WO 2004/ 003949 PCT/ US2003/ 001822 CAPACI TOR- GRADE LEAD W RES W TH | NCREASED
TENSI LE STRENGTH AND HARDNESS BACKGROUND OF THE | NVENTION 5 The invention
rel at es gwoened/dogo®0 capacitor |ead wires, nore parti cwcarisgoimorszobi um

| ead wires usable with anode conpacts of tantalum or niobium The

I nvention includes niobium powder netallurgy derived |ead wires of niobium
doped with silicon, preferably havi gg(ciﬁrrgroved strengt h and hardness

wi t hout significant det IéABACITOReG BAD \é’éﬁﬁgew' d rating of the wire.
Ni obi um and ni obi umMNCREAS HARINESSat i on  have been
used as capacitor lead wires. Pure niobiumw res of ne!t process origin
have | ow el ectrical |eakage at sintering tenperatures of 1150C and above.
However the wires are limted in tensile strength and 15 hardness, which
make themdifficult to work with; this results in |ow production through

put when bonding the wires to the capacitor anode conpacts and/or in the
course of sintering the conpact or prolysis of solid electrolyte wwth the
| ead wire attached. N obi Lﬁﬁﬁﬁﬁ@h@éﬂiimi rconi um have better
tensile sikrength ' Ri rigin and

acceptabl®e el ectri ngnf @ggmg%g%ygbxﬁ%gg@éﬁmbé%%dabg%ﬁ%@oC zi rconi um

di ffuses off pbhttuwrlyetoambuaanlbammmsasablaewntlamdde conipiacts of tantedemept abl e
as a capacitor '

b f th t t
i npr ove cherrP&HIo '“’HEEIW&HPE%M'OS'HSEEBP%GC b poﬂeﬁj& Lﬁi@@qrgkg’\éﬁg‘%‘kgpstgncy of

capaci tor gr pgfy wifes bERBbIN G%pedj Wlth%llﬂ:oﬁubié?@frab%&ﬁﬁg @hpioved pr esent
I nvention to reduce sintering ondwgc%rtobl ens. Is yet a further

obj ect of t hetrpn@beand inamieﬁsﬁ; Mtht)@t signifi Fpeotio %?@C@ldemone t he

above-deggcr i d d] nt ages without significantly 30 inpacting the
el ectri ci‘? E‘@rqﬁﬁg V@?e the wire and w re-anode assenbly. WO 2004/ 003949

PCT/ US2003/ 001822N|&>1@HW0516nT oy SEMAteSWilihmeitrsorince derivatioat es to a
process for making a capacitor grade silicone-d iDed ni obi,um | ead wire
conpri si ng ( BRVE BPEN H§ed ASKAPIL Jgad wires. Pure niobium wires of me't

process origin have low electrical leakage at sintering temperatures of
1150°C and above. However the wires are limited in tensile strength and
15  hardness, which make them difficult to work with; this results in low
production through put when bonding the wires to the capacitor anode
compacts and/or in the course of sintering the compact or prolysis of solid
electrolyte with the lead wire attached. Niobium alloys, such as niobium-
zirconium have better tensile strength then pure niobium wires of melt
20 process origin and acceptable electrical leakage above 1150°C. However
above 1050°C zirconium diffuses off the wire and contaminates the
anode, making it unacceptable as a capacitor lead wire.
It is an object of the present invention to improve chemical,
mechanical, metallurgical, and functional consistency of capacitor grade
25 lead wires.
It is a further object of the present invention to reduce sintering and
bonding problems.
It is yet a further object of the present invention to improve niobium
wire to overcome the above-described disadvantages without significantly

30 impacting the electrical properties of the wire and wire-anode assembly.



ni obi um powder by hydri ding a niobiumingot or a niobiumbar and 5 grinding
or mlling the ingot or the bar, and thereby making a powder having a

Fi sher Avwwoagetdaswi cl e D aneter particle size range of picegas2oeians2about
150 m crons, (b) dehyriding the powdee, and optionally deoxidizing the
powder, form ng a | ow oxygen ni obi um powder, (c) blending the | ow oxygen
ni obi um powder with a silicon additive powder and conpacting the 10 powder
by cold isostatic pressing to a bar; (d) thernmonechanically processing the
bar into a rod, and (e) subjSUMMARYI®F THE INWEBNTEUDRI nation of rolling and

cold drawni ng ste and form he silicon doped wire. The invention
also relates to a 'H&ﬁ"%@'é}géfﬁ? 8 RFACESSIP '9 §1GAPRFIEY Hade hvent i on

incl udes a nisaikbHB Pl MBBIANT leAVARYESHpridiRg t@hhm%gaudv%w@,erpont aining a

silicon additive of I'ess than about 600 ppm nerally, the anount of
si li con rang&iobivenpaydartbyl mariding,a siabigoonggsrar a mobiust Br andt he anount of

cont ror 1 o, RngHcB Bl 2 indd e BBP antliferet Fking s bAPAR W T o
finish di amehavinghFishst AvefagedPaticleDiaicgicpatitie dify ragest 16$sthani obi um

and ni obi um zirconium alloys derived directly fromingot netallurgy (I/M.
Preferably t 880uhtSPMisrepsy a dehytidingtive,powdog@and ertienally deexidizingoo” ppm

even when i tie piwhidr, Mg lod bx3bA fidtiim polifer, {¢) Midifidg &6 1gkoL! UM and

ni obiumsilicon wres al so”have 1 ncrease ceeds hardness
of capaci t or ogygateniabium pbwideMmithabsilicoreadditive powdenand compacting thier es and

Chout 1B’ ERMBEELY b oAl sk Rl BRPaRbeh bRl So rmrer o1 11
sintered at Pgidesbmbqne%bewo a%b@?ﬁn@ﬁ)@ﬁﬁb&n@ﬂﬁe@@@!@a coftbifdtiont t ached to

anode conpacts sintered bel ow about 1150C or_ bel ow 1250 C woul d have hi gher
30 | eakage. shirolling andboeld drawaingrsteps @pdAfemmingdhe silicns dopetaviesices becone

0L 1O SRR el Bt

description are eYhopresentimedntisplirchkadey § nivbiym wirdmade fromh podeedrt o provi de
further | anat j on he present inventi a descri bed, BRI EF
DESCRI PT 0 @e%qlLEgbgéM),\@Etaﬁ\smg a silicon additive of less than about 680 ppm.

Generally, the amount of silicon ranges from about 150 to about 600 ppm.

Preferably, the amount of silicon ranges from about 150 to 300 ppm. The
invention imparts a controlied, higher mechanical tensile strength in the
niobium wire at finish diameter that exceeds capacitor-grade wire formed

20 from niobium and niobium-zirconium alloys derived directly from ingot
metallurgy (I/M). Preferably too the P/M source niobium has oxygen
content below 400 ppm, even when silicon is added in an oxide form. The
P/M derived niobium, and niobium-silicon wires also have increased
hardness that exceeds hardness of capacitor-grade wire of I/M niobium

25 and niobium-zirconium wires and electrical leakage within current
specifications at sinter temperatures of about 1150°C and above, or about
1250 and above. The P/M source material if sintered at well below about
1150°C or 1250 °C and above, and/or attached to anode compacts
sintered below about 1150°C or below 1250 °C would have higher

30 leakage. But at about 1150°C or 1250°C and above, the differences

become minimal.



Fig. 1 is a chart of the ultinmate tensile strength as a function of wre

di aneter of select niobiumand niobiumalloy wire of the present invention
derived fwomopowden netal | urgy conpared to niobi um and mwicalisam3abisay wre
derived fromingot nmetallurgy; 10 Fig3 2 is a chart of electrical DC

| eakage as a function of sintering tenperature of select niobiumand

ni obiumalloy wire of the present invention derived from powder netallurgy
conpared to niobiumand niobiumalloy wire derived fromingot metallurgy;
Fi g 3A-3F are siddtisfd berunsderstoedghaifbath thepfosegaing gepeardl deschiption 15 wires

bonded to an eakage as
a function o% ?Itﬁ g?'?oﬁélﬁg E%Igpac%&rcépf(@\ gréel %@e{’ﬁ%%’bl fg%éﬁ%{ogggm al | oy
wire of the pEnelsaetintendedtd peovidie furthed ekplamatiomdetherpreséentinggntioonasr ed t o
ni obi um and iohiumalloy wire derived fromingot netallurgy. 20 DETAILED

DESCRI PTI ON S¢fREq-NVENTI ON One of the preferred enbodi nents of the
i nventiongis a Iead W r @REF SESCRIPTION et TRECDRAWIKRSS as fol | ows.
Ni obi um powders are for ng an I ngot or bar of niobium and

grinding or ot her Wigéd isia thargot the ultlmgtetteosﬂeaahremgth@s@ftmcaonoﬁm at a

I FAP h
i et or ). QSIREGT R CaRGC aeBUrhaR alpbiaok iR Fang PG ihRubef .o
di scl osed i ndérived orPHoWaér mbtalﬂuf*gywmpérealto nﬁfbium%diﬁalshﬂﬁblld}ﬂ (WIth a
conbi ned dehydri di ng deoxidation) 1s des- cribed in U S Patent 6,261, 337

of Kumar, i nMegdariveddramaingat mstallyrgyer ence in their entirety, both said
patents gye of COg}H)Qlﬁ%SémleaﬂcW[??é%ﬂa?ﬁ%%? |bﬂ'bf\%gﬁe|% Kumar as

a joint inventor the present 1 nven € ni obl um po ef erably
is attained mmbeMmWQemdtawluM@nmﬁdblOﬁ&ﬂlwvﬂﬁél’blm%(masaﬁl1822 4 bel ow

400 ppm prefera bel ow, 200 con additive.powder is bl ended
with the |ow 'UWB@% dﬁmﬁ?fyv B&‘E‘g‘}r m@%#ﬂ%t‘i?(ﬁ"w ddp 8'%‘5&3&% c pressing
(at up to 60n|6§||0mta@o§‘mﬁrreedé?fv@btﬁddw‘iﬁqoﬁ%etﬁﬂﬂréyﬁ' on or sinter bar

preferably yeilding a bar approxi mat i nches di ameter. The bar is 5

t her nonechani cal | Fig3ASEsaresideand front vwwé qf@uamlq&féfrcap@mt@rdee@r swaged)
and col dﬁr?ﬁ‘{"ﬁgfﬁ@dg@t&n&&%Oﬁﬁp%%?g%e of reductions and internedi ate

anneal s
Fig. 4 is a chart of electrical DC leakage as a function of sintering

temperéfure of select niobium and niobium alloy wire of the present
invention derived from powder metallurgy compared to niobium and
niobium alloy wire derived from ingot metallurgy.

20 DETAILED DESCRIPTION OF THE INVENTION

One of the preferred embodiments of the invention is a lead wire of

silicone-doped niobium made as foliows. Niobium powders are formed by
hydriding an ingot or bar of niobium and grinding or otherwise milling the
ingot or bar to create a powder at a size range of less than 150 microns
25 FAPD (Fisher Average Particle Diameter), dehyriding and deoxidating.
The hydride-grind process as disclosed in U.S. 3,295,951 of Fincham et al
and the deoxidation (with a combined dehydriding deoxidation) is des-
cribed in U.S. Patent 6,261,337 of Kumar, incorporated herein by
reference in their entirety, both said patents are of common assignment
30 with this application and Mr. Kumar as a joint inventor of the present

invention. The niobium powder preferably is attained with an oxygen level



Anneal ed at 2500F for 1.5 hours; Rolled to 0.440 inches dianeter; 10
Anneal ed at 2500F for 1.5 hours; Reduced to 0.103 inches dianeter; Drawn
to 0. 0346wonohemsdicaneter wire; Drawn to a finish di anecarus2@8Bavesd2i n
general terns, the rod can be rolled @#or swaged) and cold 15 drawn,
typically with a schedule of reductions and internedi ate anneal s as

foll ows: Anneal ed at a tenperature ranging from about 2100F to about 2700F
for a tinme ranging fromabout 0.5 hours to about 2.0 hours; Rolled froma
di ameter rang? 400rprah.opreferablydielow 280 pm.0 Axdlicoptadditivesgowiderriet er ;

e ang; ng B PSRLEh S iR qiBETHRMSeS ke ol Pt about 1
inch to aboutpressifg @attup rReG@KSH) tarepreform billatvfor extrasibhor sintér baet er . 25 The
di anmeter of the w re made in accordance tao the invention can range from

about 0.005 iRfefesably yelidipaa baranprexEately e (Rches diamefer. Thekame i nvention
can contakn Qh8fho gehs Agﬁl@‘ rbeaésfag: '8 o Qraa &Jéﬁrroué@g@isﬁuﬁed

i ngredi ents typica RS~ A obi um rret suc as tant rconi um
titani um or andxtald dwwmdylmoally Witle atqqhedubmf reductions and intessrediEde addi t i onal
I ngredi ents can F E’ sane as those used wth conventional niobium and

woul d be knodEGISFHOUOWR | 1ed in the art. TABLE 1 bel ow WO 2004/ 003949

PCT/ US2003/ 001822 Arhéealett st 2800°F 16M StHour®f the specimens used in certain
Experinments 1-5 of silicon doped niobiumwre of powder netallurgy origin

as reduced to 0.5Radlledio GL%mehead@nthDS i nch diameter. WO 2004/ 003949
PCT/ USZO%’/ 001822 Annen]egat é?SOO"IQ for 1C§ hourt 0 aj

Reduced to 0.103 inches diameter;

Drawn to 0.0346 inches diameter wire;

Drawn to a finish diameter.

Stated in general terms, the rod can be rolled (or swaged) and cold

15  drawn, typically with a schedule of reductions and intermediate anneals as
follows:

Annealed at a temperature ranging from about 2100°F to about
2700°F for a time ranging from about 0.5 hours to about 2.0 hours;
Rolled from a diameter ranging from about 1 inch to about 0.25

20 inches diameter;

Annealed at a temperature ranging from about 2100 to about

2700°F for a time ranging from about 0.5 hours to about 2.0 hours;
Reduced from about 1 inch to about to 0.075 inches diameter;
Drawn to a finish diameter.

25 The diameter of the wire made in accordance to the invention can
range from about 0.005 inches to about 0.1 inches. The wire of the
present invention can contain other additional ingredients such as other
metals or ingredients typically added to niobium metal, such as tantalum,
zirconium, titanium, or mixtures thereof. The types and amounts of these

30 additional ingredients can be the same as those used with conventional
niobium and would be known to those skilled in the art. TABLE 1 below
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0 NCOr CO N CO "As G B®seen(on tide fesults (rOTABLER and FigMMthe N N (O 0 0 0 O

0000000.00W.cO0Q0000000Q0. 000Q,0000CCGW
2004/ 003949 ﬁlﬁ‘?’ﬂ%g%ib%‘?'bwsg'?d %%gé};{%h?{ge% gf‘?”&gﬁ‘ ohd '\aé‘gngﬁ%ss‘hﬁﬂ TABLE 2
and Fig. 1, ttAe nidbighLAifcoRiunh Wi at aboubod5d iAtlds dibateesr A Belo®. St rengt h
and hardness than the niobiumzirconiumw re at about 0.050 inches

di amet er and bel oMs@\ electricaldeakagestestsedRupéts 1as 9P % ) wrre\coinducted 1909 wer e
conduct edgf or,, . e L [Ea | ' [ ndi tions)
or anodes5vvi tmrég\%q'ég?ée&' %lg%%ﬂwn%siﬁzc}%’gr’l ss%@@@%hf é”%‘%‘# R#2) and
presented in se(ljie'og siligon Tieestéelsiead SWE xperinmehts td carfdad¥2)amaderesentealin i esf W th ]

| ead Wi res e varjous sintering te ratures. As_can pe seen fromthe
results in F@Lﬁé%@ﬁﬁwﬁ&%dgd@% GED0F aBPempias Wb IPaR Wisst <

accept abl e f ghaddatipdtiotis shhtBHRG t&1ApbRATRE AL LA b@fse%%%gﬁé'ré’ﬁﬂtﬁe’ but not
| ower, conplying with the current tantalum capacitor grade wre

speci fi cat i oin TABAKa below and Fig. 2, theaniobRBBSIliCMBITE ig ac@ptabledpr Leakage
'n 10 use at sintering temperatures of 1250°C and above, but not lower,

complying with the current tantalum capacitor grade wire specification
leakage of 0.6 pA/in’ at 1250°C.

TABLE 3
(@1250°C)
Leakage

pAlin
niobium ingot 0.1

niobium-zirconium 0.25

Experiment #1 0.35
Experiment #2 0.6
Specification 0.6

15
Side and front views of examples of niobium-silicon capacitor lead

wires of the present invention bonded to anode compacts are illustrated in
Figs. 3A-3F. Figs. 3A and 3B illustrate a niobium-silicon capacitor lead
wire 10 butt welded to an anode compact 12. Figs. 3C and 3D illustrate a

20  niobium-silicon capacitor lead wire 10 imbedded for a length 14 within
compact 12. Figs. 3E and 3F illustrated yet another attachment technique
of welding the lead wire 10 to the top 16 of the compact 12. The lead wire
10 of any of Figs. 3A-3F and/or the compact 12 of any such figures can be
circular or flat (ribbon form) or other shapes.

25



ni obi umingot 0.1 niobiumzirconiumO0.25 Experinent #1 0.35 Experinent
#2 0.6 Specification 0.6 15 Side and front views of exanples of

ni obi um swioi»emosepaci tor | ead wi res of the present inwvemtusam3porsded t o
anode conpacts are illustrated in Figs. 3A-3F. Figs. 3A and 3B illustrate
a niobiumsilicon capacitor lead wre 10 butt wel ded to an anode conpact
12. Figs. 3Cand 3D illustrate a 20 niobiumsilicon capacitor lead wire 10
i mbedded for a length 14 within conpact 12. Figs. 3E and 3F illustrated
yet another attachnment technique of welding the lead wire 10 to the top 16
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10  leakage of 0.6 pA/in at 1150°C.

TABLE 4
(@1150°C)
Leakage

uAlin

niobium ingot 0.1
niobium-zirconium 0.25
Experiment #3 0.09
Experiment #4 0.118
Experiment #5 0.103

Specification 0.6

Artifacts of electrolyte impregnation and pyrolysis cathode
15 attachment and packaging all well known to those skilled in the art are
omitted from the figures for convenience of illustration
Other embodiments of the present invention will be apparent to
those skilled in the art from consideration of the specification and practice
of the invention disclosed herein. It is intended that the specification and

20 examples be considered as exemplary only.



Experinment #5 0.103 Specification 0.6 Artifacts of electrolyte

| npregnation and pyrolysis cathode 15 attachnment and packaging all well
known t o wbase/®Bidl ed in the art are omtted from t hePCrgisees/obmse?2

conveni ence of illustration O her enbWdi nents of the present invention wll
be apparent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein. It is

i ntended that the specification and 20 exanples be considered as exenplary
only. WO 2004V6IOKDCPEIMEBASO3/ 001822 10 WHAT IS CLAIMED IS 1. A

process for making a siJicone-doped .ni obi.um | ead w re . conprising: (a)
formng a | ow oxyg'en niAbBﬁoﬁﬁFf)g%E?k'Bg atﬁlbqqngrcﬁﬂney W?B’H%@dg""f‘ﬁgot or a
ni obi um bar apehwsinygling or mlling the ingot or the bar, and thereby

maki ng a powder having a Fisher Average Particle D anmeter particle size
range of |ess thak@hbofRrming alpwxygen nipbivmarpawder by hydadimecsknigbiuimg t he
powder andg, ' v | ghod | : ' oW oxygen
ni obi um pgm(e?@dt(ai? é'é?'uﬁfgélﬂ [ ngbﬁﬁdelhgg\svﬂgw gtl’!]e ﬁ@gf){)ﬁﬁ‘]@p%grr‘bw th a
silicon addithereby poakiry agosvdes paingi aBisheeAperade rPdrticle ®idmeserst at i ¢

ressing to a bar:; (d) therppnechani call rocessing the bar into a rod,
gnd I(e)g subjp@E{qI%ﬁ'&F%@”Q%BF{%és %Iﬁ‘B‘i’Wa{qo?m'%‘P"%ol Igi ng and cold 15

drawni ng steps, apgh f opghyiHifg 6AQ ¥ebkidizi ﬁ'\@‘j)o‘ifbdércé?ﬂeo goeslywi re. 2. The
process of Claim1, V\heredlﬂg“t?%e Si Iicon'ri‘b'rs added 1 n an 9armur¥t that is |ess

t han about 6deoygatingthemewger aad forgiingiadowioxygem siahiumitpewdsir] i con i s added

Garm 1 her el n o r BERACBA oA Phydeh, BB ROYIBEWH B 5o | onl ana
i nt er medi at e additie@ powder ahd icompactingthiegowdeérddy ¢ald isostatiapressingtéduci ng,

and drawni ng, steps. 5. The process of Claim1, wherein the rod is subjected
to a combi nB&Gon of steps conprising (i) a first annealing step, (ii) a

rolling st €p. (d) thermomechanically processing the bar into a rod, and
(e)  subjecting the rod to a combination of rolling and cold

15 drawning steps, and forming a capacitor grade silicone-doped wire.

2. The process of Claim 1, wherein the silicon is added in an
amount that is less than about 600 ppm.

3. The process of Claim 1, wherein the silicon is added in an
amount ranging from about 150 to about 300 ppm.

20 4, The process of Claim 1, wherein the rod is subjected to a
schedule of reductions and intermediate anneals involving annealing,
rolling, annealing, reducing, and drawning steps.

5. The process of Claim 1, wherein the rod is subjected to a
combination of steps comprising (i) a first annealing step, (ii) a rolling step,

25 (i) a second annealing step, (iv) a reducing step, and (v) a drawning step.

6. The process of Claim 5, wherein the schedule of reductions
and intermediate anneals involve a combination of steps that involves:
annealing at a temperature of about 2500°F for 1.5 hours; rolling to a
diameter of about 0.440 inches; annealing at a temperature of about

30  2500°F for 1.5 hours; reducing to a diameter of about 0.1 inches diameter;

drawning to a wire having a diameter of at least about 0.005 inches.



25 (iii) a second annealing step, (iv) a reducing step, and (v) a drawning
step. 6. The process of Caimb5, wherein the schedule of reductions and

i nt er medi woeoasveados i nvol ve a conbi nation of steps thatrdrmsabos®s1s22
annealing at a tenperature of about 2800F for 1.5 hours; rolling to a

di aneter of about 0.440 inches; annealing at a tenperature of about 30
2500F for 1.5 hours; reducing to a dianeter of about 0.1 inches dianeter;
drawning to a wire having a dianmeter of at |east about 0.005 inches. WO
2004/ 003949 PCT/ US2003/Terd2esd of Claimie wireoeiedbe afireCuether ¢ontalnsr ei n t he

wire further contains netal conponent selected fro h roup consisting
of tantal um mc;tiai E%WPHH?mﬁet'%‘ﬁF%o"&Hlf %rBHBiCt‘?Q{S'ishﬂggﬂ?éﬁ%'gm' 8. The process
of daiml, whebRiufn, tiehidindBhd CoRbie@iondaRedf. 5 oxygen level that is bel ow
about 400 ppm 9. The process of Claim1l1, wherein the wire has a tensile

strength exceedi n@- capddetRrpcessekClain i, whergindhepipbiirwowdesihas@am um

al l oys degiv | 'a%g I gy. 10. A capacitor grade wire
havi ng a en??ygéé%‘ng}a&gsgg%'ge | r?g ?g dgyﬁaci tor-grade ni obiumw re and
ni obi um zi r coni umGal | ofheqrocessdofdClaimtll, whefginthe wirethased tdrisile gy, wherein
the wire is de froma process, conprising: (a) fqormng a | ow oxygen

ni obi um powd& "eBQtWWPGF‘chacPaﬁltB%Q%F n'?ﬁagm ‘&\'g é”ai IYMR-HEGONKKRA gri ndi ng
or mlling tBgoyd@&Mived ditdtly IIm iR fifrgyeby making a powder having a
Fi sher Aver ageo ar t ivcl e IDi a%pt erl papi!?(a:l esgi ze range of |ess than about
150 microns, (b) d@hyrAdiapgcitoregradecdre baning agensilesstrengtte exceldingig t he

bxygen’ nftoi re et areds HieBiire HireCah g Bl B e EeniuiniRlods ST ShBEM "o « ne
powder by cofr@mi inget nfe'tauupg;eaaieieintmeaviréai@rmadéivrom@Ermmghani cally

processing the bar. into a rod, and (e) subjecting the rod to a conbination
of rolling af@MPEPWY: dr awni ng steps, and formi ng the silicone-doped wire.

7a o amoan: Faot % ARG ATG Bl th LR poheSEL i o Bt oc0ed
ingot or a niobium bar and grinding or milling the ingot or the bar, and
15 thereby making a powder having a Fisher Average Particle Diameter
particle size range of less than about 150 microns,
(b) dehyriding the powder and, optionally deoxidating the
powder, and forming a low oxygen niobium powder,
(c) blending the low oxygen niobium powder with a silicon
20 additive powder and compacting the powder by cold isostatic pressing to a
bar;
(d) thermomechanically processing the bar into a rod, and
(e) subjecting the rod to a combination of rolling and cold
drawning steps, and forming the silicone-doped wire.
25 11.  The capacitor grade wire of Claim 10, wherein the silicon is
added in an amount that is less than about 600 ppm.
12.  The capacitor grade wire of Claim 10, wherein the silicon is
added in an amount ranging from about 150 to about 300 ppm.
13.  The capacitor grade wire of Claim 10, wherein the rod is
30 subjected to a schedule of reductions and intermediate anneals involving

annealing, rolling, annealing, reducing, and drawning steps.



12. The capacitor grade wire of Caim10, wherein the silicon is added in
an anount ranging from about 150 to about 300 ppm 13. The capacitor grade
wi re of Cwvaizvd@3ssherein the rod is 30 subjected to a Pcratdms/ois22
reductions and internedi ate anneals itvolving annealing, rolling,

anneal i ng, reducing, and drawning steps. WD 2004/ 003949 PCT/ US2003/001822
12 14. The capacitor grade wire of Caim 10, wherein the rod is subjected
to a conbination of steps conprising (i) a first annealing step, (ii) a
rolling step, (iiil}. a Joemapaaitoragradegviet afilClaim ), wheminthenrpdsisep, and (v)
a drawni ng step. 5. The, capaci to rade wi.re of .Cl.aim 14, wherein the
schedul e of SPE@G&&@%C%WB'W%%PB%&R%C@WM d) 2 itz | anpealing, stePnat i on of
steps that  (if)wPloNfey step) (iif A sonBtritleafing SIERS(i9] &' r&dWind 8@t ardPPF for 1.5

hours; rolling to a dianeter of about 0.440 inches; annealing at ‘a
t enper at ure 8fdrawpimgsteBOOF for 1.5 hours; reducing to a dianeter of about

0.1 inch 10 di ageter . .dr . jr V] j ter ,of, at | east
about 0.005 i nchgg'. 1E“gf§§5§'{;}’ggﬁ?%¥)‘v&°§ﬂ% ?g @Pg’l&ﬂgﬁ% ﬁﬂeqﬁfﬁsr ein the
wire furtheof caluctions and imtémhediatecamssidls BwbRetzcormbipatiohof gtepathaonsi sti ng

of tantalum zirconium titanium and conbinations thereof. 15 17. The
capaci t or gr Byelvgsy @) aanealing at adempeeature ot arouti2SA0 forbdderrsias an oxygen
| evel that i ASCa D : GRS i I i Claim
10, wherein t "e B\r%eaﬁgjls&gr Qfaenm Ioé S 'rn-éﬁg?'h ex%‘e‘@@%tng t%@gg}ég}t{’%r%r ade

ni obi um wi r ealbowt 2500BF fon 1.8ihoues)ireducihg ty a disrmiter df dboecd.Hyinéhedm i ngot

nmetal lurgy. 20 . . . .
1(‘8/ diameter, drawning to a wire having a diameter of at least about 0.005
inches.

16.  The capacitor grade wire of Claim 10, wherein the wire
further contains a metal component selected from the group consisting of
tantalum, zirconium, titanium, and combinations thereof.

15 17.  The capacitor grade wire of Claim 10, wherein the niobium
powder has an oxygen level that is below about 400 ppm.

18.  The capacitor grade wire of Claim 10, wherein the wire has a
tensile strength exceeding capacitor-grade niobium wire and niobium-
zirconium alloys derived directly from ingot metallurgy.
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