POADERS AND PRODUCTS OF TANTALUM NI OBl UM AND THEI R ALLOYS The present

i nvention relates to powders and products of tantalum niobium and their
al  oys having 5 | ow oxygen contents, and processes—f ok .prodyci,ng same.
Tant al um and ni obi um are generally extracted fron1tﬁ%|r ores in the form
of powders. For exanple, tantalumis generally produced by reducing
potassium fluorotantal ate (K TAF ) by chem cal reaction with 2 7 10
sodium ~ This reduction reaction generally produces a salt-encapsul ated
nmet al powder which is crushed and washed, with water and acid, to produce
tantal um powder. Tantal um and ni obi um netals, and their alloys, are then
consolidated to form products. 'The nethod chosen 15 for consolidation
depends upon whet her théP@EBERS|ayDC@RQ&uaﬂﬂeﬂf[ﬂkﬂﬂkbuﬂﬁII be pure netal
or an all oy, how the naterial js to be
used. Tantal um ni obi um and thelr aIons are generally used to form w ought
products, such as bars, plates, 20 sheets, wire, tubes and rods; preforns,
for subsequent therno- mechani cal groce55|n and near et shages for use,
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t he oxygen
5 low oxygen contents, and processes for producing same.
Tantalum, and niobium are generally e;tracted_from
their ores in the form of powders. For example, tantalunm
is generally prodgéed by reducing potassium

fluorotantalate (K TAF ) by chemical reaction with
2 7 .

10 sodium. This reduction reaction generall& produces a
salt-encapsulated metal powder which is crushed and
washed, with water and acid, to produce tantalum powder.

Tantalum and niobium metals, and their alloys, are
then consolidated to form'éroduéts. ‘The method chosen

15 for consolidation depends ﬁpon whether the resulting
consolidated product will be pure metal or an alloy, what
form or shape is required, and how the material is to be
used. Tantalum, niobium and their allojs are generally
used to form wrouwght products, such as bar;, plates,

20 sheets, wiré. tubes and rods: preforms, fof subsequent
thermo-mechanical processing: and near net shapes, for
use, in a variefy of applications, after machining and -

finishing.
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products of niobium tantalumor their alloys tends to increase during
their formation.  The oxygen content of 5 the product affects its
nmechani cal properties and fabricability. Generally, as the oxygen content
of the product i ncreases, the product's ductility decreases and the
product’ s*strength i ncreases. For many applications utilizing products of
tantalum niobiumor their alloys, 10 a high oxygen content is unsuitable.
Therefore, to produce tantalum niobiumor alloy products suitable for
theseSﬁbplications a | ow oxygen content nust be obtained. There are
several nethods whirah+@Yimie ndobiivkehnid the 1 ro0ses fgynexh Prpdikss £f
tantal um niobiumor their alloys. For exanple, in one nethod the netal is
first melted hyghl agfiantyedorooxygenum Shusmallie ixygen aommenmmosind t hen
t her no- mechanically processed to formthe product. The nelting tenperature
Is also refer pedductmofasmhauhnmmlamgmlsut @xpethetiy e l(Iby)s itembyrees

Kelvin. TH Hfor tantalumis 3273 degrees K an$/I
for niobiumid¢neresse degiags thiei¥hd orglattiiog .i n Thes apuigan etresnt et oxygen
content of the netal. 2 In a second nethod the netal, in powder formis

first col? issBBaPredncy pfdesss iikSongchamisalmPrareties and
fabricabtlity. Generally, as the oxygen content of the
product 1ncfeases,-the product’s ductility decreases and
the product’s strength increases. For many applications
s - utilizing products of tantalum, niobium or their alloys,
| 10 a high.oxygen content is unsuitable. Therefore, to
produce tantalum, niobium or alloy products suitable for
these applications, a low oxygen content must be
obtained. .
There are several methods uhich_qay be utilized to
15 produce fornéd products of'tanfalun, niobium or their
alloys. For example, in one method the metal is first
melted by electron beam or vacuum arc melting, in a
vacuum, and then thermo-mechanically processed to fornm

the product. The melting temperature is also referred to

20 as the homologous temperature (T ) in degrees Kelvin. T
H _ . H

for tantalum is 3273 degrees K and T for niobium is 2745
H

degrees K. The melting in a vacuum reduces the oxygen

content of the metal.



. or alloy preform such as a bar or rod, and then the preformis resistance
sintered at a tenperature greater 5 than 0.7 T to produce a forned
product of tantalum H niobiumor their alloys. Generally, for resistance
sintering, the ends of the preformare clanped between water .cool ed copper
termnals in a high vacuum chanber and then the preformis heated to a
tenperature above 10 0.7 T ,. by passing an electrical'current'through t-he
H preform The resistance sintering sinultaneously. densifies and Iowgge
the oxygen content of the preform However, there are many di sadvant a in
utilizing resilgt ans@cond aethpd &hiemsa syl anth rpowder okgyey, 145 First,

resi stance sintering may only be “utilized to produce products of certaln_
limted §Haﬁés°°dénéﬁéﬁﬁfﬂﬁ§%}kﬂ BﬁﬁﬁﬁedF%ﬂt¢e%|§4@h%£u!bnBé@bngn t he
cross- sectiqgn of the preformmnmust be uniform.along.the path of electrlcal
current PR &lde¥ PGerfPé'\?‘ents“icé’c&% PePB) O\ RYGe AFRGtRER BBE- shorting..

Addi ti onal | cross section nust be small enqﬁgh so that the oxygen

reduct i oRF F¥°Fﬁe1§eﬁﬁﬁésﬁﬁnﬁﬁbﬁ&“ﬁ@ﬁqﬁ(ﬂﬁﬂﬂfﬁ?ﬂ? LR &Fe3pBEar ance of
areat or SRRR"BI D3R Hsbltneg &) it fodietidr é‘ﬁ%ﬂn?rﬁfﬁéﬂi.on
niobiunm or'their7illoys. Generally, far resistance i |
ISintering. the ends of the preforn are clanped betueenﬂs
water . cooled copper terninals-in a high vacuun~chanber : .._.mu
and then the preforn is heated to a- teuperature abovei-

10 o.7 T, by passins an electrical current through the_"”
. H _ . S _ _ L

preform.__The_resigtance'Sintering-Silnltaneouslyﬁ
densifies and lowers the oxygen content of the preform.
Houever,_there.are-nanyfdis&dvqntgges in utilizing

resietance_eintering to densify and remove oxygeniﬁnt

15 First, resistance sintering may only be util 1zed to.
produce products of certein;linited;sﬁapes._genereriy-'w
‘bars or rods. EorpreSistance.sintering, the7cross—in_.- : —
section of the preform: nust be uniform aLong the path of
electrical current in order to prevent localized

20 overheating and hot-shorting. Additionally. the cross
seCtion'mnSt'Be'smell'enongh SO'tndt theﬁoxysen?rednction '
in tne centre of the preforn occnrs'beforezthe_.:--- |
disappearance of the interconnected_poroeity,. For. .

effective oxygen renoval, preforms greater



are not resistance-sintered. Still further the preformnust be small. enough
t o prevent sagging associated with creep and hot pressing during
unsupported resistance 5 sintering. Thus, the preforms generally do not
wei gh greater than about 40l bs. A third nethod for producing forned
products of tantalum niobium or their alloys, is the rotating el ectrode-
procesg. In this process a bar or rod of the 10 netal is heated to a
tenperature above T . The nolten H netal is converted into powder by

centrifigal force. The | ow oxygen content of the starting rod is maintained
in the powder, tham\akouheS divker{ bbtinckes hr tnrthatrvehortpher d¢mbnandn
generally coarser than the initial 15 chemcally produced powders. These

relatively sphéfeAohomrssynae ot tntenred notStieslr fwrehenr thai preéormonal
mechani cal pressing. Further, the coarseness of the powder particles nakes
the powder undddiStathe §aalkARugh k9 aR’i'%V?ﬂEs§?~&§1F&tésF6? tagedand shum

ni obi um or allg%.zo products. We have_ di scovered neM/g wders of tantal um

ni obi um or al | §FEER Antht ?uﬁ?ﬁsqﬁQﬁNQHﬁ+%§i%@P%BP%QV nF EDHEERRCBf | ess

t han 300 pg . ave al so scov red a 08, PLS UCIn t hese
powder s MMEFEI#ﬁﬁMﬁ%ﬂQEﬂ fh) he prefm¥ms genera?ly don 1gh

greater than about 401bs.
A third method for producing formed products of
tantalum, niobium, or their alloys, is the rotating
A electrode process. In this process a bar or rod of the

10 metal is heated to a temperature above T . The molten
H.

metal is converted into pouwder by centrifugal force. The
low oxygen content of the starting rod is maintained in
the powder, however the powder particles are relatively
spherical and generally coarser than the initial
15 chenmically produced powders. These relatively spherical
powder particles are not desirable for unidirectional
mechanical pressing. Further, the coarseness of the
o powder particles makes the powder undesirable for cold-
isostatic pressing into formed tantalum, niobium or alloy
20 pfoduc£s.
We have discovered new powders of tantalum, niobium
or alloys of tantalum or niobium having an oxygen content

of less than 300 ppm. We have also discovered a method



or alloy powders are heated in the' presence of an oXygen-active

net al , such as magnesi um at a tenperature | ess than about 0.7TH.
We have further discovered forned powder netal products havjng oxygen
contents | ess than about 300 ppmformed fromtantalum niobium and their
al | oys. We have still further .discovered a new process for
producing fornmed powder netal producks of tantalum niobiumand their
al | oys, havi ng oxygen contents bel ow 300 ppm which is carried out

wi t hout ex@#e¥ rgrodneingt dihese appvdpe'usamhergmat@ntaﬂam,o nigbium '

Accordingl yor 1B 10R" ep8RllersNVEPEi ORealldVi H8S tKe I hd&or o@"o‘i&!@' ng a
metal powder having®an oxygen content of less than 300 part per m I'Tion & .

conpri si ng: CBYERMTRF kY oxy FF et | vestih al  pBwdeP2GRERLIENst ar fitng et al

powder of tzehper@tulieolidss tHaramdd®Y0 [ ergof , said active metal having
a higher affinity for oxygen than ' said star?nng metal , heating the blended
powders to a tenperature less than 0.7T of the netal depleting the
oxygen present |Wethhavbarfumghertaaleoobexed.tﬁammeﬂOOppwﬂerandeta&an|ng

the oxygen e t y apgration
and cheni caF® ﬁeac%gf% d%h %ﬁ%gﬁ Eagg%%? ﬁéﬁé %ﬁ%ﬂeégéggt3§§vgﬁh :
f ormed pr odformeds fmittalmtaium umahdumhelanql |téw-r haklaysexyg¥e

content s | eggyEhars S00DPMEaEenBEOUURREL Ve FEBSOhi dHd10 PrédBhs! Uor

ni obi um or all oy powder,
producing formed powder metal products of tantalum,_

niobium and their alloys,_hav1ng oxygen contents. below
300 ppm, whlch is carried out without exp051ng the

Ne

metal to a temperature greater than 0 7'1'H

Accordingly, the preeent invention _provides-'a
process for producing a metal ‘powder having an oxygen
content of less than 300 part-per-million comprising‘
blendlng an oxygen active metal powder with a startlngu
metal powder of tantalum, nloblum, or an alloy thereof,
said active metal having a higher affinity for  oxygen
than 'said starting metal, heating the_blendedgpowders_
to a temperature less than 0.7T; of the _metal{
depleting the oxygen present in the startlng metal to
less than 300ppm, and removing the oxygen “enriched
‘active metal from the starting metal by evaporation-and \J
chemical leaching. |

Furthermore, according to the present invention,
formed products of tantalum, niobium and their alloys,
having oxygen contents less than.30bppm are produced by
consolidating a-tantalum, niobium; or_alloy powder,



havi ng an oxygen content of |ess than 300 ppm w thout exposing the.netal
tQ a tenperature greater than about 0.7 T . |If the starting netal powder
has an oxygen H content greater than 300 ppm then the powder nust first 5
be deoxidized to a level of less than 300 ppm such as by the technique
descri bed: above. For tantal um powder, 0.7 T equals 2018 degrees C (2291
degrees K) and for H niobi um powder, 0.7 T equals 1650 degrees C (1923 H
degrees. K).. An advantage of the powder of the present invention is that it
conprivses rel atively non-spherical particles well suited for unidirectional
mechani cal praesiing ah iyl cshoer 08 Ofed56¢ PENCUS60 ObphDewPERSRET

i nvention is that it conprises relatively small particles 15 well suited
for col d-i sostexposiwgE e the Nl aly At veiepefa £ ice f gréxte Pr oRNgt 8boht
tantalum niobiumor their alloys, of the present invention, having oxygen
contents | essG.faiT 300 Ifpmhe stdet ingamgrallupdwdernnhde ak axygemape,
cross-section or silze. 20 An advant age of the process for producing
formed products of the present invention is that the process allows for the
product i on of coatesitugresten whamr3QQ Irpe prviRrttheapowdennmusy gbirstnt ent

| ess than 300 ppm of any shape. cross-section or size. 6
5 be deoxidizZed to a level of less than 300 ppm, such as by

the technique described above. For tantalun pouder,

0.7 T equals 2018 degrees C (2281 degrees K) and for

H
W niobium powder, 0.7 T equals 1650 degrees C (1923
. H .
degrees K). : -
10 An advantage of the powder of the present invention

is that it comprises relatively non-spherical particles
well suited for unidirectional mechanical pressing.

A further advantage of.tﬁe pouwder of the present
invention is that it comprises relatively small particles

15 yell suited for coldéisostatic-preésing.

An advantage of the formed products of tantalum,

L_; niobium or their alloys, of the present invention, having
oxygen contentS'iess than 300 ppm, is that the products
can be of any shape, cross-—-section or size..

20 An advantage of the process for producing formed
products of the present invention is that the process
allows for the production of tantalum, niobium, or alloy
products havtng an oxygen content less than 300 pph, of

any shape, cross~section or size.



The tantal um niobium or alloy of tantalum or niobium powders, having an
oxygen content bel ow 300 ppm (parts per mllion), of the present invention,-*
are produced by the follow ng procedure. A tantalum niocbiumb5 . or alloy
powder, such as one produced by a sodi umreduction process, js placed into
a vacuum chamber which also contains a nmetal having a higher affinify for
oxygen than the powder. Preferably, the starting powder has an oxygen
content |ess than about 1000 ppm One such netal, 10 nore oxygen acthﬂp

t han the po ated, ~to a

' tenBerature:ﬁﬁf gfggfggpﬁﬁdﬁﬂgﬁﬁﬁPedggangg¥ Btg Eé?amp8§der of t?ntalum
. t t o

than 5389[8’6&1“% ‘PRl 2R R Uy WA | BB B 280 P5Y0BBoCReTt | o5

oxygen Q% %3 G Qb Qo EaJ?“fﬂeF¥¥5§5 @”gnVEEtgoa ”E?@l powder havi ng

| ess tha n1oxygen The magnesi um contai ni-ng the oxygen, is then _
remvedffrbaﬁibblae vEkdle ROIRY fig #ireN. AndantRIfEVCRtbY QY Sel ective
chem cal | eachi ng or dlssolutlon 0. .of the powder. The aIons of tantal um

or i obioMadfl oy oiaRTaNtsudIY N ik i prddiicedl bpys #bdtamt al um and/ or -
ni obi um and an oxi de which has a higher free energy of formation than
tantaluwedncdaonswobcasscNisngmunea3adtoLnntucden chanmber nhich
also contains-a.netal-haVing a-higher-affinity-for-oxygen
than the powder. Preferably, the stafting poﬁder'qastan
oxygen content less than about 1000 Ppm. One such metal, i;
10 more oxygen active than the pouder.'is magnesium. The

chamber is then heated, to a temperature not greater"than_

about 0.7 T , to produce a powder of tantalum, niobium or
H . o o

alloﬁlof-tantalum on niobiun haning anIOxigen content~
less than 300 PpPR. The heating is continued for a tine
15 sufficient to allow oxygen to diffuse out of the netal
pouder and yield a metal pouder having_less:than_aoo.ppg,_
-oxygen.' The magnesion. containing:the oxygen. is then
removed from the metal pouder by evaporation. and e : 'gj
subsequently by selective chemical leaching or dissolution
20 of the pouder.
. The alloys of tantalun ofeniobiun oflthe pPresent
invention include alloys of tantalun_and/or niobium_and__f
an oxide uhich has a higher fnee_energx_of_formation_than

tantalum oxide, such as for example yttrium oxide;_



t hori um oxi de, or alum niumoxide. The oxide is blended into the tantal um
and/ or ni obi um powder havi ng-an oxygen content of |ess than 300 ppm The

al l oys of the present invention also include alloys of tantal um and/or
niobium5 and an alloying element with a | ow oxygen content bl ended into
the tantalum or ni obi um powder, provided that the oxygen content of the
blend iis | ess than 300 ppm The alloys of the present invention further

i ncl ud€ all oys of tantal um and/or niobiumand an-alloying el ement wherein
10 the~al | oyi ng el ement and the tantal um and/ or ni obi um powder are bl ended

prior’ to deoxi dabr@mt @xfide] e aalulmilh iV oI d¥l OXDHEEHEQIY 48 B Rsifaddian
300 ppm The alloys of the present invention still further include alloys

of tantal um andhet mhebiamtandmadand odyinidaleniivdsienaivinky 4 eygeen
addi tion associated wth the alloying el ement does not raise the oxygen
content of thecahiteptabdvae3cO tham 300 ggacri The aidweys iof tite yroesesst f or
produci ng forned powder netal products of tantalum niobiumand 20 their

al l oys, a tantahusptdpobadsp dncdiudey adfl oysntodl dandra lvm@indriopavickdrivum, | f
needed, deoxidized, to an oxygen content of |ess than 300 pps, w thout
exposi ng tRe. pRAdan edlaydagpelgmend Fddk: & lOWa@XYSENT COnLmnt rHelendad H

powder is consolidated, mﬁth?ut exposi ng the powder to a 8
into the tantalum or niobium pouder, provided that the

oxygen content of the blend.is less than 300 ppm. The
alloys of the present invention further include alloys of
NS tantalum and/or niobium and an alloying element wherein
10 the alloying element and the tantalum and/or niobium
powder are blended prior to deoxidation to form the alloy
having an oxygen content less than 300 PPR. The alloys of
the present invention still further include alloys of
tantalum and/or niobium and an alloying element wherein
15 the oxygen addition associated with the alloying element
does not raise the oxygen content of the alloy above
300 PPR. |
As described above, in the process for producing
formed powder metal products of tantalum, niobium and
20 their alloys, a tantalum, niobium, or alloy of tantalum
or niobium, powder is, if needed, deoxidizeé, t0 an
oxygen content of less than 300 ppm, without exposing the.

powder to a temperature greater than 0.7 T , and then the
) " H

powder is consolidated, without exposing the powder to a



tenperature greater than 0.7 T, to forma tantalum H niobium or alloy
product, having an oxygen content bel ow 300 ppm preferably between about
100 and 300 ppm According to the present. invention, a forned 5. tantalum
ni obi um or all oy product, having an oxygen content belom1300,ppn1 may be
produced from powder, having an oxygen content bel ow 300 ppm by any known
powder netallurgy technique, utilized for tantalum niobiumand their =

all oys, provided that the netal is not 10 exposed to a tenperature gfeater

. than 0.7 arg H_of éhes er Iluaﬁy techglques used
formi ng fﬁﬂpﬁﬁfﬁngrGH Bt8¥a 195P fhi APt 4t Ry eps are Ilsted
i n order of perfornance Any of the t nlques nay be utilized in the -

pr esent b%?i‘{xh £ 81185 0Prach b aYin e o Sivichn "AIDE, BEgLer

“handl i ng, not expose 't neta e greater

t han 0. 730 rg SI n %g&.%,lé?ogqu,legnthtngmoSm{@réwopﬁgcapsuI aél ng, Hot

Isostatlc Mechani cal Processi ng;
| sostatic Pregébagdiﬁhnggrggg prelsentOSindent RS S bk Ther no- Nbchanlca

Processing; 3. | sostati C Pressing, Encapsulatlng, Hot Isostatlc
Pre%ﬁ'ngtﬂﬂdafhﬂtnﬁi&@@bﬁnbﬁahlﬁbQC@?ﬁ&itt.9havtng an oxygen’
contenthbelou-Soo-ppn.emay be produced from pouder.
having an.oxygen content below 300'§§m. by'an§°khbﬁhe"
'_pouder netallnrgy technique..utilized for tantalum.-
niobiunm and their alloys, provided that the metal 1s nof

10 exposed to a temperature greater than 0.7°T . Exa-plary
' ' e

of these yowder netallurgy techniqnes used for forning
.the netal products are the follouing, in which the steps
are listed 1n order of perfornance. Any. of the -
techniqnes may be utilized in the present 1nvention,ed

15 prov1ded that any sintering. heating. ‘or other handling.
of the netal does not expose the metal to a tenperature

greater than 0.7 T : . o -~

1. "COld-Isostatic“PfSSsing;'Siﬁiérihg,'Encafsﬁidtiﬁg,

Hot Isostatic Pressing and. Therno—ﬂechanica] Processing.
20 2. Cold Isostatic Pressing. Sintering. Hot Isostatic

_Pr3331ng'and:Thermo—HechanicaI'Processing._ N

8. COId'Tsostatid'Pressfﬁg;'EdCapéelating, Hoi.

Isostatic Pressing and-The:mo-ﬂqchaniqgl Processing; -



4. Cold Isostatic Pressing, Encapsulating and Hot |sostatic Pressing; 5.
Encapsul ating and Hot |sostatic Pressing; 6. Cold Isostatic Pressing,
Sintering, Encapsulating, 5 Ext rudi ng and Ther no- Mechni cal Processing; 7.
Cold Isostatic Pressing, Sintering, Extruding and Ther no- Mechani cal
Processi ng; 8. ‘Cold Isostatic Pressing, Sintering and Extruding; 9.

Col d I sostatic Pressing, Encapsulating, Extruding 10 and Ther no- Mechani cal
Processing; 10. Cold Isostatic Pressing, Encapsulating and Extrudi ng; 11.
Encapswkati ng and Extrudi ng; 12. Mechanical Pressing, Sintering and

Extruding; 15 4]13. céxﬁdIééE%ﬁﬁ@éCPf5§§§ﬁ99,EE%Q?S&EHGinE“SﬂESHb%t!ng,
Forgi ng and Ther no- Mechani cal Processing. 14. Cold Isostatic Pressing,

Encapsul at i ng, 1 dod€atic aPredfaigp- Mechani cal Processing; 15. Cold
| sostatic Pressing, Encapsulating and Forging; 20 16. Cold Isostatic

Pressing, Sint®rinEmcapswigtiwg dnd H&ol Usbseatati Pr&@sssagng, Sintering
and Rol ling; 18. Encapsul ating and Forging; 19. Encapsul ating and Rol li ng;
20. Col d | sostéti c Gobbsismgtsst it cPYews tmgl, TBenter iRg, Ebcapaindaking,
Processing; 10
Extruding and Thermo-Mechnical Processing:
7. Cold Isostatic Pressing, Sintering, Extruding and
Thermo—Hechanical'frocessing; |
8. Cold lsostatic Pressing, Sintering and Extruding:
g# 9. Cold Isostatic Pressing, Encapsulating, Extruding
10 and Thermo-MHechanical Processing;
10. Cold Isostatic Pressing, Encapsulatin; and
Extrudings
11, Encapsulating and Extrudings
12. Mechanical Pressing, Sintering-dnd Extruding:
15 13. Cold Isostatic Pressing, Sintering, Encapsulating,
Forging and Thermo-Mechanical Processing.
14. 0916 Isostatic Pressing, Encapsulating, Forging and
Thermo-Mechanical Processings
1S. Cold Isostatic Pressing, Encapsulating and Forging:
20 16. Cold Isostatgc Pressing, Sintering and Forging:
17. Cold Isostatic Pressing, Sintering and.Rolling;
18. Encapsulating and Forging:
19. Encapsulating and Rolling: .
20. Cold Isostatic Pressing, Sintering and Thermo-

25 Mechanical Processingi

10



21. Spray .Depositing; 22. Mechanical Pressing and Sintering ~; and 23.
Mechani cal Pressing, Sintering, Repressing and Resintering. 5 O her.
conbi nati ons of consolidating, heating and deform ng may al so be utilized.
The effectiveness and advant ages of the products and processes of the
present invention will be further illustrated by the follow ng exanpl es
which are intended 10 to be illustrative in nature and are not to be .
construed as linmiting the scope of the invention. EXAMPLES The f ol | owfg
~analytical test procedures were utilized to determ ne the properties

the powd2is aBgray Deposedipgaducts of the present.-invention: Carbon.
Content: Carbon contentof the tantalum ni obi um or all oy ‘powder was - _
-det er m n22. byHechan igeihBdessingg andl Sin teR iR Caarxbn - Det er mi nat or, Leco
#528- 035 Cruci bles, 20 Leco #501-263 Copper Metal Accelerator-, and Leco
#501- 50728ar buqc&ameaﬂdfressc@ce $10.t000418,C)RepRE|s g Landl by LECO

Cor poration, 3000 Lakevi ew Avenue, St. Joseph, M. 49805.. The crUC|bIes
wer e pIaE%ﬂiﬂﬁeainﬁuffle furnace and ignited at* 1000 degrees C for 1.hour

and then allo8ed 25 to cool and stored in a clean dessicator A 1.0 gram
her combinations of consolidating. heating and T

deforming may also be utilized. _
The effectiveness and advantageé;of;thé-pfqduets and:
processes of the present inventionfﬁillybeﬁfﬁrther;
illustrated by the~following:ekanples:wh;chxarggintended o k;
10 to be illustrative in naﬁure ﬁnd.afeinbfwf9;bé;cgnstfuéd. -
as limiting the s#ope.of the.inveﬁtion, _ |
EXAMPLES |
The following analytical test ﬁrocedhrestﬁgr§ 
utilized to determine fhe propértiesﬁof thq.popaers ané..
15 formed products of the present 1nve§tion;  |
Carbon Content: }
Carbon dontent,of_;he-tantaium;'n{obiénagryailby
powder was determined by a gas-methoa._using-a;LeéoQIR—lz :ﬁw
Carbon Determinatbr. Leco #528-035 Crucibles.e |
20 Leco #501-263 Copper Hetal Accelerator, and Leco #501—507_:)
Carbon Standards (0.0066 + 0@0004850).,manufactgred by
LECO Corporation, 3000 Lakeview Aven@ﬁi;St;fJoseph;
HI. 49805. Thg.crucibleS'uere.placeﬁi;n;aimufflé furnace
and ignited at 1000 degrees c_for'lﬁhoﬁr,and;then ailqued
25 to0 cool and stored in a clean dessicator. A 1.0 gram

\
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sanple of tantalum niobium or alloy powder was then transferred to a
cr-uci ble. The tantalum niobium or alloy powder in the crucible was then
covered with approxi-mately 1 gram of copper netal accelerator. 5 Sever al
cruci bl es containing only one scoop of copper netal accelerator, and
several crucibles containing 1 gram of carbon standard and 1 gran1of copper
met al -accelerator were al so prepared, for instrument calibration, as bl ank
sanpl es- and standard sanples 10 respectively. To calibrate the Car bon

Det er mnat or successi ve bl anks were anal yzed and the carbon.det erni nator

Di gital Voltnesghpl Vi &aadmmnwamwmit eyl 19PNV dOUHEIORS caldipn. Next

successi ve standard sanples were anal yzed *and the carbon determ nator DVM

15 readi ng wastpdhsgbededotdhawcdueidlet OTRGO4UnA M) mAldumalddration
the crucible containing the tantalum niobiumor alloy powder, covered with

copper netal aatdtbgr pbatierainanikeyzedcible wasbaredeicovEred ars thvM r eadi ng
for the tantal um niobiumor alloy sanple 20 equalled the carbon content in
parts per nillapproxinatgéy dngre@mygénceppeenmetilic aNicerlegataand Oxygen
content of the tantalum niobiumor alloy powder were determ ned using a
Leco TC- 3( 0<y§enemarggunmﬂuasyzentar;ecms#mommezsc@oa:pmﬂ &omRe bl es,

manuf actured and sold by 12
metal accelerator, and several crucibles containing 1

gram of carbon standard and 1 gram of copper metal
accelerator uére also prepared, for instrument
N calibration, as ﬁlank sanpleé and standard sanplés
10 respectively. To'caliﬁrate the Cafbon Deferninator
successive blanks ueré analyzgd and the carbon
determinator Digital Voltmeter (DVM) reading was adjusted
to show 0.000000% éa:bon. Next successive standard
samples were analyied and the cafbon determinator DVH
15 reading was adjusted to show 0.0088 + 0.0004% carbon.
After calibration the crucible containing the tantalunm,
niobium or alloy powder, covered with copper metal
accelerator was analyzed. The carbon determinator DVM
reading for the tantalun, n1ob1um or alloy sanmple
20 equalled the carbon content in parts per million.
Nitrogen and Oxygen Content: .
The Nitrogan'aﬁd Oﬁygen content of the tantalunm,
niobium or alloy powder were determined using a
Leco TC-30 Oxygen Nitrogen Analyzer, Leco #760-414

25 Graphite Crucibles, manufactured and sold by

12



Leco Corporation, 3000 Lakevi ew Avenue, St... Joseph, M 49805 and 5.08cm
(2 inches) wide by 0.635mm (0.025 inch) thick nickel foil. The nickel foil «
was, cut into 2.54cm (1 inch) by 2.54cm (1 inch) squares; cleaned 5 and
formed into capsules. 0.2 granms of a sanple were transferred to each
capsul e and the capsul e was cl osed and crinped into the small est possible
volune. The Leco TC-30 Oxygen Nitrogen Analyzer, was first calibrated *:
using bl ank and t ant al um st andards of known oxygen and nitrogen 10 confent,

‘in a nanneeoscabkakakqohheaﬁﬁmﬁQkk®$¥au*K%Lﬁ@QVQS{OrJ8§$gPrat'”9 the ™

carbon determ na and then the sanpl es were run.through t-he anal yzer to

gener at eNpp4B8BSILAdaEJI 08RRM(Z Lined@d®) Wikd aby QW @bk OPerties vere
determ ned in 15 accordance wi.th the ASTM Test” nethod shown in-the -

fol | owi ngOCcO2Bt 1nBhOPehligk nickel foil. The n:dﬁiﬁwﬂkei $g08uEaftlcle

Size _ -B-214 -Pressed Density - 12 20 Grain
Si ze into 2. 54ci—1121ichnsmer2eaﬂqﬁlﬂke£ﬁd&¥mﬁ¢uaréh528155md&r Fl ow
Rat e “B-.213 B.E.T. “Surface Area & . C-699 Yield

St r efgt hand formed into CEPS“ZQSTenQ I2e§tammgim a sanple were . E-8 X
El ongation - ‘E-8-13 - C

transferred to each capsule and the capsule uas closed and
crinped into the snallest posslble volune.. The Leco TC-SO_
Oxygen Nitrogen Analyzer, was first calibrated uslng blankt

and tantalun standards of known oxygen and nltrosen

10 content, 1n a nanner stnilar to the manner described above _ :
for calibrating the carbon deterninator, and then the
sanples were run throngh the analyzer to generate ppn S
'oxygen and ppn nitrogen.a |
The folloning properties were deternined 1n'p |
15 accordance uith the ASTH Test method shoun in the
following chart' ‘ |
Property - ... - . -'éggﬂéngt'Hethqgi"
Particle Size - .. - B-214 2
. Pressed Density B-212 o
20 Grain Size ' E-112. :
Transverse Rupture Strength B-528
Powder Flouw Rate S - B=-213
B.E.T. Surface Area o C~-699
Yield Strength _ S E-8"
25 Tensile Strength E-8
%X Elongation e E-8
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Density of Formed Product: The density of the fornmed product was cal.cul ated
by: measuring the weight and the dinensions, height, width etc. of the
product. From the di-nensions, the volune of 5 t he product was cal cul at ed
in cubic centinmetres. Density was then cal cul ated by dividing the weight
of the preduct by the volune of the product. Percentage (% of Theoretical
DenS|ty The percentage of theoretical density of the product 10 was

cal cul-ated by dividing the density of the product by the theoretical

densi ty~of the netal, for exanple 16.6 grams/cubic centinetre for Tantal us.
EXAMPLE 1 ExaBensityi of Formed< Predugtsduction of a tantal um 15 powder
havi ng an oxygen cgntent |ess than 300 ppm_ A starting tantalun1pomder

having an oxygen coReeRensdtinedt theo fpEReda PERANGT Mo &l ¥l adigddtbyso
ppm and a nltr en. cont ent ofﬁkess thag 3_5 was bl ended wit n anmount
of Bbout 1% bYe Pﬁh{‘gnﬁgﬁeEPa tTﬁadra 61 G4 ERS4 0TS bE ABRE 1 hH ot 850
d C (0.34.T d th t
oxygen. vas 1BER" r Shotha BYSHUBEnc: FREM THY AtbeBedRndo syt
(0.38 T )sat @hgrﬁﬁéﬂﬁgtoaaé'§§§cﬁ1L@Eﬁ]1ﬁacﬁ%igokeﬁq meltr'dsl? Density

was then calculated by dividing the ueight of the product

by the volume of the product.

Percentage (%) of Theoretical Density:

The percentage of theoretical density of the product
10 was calculated by dividing the density of the product by
the theoretical density of the metal, for ;xémple 16.6
grams/cubic centimetre for Tantalunm.
EXAMPLE 1
Example 1 illustrates the production of a tantalum
15 pouder havtng an oxfgen content less than 300 pPpan. A
starting tantalum pouder having an oxygen content of
about 600 ppm, a carbon content of about 40 ppm, and a
nitroéen content of less than 10 ppm, was blended with an
Nt amount of about 1X by weight magnesium. The resulting

20 bdlend was heated at 850 degrees C (0.34 T ) for 2 hours.
H

The magnesiunm, not_reacted with the oxygen, was then
removed by further heating the blend to 1000 degrees c

(0.38 T ) at a pressure of 1.333 x 10~* Pa (0.001 Torr.)
H



Any remai ni ng magnesi um was renoved by i mersing the powder in nitric acid

at roomtenperature. The powder was then washed in water and air dried.

The resulting tantal um powder had an oxygen content of 185 ppm a 5

carbon content of 45 ppm and a nitrogen content of 45 ppm  The resulting

tant al um powder al so had an apparent density of 4.12 gnicc and a flow rate

of 26 seconds for 50 granms. The particle size distribution was as shown

below. 10 Particle Size W . % 40/ 60 0. 1%

. 60/ 100 569% 100/ 200 . - 37.8% 200/ 325 f“
2.4X 15 Ampsremaining magnesium was;TemRNSH] DY) IURERAIDL the ustrates 4

formed product of tantalum having an.ox n contént of about 205 ppm
pr oducedP %%ch%n?tﬁ?*ﬁr%ﬁé#n@ta BoglﬁﬁégPH@‘“rfb he powdax: di zed

of about SR SARREA " AF: P8 Eﬁcgﬁh? a7 dr e 6@&”5%612 GHIes By
D1 OCedu fudd 1R phRad PO RAORECULGa8D E5RAURRS %f%%w ed as the.

starting powder tan was pl aced ®i ie and pressed,

Usi ng Ut @igh PSFESHE Cot! E‘sop?n ai'xﬁCH‘ hitrdgeh Yoti¥eny deblet Wth a

pressed:
45 ppm. The resulting tantalun powder - also had an

mnRe

apparent density of 4.12 sn/cc;end-aaf}ou_ratezof_-f

26 seconds for SO grams. The particle size distribution

was as shown below: - o S | c}
10 w‘- e % A

s0s60 _--01". -, y

60/100 _ e

1007200 7. 8%

200/325 2. ax
15- 328 3.7%

EXAMPLE 2

Examp1e=2¢111ustretes a formed product of tantalunm,-
having an oxygeﬁ content of about 205 PpPR, prodhced by
mechanicel,pressing and.sintering;-j' o ' v | : -
20 . A deoxidized tantalnm poudet*haying:a carbon-ebhtent
of about 60 ppn,:an'Oxygen'content of about 135 ppn,”and
a nitrogen -content of about 10 ppm. prepared by a
procedure similar to the procedure of Exanple 1, uas__:
uttlized as the stareing pouder. This tantalum pouder
25 uas'plecedﬁin'a die;and bressed.-using uniaxial pressure,

into a 10.16cm (4 inch) diameter tablet with a pressed

15



15 density of about 80% of the theoretical density. This tablet was then
si.ntered at 1500 degrees C (0.54 T ) Hfor 2 hours in a vacuum evacuated to
| ess than about 1.333 x [err] (.001 Torr). The final sintered tablet 5 had
a carbon content of about 60 ppm an oxygen content of about 205 ppm and
nitrogen content of about 10 ppm EXAMPLE 3 The follow ng tests were '
conducted to show that the tantal um niobiumor alloy powder, of the
present 10 invention, is conpressible, and to show the strength of the
powders-of the present invention. A deoxidized tantal um powder having a

carbon cont enfendfy 3Pt AHSPBOR L XU RS EN O] £ORBI)35 PRYL and a

nitrogen content of about 10 ppm prepared by a 15 procedure simlar to the
procedure of {18 ak theh WHildeawh ast t IBOGIPé g édls OWIGIS4 The)starting

powder was placed in a die and pressed at various pressures, infgo tablets,
2.54cm (1 inch) in diameter, and about 1.27cm (1/2 inch) in height. The
density of tHfert @lheursadm dauun ievacfatdd 5 chassgtipaessboes was as
folfous: 16 1.333 x 10~= Pa (.001 Torr). The final sintered tablet
5 had a carbon content of about 60 ppm, an oxygen content
of about 205 ppm and nitroggn content of about 10 ppn.
EXANPLE 3 |
The following tests were conducted to show that the
tantalum, niobium or alloy pouder, of the present
10 invention, is compressible, and to show the strength of
the pouwder of the present invention.
A deoxidized tantalum pouder having a carbon content
of about 60 ppm, an oxygen cohtent of about 135 Ppa, and
a nitrogen content of about loippm. prepared by a
15 procedure similar to the procedure of Example 1, was
utilized as the starting powder. The starting poudgr was
placed in a die and pressed at various pressures, into
\ tableis, 2.54cn (1'1nch) in diameter, and about 1.27cm
(172 inch) in height. The density of the tablets as a

20 function of the Pressing pressures was as followus:

16



Pressure Density Kgf/[err] “(1bs/sq, .in)

( of theoretlcal) 246. 07 ( 35, 000) : - 75.5
281. 23 ( 40.000) _ . 78 5 - 316. 38

45, 000) 80 351.53 ( 50, 000)
82.1 386.69 : ( 55, 000) : 83.6 421.84
( 80, 000) 85.1 456.99 65, 000)
86.4 10 492. 15 ( 70, 000) 87. 5 562 46
( 80, 000) 89.7 703.07 (100, 000) - i
92. 8 These results show t hat the powders of t he present dinventi.on are” .
conpr essi bl e. : how t he strength of the: pomQﬁ; he present
Inventlomgi@dzre@ Efunl cg’f.épwﬁsyg s 1fydeoxi di zequt-gat %lhlé%qt ey having a
carbon conten Xygen contenft” of _apout 135 ppnr and a

nitrogen corggmiopf about 10 ppss, ooepared by a procedure sigglgar 20 to
t he procedurzspfzdxanple 1, vvas4olaoed in a di-e and.pressed,  gg various
pressures, i3ie dmrs about 1.82745p000A2 i nch) by about 1. 27(nad112 i nch),
by about 5.C@#5L/BF2 inches). (The,00ahsverse rupture streng@82.af these bars

was as foll CBQS.% Press0oe) o -~ TransB&.€ Rupture
Strength|}y4 1.189. 61 - 8Q00000) - . - 7.73 - °85.1 ' (1100)
210. 95 456.99 30, 000) . (. 65,009)36 ( 19_'40) 3&3& 14 '
(37,880) 492.1519 12 " . €. 70, 0032720) L
- 562.46 t 80,000) _ 89 7
703.07 (100,000) _ 92 8’
These results shou that the powders of the present o o/

invention are compressible. o
15 _ To shou the strength of the pouder of the present
invention after mechanical presslng,_a deoxidized o
tantalum pouder hav1ng a carbon content of about 60 ppm,
an oxygen content of about 135 ppm. and a nltrogen:
. content of about 10 ppm. prepared by a procedure similar o
20 +to the procedure of Example l. uas placed 1n a die and B
pressed. at various pressures, 1nto bars about 1 27 cm_m _
(1/2 inch) by about 1. 27 cm (1/2 1nch). by about 5 08 cn . ;;;
(2 inches). The transverse rupture strength of these
bars was as follows. |

25 Pressure - 'Transverse-Rupture'Strength ;_.

Kgfscm® x 10 (lbs/sq.in) Kegf/cn=® x 10 (1bss/sq.in)
140.861 (20, 000) 7.73 ._ "(1100)
210.92 (30, 000) 13.386 : (1940)
260. 14 (37,000) 19.12 - .. (2720)

30 421.84 (60,000) 54.12 = (7700)
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30 421.84 (60, 000) 54,12 (7700) 17-
CGenerally a mninmumstrength of 140.6 [err] (2000 Ibs./sqg.in.) is desired
for normal handling-of pressed conpacts. The data fromthe conpressibility
test together with the rupture strength test indicates that 5 this
strength level can be obtained with the powder of the present invention
forned: at a pressure sonewhat in excess of 30,000 psi, where the pressed
conpact.has a density of about 75% of the theoretical. EXAVPLE 4 10
Exanpher4 illustrates the production of a formed tantal um product having an
oxygen cont enGeakraldyt al &l nimumiisthrength ks MO O Kgtad=ta a tenperature
greater than 0.7 T , by cold isostatic pressing (CIP), H followed by hot

i sostatic pred2009 (MsRysgadnf.inals derd red|famabinek Hamuhbingddini ca
processing (THP). A deoxidi zed tantal um powder having a carbon content of
about 10 ppm PRASSeA)CORPAStSnt Jheyfdata 30w he ARRRreRsibLbitEoRENt of
about 15 ppm prepared by a procedure simlar to the procedure of Exanple

R
1, was 20 uti FPBEEhET Withsthe riptysfStrepgth JRfle ntCatay that
i sostatically pressed at 421.84 [err 60,,000 | bs./sq.in.) .and, roo
t enper at uP e, itﬁlia 35 ee3 P Gf"ealb&f'] .f’&ﬁ'(’é‘.ﬁfsi'ffcﬁ'es‘)m%f%‘b%ﬁ % 16cm
(10.3 the present invention formed at a pressure somewhat in
excess of 30,000 péi. where the pressed compact has a
density of about 75% of the theoretical.
- EXAMPLE 4
s SRS
10 Example 4 illustrates the production of a formed
tantalum product having an oxygen content of about

130 ppm without exposing the metal to a temperature

greater than 0.7 T , by cold. isostatic pressing (CIP),
H

.folloued by hot isostatic preésins (HIP) and finally

15 follouwed by theremo-mechanical processing (TMP).

A deoxidized tantalum powder having a carbon content
of about 10 ppm, an oxygen content of about 155 ppm, and
L a nitrogen content of about 15 ppm, prepa:ed by a

procedure similar to the procedure of Example 1, was

20 utilized as the starting powder. This powder was cold
isostatically preésed at 421.84 Kgf/CH= x 10
{60,000 1bs./s8q.in.) and room temperature, into a prefo:n.
of about 12.7cm (5.0 inches) by about 26.16cm (10.3

inches) by about 4.08cm (1.8 inches) with a weight of

18



i nches) by .about 4.06cm (1.6 inches) with a weight of 18. about 22. 66Kg
(50 pounds). This preformwas hernetically encapsul ated then hot
i sostatically pressed at 295.29 [err] (42,000 | bs/sqg.in), :and 1300 degress
C (0.48 T ) for 4 hours into a preformof about 12.07cmH 5 (4.75 .inches)
by about 25.91cms (10.2 inches) by about 3.68cm (1.45 inches). The ‘hot
isostatically pressed preformhad a carbon content of about 45 ppm an -
oxygen content of about 130 ppm-and a nitrogen content of |ess than alput
10 ppm 10 The hot isostatically pressed preformwas then anneal ™ at
1300 dedkhawt @?(ﬁﬁ&sﬂsofm‘mdnéursThnSaPHe\fmmeaa/meadctadhess t han -
about 1.333 x [err] 001 Torr.) and then the encapsulation was renoved.
The res ARGARS %ﬁ%‘inﬂh&% hot| taosbasicpildnn@sessed @t about' 15 1.02cm
(0.4 inch). ref orm was anneal ed at 1300 degress C (0.48 T

n rol| ed
) for 2 4HR %?rﬁkd?@acﬁuh?kfégagﬂgtéhs(aqhé§§'tﬁ&ﬁ AR deE¥®BI ST r . Next
t he pref ol | to a ckness (t) of about 2 0. 08 |nch) i
Thenpt he regf%/af Jo {)?’éf‘gdlh‘? g’ﬁt‘éal"eﬁrgg %B °f3 &égrl%eggﬁ 0.48 T ) for
2 hours in a vacuumH
5 (4.75 inches) by about 25. Slcns (10 2 inches) by about :

3.68cm (1.45 inches). The hot isostatically pressed _
preform had a carbon content of about 45 ppn, an oxygenh'
content of about 130 ppm and a nitrogen content of less :
than about 10 ppm. | o
10 The hot isostatically pressed preforn uas then ; -

annealed at 1300 degrees C (0 48 T ) for 2 hours in a
R :

vacuum evacuated to less than about 1. 333 X 10=% Pa .

(.001 Torr.) and then the encapsulation uas renoved._ The

resultant preforn was rolled to a thickness (t) of about
15 1.02cm (0.4 inch). Then the rolled preforn uas annealed

at 1300 degress C’ (0 48 T ) for 2 hours in a vacuum
: : H . ;

¢

evacuated to less than about-o;OOIITorr.:'ﬁext the
preform was rerolled_tolafthickness (t) of.aboutyZ:OsnnJ'
(0.08 inch). Then the rerolled preforn-uasﬂannealediat'

20 1300 degrees C (0.48 T ) for 2 hours in a vacuum. -
H _ . o

evacuated to lesshthan abont 0.001 Torr.- Next the'.J
preform was rolled to a thickness (t) of about 0 SSnn

(0. 015 xnch).' Then the three times rolled preforn vas

19



evacuated to |l ess than about 0.001 Torr. Next the preformwas rolled to a
t hi ckness (t) of about 0.38mm (0.015 inch). Then the three tines rolled
preformwas 19 anneal ed at 1300 degrees C (0.48TH) for 2 hours in a
vacuum evacuated to |l ess than about 1.333 x [err] Pa (0.001 Torr). Sanples
of the preformat various thickness were taken during process herein

-described. 5 anhB81B88CARENNGA0D HegReekl €S (Of. 487 PrRfOINBuid e | ous
thi cknésses, in anneal ed condition, were as fol | owd! El ong Graijg

Condi &ion vacuunii evdchatedgth lesenthad Jbcwstgtih 338 00~ Sige [err]
10 ' x 10 sg.in.) x 10 sqg.in.) % As HI Ped
244.67 34,800 370.601 F2r¥00 Sampd8s of thet pref@mmat radddus ) 276.3
39,300 340.28 48,400 47 - t= 2.03nm (0.08 in.) 299.51 42,600
360.67 51,300 thickness were Qakemdugdng3precess3dirrein 4esmoibe’yo. 66
54, 000 40 - 15 t= 0.38nm (0.015in.) 281.23 40,800 359.27

51,100 5 40 Thg megchanigadePpPrBpEitiess odr $heopFafanm ato theop@aniaus of
tantal um sheet produced by sintering at a tenperature greater than about
0.7 T/, which indFBAfkBeprge t 4B pONGaLEdaRPNAdti¥p, were as follows:

Eleong Grain
Condition Yield Strength Tensile Strength ation  Size

Kg/an® (lbs./ Kg/am® (lbs./
x 10 sq.in.) x 10 sq.in.) %

', 10
As HIPed 244.67 34,800 370.52 52,700 48 7
t= 6.35mm. (0.25 in.) 276.3 39,300 340.28 48,400 47 —
t= 2.03m (0.08 in.) 299.51 42,600 360.67 51,300 41 —
t= 0.76mm (0,03 in.) 307.24 43,700 379.66 54,000 40 —_
15 t= 0.38m (0.015in.) 281.23 40,800 359.27 51,100 40 8
l\/
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H products -of the present invention are.suitable for use'in 5 .the sane
applications as products produced by sintering at a tenperature greater

t han about 0.7 T H EXAMPLE 5 Exanple 5 illustrates the production of a
fornmed tantal um product having an oxygen content of about 10 140 ppm a
carbon content of 30 ppmand a nitrogen content of 15 ppm wi'thout exposing
the metal to a tenperature greater than 0.7 T by cold isostatic H . K
pressing, S|nter|ng and t hen therno-nechani cal processing. 15

. d i di tant wd tent of - ab t 10 3’?
oxygen cREAR B *?ﬁeﬁei%%r%?f?gaﬁﬁgﬁiﬂ???ﬁ%@ﬂf’?aﬁ?emaog? A pom

s 1 ﬁreegtﬁ'ﬁef*né‘ e é*rﬁls'?%%&ﬁ'é#h%pﬁ‘é§?§%§é%§x diBaieh f\ﬁ%l%eggleél éte .
42184 gg.{)deP'POO 4PFes Sthdidad fe%@aa "BBEgeRE AN Bt 1 e

(0.63 inc abouty 6 cn1( At I'nches).
wei ghi'ng about- -11. 34 Kg. (25. pounds) ThIS pr ef orm was sintered at
1500 degwauadads)&¥3ihé pfesent invention are suitahle for use in
5 the same applications as products produced by sintering
at a temperature greater than about 0.7 T .
H
EXAMPLE 5
ExanpieVs'ilIustrates the produCtion of a fornod - Q.i

tantalum product havsng an oxygen content of about.p
10 140 ppn, a carbon content of 30 PPR, and a nstrogen
content oﬁ 1S ppm, wtthout expostng_the.nctal to a,_-f

temperature greater than 0.7 T by'cold'isostatic"”

'pressing. sintering and then therno-nechanical
processing.
15 A deoxidized tantalum powder havtng a cafbon content
of about 10 ppm, an oxygen content of about 155 ppm, and
a nitrogen content of about 15 ppn; prepared by a | :_  EJ
procedure similar to the procedure of Example 1, was
utilizod as the starting powder. This pouder nas Cold
20 Isostatically pressed at 421.84 Kgs/Cm= x 10
(60,000 1bs./sq.in) into a bar shuped'preforn of about.
1.8¢cm (0.63 inch) by about 6.35cm (2.5 inches) by about‘
63.5cn (25 inches) ueighing about 11;34 Kg (25 pounds).
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for 2 hours in a vacuum evacuated to | ess than about 1.333 x [err] (0.001
Torr), to yield a preformhaving a density of about 95% of the theoretical
density. The 5 preformwas then rolled to a thickness (t)of about 0.51cm
(0.2 inch) and a width of about 15.24cm (6 inches) and a | ength of about
76.2cm (30 inches). Then the rolled preformwas anneal ed at 1300 degrees C
(0.48.T ) Hfor 2 hours in a vacuum evacuated to | ess than about 10 1.333 x
[err]CO 001 Torr). The formed sheet had a carbon content of 30 ppm an
oxygen-tontent of 140 ppm and a nitrogen content of 15 ppm The density of
t he sheet was Th@g%peie folra: Wasorsainteedlasi IS0 e gree gy rGi (053 eTwas 8. 5.
The | ongi tudinal axis of the sheet had a 15 vyield strength of 384.58
Kg/[err] (54,700 Ibs./sqg.in), a tensile strength of 281.23 Kg/[err]x 10
(40,000 | bs./ £gri &) hongs43% & FGRUD € vaTiva teda sy chess atdian oﬁlehe sheet
had a yield strength of 380.38 err] x 10 (54, 100 I bs./sq

tensile 20 stir8% K 69‘251’&32%3%{%{1}%%)1-0 'f(oae'iaml |ébsP=7%%Pm ba&m@%

el ongation. These results_indicate tha sheet |s itable f use in
the sanme apli G8PR4kY 2 &bodts %ﬁﬁcé&“’o ke nF LY« oqéhe
tenperat uge gre%tf%rrmt ri]a%.rs]s % %lillt r%l71e-5 '1'022a thickness (t) of about
0.51cm (0.2 inch) and a width of about 15.24cm (6 inches)
and a length of about 76.2cm (30 inches). Then the

rolled prefornm ﬁas annealed at 1300 degrees C (0.48 T )
H

for 2 hours in a vacuum evacuated tqliess than about

10 1.333 x 10—* Pa (0.001 Torr). The formed ;heet had a
carbon content of 30 PpPm, an oxygen content of 140 ppnm,
and a nitrogen content of 15 PpPR. The density of the
sheet was 100X of the theoretical density and the grain
size was 8.5. Tﬁe longitudinal'axis of the sheet had a

15 yield strength of 384.58 Kg/Cm® x 10 (54,700 1bs./sq.in),
a tquile strength of 281.23 Kg/Ca® x 10
(40,000 lbs./sq.in) and 45% elongation. The transverse
axis of the sheet had a yield strength of
380.36 Kg/Cm* x 10 (54,100 1bs./sq.in.), a tensile

20 strength of 257.32 Kg/Cm= x 10 (36,600 1lbs./sq.in.) and
468% elongation. These results 1nd1céte that the sheet is
suitable for use in the same aplications as sheets
produced by exposing tantalum to a temperatu}e greater ™

than about 0.7 T .
H
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EXAMPLE 6 Exanple 6 illustrates the production of a formed tantal um product
havi ng an oxygen content of about 205 ppm. a carbon content of 60 ppm and
a nitrogen 5 content of 10 ppm prepared w thout exposing the netal to
tenperature greater than 0.7 T by nechanical pressing, H sintering,
repressing and resintering. A deoxidized tantalum powder having a carbon
content of about 60 ppm an oxygen content of about 135 ppm and 10 a
nitrogen content of about. 10. ppm prepared by a procedure simlar to thé}

.procedur R SExagple 1, was utilized as the starting powder. This tan®™alum
powder mgg—gzgéegpin a die.and :nechani cal-ly pressed, :using:uniaxial .~ -~
pressure, intg._a_ tablet, .7.62nm. (Q.3.inch 5 _ diangefer 0. 36nmm (0. 14 o
i nch) high. -%SFEP?gb et léﬁg%trﬁé‘%ssi% °e_rPé)(fé‘{°T1izf§b ?jé:g‘? egé“lego 53 T ) for
2 hours | v.a wvacuated toless than e 333 X, 10- Pa (0.001
Torr). #%gg??ﬁél5g#§?§¥e§g?gggékgh3%3}%§;§§§¥€§#néﬁné%#&%bout_60 ppm. an
oxygencoghenhnf ab 0 colReRRMAN G YHd . QR 0t . 0f about 10 ppm
The si ntgégdﬁggbl gt e%/a}gg?hgﬁﬁ?gg‘?ess_e?‘?r&ﬂg'@_pr ef%?ﬁ%q‘ﬁﬁe pref orm was
thensres¢oheery 8t 1658pHeUpeeparedd v nbut felipo’s 114! Hhé Mmét ¥ ACHYM.
evacuated to less H 23 I L : L -
temperature greater than 0.7 T

: y mechanical pressing,
siniering, repregg;ng;anéﬁreggntériqgﬁ -
A dpox;dizgd!;@n;glumjpoyde;,hav*ng:a.carbon content
of“about So'pém. aﬂ ogygen content of_about 135 ppm;-and ':kﬁi
10 a nitrogen:conten£ of“éﬁ&ifJ}Q'ﬁpi;:p§épéré& b?IQZ L
procedure sihilér:fb'théjprocé&ﬁfe'Gf.ﬁkadflé i;_ﬁa;:
utilized as the éfﬁrtiné'ﬁdudér;zﬁThiE f#ntéluifﬁoﬁ&éf 
was placed in a die and:ﬁé¢h$nica11y'riéssed,uﬁétﬁg' -
uniaxial'preSSure;{ihio'a £abié£;“7:6émﬁi(6;3.1n¢£)F :
15 diameter by O.36mm (6Lf4'£nbhi*ﬁiéﬁ;, Thts tableicﬁaﬁ"'

then sintered at 1450 degrees C (0.53 T ) for 2 hours

H
in a vacuunm eyacuated_tqklegs than about 1.333 x IQT*;Pa.
(0.001 Torr). The final sintered=£ablet_had'a.qarbom
content of about 60 pPpm, an oxygen content of abght_--~

20 205_ppm and a nitrogen content of abou£-1O pPPm.

The sintered table;_uas_then repressed into a
preform. The preform wa#_then resgntered at 1450adégrees

C (0.53 T ) fot_2 hours 1nia vacuum evacuated to less. . -*
H ' -
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t han about 1.333 x [err] (0.001 Torr). The resulting resintered preform was
suitable for extruding to produce a forned tantal um product. EXAMPLE 7 5
Exanple 7 illustrates the production of a formed tantal um product having an
oxygen content of about 165 pps, a carbon content of 90 ppm and a nitrogen
content of 10 ppm prepared w thout exposing the netal to a tenperature
greater than 0.7 T by cold isostatic H 10 pressing, encapsul ati ng and then
extruding: A deoxidized tantal um powder having a carbon content of about 80
ppm apnsoxygen content of about 155 ppm and a nitrogen content of |ess

Beamnio 1, walbih gEPRRCdaos® o JLCRR' D Jdh e, DAL, s

Exanpl e 1, was zed e starting ‘powder.

Col d Isostati 2 I

into a rod shggggﬁsrgg?orgge?t)rgoﬁfgéglﬁg (lg |f)r?gr%%s 1"fi‘?"’n Sl(karr%tseﬁr%d%out
12. 7cm (5 |ncgegbrhgagtaﬁﬁglﬁgdpgaaﬂgd preformwas then hernetically 20

encapsul ated in a steel container and extruded at 1150 degrees C (0.43 T )
through a 1. 58KRMPBES7i nch) dianeter H die. The Encapsul ating steel

contai ner was then renoved and the preformwas anneal ed at 1300 degrees C
(0.48 T )5H 24 Exanple 7 illustrates the production of a formed
tantalum product having an oxygen content of about
165 PPRn, a carbon content of 90 ppm, and a nitrogen
content of 10 ppm, prepared without exposing the metal to

\/ a temperature greater than 0.7 T by cold isostatic
. H

10 pressing, encapsulating and then extruding:
A deoxidized tantalum powder having a carbon content
of about 80 ppm, an oxygen content of about 155 ppm, and
a nitrogen content of less than about 10 ppm, prepared by
a procedure similar to the pro?edure'of Example 1, was
15 utilized as the starting powder. This tantalum pouder
was Cold Isostatically pressed at 421.84 Kg/cna'x 10
(60,000 1bs./sq.in.) into a rod shaped preform of about
Y 50.8cm (2 inches) in diameter by aboﬁt 12.7cm (5 inches)
léng. ‘The rod sﬁaped preform was then hermetically
20 encapsulated in a éteel container and extruded at 1150

degrees C (0.43 T ) through a 1.59cm (5/8 inch) diameter
H _ _ .

die. The Encapsulating steel container was then removed

and the preform was annealed at 1300 degrees C (0.48 T )
H
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for 2 hours in a vacuum evacuated to | ess.than about 1.333 x [err] (0.001-
Torr). The anneal ed preform had a carbon content of about 90 ppm an .
oxygen content of about 165 ppm a nitrogen content of |ess than about 5

10 ppm a yield strength of 292.48 Kg/[err] x 10 (41,800 Ibs./sqg.in.), a
tensile strength of 423.95 Kg/[err] (60,300 Ibs./sqg.in.) and an elongatlon
of 52% The anneal ed preformhad a grain size of 12.5 mcrons. 10

The properties of ‘the anneal ed preformindicate that the anneal ed prefdr m

- i s suitalidy fPmowbseialtvd &l vaRER88aCEb REESCTRLATaHEYAVPLE 8 BXefipl e
8 illustrates the production of a forned 15 tant.al.um product:: havung oxygen .

content of, ZH®U G5 [HUN (G GPRIPSr ¥ [ NOTheCXRABRNEA! PeetBral hed &
tenperature greater than 0.7 T , by spray depositian.. H A .deoxidized

- tant al umcaavisbar dunmen;ebtmaﬁmuncsmtgpm o&nabsygeBOcpnmen&no@xygen cont ent
of about 155 ppm and 20 a nitrogen content :-of .l ess than -about 10 ppm

pr epar ed abpvut phas pm.e sind teegen cd:m:pnbceﬂulessf tkannpbeut, was utilized
as the starting powder. The powder was: spray deposited-up to a.thickness
of @ 25mkQ erob, m(m,)elgiq mmth of 292.48 g/Cn’ x 10 _

(41,600 1bs./sq.in.), a tensile strength of ':' | | _V_r |
423. 95 Kg/Cma X 10 (60, 300 lbs /sq 1n ) and an elongation |
of 52%. The annealed preforn had a grain size of 12.5
microns. I -

10 . Tﬂe'?ropertieélof thetenneeied'frefOrmfinddcete that
the annealed preform is suitable forJSubsequent,therno—

__mechanical_procegsingg |

EXAMPLE 8 | |
| - Example 8.111ugtrgtes_the}produotion of a formed:

15 tantelun product-haﬁtng:oxygen:qontent}of about 155 PPN,
prepared q;thont egposing the'netal_mq a temperature: |

greater than 0.7 T , by spray-deposit:on.

A deoxidized tantalun pouder havtng a carbon content

of about 80 ppm, an oxysen content of about 155 ppn. and

20 a nitrogen content of less than-about 10 ppm, prepared by
a procedure stnilar to the procedure of Exanple 1, uas
utilized as the starting pouder. The pouder uas spray

deposited up to a thickness of.p.ZSnn:(OQOI_inch) on an.
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al l.oy substrate formed fromHastelloy Alloy X (Hastelloy is a trademark for
alToys produced ‘and sold by Haynes Corporation, Park Avenue, Kokono,

I ndi ana). No problens were encountered, indicating that the particle 5
size, flow properties and oxygen content of the powder of the present

I nvention.are suitable for consolidation by spray deposition. EXAMPLE 9
Exanple 9 illustrates the production of a niobium 10 powder having an
oxygen” eontent of 175 ppm The starting niobi um powder having an oxygen
cont ey of about 660 ppm  a carbon content of about 25 ppm and a nitrogen

content 'of abgyuloyOsaBstrues PbeREads¥ohhHAR+RTY Aqflo%bwt(ﬂjasi%l%_lg}"ei ght
magnesi um The resulting blend was heated at 15 850 degrees C (0. 34 ) for

2 hours in aniérgoeridenaPkphorcal1bgspgbasced andl soqacthgd with the
oxygen, was then renoved by further heating the blend to 850 degrees C

(0.34 T ) at HapnessQoepotratidfil Rarkr AvehueQ. Kokomor, )IndAananenaiNg ng
magnesi um was renoved by 20 imersing the powder in nitric acid at room
t enper at ure. fhebpemsewenasentionntarbdd wintihcaziiag ahdtaithedpagd.icllee
resul ti ng ni obi um powder had an oxygen content of 175 ppm a carbon content
of 20 ppnd andizeni flodeRrepartaesopndsogysenTrontedt oifndhei owderpefder
al so had 26
the present invention are suitable for consolidation by
spray deposition.
EXAMPLE 9
Example 9 illustrates the production of a niobjiunm
10 Ppowder having an oxygen content of 175 ppm. The starting
niobium powder having an oxygen content of about 660 ppm,
a carbon content of about 25 ppm, and a nitrogen content
of-about-?O PPR, was blended with an amount of about 1.5%
by weight magnesium. The resulting blend was heated at

15 850 degrees C (0.34 T ) for 2 hours in an Argon
H

atmosphere. The magnesium, not reacted with the oxygen,
was then removed by further heating the blend to

\_J 850 degrees C (0.34 T ) at a pressure of 1.333 x 10—* Pa
H

{0.001 Torr). Ahy'femaining magnesiun ﬁas removed by

20 immersing the powder in nitric acid at room temperature.
The powder was then washed with water and air dried. The
resulting ntobium'pouder had an oxygen content of
175 ppm, a carbon content of 20 ppm, and a nitrogen -

content of S5 ppm. The resulting niobium powder also had
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an apparent. density of 3.45 gnfcc and a flowrate of 22 seconds for 50
grans. The particle size distribution was as shown below. Particle size ®
w. X5 . 60/ 100 100/ 200 74% 200/ 325 |

23% 325/ 500 2X -500 1% 10 Nurer ous
variations and nodifications may obviously be nade wi thout departing from
the present invention. Accordingly, it should be clearly understood that

the forns of the present .invention herein described are |IIustrat|ve %&éy

-and t _intended t t t 15 of . th t
57" "L AREeRPaeRt, dpRase of Bwﬁ 5 S 8 HAHG =8P A0on oxygen

active rAPEPRAB,A8F 0 rdke o, g”ﬁ#e*{%ﬂ"”fpeom@ ?Wﬁmﬁvﬁﬂ?' "He8oi um or

an al |l oy LhF 9& h§§bq actlve net al haV|ng a hlgher afflnlty for oxygen
than sai 3 I'ng. netal . heat.ing :

- Particle size’ ' Cowt. X%
3 - 807100 : e e T e ,
1007200 - T74% B o .
2007325 23% ' o : _
3257500 . 2%
=500 ' 1%
10 Numerous var#atgong.and uqd{ftcat#ons_ngyhobytqgsly
be nadé uiihbut departihg-frdn the rréseht invention.z
Accordingly. it should be clearly understood that the
forms of the present 1nvention herein descrtbed are .,  _ : ’ ;
111ustrat1ve only and are not intended to limit. the -scope
15 of the invention.
X
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t he bl ended powders to a tenperature. |l ess than 0. 7TH of the netad’, e
depl eting the oxygen present in the starting netal to |ess than 300 ppm
and renoving the oxygen enriched active metal fromthe starting netal by
evaporation and chem cal |eaching. 2. The pr oces ' ein

the nmetal- is tantalum 3. The process cl ai
metal Lis niobium 4. The process of clai 1 wher ei tlu ll llit:
al l oy of-tantalum 5. The process of claim 1 wher ei

al l oy & niobium 6. = A process accordi pgairsC! @i m 1 substanti aI ly as
herein described with reference to Exanptes—tand 9. 7. A conpressible
nmetal powder having an oxygen content of less than 300 parts per

mllion when prepared tptdéé%sprﬁéﬁs Ia waqnep&idélhehawagdla}g
clains. 8. A fornmed powder taI 1% %E 888Ct havi ng an oxyge

content |ess thafEEPBpareREHR Spr 588Ced JRArts "per cmi 19“'
fromthe net aI pomiprlsingkabtre?xd\mgh@ﬂ et ngetieenmethl powder with

tenperature gt esrtaéﬁq‘g% %e?;h BLwdEge &Wa%talwrehgosog%mnetgé 'S

tantal um ni ob| um an
alloy thereof, said active metal having a hJ.gher

affinity for oxygen than said starting metal, heating
the blended powders to a temperature less than 0.7'1‘H
of the metal, depleting the oxygen present in the
starting metal to less than 300 ppm, and removing the

oxygen enriched active metal from the starting metal by

evaporation and chemical leaching.
2. The process of claim 1 wherein the metal is
tantalum.
3. The process of claim 1 wherein the metal is
niobium.
4. The process of claim 1 wherein the metal is an
alloy of tantalum.
_ 5. The process of claim 1 wherein the metal is an
et alloy of niobium.

6. A process according to claim 1 substantially as
herein described with reference to Examples 1 and 9.

7. A compressible metal powder having an oxygen
content of 1less than 300 parts per million when
prepared by the process claimed in any one of the
preceding claims.

8. A formed powder metallurgy metal product having an
oxygen content less than 300 parts per million produced



oa » .
< -

of tantal.umor an alloy of niobium 9. A,forned'pouber netallurgy prgduct
according to claim8 substantially as herein descrlbed W th 3

reference to Exanples 4 to 8 | | 1
[T

from the metal powder of claim 7 without exp051ng the SEJ '
metal to a temperature greater than 0. 7TH of tbe ; -
metal, wherein the metal is tantalum, niobium, an alloy

- of tantalum or an alloy of nloblum. ' | |

9. A formed powder metallurgy product accordlng to
claim 8 _substantlally as hereln descrlbed with

reference to Examples 4 to 8.




