ingot into at |east one starting billet and either applying a
protective coating on said starting billet or placing said startiqng bill et
in a caWo8¥0%84d2ng the starting billet at a sufficient tefséraldrd “nd for
a sufficient tinme to at least partially recrystallize the niobiumbillet
and to formsaid extruded niobium billet. 15 62. The process of claim61,
wherein said sufficient tenperature is fromabout 1000 OF to about 2650 OF.
63. The process of claim61l, wherein sai @tenperature is uniformthroughout
the extrusion process. 64. The process of claim6l, further conprising the

step of water quenchifge bigess 20 cBXhrIs0 Qe P Ddid QUM |ehetenffet Rlire X oS ialS’c(th-t 65.

The process of claim®6l, further conprising machi ne cleaning the extruded
ni obi um bi | .or86. ess of claim®6l, wherein said ingot is obtained
by the el ec{(g)tgn Eglgaa%g&?eé%ﬁg of a high purity niobium powder feedstock.
NATO 02/ 088412 PCT/ USQ2/ 23640 ,26. 67, The .pracess of cl.ai m61, wherein said
protective coati A% or %"awof?s Pé%’ﬁ%a@ ‘ﬁ‘?ﬁf%g s%’éi“’ci“%%’i?‘f’i?d? HEiToEBthraEont Beess
of claim®67, wherein said protective coating is renoved by acid washing or
machi ne cl eBATWHPN RIPCHBt h. 5 69. The process of claim 17, further conprising
anneal i ng sai d extruded tantal um

5 59.  The process of claim 56, further comprising the step of water quenching the

extruded niobium billet after extrusion.
60.  The process of claim 56, further comprising machine cleaning the extruded
niobium billet.
61. A process for making the extruded niobium billet of claim 35, comprising
10  cutting an ingot into at least one starting billet and either applying a protective coating on
said starting billet or placing said starting billet in a can;
extruding the starting billet at a sufficient temperature and for a sufficient
time to at least partially recrystallize the niobium billet and 10 form said extruded niobium
billet.
15 62. The process of claim 61, wherein said sufficient temperature is from about
1000 °F to about 2650 °F.
63. The process of claim 61, wherein said temperature is uniform throughout the
extrusion process.
64.  The process of claim 61, further comprising the step of water quenching the
20  extruded niobium billet after extrusion.
65.  The process of claim 61, further comprising machine cleaning the extruded
niobium billet.
66.  The process of claim 61, wherein said ingot is obtained by the electron beam

melting of a high purity niobium powder feedstock.



billet. 70. The process of claim69, wherein said annealing occurs at a
tenperature and for a tinme sufficient to at |least partially recrystallize
the extruded tantalumbillet during annealing. 10 71. The process @f .claim

69, wherein said annealing occurs at a tenperature of fromabout 1 49FJM|Q 2005
about 2102F for about 2 hours. 72. The process of claim 22, further

conpri si R¢0 8B4 ng said extruded tantalum billet. 73. Thé’%é%’s“‘bq‘

claim 72, wherein said annealing occurs at a tenperature and 5 for a tine
sufficient to at least partially recrystallize the extruded tantalumbill et
during annealing. 74. The process of claim 72, wherein said annealing

occurs at a tenperature of from about 1742F to about 2102F for about 2

hours. 75. The process of claim 27, further conprising annealing said

extruded tantal ugy 20!l &tcc dbejailh mmsﬁ%afa‘;%rs{e '-Jé!c%%n%ﬂﬁa?%sl B ﬁﬁiodcd

anneal i ng occurs at a tenperature and’ for a ti sutficrent to at |east

partially \r/%g%xyst I,I;zc]a the extruded tantalumbillet during annealing. 0 9
JUL 2005 I NBCT/ US02/ 23640 27 77. The process of claim 75,

wherein said annealing_ occurs at g tenperature of from about 1742F to about
2102F for about X8hour'de PrEEESSTHLIHRe SNEFTN sig ARSI Ve £OFNEIS reBRYE] &Y #rd
anneal i ng said extruded niobium billet. 5 79. The process of claim 78,
wher ei n sai ovashingal maghioe clgemingior ®othenper at ure and
5 69. The process of claim 17, further comprising annealing said extruded tantzalum
billet.
70. The process of claim 69, wherein said annealing occurs at a temperature and

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

annealing.

10 71. The process of claim 69, wherein said annealing occurs at a temperature of
from about 1742°F to about 2102°F for about 2 hours.

72. The process of claim 22, further comprising annealing said extruded tantalum
billet.
73. The process of claim 72, wherein said annealing occurs at a temperature and

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

annealing.

74. The process of claim 72, wherein said annealing occurs at a temperature of

from about 1742°F to about 2102°F for about 2 hours.

75.  The process of claim 27, further comprising annealing said extruded tantalum
20  billet.
76.  The process of claim 75, wherein said annealing occurs at a temperature and

for a 1ime sufTicient to at least partially recrystallize the extruded tantalum billet during

annealing.



for a tinme sufficient to at |least partially recrystallize the extrgudgd
niobiumbillet during annealing. 80. The process of claim78, whe egnﬂyaiZWS
anneal ing occurs at a tenperature of fromabout 1742F to about 2102F for
about 2 hours. 10 81. The process of claimb56, further conprising annealing

sai d extpuded i obium billet. 82. The process of claim 81, pengihiga d
anneal i ng occurs at a tenperature and for a tine sufficient to at | east

partially recrystallize the extruded niobiumbillet during annealing. i5
83. The process of claim81l, wherein said annealing occurs at a tenperature
of from about 1742F to about 2102F for about 2 hours. 84. The process of
claim 61, further conprising annealing sattd extruded niobium billet. 85.
The process of claim84, wherein said annealing occurs at a tenperature and
20 for a time sufffici dhe progesatof [ckaarg t75 pahdreinlshij anewtiys beduts e temperatter afded

ni obi um bi | 1@, i 1”192°F‘9tgg€cﬁ‘xlt-thf@°F§o?ab¥1?§h9&r cess of claim 84, wherein said

anneal i ng occurs at a tenperature o rom about 1742F to about 2102F for
about 2 hours. 0 9 JUL 2005 WD 02/088412 PCTIUS02123640 28 87. A process

for making the exirudeg LanLaltal bl ehudls Chalibie oGO SidUkmesd hiidigo a

tantalumingot to forman extru ant al um annealing said
ext ruded targt]gel umbillet at a sufficient tenperature and for a sufficient
time to at IPESSt partially recrystallize the extruded tantalumbillet. 5

88. A process for_nmaking the extruded tantalumbillet of claim1, conprising
5 79.  The process of claim 78, wherein said annealing occurs at a temperature and

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

annealing.

80. The process of claim 78, wherein said annealing occurs at a temperature of
from about 1742°F to about 2102°F for about 2 hours.

10 81. The process of claim 56, further comprising annealing said extruded niobium
billet.

82. The process of claim &1, wherein said annealing occurs at a temperature and
for a time sufficient to at least partially recrystallize the extruded niobium billet during

annealing.

15 83.  The process of claim 81, wherein said annealing occurs at a temperature of
from about 1742°F to about 2102°F for about 2 hours.

84.  The process of claim 61, further comprising annealing said extruded niobium

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

annealing.

86. The process of claim 84, wherein said annealing occurs at a temperature of
from about 1742°F to about 2102°F for about 2 hours.



extruding a starting tantalumbillet to formsaid extruded tantalumbill et
and then annealing said extruded tantalumbillet fora sufficient ﬂig"rguﬁngoas
for a sufficient tenperature to at least partially recrystallize the '
extruded tantalumbillet. Sq. A process for naking the extruded tantal um
billet of claim1l, conprising 10 cutting an ingot into at |east one
starting billet and either applying a protective coating on said starting
bi I | et woo ophbggiing said starting billet in a can; extrudin i ng
billet to formsaid extruded tantalumbillet and then an%e%ﬁlﬁﬁg}/%g%dd
extruded tantalumbillet at a sufficient tenperature and for a sufficient
time to at least partially recrystallize the extruded tantalumbillet. 15
90. A process for making the extruded gipobiumbillet of claim35, conprising
extruding a niobiumingot to forman eXtruded niobiumbillet and then
annealing said_ extruded niobiumbillet at a sufficient_ tenperature and for
a sufficient t3me t'b PRRCesseipsimaking theapytipded danfalum billsteok plainestt FOMEHESIAE obi um
billet. 91. A process for making the extruded niobiumbillet of claim 35"
conpri si mytrugdidg ex tantadit gngotsteaiormnay pitolsied rasaivme billed afid tmnsaindaking saidied

ni obiumbill et and then annealing said extruded niobiumbillet for a

suf fi ci erktrbded tamdurhosille stud Sufficknt tdnepepan@t atdefdraa adfficieastimepar 4ti lahdt y
recrystallize the extruded niobiumbillet. 09JUL2005 WVO 02/088412

PCTf 1150222308 Qect9stal¥zZe the eRfre@%BnthRin BTRKI, N the extruded ni obi um billet of
claim 35, conprising cutting an ingot into at |east one starting billet and

el theg applyi n%.a PAY6&E! Y& £98hE M6 Bru Al theRiLa Bfn'égBf’iuiaier{?tlf%rop@h@]%”9

said starting Ilet Tn a can; exfruding the starting rm Said
ext ruded ni ohi um bi anne

] |l e d_then li.n i d extruded niobi umbill et
ot 5 Sut hbrdine & Shmgek il i B e fork B e Bl T s a0 BBt a1 1y
recrystal slatdz gxtgurclj?:d (tazi(nulgrg %(Ij“erg Ifgrba{ :E:Ju 1ct:)iler|1tl t?ntlé and for a sufficient temperature to at least

partially recrystallize the extruded tantalum billet.
89. A process for making the extruded tantalum billet of claim 1, comprising

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

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

15 90. A process for making the -extruded niobium billet of claim 35, comprising
extruding a niobium ingot to form an extruded niobium billet and then annealing said
extruded niobium billet at a sufficient temperature and for a sufficient time to at least
partially recrystallize the extruded niobium billet.

91. A process for making the extruded niobium billet of claim 35, comprising

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

partially recrystallize the extruded niobium billet.
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92. A process for making the extruded niobium billet of claim 35, comprising
cutting an ingot into at least one starting billet and either applying a protective coating on
said starting billet or placing said starting billet in a can;
extruding the starting billet to form said extruded niobium billet and then
5 annealing said extruded niobium billet at a sufficient temperature and for a sufficient time to

at least partially recrystallize the extruded niobium billet.





