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WD 2004/ 069453 PCT/ US2004/ 002695 REFRACTORY METAL

ANNEALI NG BANDS BACKGROUND OF THE | NVENTI ON 5
w@arioct4pant s of the w re-nmaki ng i ndustry haveP@EHUSZ04/002695

|l ong-felt need for better annealing bands, better

met hods for maki ng anneal i ng bands, and better nethods

for annealing a metal wre. Inwre dravvl ng arts, it

IS comon Pre g

t hrough resi~Stafrcé— Sicaau Ca

as a final heat treat rrent For that purpose the wire

i s passed over BA@K@R@&J'ND(@*HMESJN\AEWON 10 vol tage
ied to them That wa a current passed t hrough
%‘W?@S otttteew%@?@g 't‘%@t% hayethgdia 'Q"Sﬁ%ﬁ%?q@r beﬁef

anh&WPG HRINHE SettBr Afdticls! iBFmaRing @Mhbah s; aN@ bétheH rﬁethods
part of the wheels (shive) assenbly provi d

for @pRealing & mekal mife. (IR aViRg drawigeatts, it ipaersmen nmttcettﬁ @nneal
coﬂm%re lﬁrhln@'tﬁt%ﬁ h P&slé’t‘?ﬁ@é h@&ﬁl Bewed Hl‘a g %Es R a% a final

ter coo ate on ne Sl
he@ﬂ tegatmentaf-obtilat purtpose Ht,e wire mtzﬁs,sedmhr twoewheete @hwa;) with a

Vo SRUEE) Py, eSS BB ol Al i s
thenvick & ltaamna_,at;ngt@npnrdtunar Alsp- mailed armea'mkgabatrdt,ewhlch@ part of
R A BSERBE ik B TRl L e Phol T aoes
ovmethy veHeet. mggmﬂteblmg wheamembrﬂshnepmﬂbé aGfaténduhhuband
e BB s oS5 e 2 oAb RL S Barhs Wi appeating

bafd ebvelingURe hab! teooke! il t6'a05uIle¢ N ¢4h bAIE Wit e M@ being
the wire. When replacing a worn anneal i ng band, the

thee@%ﬁ pmrent needs to be shut down, which constitutes
t WONRKEIrHidkel LIRS hé oPﬂ?ﬁ‘éﬁl@G&éﬂ {d¥daké Eﬁn@dﬁﬁg pands.

|nterrupt|on of a continuous process. Sone efforts

Unferiunalrly iwite maayfaaturess mm&nggwedttetm phepreantyisised annealing
DafirE LY Rior 2 ot FORRS rdfKe it Ui AR BhpaS )
necessanb| \&epr mechanigss irfetudet fristidrobeiyeen ther whealrishive andthe
veI 0 nn n nds. Fk

it 855 o 18 R e BRERE bl o BB ihen
replammg)aerd)mahhmlmgﬂmnd Be empigmentsieetis hﬁh@lstltutﬁmwﬁ, hich

f Qr eqgoi n ason ere is.a evel o
ool 83 L pioBieiT dcns A nanietdinaine ohodsSuBlon oA o inuous
prdceds. | S6the 4f68 A beeh directed to producing annealing bands consisting
of copper and niobium. However, such efforts have failed to produce an annealing

band with suitable properties.

For the foregoing reasons, there is a need to develop improved annealing
bands.

For the foregoing reasons, there is a need to develop improved methods for
making such bands.

For the foregoing reasons, there is a need to develop improved methods for
annealing a metal wire.
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SUMVARY OF THE | NVENTI ON The invention relates to a
process for neking an annealing band that invol ves
wo b@456|ps of (a) producing a refractory mnet al PEDWAEN4/002695

(b) optionally blending the 5 powder with an oxi de
conmponent or a nitride com@onent or a carbide

conmponent; (c) consolidating the powder or powder

bl end and f orm ng dat ed pomder conmponent ;

(d) subjecting tHk Sl ek onponent to

t heThe inventidrarsistas td 4 Qﬂic@ENorfi‘ﬁ‘ékn{l%émaﬂﬂeﬁlngrb%ﬁH thdt’ inyolves

th ut é@é I ng the sheet, or
&% ﬁ@s pm%uwraﬁqﬁr@cm ﬁ\@iﬁ!@pwﬁgr i{binebtionaliy lDIIaBdlng the
powdér \Dlth af oMb%MﬂbﬂeﬂporaJ‘ﬁi fridle! d%prga?@ cgr)(% %:%rgﬁf‘?ngaompﬁ{@nt (c)

annga [ nt% band consistin
consQlidating,the nowsier er pewdert @mlrxgmrpmnsﬂlmjea powder

C () S TeeTig 0 TR er cBmbian a3 feraier ng
meghalagﬁﬂcﬁatragat anddfiormingeesheet, emltlutmj (e) cuttirigethatseiget, or fube into

t hat I t
2 SRIFE LAy, 1 AORTG A e Rhoeak Ffp e uidbinecs
anrfeaing band escludegas hnn@lmglb@nmkmbﬁﬁsmaglbf GERBBF A ABbRm.
second anneal 1 ng

fi h b
wheel  TERTDEhfich A35 Tl 10 5 Membbt o meRnc csackery mate
annealmg bamdnizalhioly the @i eaing béﬁtﬁeﬁrﬂ@d&darﬁé‘ﬁ}?e%'hhé‘ Bl B6hsisting

f hat ar E cﬂ'ed to each other each hav
© CfOé)PF (SPS? Y% Hie Innention;alkp 1ekaies tq @ eracess fﬁtameallrlgmemetal
wiré thaiin\@m;%éthé Beps\Uhes! pr@xﬂ&’ing1 Rfo %ﬁﬁ@é]ﬁ\p%b%@%é%nmg%n

é)r OVI I ng a contact are
a"%’é@% RQ've). i which\e@eh crepEsing & firﬁfgeﬂj@ﬂhm wheei(ﬂﬂwe body), a

secdRf %ﬂhéé‘lﬁwg"Wﬁ@él (Qﬁ\?@ﬁ?{gﬁ)% aégh %} lb\é'nﬁ %H?h¥ &ngﬁ'gt

between the first an avcur
annggjing wheeland therseaeyid alrmadmg adeehihabaredttaahed tdeach other

cot O ARREBHL B3l PR B ARFRLAE% S B

whw &5d théeecomdearinienling wheer for pravidifig bftentdct sreadbita wire; (b)

oack s BB e R o B bl ST mgebhes: 0
applyinga voliagk netweeu hdlfist amveiihg Banal(S @url’r@%t%tg%gfe%h%e body,
an

throtuﬁﬂ 3[?(%/ §§n$ﬂ@8&a@ﬂ£ H%kl 4 ﬁ@a Qp%arhggg@ggt andhihgreby passing a

curr:eht {qdheamé Lﬁﬂﬁerfc@ﬁdﬁlélﬁs hBt h@d’t'@lﬁ’@hﬁr@@o bard tf th@ @Hh%ﬁmg
he netal sheet has been orrre

tem?ﬁﬁ]tlér@tqfﬁ@e H‘rﬁoﬂ%ihﬁﬁﬁi’(yaﬂmﬁélmﬂaﬁhedﬂfm émwhichtie anneallng band
excludes aRERRBaMERand écﬁ@kﬁﬁ@b{)c&;ﬂﬁ F i dated powder
ons a

conponent has been forne ting a
r ef r 48edRyenting elso releirsco 4 hv\tossteh pravess frirdaktisglap andedling

bl ended
barE AR AR RON R S0l o B AL i
ann@alm Rnd fwnﬁlwetnrp bemmciethetmatmt,sﬂmmasoes@rord@tﬂssy, in

W;@ﬁa@@g%wﬁep%g%p%gn I'?er\r#c))mze% La‘r(ugglgtﬁe%%ment the

consolidated powder component has been formed by consolidating a refractory

metal powder into the consolidated powder component; and the powder has been
optionally blended with an oxide component or a nitride component or a carbide
component before it has been consolidated, in which the annealing band excludes
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-3 an anneal i ng band consi sting of copper and

ni obi um The invention also relates to a one-step
w@e@amewss or nmaki ng an anneal i ng band conpri si PQI/US2004/002695

form ng an annealing band fromthe strip, in which

the strip has been cut frodna sheet that has been

an éme}aﬁdg byng ¢bnsistirig ¢S doppercarmmibbida Btk povsRh A0FNAesto a

h | h | dat ed
oS5 RN OB HBAK 28 2BOEA NG R PP TR B T gaing

barfcﬁfdlﬁ@ﬁ@ﬁ)'ip MatviicP eiedsdiip had BedheutGaing alshdat wigt RaYVsiadn
nent, I1n which the powler has been optionally

fOf%?ggw SHOIGFNG the corpalidatasRRYASHCOBPORER to rth%ra\%mb\an@ﬁk

tredifnefit; "Elﬁ’é iR IigReR %der E@ﬁﬂérﬁen‘t haé Seér?fb?mekj%tc%ﬂsoﬁ ting a
whi ch the anneal | n%ﬁ excl udes an anneal i'ng

refraeiesl Betahgowretipp 0@n§|olﬁiiatﬂ§li RAYder Gompenehly mwhlgh the
pov@de?‘?\aﬁ ®eeh %gn&ﬁ’alﬁ'l H?ﬁ&?mﬁﬁéﬂ’&lﬁérz ggrtngoﬁéftro"?%t rﬁlrrMe Thiponent

anneal i ng net al
or %@airé@ﬁ@@rﬁnamnt beforg ibisponselisiatad, irywbich tl(\a;anmaﬂhg Unand

excilestafiriietliha béida (ARG Redetlach thoas™ (=)

aI | oy sThe( Im)/enmmgalse relatek ¢y a me(ml)erajolrmrsmgfa (eﬁ)aca)ry metal

ct.0
andeind B o BRI o8P udeidny SndlRle SRCBE R a0 Bu consisting of
(a) nlotbkmh,,(b) tahealhm?mct) ln:cgybdeaob@ d) ,tuu@gsﬂer( éé) m@mn{ahldyﬁ 2(2)
c e an in s a thi ss

tanfal Ay Fehmaybidenusn glovs, B duservays. & st t (13
refraaiosy) metdl bﬁ&(@f@ﬁbn-@ef?é@fory el @dlectdd frorﬂ e QF&Hpronﬁlstmg of

ranlngfromabout . 5" to about 6 ft whi ch

CoPREh dUEKEh ditasiyy. 'éwceaél& and (ﬁﬁﬁwnaﬂgn%me%%rsthah@e
am@‘anﬁ@ew has'd th.ekrcé},wahg@&fra%%%'m&gboﬂ% gl g«gﬁ

hese and ot her features aspects and vant ag e
rangwe frane gbeut 0.287da@abent 163 a rilamﬁt@rn@ng@gtfmm ah@dr‘sS”do@bout 6

ft, ﬁg"b@libh Jﬁ% %ﬁﬁgglﬁlgt &W L@eg %Wf'ﬁgﬁgl\ﬁgﬁén@é %lsﬂﬂ@o{) gopper and

A Side i e
niokinmeal i ng band; 25 Fi g 2 shows a cross sectional view

of the annealin Fig. 3 shows a
si de vi ew of an% 'l: Eﬂ cont ai ni ng
t heThesa maed|ather fbamcbs Bspects} ant@dvantages sbtheqresant flvention
ew of the anneal ing, wheel ass sho i.n. Fig., 3.
wil S8 beiSE ySRISEou ik e eencar o I nfiphrsctBlion dtick
appymg@lclarrgs bamsteof this invention. Fig. 6 shows an
| band with a gap in a non-destructive
ﬁghows a side view of an annealing band;
Fig. 2 shows a cross-sectional view of the annealing band shown in Fig. 1;
Fig. 3 shows a side view of an annealing wheel assembly containing the
annealing band;
Fig. 4 shows a cross-sectional view of the annealing wheel assembly shown
in Fig. 3.
Fig. 5 shows a side view of a continuous gap-free annealing band of this
invention.
Fig. 6 shows an anneling band with a gap in a non-destructive position.

Fig. 7 shows an annealing band with a gap in a destructive position.
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Fig. 7 shows an annealing band with a gap in a
destructive position. WO 2004/ 069453 PCT/ US2004/ 002695

WO 200DB8CR PTI ON  The invention relates to a prPCEES2000002695
maki ng an anneal i ng band. The 5 process invol ves the
steps of (a) producing a rdf-ractory netal powder; (b)
optionally blending the powder with an oxide
conmponent or a nitride conponent or a carbide
conmponent; (c) consolidating the powder or powder
blend and formng a cqEOCREAEN powder conponent;

th [1dated powder conponent to
{ T RBRKERLAN BIAtER KEAPHERES [ aiaHbrangnasaiRe dandr The

prdd&b@mvbﬁ)ss Wst ét%e 8 of (38 pPdifiRing LFefrbBidny P%gég 3)‘0?/ S(E)Lléﬂ;ﬂonally

Hg formng an anneal I Ng
b'eé’f’inﬂﬁ PﬁW@lﬁr with ap ﬁéldarﬁ%monﬁgt Qf@w@tréiﬁmQWMeahor a carbide

copBat (ﬁgc&?é?ﬂdﬁl%g;zﬂ 8 HolePbr SRR i bnd HopRindTT e

refractory neta use e I nven |on 3 be
congelidateg rpgmdgr gompenerit; (déanlaeg:tlngrthe kondudidatediyemaiee doinponent

o 3 ROk S o YA LTS, P, o

tubedntozcsteip.yorrringaland §) foymitey an amdalidg baho Srenimdsstiis, @Mwhich

the{ e8P eXdhladsh Sniediod Bhnd ConsiE el cotbdrand. ( q)

nlobmlhy'ltmenframtaw mgtal poWilet ustgish et ingéhtiScan(be ay Feb¥stop)
a non-refractory metal

d (2
meleh poRpkl WS Fhen SotiRte I tiedledtinil wrp opipe mvamioRel
produtenani annédling baﬁ@ kit indéittionl )Ex‘éﬁ{ﬁﬂésrﬁtéuﬁaﬁle r&i?&ét&&fmetal

erein, t eterm re ractor can
poy erﬁéﬂ“?‘&g%P% madg feom {q) m%b'wacébéwﬂtmmm)anmluly@nm (d)
tungstehi (@é‘hldbﬁﬁn allo mdiseﬁl?]ﬁé?ﬁélﬁhﬁ ?Ql(é ﬁlP@bPSﬁﬁrﬁ%ﬁl&gy (ﬁhﬁbsten

al | gy as a su
a"%n@)eaﬂlpy% ef dn agetaetpey metatiand (2) sheon-refrastary deetal debected from

the%#@du?&én%%th@ d E@ﬁﬁ@”ﬁgg@nﬁtﬁﬁlhnﬁ, rﬁ 605\?\)% e,f’arﬂcm Onelglnatlons

ment, - the refr
thefﬁﬂﬁdéﬁéﬂseﬂ heegin, dhe tgrm Ireibaabmwmmetalr baryappl& taﬁeftamsrglmmm

t of bout
o SRS P AR B e e
allayel ow 100 ppm Such a povvder_ can be nmade by a process
il e e 5 B i A B oSS b o

conselidelted ahe stigdctet atHeM@oBTERHMNIEANTEhEME. 9 ond 8RTLBHINERNL,
s of such netals with each other or

the SR et BAVATRII G5 RIS AENAMIEL Wonigm gr aless shg
tanfallgn bydibbﬂm RAvif andxyéén é@*’té&tt df]'jbos‘rsnﬁalpégﬁ.ﬁ?‘?@ Hﬁ{

pre%e?@y bgigw e r@pmﬁng.r%r e?nﬁef:egh&zbelwdl@@églm Such appg/der can
be madé b§ 'a;}gfaﬁeéEQﬁ { nﬂﬂol(;é(é? He-stéd 50(i) pR&aiRG TRih08 168 Fnesh (or
mlnus 60 mesh) hygnde powder of a first metal selected from the group consisting of
tantalum, niobium, and alloys of such metals with each other or one or both of them
with other metals, (i) heating the hydride of the first metal in the presence of a metal
having a higher affinity for oxygen than the first metal's affinity to remove hydrogen
and oxygen in a single heating cycle, (jii) then removing the metal having a higher

affinity for oxygen from the metal, and (iv) thereby forming a powder of the first metal
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affinity for oxygen fromthe netal, and (iv) thereby

formng a powder of the first netal WO 2004/069453
wEIMOBRED4/ 002695 -5 with an oxygen cont ent PET/UEHS4/002695

than 300 ppm Such powders are further described in

U.S. Pat. No. 6,261, 337, i@c_orporat ed herein by

wnth%fnecfﬁﬁé%bﬁ‘tehf& 1684 ﬂhéﬁt | 81H hdwddrB@rd ﬁfr{h%Fheééﬁbed in

er 1s [ ende oxl| de corrponen
U.§j Pati bl@ @aﬁwéﬁénﬂcwpowte@h@iedebwmﬁg@n@enn itsedrdiretyit i s

t.ab
COnBRkb Y SRe SHAUY o Q5L LRRUG A B K Bnent o
a niixidd esmponentii@ daubidecomponent beforedt is consajidetsidurBuitable

o el 5E BB e A e GBS oos

mduderbub)are;last llmlﬁdaommgmlm oxitle cdilicomadxide Iydﬁhgm @Xliehe
used is. ast abaq pman can rapge, fro out
2 s s D e B S OBt O Ruah gt ces.
Thp @Mmount at whick slith Bkites d@ﬁ bé ebd dseaﬁééﬂn laBoaed Perd drdl ddherange
sel ected net al Lﬁibgm Exanpl es of suitable nitride

frofhehQHi 8 RRIA toxFkok AP0V PRM @il ars ahPWEAD ImaRouF Fobppm. Slitable

nitfiddy iAEIUBR Bidbld Sl8dein'thEBbidBledthétal SRterh aﬁ%Mﬁ]e@' drlsuisole
and conbi nati ons thereof. The anpunt at such

nitrigles ingde bukareet ligitad fta nigbiumeaiidea iantalum niiside azitconium
nltﬁ@é‘ Q%frflurﬁrﬁltﬂgé’ LgndBCd?)gﬂh kiﬁé‘r‘eoflqg at wﬁ{gzﬂ%‘uch nitrides
abo uita

about ppm to O ppm e car
can bQIU@Qé ig aidg@st@@pbt % epmtansk canrrange &rbmeabduh Stpipen to about 1000
e tal system Exanples of stable carbides
ppﬁ] (J)rlqﬁ%leg ut are not limted to: TaC, NoC, WC, HfC,
1021p@] toraout 8060 pponiBuitableocesbides swhliedhode chrbidEbdhat are stable

. t i ch i d be. d i t t

in B ecil bl SIEC JePnle S SR i T Fentug a5 Bk

limit80 Go: A0, dbJ, Vo0) HﬁlllegClWiépmdto@mmﬁb@BﬂsWar&Gglé’ MEhe
owler can ol i date at enabl es

anfaiEt S g ) S REes cop disetiS e B ABPUE 1€ APty S0 621 range

frohl SB3UTSBpn® teMsoud fl 00O B ph &I @Boaond;imﬁ t@abmﬁrmga}idnmg
band of the i nventi on _can be

sui BB PEWHpRARRoNSOligaiad @y@xwmw tfpﬁt@@@e@ééhe Frftactory
mét8IQsdwilet fo B SSSEQE RS méﬁﬁ]enpét@5§ bﬂﬂe"i‘ﬁ%nﬁbﬁ‘ss It Qan

processes, and‘conbi nati ons of the foregoing.
anaealingdiagd df thesiaventiosdcan hrempded Examgles §unabigpecmease9a

I i Do e b R R PR BB R R Rk i Sifering
pradesses, @nd sonmbifations ekthedsre@nlr‘@nd after extrusion can

o APRRLE i o eler B chupb et Bt
rafiggigfremexboutisionntennsbratuie (2530) ®xddusi on i s about 9: 1.
3300°F (about 1815°C). The reduction in area of the process before extrusion and
after extrusion can range from about 5:1 to about 20:1. In one preferred
embodiment, the reduction in area of the process before extrusion and after
extrusion is about 9:1.

When isostatic pressing is selected, the powder is optionally subjected to a

pressing step. Preferably, the hot isostatic pressing step is carried out by placing the

powder in a hot isostatic pressing can, optionally coated with a barrier layer such as
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When isostatic pressing is selected, the powder is
optionally subjected to a pressing step. Preferably,

W0 b@4loa#453 sostatic pressing step i s carried ouPChyYS2004/002695
placing the powder in a hot isostatic pressing can,
optionally coated with a bagrrier |ayer such as WO

mcﬂ%ﬂﬁﬁé@cﬁ@ﬁé W&ﬂﬂ/p%ﬁﬁgtﬁe cah il IhvPRestit press vessel, and

acing the can in a hot | sostatic

cua
sufjeg e géﬁe' Toha! '8956 fCRieRsIN0 cABdijeRs a2 PIGSHAP ranging from

abbSORY Idi k& a2 451 K3Y f@r@ééﬁdoq‘éﬁgﬁ‘lg fﬁ‘)nPéS&?culr fodrdd %b&gt 10
from about 10 ksi to about for a period

hoyrsn gt & derpeyaiuse FANGIND freyn mbput ‘sﬁaﬂif (alwput B357G), toaboat 2600°F

(AR B freldtil 3F ot A 8 o pLPhattp Rils 8o abour
2300°F@boliior26aboyt 6 hours at 2300F (about 1260C). When

t he, powder is consolidated pressing and sintering
st e}&@\e" the Pewdﬁro@§Pa$fé'dﬁt?ddydoreﬁ$la&aa siptering sigps. it is

p09§I SELERE unﬁ&ia@' p#e%@iﬁb ProcesBES DI NEoRERCHRIS; ﬁ? |#)2('3&9533&3 and

onbi nati ons of such processes. | n one enbo

comﬁmagg@s g&s@mr@c@sisg§ In lpee Enhndiseentdingiead af sumegtmg the
predisBY Sblhvaer &tﬁﬁntetnh sfgpeﬁ%e&egg’wﬁévlvé& mig%g&gﬁ % t&sistance

resistance sinter ¢ondi t'i ons
singgringt gangidionsg,Lin wdirth apmslseislcalmwwghpasses pronadgh theopowder to

oreGAE BB L Qe J oy Sy, Che metal “powder. The

MensI ons o cons powder conponent can
var Yhel dipearsians of ¢ire d:dnsoﬁqiniéd pewdencontissrandtary vaitytiepending

on ltﬁggéagggﬂ% hgeﬁ%n l}be %%gh&ot §§r8n§9 Iggﬁ}r&ent 4% compo%eSnt is at

leasbalsaltidd sdbedit powﬁgrth@wmrwm(a ténselidated pbwabPsdmponent is at

leasb A 22 S ; SNa4e hast o s Gongsldaigdquwicst eaponent i
at leBsEABYUN 8T (abBRPS! | lcﬁ‘ﬁ nln ar‘i&iﬁerl é%ﬁﬂéd?m@ﬁt Hhelenﬁﬂ%rlﬂ‘%é dat ed

owder conponent ranges from about (abol

idatedpowden geponesit ranges rasn abau4/ (abwhwwwtto;?@ut 40
(atfbut 1eper p?&e@?{ly fén %Eewﬁb??haﬁ, @?éﬁh G?EP)n; tcf?océat[f 30t (914 cm).

anot her éenbodi e conso
In M@refﬁmﬁj@ﬁ@hﬁh& wisfeef therconsaliseted [®vBter cabwpenent ranges

frogp%b,ch? P%Sﬁou@ 3;4 @anféi aob%g 3*:{9025” ?};@gﬁgﬁr&{n&n@&? 9bdut 0.5"
(akonibt IBesm)ciotaboiLdht(121 %emhelrganogbér etrhimdlmemsb tHe ligletcbf the
t 1.3 ,
co RPN BB P o B8
(7.6 @b upreferdBly from alfouy 0. M‘O(ab()abﬁat) td 2b8utcsy’ (albut iheo cm).
i nvol ves .a conbi pati on

the chani c
B HefomeR anita) SRR T R oies & boRbMaHAR of gy
rolla‘tgegna@nnb@m@emmsed out under any conditions that
aﬁ%%the anneal i ng band of the invention to be
or

'ging SIRP ARRRIFAFRY OUt yder gpy cARdiionsyihat enables the

annealmg band of the invention to be formed. In one embodiment, the forging step
is carried out at a temperature ranging from about room temperature to about
1800°F, preferably at room temperature, into a sheet bar having a thickness ranging
from about 0.5 to about 15” (about 1.3 cm to about 38 cm), a width ranging from
about 2" to about 60” (about 5 cm to about 152 cm) and a length ranging from about
2” to about 30 ft. (about 5 cm to about 914 cm). In another embodiment, the sheet
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is carried out at a tenperature ranging from about
roomtenperature to about 30 1800F, preferably at room
W0 eopesEtiire, into a sheet bar having a thi ckneGEUS2004/002695
rangi ng from about 0.5" to about 15" (about 1.3 cmto
about 38 cm), a width rangizng from about 2" to about

baiGitds 4 tickniesS ot abdub 1abinghes), 2Avigt) ofebdued 5aneids, BAAAII88th of
ab@{%@ out Oé t)o about 30 ft. (about 5 cmto about
JRyes 10268V her enbodi nent, the sheet WO .
2oomm@ﬁm4@%t@@ém 08HaQe ﬁﬁder%ybﬁ)’ndﬁléﬁs tht 'éhﬁbl@@%%

a width of about 4. i nches

a”%@%"@ﬂ &and of theala\ﬁnﬂohéo Pﬁé@f@?ﬁd( 1Te reing Smégertﬂrahlwgvolves
rollﬁigei)sh‘éiﬂ bBRirtRE rshS@E Hiingd) lﬁp@@% é}@ﬁh\c;i R 2Dold'&b10” to about

enabl t he annealing band ntion to be
0.5 &ﬁ\mo Oﬁr%n toabquid- ?s@l@b agwidéh rangingi fran ebewt 625 dblaboegt 60”

(abBEDSR P bt G2 ol il g ol fi 853 S19B8ut 100 .
(abgpb 2. 713rTBtooat;out 3043 dmi rraarg:th@r dmigodimbot, thedstzst hho a

N e T W

feel(abbut:mﬁZécabout 3048 cm. In another enbodinent, the

kne out 4 S,.a vvidth

of *His. A Teafing Hlehé Rt Ghruéd S riniep Py OTAITars tht erbles the
anr(&#hngbaﬂdiaf meam)entuzﬁheo BB Ereldd TSR BIING Bt Atheafhg sRD is
er, any conditions that enables the anneal i ng

cariesh @54 e HeaaTR feDEMSdTayR aostR0|C o ABPU AUPD Chiraterably

fromHMRAL 1 6 & 4 ried out at a tenperature
rangi ng frorﬁ%g)ggzto8 OC to about 2000 C, preferably

f r dmoap@mboroent theairocessiabe. indGdésatdeastameddtiermasdiate
andebfind S0 Fpleldn She aNfediie Sdhisie R Grer aodts 1 o

anne
90% dotal dm‘onmtmrf tRar exbople, wvhéddhé Oons‘bﬂa’atteﬂtp@bvder component is

F i dat ed wd
ol B TR oot R el oD Ircetold B0k ciisevmas idkness o o
lntamuratééﬁﬁééﬂmg sfepddndd@drribd bgkﬂ%fél% pe&fbrﬂn HothERe: ﬁ‘{gestep

al i .can be carried out before Ferformn
t he B0 a siiip hgndng; A dhiekness cangingfremaabnut 0@1
bb@t\/ﬂ) og ﬁh wbs | OATURR
(@ C to a&ggjtS@ (EBQ& i Cﬁ’? I?F%ng@nagoﬂ-org #r angl ng

(abppto(prﬁﬁgmtto abaui10” (ahsw O@) cay, an@a tepgttbmngingdrond aboutt 5”

{l f
(ﬁlbé@l‘r’I 237‘1:m) Q@Q% A &mg@?)fop??ﬁ% @fg]ea%ﬁ%cflﬁment GRS is a
mol@mﬁbﬁnnﬁaylng arhardnessganging from attoul B0fickeps taathorud 280 Vickers.

n RGN e AT R S by £ R332 enain
fromalbpbidEtuviickérsite abanvtl 409 \ackrarsd hesmthmnﬂ@jlmﬁahﬂ heBeitis a
tunés?}ggg rﬁekrm Tc’ngtq? gg@%%%ﬁq?‘g%l% fC rom a%out éboa\ylckers to about 600
Vickers.

The annealing band is formed by placing the strip on a three point bender or
any other method from which annealing band can be formed from the strip.

In one embodiment, an annealing band of this invention can be made from
Ingot Metallurgy (I/M) techniques.
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tungsten strip having a hardness ranging from about
300 Vickers to about 600 Vickers. The anneal i ng band
WO 00069383l by placing the strip on a three poi PCT/DEI00€002695
or 30 any other nmethod from which anneal i ng band can
be formed fromthe strip.-Bn one enbodi nent, an

annthé angedliag handl of fheSinVéhti@Jﬂtlé ﬁﬁd@@fbnbgagm@a antalum,

(©) e hsisynm (@oagen. @) %ﬁ%é@c&?@aﬁm@u%@)
mdlybd%ﬁthélloy§( RSO, 'WﬂsttE‘(E}( e[f a%%r?hﬁ%u arld%®) a

bdenum t ungst en,
noreg\ t%f@@t{a lplecteq, gm epwmmnsatm@yé@or(ner nickey ditamium,

iroit! doBwk, arld Q @rﬂtﬁﬂe?tlo% tl‘%r)eofaghg]fahﬁgélﬁﬁyba'ﬁ%tc%ln ¥ %tdfbao an

non-refrac met al ect
an@%ﬁﬂ@gwhqegaaﬁenmbpfean indinekasineateirt \When msediln aroim-line annealer,

ne 20l Bath Snd LR RBol T bre FU AEEL B Brymecus

opeyatiom of ielannealan g édrer perititeof rosrecham 160 hours| binore, of

I d ful
corfi88 Bherani §r AR aRA @i, RESHIMeRL S Sngsina oo
remmnss beefahfoealperiod carnginy frompesdreqla® 86 Aot 180 hbBks of
conti nuous operation of the

Coﬂﬁ#rggﬁ; 85‘.5@5% gh@eéﬂ‘?ﬁ%?ﬁent the annealing band 10

Whearigis saidtaef ik shaealm ngb%a’rid@daré angfng itf rh@éﬂs'méﬁhbf@ﬂeélﬁmg
about 1 hours o conti nuous operation of

0
bar} %mea(?wgﬁ in an nslinegnnegles coptipuonslyarthontrasuiting ar e
replaseaidt of thelanRBAIY BRE add\GitidSR %ﬁbﬁlﬂg doRAMS Clﬁ{é annealer

anneal wire in anin-line anneal er continuous
(Onihe prraespisglinel ng  repl acement of the anneal | ng band

an dTWé érﬂ%‘é‘m% BHﬁaé th%ﬁnﬁ&‘? 8rle|[i’ Habl@r%aeg %erﬁ@?%c resis ance

t he processi 1 ng’ban
whicherelated tfphlgh emeihrllg/pdnat/wchlsrhegevmim brecari advameageous property

| ated to high nelting point and is believed
in étﬁglle%@da e?g\'/ant ageous property in annealing bands.

FurFurther, thé anaealieglbands beefdmbmaé&foﬁbd)lublﬁrvﬁtmﬁb \Alnre that
ith the w.re that 0 touches the annealing
touffedPetorfibbiba g ket Bnerdire, 25hretbrar WS The

di rEmesdimensiohs bhmeaiﬁin@allnmﬁaﬁiﬁé}‘é SUCR it Rt tth@ bnkditihg band
be used in a wre-naking

car B WL R WP TR mE G St Ao A annemlogdiaas) Preferably, the
anraliegbanghlas %l&@ﬁ;ﬁ rérﬁb ﬁéﬁﬁﬁﬁaﬁcﬁlﬂg'dﬁ 9;5 550 BRPUL yidgh,

rangi ng from about

fanwgi‘mﬁb% 0. 2%@1 aaouﬁ Hhetrd a digmgterangiom fedbo about. 55" to
abdu® 62P Iﬂ%@ten%éoﬁmeﬁtnt%rﬁgﬁﬁéjhgﬁ%as 5 Bcia1RaE 3F LBSut 4 mm

band has a thickness of a
thick, a width ranging from about 20 to about 25 mm, and a diameter ranging from

about 350 to about 500 mm. The annealing band can be (i) open-ended, (ii) welded
together, or (iii) open-ended with overlapping beveled ends.

Advantageously, an annealing band of the in\}ention preferably has a uniform
microstructure. For instance, when the annealing band is made of (1) a refractory
metal and (2) a non-refractory metal such as copper or nickel or titanium or iron or
cobait, uniformly distributed throughout the annealing band. Alternatively, when the
annealing band of the invention is made of a combination of refractory metals, the



10

15

20

25

30

thick, a wdth ranging fromabout 20 to about 25 nmm

and a dianeter ranging from about 350 to about 500
woeo4Dbmlsanneal i ng band can be (i) open-ended, PCT/U$2004/002695

wel ded together, or (iii) open-ended with overl appi ng

bevel ed ends. Advant ageousBy, an annealing band of the

chemwahd:ompos‘mcef afrthd ajoyhia uinformn tHretighoud thaBriHedfitg BaHAIAhd
For, i nst a nneal i n and i s made of

whptng BEReaIRG sel e mRbe 0By SHakrRRS KPSy OVBIostLgre of

thesanre2fing band ishurfifoah tlﬂbu%hdtﬂ'ﬂhé’ﬂhr%ahh{; ®8n&! Unff@m{)lof phase
[ roughout the annealing b

. f. di st buted t
dﬁiﬁ*’@%&'{e\/ 1|>§SJ C[’im%ﬁ'%t?ﬂ gnd aﬂﬁr@ﬁtwﬁgreo@ﬂfpsepmﬂw@ umform

i ory
oS hosi GG oo SEOEIY) 0 ppLonEL

chelf 4s® theopresass 9fdhe tvepiian produges @swtabﬂearaﬁﬁactory metal
pkoBéro UQ{E’H&W&J}O BpRsAlY P%nggt{f glgg@gfomdg?&pﬁ&%ﬁ@gpg Ahidg

I s made a sing
Comp@ﬂﬁﬁtqf @ctaride Gﬁmpph@tamdéhe pngderamrcba\m:ien bleindrisrconsolidated

sudffha e sBtisore AR bBRpBRRT oY, i dnbobuaBd Botiee
compenery pﬁ)am]ed;ted tontheomaantegblapicalséatment) @ntlisesheet faingr Ghe

f . ., th
sheetit e &g o1E Snfpo Bl SRRE b S o et
r ef V\mehdhty powtied formaxmmepsﬂm@e tp@m’@*cdnﬁctulfd%bﬁ B&psiand the
onen or antrid
SheRS TR Sebeshug st or e R aaR, S W ssastapsdiave been
pemmtﬁ byoh eéﬂndespréﬂaéto Ehéiﬂtléﬁlonﬁh'élﬁdéshﬂw@s mgfr@éés‘%%ﬁd

nponent forns. The consol i dat ed

a@mﬁ%@ﬁea ling bany bwelmngthe skans b (Mg %ameqt inde@radig;, and
(b) 3BéhnidAg BA %%heélﬁfgrﬁand-lmﬁn t@ﬁﬁ@ h%vrﬁéﬂ thb%%?sh%‘é?] h8s B‘Qé’n

an anneal I ng forns

formegidnyrsupinciiag tr@rpons@wted h@W@@\mmmntst@I thermaroechsnias
tregtﬂiegr& 'E'} d iRR#idh lfhgrﬁﬂéé\)\ﬂgte?{ ;ﬁ&?de!?%%ﬁﬁmggﬁ%nt hasbeen formed by

or ned, ese s ave b
cormhﬂ@tmgg@ refgacmrys metalmmeomt@lﬂrre ccmlselldahedapd)ww component

suT¥het i heflehs GhERRRLOERIR vl af ondle oMb oBRaEer s RS
corspongt, @Tajcarblnl)a o‘ompmegt mfomnsaionggndamw fromthe
str

b
su bY\’E'?P it p?‘ﬁ‘ier JBW%?}I‘% Eﬁg‘?%%l q‘;ﬁf‘g gf&?ﬁ%@}?@}i& g%ps *e sheet
formbtiomsiepchadiheadheet E@ttgERps haté bbéh ph- ﬁé]fdrﬁh%d the invention

nsol i.dated powder conponent has been forned b
Inc@gﬁ

$815npe e %{O?wrfawawg Atannegigeand FATBPrsiag forming an
anrﬁ‘éﬁﬁﬁ@'bbﬂé'ﬁ%% fh@\&‘ﬂﬁf lr?@/m%ﬁriﬁé”smp%s%é%ﬁ dJPﬁBmtJ‘&é?e?Mrhas

is optlonal y an Oxl de conponent or
begy foringd %%Hﬁi)‘%ﬁﬁ'@ﬂtthe WnS@h@@tedmwdebmn@mntt;ef or e i t

el R RBRRNE S SoBtol  NRIECrk BT B i v
beemiprmad bysessolidating agefmcé@y rhetakpdyedan into éheeorisolidatdd
pO\MF@r éo?ﬁ’p%'ﬁtehe "Yuch that the powder is optionally biended with an oxide
component or a nitride component, or a carbide component before it is consolidated,
in which the annealing band excludes an annealing band consisting of copper and

niobium.
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i ncludes a single-step process for making an anneal i ng
band conprising formng an 25 anneal ing band fromthe

W@ R00069455 whi ch the strip has been cut from aP€E81004/002695
that has been formed by subjecting the consolidated
powder conponent to thermpgrechani cal treatnent, and

in Rbi wmemummeésﬁat ®d imanien wfdlUHé@ré‘?;B}bcé‘e'}beor BRE&&aling a

consolidating a refractory netal powder into

mﬁ*‘ﬂé""@o‘ﬂé%“‘?'&ﬁ’i’%ﬁ“ A[RRRIBE M@ﬁbé??&ﬁ@bhew&ptqmedt Heach
anfReAgwhee! (Hive) Basebl) ifthethd aMirshamibaiing %e@p%shlve body), a
conponent._ or a njtride component, or a carb
Se%%{mm%wéﬁle(maﬁe)@quahm gand, in whighi the firsi@nnealing
wh@@ﬂ(%@ﬁy%obﬁﬁ@e%ﬁﬂbéﬁ?e%h %g@%gég%%%%?éj aft2daStb ' da8h other

copper and ni obium
eagichavesz 0efraery eesial anrealing bamd dogated h@twgeoccmﬁrss annégding

wh\%@f}’@ﬁ?#’%q tﬂ%lsléggr?d Qnﬂaﬂﬁgﬁetepﬂaqghn fét Sdr&g lﬂg EX ﬁ%ct area for

an anneal 1 n
a V)tif&;vamadnn@mg bantinambe Mamﬂim:bio dredmnea)ing sheab(shive)assembly

' | hi b .
TR TN R AT I —
whieel(sbm(/je)tassbmbfy rﬁsmrerpla(e@elbs ?\@r%%\b?ﬁﬁahﬁybtd?ds ah@bth famneahng

nd anneal i n ee a ac
whBBE RGPS 2ny arvollade suthrles heby fefist cfsAinoitaga and the
setktﬂrrmdande@ﬂﬁg band&ovRsty &lreerdt lpbﬁéesathl‘tﬁ@hl th8 wn‘é’flﬁﬁi'er condltlons
?l ‘y%] and the second anneal i ng wheel | at e),
thel a1 B o0 Rese hecerweNag tempeyice offe veen BN veliage that
paSsdrai it Sniddl st R ahPd s hhsicuse!

(shlve)assenbl by any suitable technique, e.g

cl afpe Wiyetthat %ﬁrh@awhiﬁj?t%mucht%mﬁﬁ@mélmﬁ gwcilme GOpper
wirdB & poaP i (g)an e (;% HumAirdd, %lﬁﬂﬁ&ﬁ%ﬁ@%ﬁfre& rﬁﬁ% wires, steel

annea i ng of h annéa
alleyhwires, \amdt@gdomailoap ihereof. detafd;mensmes of thstwmmmehbam e used

cal MR 585 UpAE A B9 Bt B0 ity 21 0
cotrse, wireshawun@bvthiee dsnertsionsarands useg dsewgder at ure of the
t hat f t h I

Ve GeRER G ParenEl £30PER 2 Sy K eh SheRa ot Anpesiing
basdibj Sectidndldines!¢ anaBefig. nlgreiﬁérﬁd itthe cisJsB@tidmldEw@WRﬂQIﬁe

W res, res,, alumnumwres, alumn
ani 1B A BRoWS R IO % . Shefise BRealpo eeLasR b 11
coRtaifng el ingalintftaf 13; Bna stidas ines7 ahd biterfertd &etd?aés-

can be used  can range from about 0.002" (about 0.0

selignat ewtal 9. ¢, i whish#ig annesiiggpanev5 ixaitached t%heé@,nnealmg
whBaNi 179 f¢r di nensions can be used as well. 20

Referring to the figures, Fig. 1 shows a side view of

an by embedimgnh@al anmgallrtmlmdsof te d1veotien has agaplinanpther

en@gﬁ{% dtghov%e\fe?ftﬁ% ahﬂeélmﬁﬁ%ﬂgj? ’t@lg g{v'egﬂgtg.&;gﬁ%%ust%ed does
notainolade |ar@pmﬁml5 shewsraxtontih@ous, gap free annealing band made in
accordance to the invention. Fig. 6 shows an annealing band with a gap in a non-
destructive position (the gap does not coincide with the wire leaving the band). Fig. 7
shows an annealing band with a gap in a destructive position (the gap coincides with
the wire leaving the band). Without being bound by theory, it is believed that when

an annealing band has a gap, it breaks the circuit (in which the current is transferred
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cont ai ni ng the annealing band 13; and sectional |ines
7 and 9 refer to the cross- sectional view of Fig. 4,

w0 pooatosal3 t he anneal i ng band 15 is attached toP€TES2004/002695
annealing 25 wheels 17 and 19. In one enbodi nent, an
anneal i ng band of the inveqfion has a gap. |n another

froﬁﬂﬂh@@nﬁ@ﬁﬁng MY Bhe WIrLE aRRNSGEASKS S18iRE o?fthé ﬁueﬁhoodpof arcing

ntion IS conti nuous _and does not include

(afFP lestyed gHonOidha PARdl JThe L@a@fﬂr@etlmdﬁndge@m arcing.
WHde‘l/éhtag”ébQ@gdﬁfé%etd? o ntih DY A n€ bnd SIGHOUR b to

anneal i ng b in a non estructive
be gyenly |Q'ﬁ’ﬁrlt(lttﬁé”§§9l|éﬂftﬂ@@§ﬁﬂfﬁ lepgthnafitile band. T hehsevdfraecontinuous

anh@ﬁﬁb%nﬁhﬁ‘lpgﬁ@ggonf Hubus. ele&P&%?IQQh@Pgﬁ&kt hIbBRN Lng

estructive
th%@bm@\raﬁssdmnbhtestth@ ammgetﬁrmhongthertranbaamij rerW\lelsdhé potential

forié%% 5 \%ﬁ%ﬂ%@g% %&? BY %ép lintsth%ﬁsgtiv lerﬁeéﬂ@' llncqugllnafy annealing

bamia evhictheontainrgaps), ittse ancafgsé eoncshtrde LW 44 RaI493band, just
be J 82004/ 002695 -11 fromthe annealing band to tl%e
W 9%Rd increases arci ng or the likelihood of

ar CTIﬁ@hfe(dira dondesdusethneaMsd BandPiatiBth Bedtfdanctis ths ﬁlv@ﬁtlon
uous band reduyces arci Advant ageously, th

is ggéé’rgﬁ longBihaR s e 96 REANNAY INSeiRNCNPaRS GaserdanEe With the
mvbﬁtugV@ﬂihYQéiis%ﬁd Butstshtiany Bfer t @‘én@xréﬁli/ r@cérﬁ@%gs 8hnddifg

The use of a continuous anneal I n

bangrghinissingentionthassoliie ﬂ@teﬁ:@trlee%tlabpu@@%mr h8a% mawe, or
mo?é‘ﬂ%n a'iﬂﬁt 86‘%%% rgﬁg % & ﬁﬁeb%ﬁéq& r'?l%d?l a{aé&{dance with

th roug hout t rennves e pO en
thedpvendionwith acdamy Ammnarsgl te hedlingrp annealing tzadd (not made with

I
et S ALY b o PSR
lasfaaitleads agaoutd1 (0%, ayapore 1BaTAlBolti200%6 for mar@ tannabaius 300% in
or RS B R u Reht” rREPHIn GO el bafd R hlsdRgenton
lastsafrem |aboat:mﬂ%i analsoui1000%h er miony, %tddmpa(réw tdlordi2ey afihling
bst ant.ially | onger. Gener al | y, a continuous

ba% &4 Higke Iﬁéﬂﬁsof this invention has a life that is
at A esatinude dhnbA gt sanalkst whis BN IBY B made b%ﬁﬁsﬂlm

out  80% as conpared to an anneal i ng ba de In
meflech GseElyv ERTITBOUR BN eRIBaEDH 1 110K by dstermining the length

and PIRRAINGSS 6he rb@héﬁ‘ 3éri6 tﬁ@ﬂ&ﬁin R tRARRSerldRUr tREHS I aftdt

the materials hi's invention) a continuous
fabﬂﬁﬂ*ém Qih‘ée?&&h@id ébO\tGh iT§eishapingiadthenband ¢aisivesdene Lising standard

mef g\l‘lﬂrk@ggﬁﬁtlgés,% ?mﬁﬂgrbf‘m:? dsz&Q%e %{)cggﬁirlrgrﬁéc’ila%\ﬂgstandard

_ fnary use. In one e
metal tarking practicescas ivall, sushdsd paini seridingeartd weldlrigas(m:her

po{sﬁ)ﬁ%ﬁ%ﬁrsygfgﬁ%%ﬁ%ta%o& %%gc%i?ge aetugg?fa %Lllfﬁ %nt cggrﬁra’ger and
thickness, and section widths to produce a continuous band.

Advantageously, the invention provides improved annealing bands, improved
methods for making such bands, and improved methods for annealing wires. The
annealing band of the invention can replace conventional annealing bands and allow
wire manufacturers to run annealers for extended periods of time. The invention is
especially useful for in-line annealers in wire manufacturing because the use of the
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A continuous annealing band of this invention is made

by any suitable nethod. Generally, a continuous
warweabt4syy band i s made by determ ning the | enptTruSznd002695

roundness of the band, and the joining of the two ends

of the band after fabrical2en as described above. The
angeRlpigripnefcantiecheasd nezintepancoard squipment @dsmrltﬁeZFWhen

I and j oi n| of the en s can

iR oo ol 3 efidont Rl art % s AlpbIaRF hghds can be more
thasy Htimes snato cesible than@bn@ént&nanmﬁkel bangd.ng and

wel her 0SS of . manufacture are to
pr oghg gwg%%'g iy e§ @?‘gﬁf‘q Wing iyRiratiyey ckness,
examgleséc wihioh all phrtsandpaPEaisgss &etyWdi§ M%ﬁe&%iﬁ*erwse

"]ﬁ m%gtageously, the invention prOV|des I mproved
ling bands, inproved 30 nethods for making such

bands and irrproved nmet hods for annealing wires. The
annealing band of the invention can repl ace
conventional annealing banBXAMRLES | ow wire
EXmRIigt urers to run anneal ers for extended periods of
tlne he invention is especially useful for in-line
Ewi re manuf acturing because the use of the
WO nneal i n band
0 ROUTEY 55 B e MG S8R bR B el e e
cutrhyoleotie Bissbarderidadhamidg (EDM) he this\cess aavireawss us&tlas tHee

nmes npore durable
culhg R 33 EONTHES 00 H g ot
A voliagéd eas ceplisd lbmWeelm thewwoifkpldcewindghé erésérﬁdiﬂie\&ﬁréwas

i ich all ats and percentages are
br°§‘éﬁ{% Cigse §°s‘§h Wtispebat elginear wemwgtgééromm)w@o the
W0ﬂ<PH¢ePBwEa*dFE/aFSBQt§dJé veRGsrhalt ﬁﬁurﬁ& of Adt&Ht af'%%esrdn%[:é of the
see t | e, bel o wer e measured when cut

wolkplecs wiwg&Hr CrHPTRRIERS. 25 the tiace Qf@@%d ﬁrrwqreamms The
cutting datélﬁ]ét kRN b@lﬂchieogd WaAlthié Wétﬁocﬁa% an] c?xcﬁWohtﬂ'?e arc-

wor kpi ece is imersed in petroleumor wa
reS\%?ftC&g?i thesaigsigl iew sutting éﬁtetlmcahd ladiigit ercanesiistanee. The
tabl@!l u | to the
S oo e 2l AU her bl GRlarbThasReroun
Cam\h)t? §9beﬂ‘lah @obmm R @ cechEdawersouttirgvasothat ady af e ogher
ma%'f‘i%Ls'te&%hume of material at the surface of the
pirece. The wire cut the workpiece, as the piece
er dtieM expeomghtsashoivraiow Ehiting caties foTON 86 TARé 1RILWE
achieved with this net hgwéélan i ndi cator for the
arc- resistance of the Slow cutting rate

i ndi cat ed [a hi ghMateérialesi st afice. CutRate (in%hr)

CuCrNb 4.512

CuCrNb 3.600

Glidcop™ 3.510

Copper 3.066

Cu 18Nb 2.832

Ni 201 2.646

Glidcop™ 2.160

Glidcop™ & Nb 1.962
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20 table lists the cutting rate quantified as "cut
area per hour" (square inch per hour). It can be seen

w0 bat/osi4shi um had a nuch sl ower cutting rate tPEr/Us2v94/002695
of the other materials tested. EDM experinments show
slow cutting rates for Nb-{3See Table 1 below). Table

1 Material| Cut RaNiebigimn /hr) | CuCr Nb gig3d2  CuCTr o

3.600 dildeop—3-510—Copper—3-066 Cu 18Nb 2 832 Ni

201 2.646 didcop 2.160 didcop & Nb 1.962 WO
20048116883 P4 bkie ARALARAER RengtHehelli (O %Egﬁggélg&g)ome.

"ALdcopTM is an oxide dispersion strength (
cop'l:ﬁé’fn eEB YIS éhwas conchidet fealdiotiwihad 4 highersresistance to
_ A Blabe ' 0
sl o TR o R RSt g or

meghusTHA forsarnealing banys itwas further corcludarthat anmealing bands

i . i f e t, .
] 08Oy G5 Y s o
theyaviliBaymabigheolifet he ot her materials and that they

M igher [ife tine than other bands. 10
tlm%&#ﬂ? }égb DURE Vi ckers hardness measurenents

were determ ned according to ASTM E92 82, a wel | - known
%aéd that describes in great detail how to perform
%@‘m har dness neasurenents. Table 2 shows the.
Vi BRROEBMIRIess obtained for different 15 materi al

. 2 terial G ade Vickers Hardness Nunber
g; %ﬂﬁ%&@gg%n%ss ml\é%surements were determined according to ASTM E92-

82, a well-known standard that describes in great detail how to perform Vickers
hardness measurements. Table 2 shows the Vickers hardness obtained for different
material grades.

Table 2
Material Grade Vickers Hardness Number
I/M Nb 70
P/M Nb 110

(I/M): Ingot Metallurgy
(P/M): Powder Metallurgy

The results showed that the P/M grade of Nb is considerably harder than I/M
grade Nb. From these results it was concluded P/M Nb had a higher resistance to
mechanical erosion than I/M Nb. Since mechanical erosion is one of the main wear
mechanisms for annealing bands it was further concluded that annealing bands
made from P/M Nb will wear slower than bands made from I/M Nb and that they will
have a higher life time than I/M Nb bands.

Although the present invention has been described in detail with reference to
certain preferred versions thereof, other variations are possible. Therefore, the spirit



PPMNo 110 (I/M: Ingot Metallurgy (P/M: Powder
Metal lurgy 20 The results showed that the P/ M grade
wW@R00Mlo69483 consi derably harder than I/ M grade MNOT/UF20041002695
these results it was concluded P/M Nb had a hi gher
resi stance to mechanical-¢o0sion than I/M Nb. Since
andBEBRbORL Aphesdelvlais SRR néle IFRId HRRE dolEHERAR P e
for annealing bands it was further concluded
vergigns Aoniringshiigeeins nade from PFM No wi || wear sl ower
t han bands nmade fromI/M No and that they wll have a
higher life time than I/M Nb bands. Although the
present invention has been described in detail with
reference to certain preferred versions thereof,
ot her variations are possible. Therefore, the spirit
WO 2004/ 069453 PCT/ US2004/ 002695 -14 and scope of the
appended cl aims should not be limted to the
description of the versions contained therein. WO
2004/ 069453 PCT/ US2004/ 002695 -15- WHAT IS CLAI MED
I'S: 1. A process for nmaking an anneal i ng band, the
process conprising: (a) producing a refractory netal
powder; 5 (b) optionally blending the powder with an
oxi de conponent or a nitride conponent or a carbide
conponent; (c) consolidating the powder or powder
bl end and form ng a consolidated powder conponent;
(d) subjecting the consolidated powder conmponent to
therno- 10 nechanical treatnent and form ng a sheet;
(e) cutting the sheet into a strip; and (f) form ng an
anneal i ng band fromthe strip, wherein the annealing
band excludes an anneal i ng band consi sting of copper
and niobium 2. The process of Claim1, wherein the
refractory nmetal is a conponent 15 selected fromthe
group consisting of (a) niobium (b) tantalum (c)
nol ybdenum (d) tungsten, (e) niobiumalloys, (f)
tantal um al l oys, (g) nol ybdenum alloys, (h) tungsten
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alloys, (i) alloys of (1) a refractory netal and (2) a
non-refractory netal selected from the group
wa@omgioeshng of copper, nickel, titanium iron, PCDO&1004/002695
and (j) conbinations thereof. 20 3. The process of
G aim1l, wherein the anneajgng band has a uniform
m crostructure. 4. The process of Claiml, wherein the
" r S Ef_i ciently low oxygen content to enable
E e consol idated and subjected to

t heq moneg Beses & for ni&did BN bineading Dand e IrOERS LoRprising:

Claim 1, wherein the refractory metal powder has an
oxy§en JREeHRY arefractaryineetal paviderabout 300 ppm 6. The

r ogRsSs & j i W ' ' o
19 r o(rznﬁt heﬁtlgc;) ﬁlglﬁ}) Hg%ﬂgl st ;ﬁdgﬂi o%‘r%nglggrﬁegﬁﬁ?ne%@@@%rﬁs%? %ﬁ‘étgﬁe
ERMRENeNt o a oafPisiei aPePopentoni a oxi de, | ant hanum

oxi ge, RO X | ' ' . nations

el or \ChGOtBE iookder BriBupEL B 3RgRaRInga, 1o
conznlidaigd novrdeo nemporentpri ses car bi des sel ected from

the, gro consi st | . 1a HEC Ti C C ZrC

A R e LA s
mechabicaldteatment drel feahing\W3HaeH4/ 069453 PCT/ US2004/ 002695

-16,8. The.process aof Claim 1, wherein the powder is

con@egl i o‘éﬁ@ﬁg @9 Sgeetdpii?caeg@ps%’i'%ct ed fromthe group

cong) st i fagming a@dnineslidbaHdOREHH 365 strif Clvhéeftthatdnfiealing band

ressing processes, pressing and sintering processes,

ex‘g'r@eﬁ: HBNPRAINEPENE CoRFRINg fiGegBeRNd BoUMThe process

of £l ai NMTHe préBEELHITIAIE1 PINEIRIN the rePASSYy ri&hRY sfdonfponent

" tenperature ranging from about room tenperature to
selgptedifross tsromeyp eansisfisiosH (Anriobiume (Prtariaksn,{esmalybdenum, (d)

i B, T A A0S G RR B oG (HFBBsten
allguswilpalloyssf i Hraateftacionbinetal edd ((2) anoprefiasitory netalselécied from

i [ tal i ! ' . .
therHB3 cLApity SeoBBty. MERE: BehfyRatRobo, S gortBifations
thgpeafssi ng step is carried out by placing the powder in

hgt i tati i . opt i [ t.ed it h
3 odrri o1t Bispes e RRNY FE NG 2RNCainh ANy e i
microst@udiate. | sostatic press vessel, and subjecting the
vessel t'Ph hot isostatic pressi n% condi tjons

it a
pr eSsur el G BIRGEFROGIBIM Apyhgrerghg Howdgr 5%§‘t'f?'9f'§nql<3§lp§”

oxfd¥n coridétit® dnatsie e Bovid&d BB Vehsdlidasd andPsubedidPy 10
ours, at a tenperature ranging from about 1500F to

thegmemechapigal treatments.
5. The process of Claim 1, wherein the refractory metal powder has an

oxygen content that is less than about 300 ppm.

6. The process of Claim 1, wherein the oxides are selected from the
group consisting of magnesium oxide, silicon oxide, yttrium oxide, zirconia oxide,
lanthanum oxide, hafnium oxide, calcium oxide and combinations thereof.

7. The process of Claim 1, wherein the carbide component comprises
carbides selected from the group consisting of TaC, WC,HfC, TiC, NbC, ZrC, stable
carbides other than the foregoing, and combinations thereof.
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12. The process of Caim1l, wherein the powder is

consolidated by pressing and sintering steps and the
wWQr@3ssn® step i s selected fromthe group CcoOnNBCHUBIUG4/002695

of wuni axial pressing processes, cold isostatic

pressing processes, and cegrbi nations thereof. 20 13.

Th espr ocmpm&eéa &l ek 1, WhEHeR thel pasidRak ézfnsghaat@&by RY

pr essed 0 er to a sinteri ng step t he pr essed

Pf‘i‘f&ﬁﬂ éﬁ'ep!‘sedsf[mp the 918U GoReising: of RESIPR mqqsges hot isostatic
presRiHy frodsses VHIREShE aRd sR&ilg bFdtessed, %ﬁ&'i:o%ﬁw%%ns of the

t hrough the powder to creaté sufficient heat
foregeipgr the metal powder. 14. The process of C al m 1,

whegei n fhep Fo%ﬁ%é‘@f‘@ﬁi?ﬁ‘?' \?vﬁ%:reﬁrf ﬁ@%{ﬁ%&solﬁdﬂ’sa&ed ata

conprises a conbi nation
terapereture nengingfrem abbut Mioe fenuyesestsirefo abical ABAGPF byhextrision and

ind 2688 AR 24 8ok 80 b S RSl st 1.

i nt 80.a sheeprodbess of Giinng, Whéﬂéimﬂh@mdeﬂﬂmtlﬁﬂalfyf fUbjected to a
wi.dt h rangi ng from about

prefsnlgostg%dﬁpo%s(ﬁgatgﬂ&yi’:q‘t Wﬁﬁﬁ'crpé‘?ﬁﬁ%g from about 2" to

about. 30THd prodBssléF Claiie 10 WESSM Ak hot Bbskadi® pré%wgedtélp is
t he (fpl;[lget bar has a thj ckness of about 1.5 inches,

cargiediqyt 8y piasia the powdgk e hotdseptatiq RIS$IRY 68N, mgﬂalhmoated
wﬂh@lﬁ&ﬁer ihyer, EDEcURNRG BRsScaN, pgcﬁicﬂhé‘!:anwgh%t Bo&t’éﬁc press

roII step conprises rolll sheet bar 1 nt

jerging thehyeseakiodat & mg aﬁl pressinggangitions @1@ pressure

fa"’@“’*zé‘ﬁ°é*a%5ffn$° Felse g el gP e g abguc hour to
abbeintft houranglmfgﬂfpecatumhangm@ franp abaltdB00FOD dkiaut 2800"Fhe

ro Claim eln the sheet has a t ess

b T80t T DigBeed FEGiaHL T hieln o HbAd 1 copgoldRFi Y
prevsﬁwgaaricﬁﬂgtbhn@fste@b and the prsbingtdPis sEhtdd Pefishe gfoup
relnthe anneal ing step is carried out at

coBBI SN (I inAA 653G GCTS6m SAKD oSG0 erass MG esAsB R
codBinalibis Hepsstss of C aim 14, wherein the process

further i ncI udes at | east one_ internedi ate annealing
st epd- 21Therprocpsseldalaing 0. avberaiminstead of subieeting thp eeassed

powaeﬁk')ta élﬂfé?m@ s%p’ 'tl'Ra Dy ad é\NqérQS %Dﬂ)j & 83 rdsRigh Sintering
BY

from about O:. about rangi ng
copgitiens, @!F@wn taa elemm cyroent p@ﬁaesathr@tg’gtthe pawgentp ¢reaim

S“@E@ﬁeﬁatﬁ{% ?,%}QH@ n?eQal towd% The process of Caim 21,

FONIObi um stri p having a
har dhes sTmeanrgxca@ cbfr@lmnatbowhem iedkemomerhabizat tré&fithent step

conwpﬁggg 8 combination of forging, rolling, and annealing steps.

15.  The process of Claim 14, wherein the forging step is carried out at a
temperature ranging from about room temperature to about 1800°C into a sheet bar
having a thickness ranging from about 0.5” to about 15", a width ranging from about
2" to about 60”, and a length ranging from about 2” to about 30 ft.

16.  The process of Claim 15, wherein the sheet bar has a thickness of
about 1.5 inches, a width of about 4.5 inches, and a length of about 40 inches.

17.  The process of Claim 14, wherein the rolling step comprises rolling a
sheet bar into a sheet having a thickness ranging from about 0.010” to about 0.5, a
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23. The process of Caim21, wherein the strip is a

nol ybdenum strip 15 having a hardness rangi ng from
W@beoueSd Vi ckers to about 400 Vickers. 24. TPET/US2004/002695

process of Claim 21, wherein the strip is a tungsten

strip having a hardness rgngi ng from about 300

widvh edeRjirsg frémadbeut 0.860t0\AKdte 66", aR8 a ISRGh PARSIRG ﬁoﬁf aidutsMo

1, wherein the annealing band is forned by placing
abeytd 00t ip on a three point bender or any other formng

met {@d ard Tﬁ'gé‘&sﬂﬁ Cldith W‘%ﬁéréi‘nﬁhé @ﬁébt%s%ntﬂﬁ:ﬂhéwof about 4 |

band. 26. rocess of Caim1l1, wherein

milimatess. |anvyldmaﬂfdahw§ 3@ inghies kanska lengingfi ahgut b &ﬁtabout

0.04g. tor

whersi n T ared Gty 14, r O RE B ing SRl Sariegout at o
term;aﬁatur@ra@‘ingfmmlabqut &5D°C tﬁﬁzbﬁ&tZOﬂﬁ)éCprocess of Caim

n the an L.in nd h a dia i n

Tt oA abollte AroEe pfifa Aikrein3ie BrangRE Fisog g es ™ east
on@irﬁermemamﬁaahealmgtét@p anneal i ng band has a thickness of

abo t hi ck, width ran from.about. 20 to

2ol 5 MRarousRs of Gt abheTela it ARSThS ATbis A SeBhavipa a
th|@r3h@§§ reﬁ%d’fﬂ%m%oﬁp@ 0Th® FHREOSS, Phidth AHNGING Froi /ILBLN0.25” to

process further conprises attaching the annealing

ab%n@ 1 ¥ lepguanping fWﬁ%@P"‘&éé‘i’rﬁth(ﬂO nin-line

annggl eryp,
arngs) oo o8 CARESS Sy flAL b BISR slghavin

hardngss ngngéeeifore mbedt 6Q Vickersdp gbaut ZHLYinkers. or (i i )
anrh | i RE IR (Eh RGN e Srindp Spolyiidenliigsrip
haweg‘ael”raerrasging framr afquhd©0 Mchem tal abooh 40 Vivgetmn d,
bantt-con PN e er UikteR s sifis T AGRETstiBhaving =
ha:aimesakangmgomml abbuiCB3G0 WicRers tolaboet 800t Viekearef r ac:]tc ory
el ecte rom,t consi sting .of (a
o o8 um THEFTobaTR ol (A { Y Rerbir AR 2 O ocHana S feytibby
plabﬁl);] thée @t?lpttm atrrey poinf Béndémir@hy it Féhting féthod and shaping
bdenum al | % (h): tungsten alloys, (i) alloys of

the@fy%gﬂq;@p@g@ta%l bandal  and (2) a non-refractory netal

sel ggt edrid prorddd ftfaigh @URh&RMthE lahRBalffy KBRS a thickness
nickel, titanium iron, cobalt, and (] ) conbi nations

ranging e, abggtoﬁﬁetoaﬁh%hpi%g band of C aim 34, wherein
theypnnegld BG.8ang 1afn &, wherein the annealing band has a width

ranging from about 0.25” to about 10”.

28.  The process of Claim 1, wherein the annealing band has a diameter
ranging from about 1.5” to about 6 ft.

29. The process of Claim 1, wherein the annealing band has a thickness of
about 4 mm thick, a width ranging from about 20 to about 25 mm, and a diameter
ranging from about 350 to about 500 mm.

30. The process of Claim 1, wherein the process further comprises
attaching the annealing band to an annealing wheel assembly of an in-line annealer.

31.  The process of Claim 1, wherein the annealing band is
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uni form m crostructure. 36. The anneal i ng band of
Cl aim 34, wherein the annealing band has a 15
wo biogleemass rangi ng from about 0.01" to about OPS&I/USH04/002695
wi dt h rangi ng from about 0.25" to about 10", and a
di ameter ranging from about81.5" to about 6 ft. 37.

(i) ohen-ended | (i)ngelded tbgathdt] @i (1) 3fen BhesEvih WEMagpiey beveled
en\Mgneallng band is used in an in-line wire anneal er,
erein the annealing band remains useful for a

per B2d ofherarireedling bad® nizlerfron® thecHrabbs G USIapRer at i on
5\?&; apneal er. 20 38. The annealing band of Caim

er |"??Wfér?°mpé'35ﬁr%'iﬁfr@ﬁ@%méﬁl |a§“e%l§@obqr\ﬁ* wherein the
anhéallngl”tﬁn‘dﬂ xeludss aﬁlaﬁheam{@eoaaia%%isﬂﬂ% Bﬂ&g;lﬁe? Eﬁa Rfobium.

usef{&l for a period of nore
confnuoll® P9 Bang of Claim 32nwhewwin tftegefrﬁctpmme@d;ls

sefe@fed&FHﬂﬁﬁé §eup cﬂﬁéliﬁnd’\ﬂ)fr ﬁlBHBH gﬂ():)r}gnta rT\b(%1‘?1\6hfgdgngum (d)

two anneal ing wh asse
tungsiay: (@)iniepium aﬂgyi’r,|(f)§@ntahﬁedlqyﬁg(90\hm}hdeausmibysl (h) tungsten

8 SPATR P BB RS O R il o o

the group gpesisting efciopget, mokab titamiumeriropa cbbaliaaad &) combinations
the{r&&r actory netal annealing band, |ocated between the
Irst anneal i ng wheel and the second annealing , for

pr 085.di rithesarrwzling bandbealairmB4awhbreti thdGnhBhlimpbsidBadia
over the annealing bands of both annealing wheel

unf%rgéwmr?%y C®) applying a voltage between the first

anng@l i Mhedanibalingl ban® oPERANG4, ARBRA tha%nPdBlhg BAY has a
current to the wire under condltl ons

t her eb
thichEeS PN O P B AbRHGB4 o aont DSBcbwIdgo FEEENG ram bt 0.25" to
ab®iit B’ t ghcPd diaffstér r*ah?m@'?fb?@bb&& 1t ?%WF])@E% g of the

W re, thereby annea he wre ereln at | east
one3&nnekhe ?f@eé‘ﬂ'ﬂﬁibé'%ﬂspfj@l@ﬁn 34, whevein When thenennealing band is

uséd’ﬁﬁér?ﬁn' lfr‘l% V\\ﬂf'e al%%%ﬂiﬁ wﬁ&%lﬂh%bén%?%lufgobuarﬁ;\%npc{ rﬁ e&sc‘geﬁ%l(}%r a

daim3 erein the wre I's selec
pe&Od:@hgpset thag 36 fhostsppfetontinues, opengifer ofdhé anedleres,

I el .
ot o T Arfieanch HERG BRI 3%, yHERTWaFL R anfigaiigpand i
userd incarsis-link vitesnneater, Wearmealmgmrrdaﬁbhwmwmsemﬁbﬁé pesod of

YRR o ab i Refaih SR, (o)

ni o8%.um Aplozgss fdrfahnéam‘gaé hhréta’ilv\hr@)t%mdr@)n prol ybdenum
all% l)] un stenal oysﬁﬁ%r&m}mallosof (1)
et PhBtef P#.c456B AySwBPl comprising a
firss ahBsdling viﬂe@matsfé%oﬂé @Hﬁeahng wheel and an annealing band;
wherein the first annealing wheel and the second annealing wheel that are
attached to each other each have a refractory metal annealing band, located
between the first annealing wheel and the second annealing , for providing a contact
area for a wire;
(b) passing a wire over the annealing bands of both annealing wheel
assemblies;
(c) applying a voltage between the first annealing band and the second
annealing band, and thereby passing a current to the wire under conditions that heat
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consi sting of copper, nickel, titanium iron, cobalt,

and conbi nati ons thereof. 42. The process of C ai m 39,
wob@resmss he anneal i ng band has a uniform PCT/US2004/002695

m crostructure. 43. A process for making an annealing

band conprising: 15 (a) €18ting a sheet into a strip;

theawide {dojt leastither gnmallag rn@mbenagjrbain thef wioen th&b§ lahhBaling the wire,
een forned by subjectin

th t al ha
wrghEE 8L Ber el B SR An enelice AoRS Ensiring o
coppamdemblumherel n the consol i dated powder conponent

haaﬁ(gee f or med n@o consolidating a refractory netal
PR S8 S wee Bvine Mg pelelect orafe oroup

comﬁrr@ d copBeANsiS Eopss 4ree! ‘Wn‘é@t AIQRAHURY Wik, FQ% dﬂfgﬁ gucﬁlﬁ

oxid rrponent or a nitride conponent or
W"@Bn%%?lé/ﬂfeSb%‘iGSP@lqthlrﬁs ap@ eambinadens thereal, V\,her ei n

t hegpnnepld frgchanst @xim gg qgi%é’l'glnal ?élrécﬂc%yk?@lﬂgl is selected from

consi sting of copper CESs
thegroap gppsisgting Qflr(é)r r@phluma éb)dantain, r(g) malytidemsm a(dl)| turfgsten (e)

mo'gléfrﬁrggfgd A fféwﬁalurfi%uo ngé r‘ﬁS@BdérﬁI .né’sbﬂn%ﬂ?é"sg”ea@%ysg(o

sin annea
allgysraf 1) amfxmm metalrendqR) a pohasfrér&my methl §aledted fr%hemte group

coblBf BRSSPSR, (0L S50 By SBFRBNES
200412 06 IHeSPrECEYSUSATGift 89 A0 rein-tRO anh@élﬁ?tgrbatnhmas a uniform

ntsol i dat ed powder conponent has been fornmed by
m'%r8?1 lr'&atl ng a refractory netal powder into the

congdl | dapexéeg@imrﬁamwaﬁmannﬂ%ﬁd%ﬁ{pﬁslﬂ gt he powder
has Eeen optional Iy bl ended an oxi de component or

5 a(@hi t GUEDIRSHRSEHE @ P @ndar bi de conponent bef ore
it 4b§ Cqﬁﬁﬂhg@ﬁta‘ﬁﬂea &ld¥rdh%he %Eeal i ng band

excl udes an anneal |n and consi stihg of copper and
ni oMhergin the meltﬁ'eshﬁeb as beeyt fognet! by 48pjentieg 8icansdlidated

po@&&@;ﬁﬂ&ueﬁﬁf&%@ﬁorﬁe ra&! Peatfidost ructure. 47. A

onprising a re ory net'al annealing band
havwhtyem the @onsnlidatat poveder somponhentehaswieendomédisy

cohsNiG Ao YerBRlo® metaFoldeh fito fHeUBns ORI S pSwder component;

and

wherein the powder has been optionally blended with an oxide component or
a nitride component or a carbide component before it has been consolidated,
wherein the annealing band excludes an annealing band consisting of copper and
niobium.

44.  The process of Claim 43, wherein the annealing band has a uniform
microstructure.

45. A process for making an annealing band comprising forming an
annealing band from the strip;

wherein the strip has been cut from a sheet that has been formed by
subjecting the consolidated powder component to thermomechanical treatment;
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consisting of (a) niobium (b) tantalum (c)
nmol ybdenum (d) tungsten, (e) niobium alloys, (f)

wo aveabuns al | oys, (g) nol ybdenum al | oys, (h) tRCDESm®04/002695
alloys, (i) alloys of (1) a refractory nmetal and (2)
a non-refractory netal set2@ted fromthe group
conwheteimthe arnsoligebed powdere@mpanehtirsiveer fofied 9bal t,

th f d 15 erein the
coffos} ﬁ%é?%%wﬁ&ﬁé@ Y Inte 4% SarioHigRipH BRWasbgamponent,
ang. 01" to about a wdth ranging from agout Cl) és
t from about
to ABStn %%QOW%wﬁé%hgﬁeﬁé}mﬁ?ﬁg ificPreRdpeaespanent or
a ramue ebmpen&istner a eamidestdrigbrizht BERRER |saébi|138hé°§éél’ 'Whe‘}‘élg the

I band of aim 47, wherein the anneali
a”B%%lEl‘g%:.a %@ﬁ'dﬁggﬂﬁnaeﬂm QOBRiSHNG PhepppesRnd niobium.
pr oggiCi NtheprotbsL6t Qhin Eﬁt\ﬁﬁer@ gﬁ@ 'énnémngoc{?atddor%lel ¥niform
bl endi ng the powder wth an oxide co a
MIGPBirGiwe. conponent, or a car bi de conponent (c)

I rnmn
26 Aol ehsy g (kDO el R Pl e
Un'&fﬁbl@lqrwﬂ@wrpowh@"emmpefnmtwrymetahs satectemrnmwm@:gﬁoup

coﬁi&ﬁﬁ? Z%) rﬂgﬂu{no[@' ﬁtfaﬁmiqgﬁnplg%%ﬁuwl(ﬁb(w@ﬁ@ % A¥obium
allaysy () tagtaiire alloysdb) mglybderdurh abbogss, (19 terﬁgst@n aldys! (mﬂloys of (1)
a r%@ égﬂgr}ﬂétgg?nci@) %nno%g@g Eﬁrglg]:ﬂ XC' tﬁssﬁngr? h%%ﬁp Icgr(‘i’smtlng

of mppealmcrl@l titanduraf irén @oﬁblﬂ%nd%%bﬁibihaﬁlbﬁs airesr bR@ band
rocess conprising: (a) cutting a sheet

i nt‘gﬁ%reg‘tt%&" BAlinasnsis iakn8ssenoins own Aboakd8 1 to about

» i
O il s B8NS 108008 4G

JRgBPYifitenheishyibieanpeniiorkand axsludes mrameabng Iwid

Coﬁgﬁmg@ebppm%,&lhme consol i dat ed powder conponent
een fornmed by 5 consolidating a refractory netal
povitfer ; The armeabm band efeGlaim 47 wiyerpinvitie mnnealing thend is made
byS 548 wder conponent; and wherein the powder
een o t| o aI l'y bl ended with an oxi de conponent,

or (ah nipredutinga nefackory noetalgponaielhi de conponent bef ore
It (B?S %%ﬁgnéi@/rﬁé“d ﬁga{he powder with an oxide component, or a nitride

component, or a carbide component;

(c)  consolidating the powder or powder blend and forming a

consolidated powder component;

(d)  subjecting the consolidated powder component to thermo-

mechanical treatment and forming a sheet, or tube;

(e)  cutting the sheet, or tube into a strip, or ring; and

) forming the annealing band from the strip, or ring, wherein the
annealing band excludes an annealing band consisting of copper and niobium.

49.  The annealing band of Claim 47, wherein the annealing band is made
by a process comprising:

(@  cutiing a sheet into a strip; and
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50. The annealing band of Caim47, wherein the
anneal ing band is made 10 by a process conprising
wo ecoorioseysan anneal i ng band froma strip; wher ePOT/URE04/002695
strip has been cut froma sheet that has been forned
by subjecting the consoli2hted powder conponent to
t hetyongotmaingeal arneatigeantd framdhe wiigr ei n t he

C b B e B RR Py Bl b
poweertonapdrat frotheanomstitaridi tredfnatgnsol i dfllt edbpgﬁg:g
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a nitride component or a carbide component before it has been consolidated.
50.  The annealing band of Claim 47, wherein the annealing band is made
by a process comprising forming an annealing band from a strip;
wherein the strip has been cut from a sheet that has been formed by
subjecting the consolidated powder component to thermomechanical treatment; and
wherein the consolidated powder component has been formed by
consolidating a refractory metal powder:; or refractory metal alloy powder into the
consolidated powder component,
wherein the powder is optionally blended with an oxide component or a nitride
component, or a carbide component before it is consolidated, wherein the annealing
band excludes an annealing band consisting of copper and niobium.
51.  The annealing band of Claim 47, wherein the annealing band is a
continuous gap-free annealing band.



