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| NVENTI ON 1. Field of Invention: The present

invention relates to a nethod of controlling the oxygen content in valve 10
netal materials and, nore particularly, to a nethod of controlling the

oxygen content in powders of tantalum niobium and alloys thereof,
useful in the production of capacitors, and in sintered anode bodies
made fromtantal um niobi.um and aIons t hereof 2.
Description of the Rel ated Art: Val ve netals nay be used to

form w ought pMETHOPFORIWERING ﬁéﬁsox‘fﬁ%iggwg@tg‘wﬁ METAL MAJERIALSes and

‘rods, and prefornms for subsequent .t her no-mechani cal processing. In

addi tion, capacitors can be manufactured by conpressing aggl onerat ed

t ant alsum powders to forma pellet, sintering the pellet in a furnace
to forma porous body (electrode pt i mes fol | owed by
deoxi dati on of the el ectr RREBIRIES st ve netal:, such as 20
magnesi um and then subjecting the body to anodlzatlon in a SU|tabIe
electrolyte to forma continuous dielectric oxide filmon the sintered
body. ‘1. Field ofInvestigfiniown to those skilled in the art, valve netals
general ly include tantal um, ni obi ul gnd allo s t hereof, and al so may

i ncl ude net al sTRe PEgssatpivention relstestop M 089“' ngkhe axygen: centonl mevalve
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powders of tantalum, niobium, and alloys thereof, useful in-the production of capacntors, and

in sintered anode bodies made from tantalum, niobium, and alloys thereof.

2. Description of the Related Art:
15 ~ Valve metals may be used to form wrought products, such as bars, plates, sheets,

wires, tubes and rods, and preforms for subsequent thermo-mechanical processing. In

addition, capacitors can be manufactured by compressing agglomerated tantalum powders to

form a pellet, sintering the pellet in a furnace to form a porous body (electrode), which is

~sometimes followed by deoxidation of the electrode by reaction with a reactive metal, such as

20  magnesium, and then subjecting the body to anodization in a suitable electrolyte to form a
continuous dielectric oxide film on the sintered body..

As is known to those skilled in the art, valve metals generally include tantalum,

niobium, and alloys thereof, and also may include metals of Groups IVB, VB, and VIB and

25  alloys thereof. Valve metals are described, for example, by Diggle, in “Oxides and Oxide
Films”, Vol. 1, pages 94-95, 1972, Marcel Dekker, Inc., New York.

Tantalum and niobium are generally extracted from their ores in the form of powders.
Tantalum powders, for example, that are suitable for use in high performance capacitors, can
30 be produced by chemical reduction, such as sodium reduction, of potassium fluorotantalate.
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25
In the production of tantalum capacitors, for example, tantalum powder is typically heated
under vacuum to cause aggloineration of the powder while avoiding oxidation of the tantalum.
Following this treatment, however, the tantalum powder often picks up a considerable amount of
additional oxygen because the initial surface layer of oxide goes into solution in the metal during the
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Typically, the post-deoxidation acid leaching is performed using a strong mineral acid solution
including, for example, hydrofluoric acid, at elevated temperatures of up to 100°C to dissolve the

. refractory oxide contaminants. The carbon content must be controlled because it may also be

20  deleterious to capacitors even at levels as low as 50 ppm. Other methods have been proposed,
mh&ngusngadnocymﬂe&ea&nmgmamdumg&msphuethmuglmtdwﬁnﬂ!mnpowdq _
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-Otherproomforcomroll'tngtheoxygmcomm of valve metal materials, such as

25 tantalum, niobium, and their alloys, include the use of getter materials. For example, Hard, in U.S.
Patent No. 4,722,756, describes heating the materials in an atmosphere containing hydrogen gas in

the presence of a metal, such as zirconium or titanium, that is more oxygen active than tantalum or
niobium. Another process for controlling the oxygen content of valve metal materials is disclosed

by Fife, in U.S. Patent No. 4,964,906 This process involves heating a tantalum material in a
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SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a method of controlling the oxygen
20  content in valve metal materials, such as powders of tantalum, niobium, and their alloys. The
| method includes leaching a deoxidized valve metal material in an acid leach solution at &
temperature lower than room temperature. In one embodiment, the method for controlling the
oxygen content in valve metal materials includes deoxidizing a valve metal material, preparing and
cooling an acid leach solution to a temperature lower than room temperature, and leaching the
25  deoxidized valve metal material in the cooled acid leach solution. The method of the present
invention has been found to lower both the oxygen and fluoride concentrations in valve metal
matenals,astheuseofreducedamdleachwnpmun&cprovxdeloweroxygenforagwenquamny

of a leach acid, smhashydroﬂuoncwd '
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DETARBED DESCRI.PTI ON OFRBEIAILEDHRESCRIPT YERIIONSent i nventiron is

Ginected Lo o 198! pilel iRl 8L il &%w%ﬁ?é%ﬁ%f?% u cfpeimgsing or'"
tant al Ummdihtﬂihingﬂboutemstan_t, the oxygen content in valve metal materials, suchastantahun, niobium,
and their alloys, that are useful in the production of capacitors, sintered anode bodies, and wrought
products made from tantalum, niobium, and afloys thereof. The method includes leaching a
20  deoxidized valve metal material in an acid leach solution at a temperature lower than room
temperature. '

* As noted above, capacitor grade valve metal powders can be produced by several methods,

- including the chemical reduction of their ores, o by electron beam or vacuum arc melting of a valve
25  metal ingot. In the chemical reduction of a valve metal powder, such as tantalum powder,
potassium fluorotantalate is recovered, melted and reduced to tantalum metal powder by sodium
reduction. Dried tantalum powder is then recovered, thermally agglomerated under vacuum to
avoid oxidation of the tantalum, and crushed. Because the oxygen concentration of the valve metal
material is critical in the production of capacitors, the granular powder is then deoxidized at
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aci d and/smt @69’9@1%@ Is'l!f&ll;h @F PREitp

ability nost netal and met al oxi de contantnants ~as wel |
as val ve I'nes. The powder is then washed and dried, conpressed
to forma pellet, sintered to forma porous body, and anodized in a

suitable 10 electrolyte to forma nuqus di.el ectrj,c oxide fil
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anodi zed. is typically foll owed by
a m ner alhydrofiofieadd,imay fortberdswerttbe ciygen consentration by dissolving very small valve metal

particles (fines). However, use of hydrofluoric acid may provide an undesirable increase in the
fluoride concentration on the resulting particle and, accordingly, undesirable corrosion on process
equipment. Typically, the mineral acid solution contains less than 10%, by weight, hydrofiuoric
20  acid. Preferably, less than 5%, by weight, of hydrofluoric acid is used in the acid leach solution to
dissolve residual metal and metal oxide contaminants while minimizing fluoride concentration; most
preferably, less than 1%, by weight, of hydrofluoric acid is used. It is noted, however, that a leach
solution containing no hydrofluoric acid, so as to eliminate fluoride contamination, is also desirable,
provided the solution is effective at lowering the oxygen concentration of the valve metal particles
25 | by_-dissolving contaminants and fines. '

El_evztted tempa'atum (above room temperature to dbout 100°C) are traditionally used |

during the post-deoxidation acid leach to increase the activity of the acid solution in dissolving any
residual metal and metal oxide oontamiﬁants, such as magnesium and magnesium oxide, on the
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20 It_ should be understood that lowering the temperature at the start of the acid leach
procedure results in a generally lower temperature throughout the process than would have been
measured if the solution was at, or greater than, room temperature pxiorfo the addition of the valve
metal material. For large scale leaches, wherein a large amount of heat energy will be liberated,

.. active cooling must be employed to extract the heat. In a small scale acid leach, the reactants (leach

25  solution and/or valve metal material) can be cooled prior to being mixed to effectively extract the
heat. The acid leach solution is prepared and cooled using techniques known to those skilled in the
art. For example, the acid solution, and/or the valve metal material, may be precooled the acid
leaching container may be precooled, and/or ice may be added to the acid leach solutnon after the
solution has been added to a leach container. It has been found that acid leach solutions at
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o0 those s :

cool ed using techni ques known t I'h the art. For
exanpl e, the acid solution, and/or the valve netal material, nay be

precool ed, the,acid Iea i N conLa|ner may.. be precooled and/or ice
may be added t@ﬁmshém BrocksS A the) i5,gffgctive to cogtpl, undesirahle oxyaen
 added o chnbehRffinEOR isila th iﬂmﬂ%&%&%&%ﬁ%@&%ﬁ&

' PCT/ w$9t7/mﬂic&§tdunng ttformal pmeemmgdugtoa&whightaﬁlﬂtyﬁﬂ Wbﬁldfhlf m«éﬂwm%e .
?Llﬁt A nBHECIE fo RRsgy rﬁg"ﬁrﬁ?’rﬁ T 12 royesion of resiton grade vaive et
bel ow QEE?"&W"“[ owef VB b triyged ol {12 ValVe Tt afliclel AL prifirld, RO SRR, Plntbin' ©

t enper at (powdess foetisevinxbparciton|prefedablythave fekethan 3609 ppmyrend:miokeplefeddbly fess than

reaction bet ween cid |leach sol ut and the residual rretal and
" net al ox?ﬂgo #'gﬁa'gﬁ@i fe “ngwg&mqe begm foumd

~surfage: %&W&e netal materi aI Al t hough the process
of the present 1nvention is effectlve to control undesirabl e oxygen -
concentrations, it is noted that a mnimm concentration of oxygen wll

I e b B il S

intended to be illustrative in nature and are not to be considered as limiting the scope of the
invention.
20 . :
 EXAMPLE] |
Variations in the concentration of the hydrofluoric acid (HF), the concentration of the nitric
acid (FHINO,), and the temperature of a post-deoxidation acid leach of a tantalum powder was
25

The HF concentration (ml/b of tantalum powder leached), leach temperimm (°C), and
HNO; concentration (wt %) were varied to determine the optimum leaching conditions. These
faqtors were varied using C255 grade tantalum powder, available from the Cabot Performance



sufficient to passivate the surface of the particle. In the productidn of

capacitor .gr gs Igg*ae met al powders, |ower |evels of oxygefuesésies
val ve netal ‘8 7 es are preferred. For exanple, tantal um powder s .

for use in capacitors preferably have |l ess than 3000 ppm and nore
preferably less than 2400 ppm oxygen. Simlar | evels of oxygen on
sintered tantal um el ectrode bodies have been found 15 to be acceptable.

The present invention wll_ be furt her I ustr d | ow exa l.es
whi ch ar o Matesials Riuisign of CaboCorppradon. Ha ﬁ%%&@?‘tﬂ‘ﬁﬂ?f} déris 2
consi der ed_as 1 didg ggg,aaq{, {,Qe% 000 t3'YE
EXAMPLE | dedSt&Hal \ é%l tirons 1nt éscon(t:&enrg?qgﬁr%f the hydrofluoric

aci.d (HF), "the concentration of the n|tr|c acid (HNJerr]), and the

te\e/glpﬁ;?tegr ezgf ’?‘hepgsnttalgnetom datlon acid of a tg&ial HEQ! gowder ;g
I h t
(\(/avtaoc/o e\%}ereéﬁ§%gqme% ne% %“lﬁ‘%m? eag I ng conwl ons. %ﬁlﬁ bt 250

factors \Aeﬁﬂlﬂitaslofdmﬁuaﬁwﬁﬁﬁwmtbam leachncontainer! | umahhmhma reagent
Cabot Performance WD 97/ 38143

PCT/ US97/ 0gade HNO;, having mreoseantrpliomphbetwesn abput§RYe andaba r“ls%,ms %wheémo

ot S AR e, 2l S e W

was prepar g4l abYbdut' 425 R watlused 89 ik ithé Liguide" The

by placing it in stainl'ess steel tray containing a bath of ice cubes and
coar sercal toolébtn, and hixintained atnabiout R0Cr Aftef thtcdesired eanperdtene madldﬂedl, gbout 1

Lﬁa L?f‘z “dﬁé%?éﬂf@ 55 R e i Pos oo S0, 6 eaeh camaiol s agtaton
EZII gge?greprgst IC C%‘[ﬁ' 6(? propm%gnagl ?h@%ﬂ pﬂmﬁf ﬁwm @rﬁ%ﬁ&&h\

rpm was udeskidationprocedse After tiectantaliircaddition] aiout 6 rmﬂ:hte!rsaoﬂ\@gmy-mm haring
L e e e sios 87 st 19 s B Shold B 58, comine
15  slowly under agitation. After the HF addnmn, the leach container contents were mixed for about

30 minutes. _ .

" After the tantalum powder was leached for about 30 minutes, the agitator was turmed off
and the temperature was measured to be about 5°C. The tantalum powder was then allowed to
20 _settle, and the acid was decanted. The tantalum powder was then transferred into a 4,000 milliliter
plastic container and washed using room temperature deionized water. The tantalum powder was
then allowed to settle, and the wash water was decanted. The wasing step was repeated untilthe
| conductmtyofthedecantedwashwaterwasl&ssthan]OuMohs/cm The water conductivity was
measured using a Cole-Parmer Model 1500-00 conductivity meter.
25
After the desired water conductivity was reached, the tantalum solution was filtered using a
Buchner funnel, filter paper, and a vacuum pump. Thedamptantalumpéwderwasr_ecoverédand
n'ansfenedintoastainl_wsstedpan. The powder wasthendﬁedinavacuumovena_tabout 180°F
" (about 82°C) for about 6 hours. The dried tantalum powder was then screened through a S0 mesh

9



pourrd of C255 grade flaked tantal um powder was added into the | each
Prior toits addition to tp&r}tfsg‘flﬂszﬁs

cont ai ner
cont ai ner,
deoxi dati on process.

Wa e

itation.

reagent grade HF, having

about 51%
agi tation.

f or aboutsieve and amlyzed

| eached f

t enper at
al | owed

t hen transferred |nto

rab

1oy psiais 1ficf

mlililiter

After the tantal um additi on,

was then added.into the | each contai ner
After t he HF addi ti on,
&regomgproc&sswas

al um powder was subjected to a magnesi um

about 5 mlliliters of a
a concentration of bet ween about 48% and

15

sl oWy under
the | each container contents were m xed

repegied using pmﬂomﬁqnm sapvechdended dot

éeﬁ%“t 5, i e, P dopt St 1 3

3friof tHPmnfARM? %&ﬁon)ﬂﬁdt

m%@ﬂﬂﬁia’t ﬂ’@n

p astic contal ner an

vva

usi ng rodetdmmehabpummemhngedndstrto cbntrok axyged contertvin @antalam powder. t’lrhen

allowed to settle

and t he

r epeab ed TRNEES P f each variable (i

t han 10[
Col e- Par

wash

{e

-was_ decant ed. The washi ng step was
the,gxperimental

10 nd leachtemperatise

2@?%2@?%%%%%% BEY b i8] peasured %S“%WJ%W

desired \whtiuoadNcilow) mummw&amﬂdl the tantal um solution was filtered
and a vacuum punp. The danp
transferred into a stainless steel

using a

Buchner funnel,

filter

t ant al um powder was recover ed and

pan.

The powder was then dried in a va

(about 82[err]C) for about 6 hours.
scregped through a-50 nesh

paper,

yoven at about 180[err]F
d tantal um powder was then

9 WD _97/38143 , .
PCT/ US97} OSatfgle HF sieveHNO;a am;mpd TRe florGxygemg| pr BEASS pas
repeat edjusing pprti fro t he sa bl enfled | ot of | deoxi di zpd
t ant al um po &F‘W’ ht | JRPM) dac nper AT (pefi ned
as the 2 ture grior to fantalum '
addition}, apd HNJ ern] con 24 ddt engsge | heodpt i num
| eachi ngjconditipns.to contyol oxygen content in|tantal uny powder. fThe 5
ranges o ] varlaﬁﬁ (rncT ergd, lan erag ure) and
t he expelfi nent al results r b"?*’pgor' e and o:gyge ?%cen ra?rgg And BET
surface fr-eteEaEtH ed—trst ot ASHY-pretirot—B4b6+ cortrtous :\ ] fl OW)
are listg¢d bdlowin Table 1| 23.000 20 69 1433

4 S 70.000 20 131 1498 0.51

5 1 23.000 80 37 2490 0.79

6 1 70.000 80 35 2491 0.86

7 5 23000 | 80 | 144 2725 1.19

8 5 70.000 80 301- 4183 2.00

15

As reported in Table 1, a reduced temperature acid leach results in controlled oxygen
contentmtheﬁnaltantalumpowder
tanperatureof 20°C, whxlevarymgtheHFcontmbetweenlandSmdhhterHFpa'pomdof :
tantalum (_Samples 1 and 2, and Samples 3 and 4, respectively), and adjusting the HNO;

10

Samples 1 through 4 were evaluated at an acid leach



Table | 10 Sampl e HF HNOJ err] Tenp. F

~Oxygen 5#};1173 No. (m/1b Ta) (w9 ([@‘d’ﬂlﬁ&ﬂfﬂsm
(ppm)  + CWeert]fo) 1 1 23. 000

24 0.52 2 . 1 70. 000 20
32 2061 0. 55 3 5 23. 000 20
69 1433 0 44 4 70. 000 20
131 - 1498 23.,000

37 concspiration @3 0 and 70.0 per@nt, by weight, &etyeen samples. - AS expected, ogéhe

35

Taa %les 1 through 14; %glower oxygen czgtent was mensu'§e5d with the Sa&?lglo.gg%d tmtaﬁgb

301 t ‘idterials célueI tthégﬁddntlonﬂ HF content, which' dissolvedcthe smilidst ﬂnﬂatlurnpamdlets ﬁﬁhes)

~ tenpera ure acu each results i ro content.in the
final tarfam the teetakiey matsgiah)| It ?@%&B&@A‘A’ﬁkﬁ%ﬁ | hrough # reduged,

m 111 Pt o epEpue e ool 16 S Sl shecplih %pﬁ&éﬁ‘??’s%%f“ %0 ppm,

4, 1 espeqixyie)y ) Theanaterdsls peoduogd with léde(HEradﬂmon are preferred. The adjustment of the
10 WD 97/ 38143
PCT/ US9 7/ &s soncentration (between Samples 1 and 2, and 3 and 4) appearstohaveonly a minimal effect

upon the oxygen content of the final tantalum powder.

10 Samples 5 through 8 were evaluated at an acid leach tanperature of 80°C while varying -
the HF content between 1 and 5 milliliter HF per pound of tantalum (Samples 5 and 6, andSamples
7 and 8, respectively), and adjusting the HNO; concentration between 23.0 and 70.0 percent, by
weight, between samples. Each of these Samples exceeded an oxygen range of about 2400 ppm.
However, a lower oxygen content was measured with the Sample 5 and 6 tantalum materials that
- 15 utilized a lower HF content because, at high temperature, the increase in surface area due to etching
byHFpredonmovertheremoval of very small particles.

The overall results indicate that the fiuoride level of the final powder is determined by the
amount of HF used in the acid leach. Moreover, as expected, the surface areas of the particles are
20  proportional to the oxygen content of the final powder.

Therefore, it is scen that the use of low leach temperatures is important to lower both -
oxygmandﬂnondetogether betmuselowtemperatureprovxdesloweroxygenforagwenl-ll=
amount, and the lowest possible HF amount is needed to controt the fluoride content in the final

25  powder.

EXAMPLEIL
Variations in the concentranon of the hydroﬂuonc acid (HF) (ml/Ib of tantalum powdu'

11



cncentration between 23.0 and 70.0 percent, by weight, between sanples. As

expected, of the Samples 1 through 4, a | ower oxygen content was
measur ed wWiYRR4&anple 3 and 4 tantalum mat eri al s dudGTAIoRE5265
additional HF content, which dissolved the smallest tantalum particles
(fines) fromthe tantalummaterial. It is noted that each of the

Sanmples 1 through 4, utilizing a reduced 5 tenperature | each, controlled
t he oxygen content to acceptable |levels (less than about 2100 ppm
oxygen) . léached)pdndithetemperature of a postideokidationtdeiddeth of @ tamtalem poeder waslevaltiated

adj ust nrent .of the . H [r] cgncentrati (between Sanples 1 and 2,
and 3 an@é?%%?ﬂ'@"ﬁu%w?"&“?ﬂsm ﬁﬁ?"‘ga?mgeﬂ content, ghthe pawdery y gen
content of the final tantalum powder. 10 Sanpl es 5 through 8 were
eval uated at an acid | each-tenperature of 80[err]C, while varying - t he

HF cont ent betThesafattorsisvere wariedivsingdC5 1SFgrpde tantaluml potvder aivailable ffiom thd €abdt

and 6, and Sanpl es .. /. and respecti,vel , and adjusting the HNJ err]
concet r %%@Mf%b@ é&Pe@H‘P',‘ %e'town, P%mpﬁgﬁmwum

Fovover | PO B VD BRIl PSP i e o300 e BHO G PP

tantalum materials that 15 utilized a | ower HF content because, at high

tenperature, the increase [n surface area due to etching by HF
pr edoni nat es tagtalum, wag prepared mgrltl;tg]cgggagangrade}{ﬁ/ , havipg @

et on i GspRid o 6ol 3y 68 o BOALC oo il Wi o QeigfiBe S S s
expegbed cohtaines UTheemparafité opﬁetmmﬁﬁoﬁw%&%lﬁg Pg @(l)agﬁen&itﬁé‘@émaﬂertih%

oxygen' cont ent of the final powder. It 1S-seen
t hat t he foam chest contrining 8 bathafiicercubesrand coarse saltorA plastic aoated\steel tantehwith baffles,

oy 2o of e a8 1esck cofainer Havind s Phfime, shoatou A0 Hlert ' o areed By ool o
control  iyeRveeh abbutBad 10 PBindsofticeCand chidhgl’ BeioniBéd Water to cover the ice in the leach
EXAMPLE 1| | Variations in the concentration of the hydrofluoric
aci d ( HFcoptaines. bThercontainer was thendetated for about 10 minutesshe icedgaerawas poured off, and
PCT/ 9?’97/:99.502&?&“ was rinsed with deionized water. The HNOs/water solution temperature was then
measured with a thermocouple to be about 0°F (about -16°C). The HNOy/water solution was

then added to the prechilled leach container, and about 5 pounds of C515 grade nodular tantalum

powder was added into the leach container during agitation Prior to its addition to the leach

container, the tantalum powder was subjected to a magnesium deoxidation process, and was

20  screened to about -50 mesh to remove any lumps. After the tantalum addition, a reagent grade HF,
having a concentration of between about 49% and about 51%, was then added into the leach

" container slowly under agitation. After the HF addition, the leach container conténts were mixed

for about 30 minutes.

25 After the tantalum powder was leached for about 30 minutes, the agitator was turned off.
The tantalum powder was then allowed to settle for about 10 minutes after additional deionized
water was added, and the acid/water was decanted. The tantalum powder was then washed using
room temperature deionized water, and a 2 minute rotation period. The tantalum powder was then
allowed to settle, and the wash water was decanted. The washing step was repeated unfil the

12



| eached), and the tenperature of a post-deoxidation acid | each of a
tantalump S ﬁ?& eval uat ed "~ to determine the optinmum pegalongs2és
‘condi tiens (o rol the oxygen content of the powder.

These factors were varied using C515 grade tantal um powder, available from
the Cabot 5 Perf omance Materials Division of Cabot Corporation,

Boyertown, PA. The C515 grade tantal um powder is a low to

m d- vol t age nodul ar-shaped powder for use at %@P&O 0 , 000 CV/g. ..

The. t ant acondbpRIEYf tiadepmleb WA walg: 1 s 19kMaboh The e corgginty was
HNO err], . ' Co&mwggm&ﬂ?wgput 68% and about- 70%
and about FCers B c}el onrzed water In a contai ner. The tenperature

of. the HN err]/wat er solution was cool ed by placing the container in a

foam chest containing a bath of ice cubes and coarse salt, A plastic coated
steel barrel mmm,wwwwmwm#%mm@w%%ﬂa e

of- about 100.1i{e; sehan. hgﬁm"hl %g{m | t{%ﬁ&t‘éﬁ@&“ q%'a-lg,
and 1 poé%‘gg&o‘*'g@te“_%ﬁdi‘iépngﬁngfﬁ el oni@gvﬁ/av@gr Oercegvagg e |ce“?§qt e .ss
| each steelpan! Thepowdel vwas tienidiied i a vatbuintoven setian abolit (180 Ry aboiit SPOCforabest,
the ice/water was poured off, and 15 the container was rinsed wth

dei oni zed6 3 r PIPLess twas eepeated.ovaryiagthe HE concentrations and the leach
o ¢ |1 et e i HNG:wiiEr soifor rhberhRe o, ke it it 1o
cont ai ner de@%@%‘fﬁrgﬁﬁ%#’%%sﬁb%ﬂﬂpgw dofifthi in' Bntalum pgggfiég?l;hﬁ

was added 1 nto the contal ner during agitation. Prior to its
t o t heo | eraniges of each variablei(inclnding HF andiieach temparatiee), and<the estjesimenta! tesults (fluoride

magnesi um deoxi dat i on_process, was .20 screened taq ab -50 mesh,
e amaad iaen Aomesirpie. e, BT Sorfiee, proR Msaqiged s ST jpethod DAsb7
havi ng a F&mﬁeac Bﬁiﬂ&hﬁﬂ)%ﬁ%& oy 3%249% and about 51% was then added

into the contalner slowy under agitation. After the HF
addition, the |each container contents were m xed for about 30
m nut es. 25 After the tant a_Ir%T owder was | eached for about 30
m nutes, the agitator was turned off. 18€<£The tantalum powder was then
allo to settle for about: 10 m nutes after additional . deionized
wat er was_added, and the acid/water was decanted. The tantal um powder was
t hen WaShEQaMﬂie%. HF (thiAB Te}. € reddi Oni zpd watler, ppg a 2| m -
rotation period. The ta(ntal unz’pbwder was then alj oned_to sejtle, "and
t he wash pat er was |[decanted. Thg wadPChg step ppm) epdat edmiig)i| | he (ppm)
12 : _ _ ' |
1 1 : -12.0 <60.0 0.63 2289
2 .5 - =160 88.0 0.71 2021
3 1 : . 310 <68.0 0.81 2742
4 5 330 112.0 0.69 1884

As repoited in Table 2, a reduced temperature acid leach results in controlled oxygen
content in the final tantalum powder. Samples 1 and 2 were evaluated using 1 and 5 milliliter HF
per pound of tantalum, respectively, at acid leach temperatures of -12.0°C and -16.0°C. As |

.20  expected, a lower oxygen content was measured with the Sample 2 tantalum material due to the
 additional HF content, which dissolved additional small tantalum particles, As a result of the

13



1

WO 97/ 38143 | .
PCT/ US97/ 05265 conductivity of the decanted wash vva;,g,iw\g@.ﬁogzgés

than 10 [e?vrqu:’cm The wat er conductivty was measured using a
Col e- Parmer Mbdel 1500-00 conductivity mneter. After the

desired water conductivity was reached, the water was decanted and the
tantalum 5 powder was filtered. The danp tantal um powder was recovered and

transferred into a stainless steel pan. The powder was then dried in a
vacuum oudditienal HES howevet, thefuoridelsontentsof|the Samaple 2dantalynymaterial is highesu Becausiae

leach " the oae iR of HOPRch N 2, ot the rAEPRY Plodbied Wit teiheed 21 e
prior toc&ﬁ%?ggﬁft}l?gﬁs?f&&}e&&em the l@%@kﬂl!ﬁ% fidfide BéetM | eaching

conditions to c xygen content i1n tantal-um powder.. The 10 ranges of
each variable (including HF and | each tenperature), and the experi nental

results (fluorjde and oxygen concentratiqn. doBET, rface area, .
nmeasut ed usi nm%ll?’(ﬁ?fgwammmt w'tsdﬁﬁs‘ffﬁgb’g FT"BW% matgngleito,y

i n Tabl ey resylt of the high level of HF in the leach solution and, accordingly, the reducd!sirfidceldtea.
Sampl e Nols.2a HF ?rﬁ/lbghTa),o Te“r‘rperatureu and, F gy BET

Ocygen  An undesirably high level of fluoride was also measured in Sgraple 4] GAs noted abgysy refevated
(<g{0.e6r 1 %npaamlfeggl[pdglown to increaseéhée%gtivity of the acid sol%lgon in dissolving coﬁtélzxingsm on
-16.0 - fPateri : HE :

: mfvdve n@ﬁ?, . Otﬂateml. 'lhecomb<.6g1.agén of increased Oexgtiitemamdmte% %e@pamueél in
4 10-.- Sample 4,however, resulted in 18duded surface area. AlloWeo quantity of HF ifi.the® acid leach
1884 ] . As reported i,n _Table 2, a r.educed tenperature aci'd | each
asul s ot an sheel ERsaore in Saiigie & sl i 48 SreRSt L S Hve Bices e
Sanpl es ﬂmﬁm sarfi& Was i ted an8 Got/ distiiivell. Mk incréhdelin SrBiRE afda resulted iP8h oRyeAd
of tantalum respectively, at acid |l each tenperatures of -12.0C and
- 16. O[ er chiBent/f nxge than 240Qpwa., a | ower oxygen content was neasured with the

Sample 2 tantalum material due to the addi ti onal HF content, which
di ssol ved additional small tantalumparticles. As a result of the

15 .- - The foregoing results also confirm that the fluoride level is determined by the amount of HF

- used in the acid leach. The same quantity of HF (1 ml/Ib Ta) was used in Samples 1 and 3, and = .

Samples 2 and 4, while varying the leach temperature. As reported, while reduced temperatures
lower the oxygen content to acceptable levels, the fluoride content was only marginally reduced. It
is noted, however, that varying the HF content, as between Samples 1 and 2, and Samples 3 and 4
20. (1 and 5 ml/Ib Ta, respectively) and using reduced temperatures for Samples 1 and 2, and elevated
temperatures for Samples 3 and 4, resulted in higher fluoride levels in Samples 2 and 4, which used
higher levels of HF in the acid leach solution. | "

Therefore, it is seen that the use of reduced acid leach solution temperatures is important to
25 lower both oxygen and fluoride t'oéeﬂwr, because low temperatures provide lower oxygen for a
given HF amount, and the Jowest possib!eHF amount is needed to control the fluoride content in

the final powder. o - | '

14 ...



13 - WD 97/ 38143 :

PCT/ US97/ 05 addi tional HF, however, the, fluori de pganisTiossys
the Sanpl e arﬁ afum material is higher. Because . the oxygen content
~of Sanples 1 and 2 is controlled, the material produced with reduced HF c
content (Sanple 1) is preferred due to the lower resulting fluoride
content. 5 Al t hough the | owest oxygen content was neasured

with the Sanple 4 tantalum material, it s a result of the high |evel
of HF in the |l each solution and, accmﬂthe reduced surface ar ea.

An undesi r abl ymp ‘g‘ %e é&? asﬁiﬁgiluﬁt
not ed above, eleva terrperatur are nown to I ncrease the actrvr ty

of .the aciegalifbd!to Uateirningiths optimug leavkirgcomlitions to control thehmcygen content of the
material. The conbr nati on of 1 ncreased HF content at an el evat ed .

terrperaturp@wldﬁ' Sampl e 4, however,, resulted I n reduced surface area. A

ower guant i ty e ool bliGe e/ dlid REGwas variod Bt & B0l Y WRASE Ak nicbipm
t enperat ure |n@§r§§§ I’%gU?ﬁ In an |ncrease | surrace area cause e

particl e gpowkies cavailsble ifrdin dthanCatint Petforfmhose Matdtiils Divisionasf Cabot UCHpotation,
area resulted in an O‘I’%/q content of nore than 2700 ppm 15

The f or eg@Boygrtpwa,BA-s g‘y&bcg srade piobite pewderns aningat-derved | low

71 b Ta) THEVEES, arade aififin ppidat il di88tined B e Yighopn &rﬁs%ﬂ’
varying t lpego ataghieshmningd fabtaluin tré)s TiDiwdy wak thed covereds glacelinfocd fefirt) land Gi8ated in

| oner the oxygen content to acceptable IeveI s, the f uor| de content vvas
onl'y i@r giarfuinace stademperature of 750°C in an argoe atmasphere.dfor ahau

T 71 b a, YhaBELEEF Berioy o i P e armBh ¥ %@%@WM ] %M
and el eVa%dmcronswh@méd&iﬂ&ldﬁfraﬁ&ﬁﬂ'lﬁzﬁﬁé?&dﬂﬁaﬁ%@dﬁﬁohm

fluoride levels in Sanples 2 and 4, which used hi gher | evel s of HF |n

the acid lofdess than mawc and was removed fromarthe farpace. t After theesystenmcoolnd tase

g;yéggu;e‘d acr d | each sol ué | on@gm‘ggrgasltpggs | L%orta%%m wel_remt{)';)tb‘gn

for 815  removing the niobium powder. The resulting deoxidized niobium powder had an oxygen content
of 1767 ppm.

The deoxidized niobium powder was then treated in three different temperature acid
leaches to determine the effectiveness of the acid leach temperature on controlling the oxygen
content of the powder. The acid leach solution was prepared by premixing about 55 milliliters of

20  reagent grade HNO;, having a concentration of between about 68%, and about 110 milliliters of
deionized water (resulting in a 165 ml solution of 23% HNO;) in 2250 milliliter plastic container.
About 100 grams of the deoxidized WCb-C grade niobium powder was then added to the leach
 container during agitation. After the niobium powder addition, about 0.9 milliliter of a reagent
. grade HF, having & concentration of about 49%, was then added into the leach container slowly
* 25 under agitation. After the HF addition, the leach container contents weremxxed for abotxt 30
mingtes. | |
After the niobium powder was leached for about 30 minutes, the agitator was tumned off.
The niobium powder was then allowed to settle for about 10 minutes after additional deionized
water was added, and the acid/water was decanted. The niobium powder was then washed using

15



gi ven HF anount, and the | owest possi bl e HF anmount is needed to control the

f.luoride content in the final powder. :
14 WO 97/38148) 97/ 38143 PCT/NUS97/05265-

PCT/ US97/ 05265 EXAMPLE 111
Variations in the tenperature of a post-deoxidation acid |each of a niobium
powder was eval uated to determ ne the optimum | eaching conditions to
control the oxygen content of the powder. 5 The

teﬁger at st @inp&\?dmdmdnmhl emm:f evninsbnﬁd posidegwas dfmnliotwm séfile; ﬂiugthal oash
ni obi um po er, avai le fromthe ot, Performange Naterials

Di vi si onWWUab ng step wasgy chwpl %WH@W&%’%ﬁ%@eﬁ%hum

.powder i w surface area powder. The WCb- C grade
b MM

ni obi um powder Wa eox! di zed by blending a 1 kilogramsanple with
0.4% magnesiumin a tantalumtray. The tray was then covered, placed into a
retort, and heated in_ 10 a furnace at a tenper ature of 750[er C|n an

ar go® at mos phAfer the desired yater copdnctivity d

P abobfedel S Bl Tnd a3 ac%@%ﬁ%@?&“@ﬁﬁ %ﬂ%f'%ﬂx?

retort vgabbited5°Co ahedorefoifig hroves vaisitepeated, varying the ledch taiperatins {deBAG] &thé C,

and was renoved fromthe furnace. After the systemcooled to a

t enper at HNOgwatee solutioratemporature pipeto hicbium powderaddition) te detogmine] thenoptinium
before opening the retort and 15 renmpvin e ni obi um powder., The

Cesul ti nﬁaﬁgtsXmm&-rﬁ e R e mobmmaowf%was
ppm, 0 PQ&H a3 gpwgﬁ{ ta&s itis8
dlffereng |t'errperature ac %Jlﬁoﬁ‘if‘t#}l aches to deterntne tE veﬂess of

t he aci d39Cacid ldachiposiutidnwes prépared by ebolingathe 128%0 HINO# solution mcantodﬁlt bdth;t the
powder. The acid | each sol ution was prepar ed by prem xi ng about 55

Lnewgghtwcmdmwwmw@ug Q%a;fgrcaap;;nﬂw
(resulti ?@3%&% |“5’ﬂ3<ff r(ﬁ)ﬂtg“e?’n apw Cto -
P obi um Saiigd B8 clevated tenfisRie. O ethniaatal RSuRS oyt Soncllitadon ¢ Gsted

agi tx i ohelovkﬁn'ﬁable&.e ni obi um powder add| tion, about 0.9 mlliliter of a
-~ reagent .
Table 3
SampleNo. | Oxygen(ppm) | Oxygen(ppm) Oxygen (ppm)
o (30°C) G0 | 650

1 379 234 73

2 595 - 558 1007

3 648 574 968

4 558 3 Y <} | 791

5 672 | 567 962

Average 570 473 1 900
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grade HF, having a concentration of about 49% was then added into the

I each contw(pg; !ﬁJd)‘M y 25 under agitation. After the HF addcdrrose7/0shss

"l each centainer contents were m xed for about 30 m nut es.

After the niobium powder was | eached for about 30 m nutes, the agitator was
turned off. The ni obi um powder was then allowed to settle for about
10 m nutes after additional deionized wat er was added, and the

\e/l\eor 8/77\/5;%?23%5 decant edT P%T&%eﬁ%&g{ S theg vvashﬁd krsr n content in

PCT/ US97 r the/g¥ice

powder \Aﬂ‘?%ﬁgﬂwbﬂuf“o%‘gd%o setﬁw %dé e was i wa?%? Té\%gé gglgggﬁt

The washjpgage &&ﬁ!@%ﬁt@ﬂe@ﬂm ppth,! ww@smwiwwmmmmmaamx ,
wat er was | ess an 10[err] Mohs/cm After the desired water

co\rArguct i lead;edmth&@@hﬁd l?m@mﬁrmm@wwamm wamest acid solution
T

e ac (oSSR B ad ffertss (R Binint e ?W%&Eﬁ%abﬁﬁ?@%%@&w@

repeat Edtl{ag meiﬂ&eﬂ*&?n&ﬁ%@@f&éﬁfcﬁh&&%ﬁ@ﬁﬁbﬂ ddubie cont@iEbEthe povwae

sol ution rature prior to niobi umpowder additi on) 0 determ ne the
opt i mum that wasdeached dn therpaldest ucid leachcsolution) ctbe tuse tof ireduced tacidhleach

powder . The ni obi y m owder was qgfd to th S%H err I 0
t enper at ERRerafyres %“B‘Fé? '802'88&3 Mﬂé ]né{alngenﬁs

3C acid ‘Hﬁggad&as prepared by cooling the 23% HNq err] solution in
an ice/salt bath; S5[err] C acid | each solution was prepared by
usi ngo heat ed dei oni zed water (about 60[err]C) to formthe aci d/ wat er

| each solution, and using a hot wat mﬁt ween about 45[err]C and

about 50[err] C) to mai ntain t tenperature. The

Sxper Prental  nERiatibds inQhy ShperdtiXecoandcid lRackPé6fta hbf-deskidized uﬂﬁhﬁwpbad&aw

Table 3 Sanpl e

No Oeyajuated e determine the yoptinnunpjeaghing oondxmgoncc(npph)he oxygen content of the
(30[err]Q (3[err]C) (55[err] Q)
379 powder. 234 773

15 . _ o
The temperature of the acid leach was varied using a non-deoxidized C275 grade tantalum

powder, available from the Cabot Performance Materials Division of Cabot Corporation,

Boyertown, PA. The non-deoxidized tantalum péwder had an oxygen content of 8913 ppm.- |

26 The acid leach solution was prepared by premixing about 33 milliliters of reagent grade
HNO;, having a concentration of between about 68%, and about 66 milliliters of deionized water
(resulting in & 99 ml solution of 23% HNOs) in a 250 milliliter plastic container. A cold leach
solution (about -3°C) was prepared by cooling the 23% HNO3 solution in an ice/salt bath. About
120 grams of the non-deoxidized C275 grade tantalum powder was added to the leach container

25  during agitation. After the tantalum powder addition, about 0.3 millliter of a reagent grade HF,
having a concentration of about 49%, was then added into the leach contsiner slowly under
agitation. After the HF addition, the leach container contents were mixed for about 30 minutes. A
second leach solution (about 37°C), prepared by using warm deionized water, was also evaluated
to treat about lZOgamsofﬂnemn—deomdtzedtantalumpowderasdescn‘bedabove
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2 595 558 1007

35 3 wO ?7/38?4%8 431 _ 574 791 9 g 8 PCT/US97/05265

672 567 - 962 Aver age

570 473 900

16 WD 97/ 38143 '

PCT/ US97/ 05265 As reported in Table 3, a cooled acid | each

so{/\;t ion r esuhmrﬂnwnduuawvltdeygﬁalmhwefﬁt about 30 mmfxles; tﬁe ag'ltatariWim' trllmed off.
Qﬁ%irge o RS powr wis then SHSHEL 19, Pele SorcaBoBt o ming s aier addiiopsl dranied
powder t {ader Wa§ added, ardoie BGd/watlerWAR daliréd.] ﬁ:@ﬁh&;&ﬁﬁ&&d&%g‘lﬁweag wsing

powder that was | eached in the warnmest acid solution 5

had an arpentigmperaiuge deionizedwater f Tis0@antalum powder twas shalloppdrtovsettie, hixdithetwash

powder t hat, was .l egched, at near-anbi ent t erature, and al nost doubl e
the oxyg¥PCLy™R gﬁ‘f‘"@f‘i ?ﬂ’é” \&;Mgrs{]ep was @W&M@Wﬂ?@%éﬁ@@ veash g
| each sowhtet ®as leddtharti6)(Mohd/dg Use of reduced acid |each _

tenperatures is inportant to control (lower) the oxygen content in
deoxi di zed valve netal materials such as ni obi um powder. 10

EXAMPLE |V . Jariations in the te rature of  an acid | each of a
non- deoxi di zeMWMMM%WWfM&MF&mm%m
| eachi ngp(ﬁm&”ﬁd's(ﬂt&eﬂ.ome'ahﬁ)ﬁm{tﬁlﬁm?&ﬁ%ﬂ. Rbcavbreli sod 3 nop% :
The tenperature of the acid [each was varivégmuegi ng a n%ﬁqgeml& ze @fg’g{
gr ack® t aattabioutrB5°C. Thedarbgoingaracdsaiwas repeated for eash déackPaokitionas Atevninerthal s
Di vi si on_of Ca?ot .Cor por ati on, _ . oL .
optimum leaching tgnpmture to control oxygen content in a non-deoxidized tantalum powder.
The experimental results (oxygen concentration) are listed below in Table 4. '

Table 4
SampleNo: |  Oxygen (ppm) Oxygen (ppm)
@0 | ero
1 9037 8477
2 9112 3818
3 9198 8994
4 7599 8824
.5 8794 8870

Average | 8748 8797

15 , _ .
As reported in Table 4, neither the cold nor the warm acid leach significantly lowered the
oxygen content of the non-deoxidized tantalum powder. The powder that was leached in the
reduced temperature acid leach solution had an average oxygen content of 8748 ppm, and the

18



Boyertown, PA. The non-deoxi di zed tantal um powder had an oxygen content of
8913 ppm  w@9/38143 The acid | each sol ution. was prepar edP@IfUFYHISR6S NQ
"about 33 milliliters of reagent grade HNJ err], having a
concentration of between about 68% and about 66 mlliliters of deionized
wat er (resulting ina 99 nl solution of 23% HNJ err]) in a250
mlliliter plastic container. A cold |each sol ut| on (about -3[err]C

Moot powdspialivgieadel i e Aot hien B gt ot siBaRhreseTnin o1
out S
added to gg&ﬂdb@ %&sﬁ@h%ﬁw&%fmdg@:g? it dedkidized tahkalern ﬁo%d%&%blmppm

powder addi tion, about mllilit a reagent grade H havi ng a
concent r Shieaseadf rethuned acheacin tempesaturgs (therelone, AAPRRS ta derineintive i 0

e 1 « Skl S B s %&%@%@%ﬁ%%@%ﬁﬁwm )

37[erg] C), prepared by using warm dei oni zed water, was al so eval uated
to treat about 120 grans of the non-deoxidized tantal um powder as descri bed
above. . EXAMPLEYV 17

WD 97/ 38143

PCT/ US97/ 0526p5Variations in the W%meﬂﬂm{?mmm mew@ga@a%to
about 30 g\%:&%ﬁihe Spitmadichatisy coditiohs'fo \nitref the oxygen chfitent! cFihdnsderonder was

t hen all to settle for about 10 m nutes after addi ti onal dei oni zed
water was added, and the acid/water was decanted. The tantal um powder was

L(Eagé\é\/a\zvggdt Eesh ng roo ﬁﬁr&g{a‘&ﬁre det zed ter Tge tagt&gur?éguo
T
e was 'ﬁi&fkhéd dhtalfd 1%0[%%1,] Sehilalé ‘o e m&w&m&hﬁ?@w&ﬁt

wat er was Mohs/ cm e desi reg wat er
conduct i \Garporation, Boyeftawn, PAc Mmdmdhuhﬂﬁeﬂ’m@dhmﬂmpﬁwdmty of 5.0

powder filtered, The d mas t hen recovere and drjed

in a vac@?ﬁﬁ&@‘i @%8%@%{3&’%@8 5?‘(‘—,45& s%"ﬂ%e@e‘?eé d
for eachy solution to determ ne the opti nmum I each| ng tenperature
to control oxygen content in -a non-deoxidized tantalum powder. The

expeabnental results (oxygen concentration) are |listed below in Table 4.
Table 4 The acid leach solution was prepared by premixing about 10 millfiters of reagent grade
HNO,, having a concentration of between about 68%, and about 20 milliliters of deionized water
(resulting in a 30 ml solution of 23% HNO) in a 100 milliiter plastic container. A cold leach
solution (about -3°C) was prepared by cooling the 23% HNO; solution in an ice/salt bath. About
20 3.5 grams of the tantalum anode pieces were added to the leach container during agitation. After
the tantalum anode addition, about 0.05 milliliter of a reagent gradé HF, having a concentration of
about 49%, was then added into the leach container slowly under agitation. After the HF addition,
the leach container contents were mixed for about 30 minutes. A second leach solution (about
42°C), prepared by using warm deionized water, was also evaluated to treat about 3.5 gramsofthe

' 25 tantalum anode pieces as described above.

After the tantalum anode pieces were leached for about 30 minutes, the agjtator was turned
off. The tantalum anode pieces were then allowed to settle for about 10 minutes after additional
deionized water was added, and the acid/water was decanted. The tantalum anode pieces were

i3



Sanpl e No. Oxygen (ppn Oxygen (ppn)

g[;’[?er "1 wo 938143 2( 3rierr]Q 9112 ! Pcyg§%7/o%9§s7

3 9198 8994 4 7599
8824 5 8794 8870

Aver age 8748 8797 15 As

reported in Table 4, neither the cold nor the warmacid | each si gnificantly
| ower ed tthen washedaxsygammnempﬂmwfe dhemm“woxfﬂlezmmtaabdmplpmmem there

powder t hat s le t re uced t erature aC|d | each sol ytjon
had an a\@%& iﬁa e‘fﬂsﬁo‘f'a%r? teg, 4 1h¢, yashing step. w as repeated u nll'the

¥fing BeciitiéiBvash was less Mohs/urtF
PCT/ uso7/ %%mty ~ powder t at was eachg e warner solution had
an average oxygen content of 8797 ppm As not ed above, the oxygen

T(I:_ﬁg]t ;gte 8]1: thgﬁé |én on deox i.zed ta&g&¥%gg¥v£$év”vgé 89%3 Bp
Ingﬁ-dgg;: |zegle\§% ve nm%rlgs Slﬁﬁﬁgls ?&:}nﬁa um po%teﬁgtfotééomg process

EXAVPLE \vas repeated for each leach solution to determine the optimum leaching temperature to control
oxygen content in a sintered tantalum anodes. The expenmmtal results (oxygen concentration) are

hstedbelomeableS
10 Table 5
Sample No. Oxygen (ppm) Oxygen (ppm) - Oxygen (ppm)

Pre-Leach (-3°C) (42°C)

1 2630 2435 2705

2 2432 2472 2401

3 2502 2486 | 2331

4 2444 2466 2390

5 2424 2543 2114

6 2488 | 2534 2309

7 2446 2619 2488

8 2651 2500 . 2438

9 2475 2651 2465

10 2552 - | . 2537 2491

1l 2557 | | 2604 2531

12 2605 | 1884 2617
Average 2517 | 2476 2441

20



Variations in the tenperature of an acid | each of a sintered tantal um anode

was eval ua%«g(g %,g 43 determ ne the optinum | eachi ng condi t i Rgussrgaedst r ol
"t he oxygen RUEH* of the anode 10 The tenperature of the acid

| each was varied using a sintered anodes made from HP110 finished
tant al um powder, available fromthe Cabot Performance Material.s Division of
Cabot Cor poration, Boyertown, PA The anodes wei ghed 476 grans each,

with a press density of 5.0 g/ cc,, .and were sintered at 1570[]err]C f or
30 m nutes. THAs repodedinyEable 3, neitherithe goldinor theowarmn g lnagh significantly lowered the

feagent G SW%&&%@%“E@S‘*%@%%%?F@?.% lfhishbld b B

and aboug”gé)leatﬂddldnuie&hs fiffe kil deach solution kad<aw dvetage bﬁy@n&ﬁm&n of
sol ution of 23%Hqurr]) |n 10mII|I|ter plastic, container, A cold

leach 2476 ppoy, @nd lepehyed ip $he, Mapmercasid, leachy splation hagoar gyerage

grl\llgj:gr] SOlMﬂ%ﬁ%‘t%hﬁ%ﬁ%&%’@%& nerggurl ng amﬁ&%w&um

the tant 4dsm527qspn aftietuse of rédueed afidQeach sohitioh ttemperitures] heafsre, Sppean tbfbe

havi ng a concentratlon of about 49% was {hen added into the_|each
cont ai nerinefieetive,in pontselling (lowesing) thenpxygen cpntepirolsrtered yalve metal materials, suchnas

cont ai ner, g}wg ;g 8% nutes. A second |each sol ution
(about Mﬁéﬁﬁ%& ep 389}? ﬁ%gt\kéaprsm dei oni zed water, was al so
evalated to treat about 3.5 grams of the 25 tantalum anode pieces as

descri bed above. _ After the_tantal um anode pieces were
| eached for about 30 minutes, the agi t at cEXAMPLE Vi of f. The

Lt um o R o ol ST Do R LR R A e

decant ed evﬂibﬂeﬂ&&t(wt#ﬂi@nmd%pﬁhﬁﬁﬁfeaﬂﬁﬁ conditions to control the oxygen content of the
19 WO 97/ 38143 ¥

PCT/ US97

15 The temperature of the acid leach was varied using a non-deoxidized, ingot-derived WCb-
C niobium powder, available from the Cabot Performance Materials Division of Cabot
Corporation, Boyertown, PA. The powder was produced by hydriding and crushing a nicbium
ingot. The powder was then degassed in a vacuum oven.

20 The acid leach solution was prepared by first premixing about 55 milliliters of reagent grade
HNO;, having a eonwmnon of between about 68%, and about 110 mlhlxters of deionized water
(resulting in a 165 ml solution of 23% HNO3) in a 250 milliliter plastic container. A cold leach
solution (about 0°C) was prepared by cooling the 23% HNO; solution in an ice/salt bath. About
200 grams of the niobium powder was added to the leach container during agitation. After the

25 niobium powder addnuon, ‘about 0.5 nﬁlhhterofa reagent grade HF, hawngaoonoenmtxon of
about 49%, was then added into the leach container slowly under agitation. After the HF addition,

~ the leach container contents were mixed for about 30 minutes. A second leach solution {(about
38°C), prepared by using warmed deionized water, was also evaluated to treat about 200 gmms of
the niobium powder as d&smbed above.
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then washed usi ng room t enperature dei onized water. The tantal um anode

pi eces were then allowed to settle, and the wash water was_decanted. The
washi ng stWB%le‘?epeat ed until the conductivity of the JBELMBEUIAES
wat er was | ess than 10[err] Mohs/cm 5 After the desired water

conductivity was reached, the water was decanted and the tantal um anode
pi eces were recovered and dried in a vacuum oven at about 85C. The

foregoi ng process =~ was repeated for each | each solution to determ ne the
opti mum | eachi ng terrper ature to control oxygen content in a sintered

t ant al um anodﬁﬁ ! S e@g)erl mant Eeau Itt% £b°u¥g8n conce é;gta{o?_n as_’are o

| i sted bel ow

Sanpl e Nﬁhe niobium p&%d& theiThllowed to scflie/ f# aboRPT0 minutes W%&ﬂﬁ&l%ﬁzﬁ

Pre-Lea err] Q) (420
2630  water was added the acid/water was decanted 7 Fbe niobium powdenﬁsthenwashedusmg
2432 2401

5502 5 roomtempemtureééégzedwater The niobium powder was thmallowed;gsettle,andthewash
2444 yater was decanteaAfGﬁle washing step was repéate®until the conductmty%f the decanted wash

2424 2114

2488 waterwasl&ssthmizmnMohs/qn 2309 7

2446 2619 2488 8

2651 2500 - 2438

2475 ;

SE5o Aﬁermedgﬁl"_éﬁ%?,? water oonductmtywas?égged the water was decﬂed and the mobxum
- 25570  powder was filtered 6The damp mobmmpowderv&iﬁ&overedandwasdnediﬁavmmnomat

2605 : 1884 617

2517 about 85°C. Thefggpggmgproc&sswas v ¢ach leach solution to%etermmethe optimum

leaching temperature to control oxygen content in an ingot derived niobium powder. The
experimental results (0xygen concentration) are listed below in Table 6.

15 | Table 6

Sample No. Oxygen (ppm) Oxygen (ppm) Oxygen (ppm)

' Pre-Leach (0°C) (38°C)

1 2337 1883 1636

2 | 2481 1925 1777

3 2412 2045 1874

4 | - 2060 . 1984

5 U 1582 BT

Average | 2410 . " 1895 1756
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20 - WD 97/ 38143

PCT/ U897/ 05@@37,38143 As reported in Table 5, neithperakeresnés
‘nor the warm acid | each significantly .lowered the oxygen content of
the sintered tantal um anode pi eces. The sintered tantal um anode pieces that
were | eached in the the reduced tenperature acid | each solution had an

aver age oxygen content of 2476 ppm and the powder that was |eached in

bpm " The. aver <ysteeRpaLiLia & fhe'GHo SR (e ot senit BENCIE Pt Bt xPpentpntent of
was 2517 ppifgotl@ived fickiuni powsa delaiverto Wit htill 16ath.| THO powWdeHthft was leached

therefore, appears to be ineffective in controlling (lowering) the
oxygen conmﬂlecpdmedttgnmmmmla hitionchad ancavernge (oxygen content ofi 4829 ppm,

AL i thé Bl ol g Jeadfib iy ooyt st IR poligichagd an pyesage gcyaen cpuignt
an’ i-ngot -gfeyrzsg %n'ﬂ' TR AVerdpe\U§gen ébntent of the Siygtt'defived ﬁ.@b:ﬁiﬁtpwaeﬁﬁas 410 ppm.

opti mum | eachi ng condl tions to control the oxygen content of

powder. TheSuse of reduced Biid leachp solation WMS,aﬁlmforaaeppMStwhelwmvmm a

he. CabotoostpRng ERtndIThe Fimee'clont of pon Sl nbot et G )l

Boyer t 0WguclPds nidbiEmiNRE, réiatvelto WatB&hclMedtlidbluflo®g and crushing a ni obi um
|ngot The powder was t hen degassed in a vacuum oven. 20 The
acid | each solution was prepared by first prem xing about 55 milliliters of

ind aBout 110 Htbmah ParSit enbRlipds e Be dRveation e deok detied 8 Sl b

sol uti on wirpakdd/of filbtfitioh) c&.‘fyw inbiifi&itions At g'tﬁ rﬁﬁ%t ega:ﬁaﬁﬁom
| each sol ution (about O[err]C) was prepared ooling the.-23%
HNJ er r |- thesaope end spiritof theinverdion. o theprocesso p@smhvaiﬁmhmyﬂmm

PTG L L M g s TR R A e
a concentxﬁﬁémrbetﬁmtedmeptasbytheappmdedclm
15 | | "
What is claimed is:
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. \..._ .
about 49% was then added into the | each container slowy under agitation.

sboot a0 R0 o MMM BRI cboce °°™ "o erbePSsibaler o

by using warnmed deioni zed watér,“wds &l se eval uated to treat about 200

grans of t he ni obi um powder as descri bed above.

21 WO 97/ 38143 '

PCT/ US97/ 05265 ' After the niobium powder was | eached for
about 30 minutes, the agitator was tuCIAIMS . The ni obi um powder was

then allowed to settle for about 10 m nutes after additional deionized
wat er was added, and the acid/water was decanted. The ni obi um powder was

then washed ugj P@gm;,% e’ { i VakKE th 3 rRibUm powder
was thenlil'al I o%e‘ﬁgﬁhgég%ﬂtcta e, a gnt he vva‘?ﬁéﬁ wat ee\r@v\hggmaie;'(t%n ed. " The
washi ng st ep leachingpdedxidizedvdlve métal matedal dn aw acig leath séletiahcat artemperatusérlower

wat er was | ess than 10[err] Mohs/cm After the desired water
conduct i JoorR tem d, the water was decanted and the ni obi um 10 )
powder was filtered. The danp ni obi um powder was recovered and was dried in
a vacuum oven at about 85[err]C. The foregoi-ng process was repeated

f or each2! eacThe nietliddoof dlaimdl; tvehenéim said lacid deaich solation is cobled thiartemperataes lotwer e

to contrqQl oxygen content, in an.ingof, der.,ve i obi u owder. The
_exper | WMF%WW@M\?MWP@{ ﬁ"gi"g']ﬂg‘ﬁéﬂow in Tabl e 6.

15 - Table 6 Sampl e
No. - Oxygen (ppm Oxygen (ppm Oxygen (ppm)
Pre-iceacB. - The methaddfoclaiinG), wherein said (valv anetdl @ selected from the group cénsisting of
2337 um, niobium, a%)%BE : £ 1636

4, The method of claim 3, wherein said valve metal is tantalum.
15" 5. The method of claim 3, wherein said valve metal is niobium.

6. The method of claim 1, wherein said valve metal material is selected from the group
consisting of nodular powders, flaked powders, ingot-derived powders, and sintered bodies.

20 7. The method of claim 1, wherein said acid leach solution temperature is less than about
20°C.

8. The method of claim 7, wherein said acid leach solution temperature is less than about 0°C.
25 9. Themethod of claim 1, wherein said acid leach solution comprises a mineral acid.

10.  ‘The method of claim 9, wherein said acid leach solution comprises less than 10%, by
weight, hydrofluoric acid. | | |
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2481 925 1777
—iea 7. st
L w52 1984
- . 1582 1511
Aver age 2410 1756
22 - ' WO 97/ 38143

PCT/ US97/ 05265 . d.; Tabl 6 he | d id
| each di dinot 4i Pethed of progusioe & %%%gqgé};%ﬁtebgnpiwgeaf éon‘roﬁgf?:ﬁ%ge%%qntmt,

I ngot - der( Y‘S’“ﬁ‘“ ok 4dpsrgder rel ative to the warmer acid | each. The powder
t hat was éf’e C eg sép In the the reduced tenperature acid | each sol ution

had an aver ageformingarvalvermetaltpowiler 899 ppm and t he powder that was

| eached in the rmer.,aci g | each . sol ut,j on had an average oxygen content 5
of 1756 ppm %@F@Wéﬁ“ POWAES of the i ngot-derived ni obi um powder
was 2410 PPM  Jeoxidizid'Si echfS YRIGE midfal o8 1R rbieh & of o JBREF i t
t her efore, a-pp%eé’rms tﬁ%é&?%@ectl\?gelgn ﬂo contr Ing (lowering) .the
oxygen cdnisahighef affinity fibe oxygien ¢hin said yelve tietal pewderpgnde et al materi al s,

such as ni obi u owder,, rel.ative,to warner ,acid | ea ol yti.ons. 10

A Chonon bact | Enthine s dapiredvalye mHal PRI inc S6 eafn ol 8 ¢ feripecsture
detai |l fOpyer MW{ #&mgr drifateriaf BoritaiRingAt@nges and -
rmdificafll onsth?rnay be e w t%out gg%rti ng from . the scope and spirit

of the invention. For exanple, the process of the present invention ny also
be sed coptr.ol; { he oxygen cqnte 0 Qught products of valyve
" met all@. At,a'cord W{i\optpgcfnmé&\xﬂqqmwgaqgtlm{lso tio wm&egmamm,low

than room temperature prior to leaching said deoxidized valve metal powder.

13.  The method of claim 11, wherein said valve metal is selected from the group consisting of

tantalum, niobium, and alloys thereof, |
15 _

14.  The method of claim 13, wherein said valve metal is tantalum.

15.  The method of claim 13, wherein said valve metal is niobium.

20 16,  The method of claim 11, wherein said valve metal powder is thermally agglomerated under
vacuum, ' |

17. The method of claim 11, wherein said valve metal powder is deoxidized at temperatures up
to about 1000°C in the presence of a getter material comprising magnesium.
c2s o - - |
18.  Themethod of claim 11, wherein said acid leach solution Gomprises  mineral acid.

19.  The method of claim 18, wherein said acid leach solution comprises less than 10%, by
weight, hydrofluoric acid.
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CLAI (%) : A met hod®f ot cbntsr okl i ng the oxygen content in valve
metal materi al s conprising:

20.  The method ofclaim 11, further comprising the steps of*
washinganddryingsaidacidléachedvalvemta!powdet;
compressmg said powder to form a pellet;
5 smtmngsmdpellettofomaporousbodyand
anodizing said porous body in an electrolyte to form a continuous dielectric oxide film on
said porous body.

21.  The method of claim 20, further comprising the steps of:

10 mmsmdmaedpombodymthepmofagenammmmmgm
affinity for oxygen than said valve metal; and
_ leacinngsmdsmteredporousbodymmaudleachsoluuonatatempemmrelowerthan
room temperature 10 remove getter mat_enal contaminants prior to anodizing said porous body.

15 22 The method of claim 11, wherein said acid leach solution temperature is less than about
20°C. |

23. ThemethodofchimZ_Z,whereinsaidacidleachsoh.ltiontempemtureislessﬂmnabout

0°C.
20 .
24. A method of producing a valve metal anode having a controlled oxygen content,
comprising the steps of |
compressing a valve metal powder to form a pellet;
' sintering said pellet to form a porous body; '
25 deo:ndiz:ngsmdsmteredporousbodymthepresenoeofagenermtmalthathasahlgher

affinity for oxygen than said valve metal, .
leachmg said sintered porous body in an acid leach solutlon at a temperature lower than
room temperature to remove getter material contaminants prior to anodizing said porous body, and
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| eachi ng a deoxi di zed val ve net al ] - | 13 @QEN';H d leach solution at a
t enperat ur 65%Rk143° t han room t@ﬁ% g&{ L 2. Toer5samesof
cool e

‘claim1, vvherel n sal d acid | each |sol ut to a tenperature | ower
than roomtenperature prior to | eaching said deoxidized val ve net al

_ material. 10 3. The method of claim 1, wherein said valve netal is.
sel ected fromthe group consi sting of tant alum niobium and all oys
t her-eof . The net hod of claim 3, vvhel n said valve netal is

tant al um 15anodms saidosoyschod an an electelyte 40 fobe epntinyansidielsctrie oide film; an

ni obi um __. The met hod of claim1, wherein said val ve netal

mat eri al ﬁméjpsoé?lgc fromthe group consi sting of nodul ar powders,
flaked powders, ingot-derived powders, and sintered bodies. 20 7.

The nmethod of claim1, wherein said acid |l each saolution tenperature is_|ess
t han abouﬁ5 The methed of claim 24 wherein said acig) leagh selution, temperature s les thanj about
sai d % §ach solution tenperature is |ess than about O[err]C 25 9.

The cI aim1l, wherein said acid |each solution conprises a mneral
aci d. The net hod of cI aim9, wherein said acid | each sol ution
conpri ses |ess than 10% by ight, hydrofluoric acid.
24 26.  The method of claim 24 wherem said acid leach solution temperature is less than about
0°C.
10
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-PCT/ US97/ 05265 11. A net had of producing a valve netal nateri al
-having a controll ed oxygen content, -2-conprising the steps. of:

form ng a val ve netal powder; aggl onerating said val ve netal
powder, 5 deoxi di zi ng said aggl onerated val ve netal powder in
"the presence of a getter material that has a higher affinity for
oxygen thahlsymc@swmmgtammﬂug@m@iate ismepovered from processepi@aq;mth@fog‘apﬂa dry

d di zed v wder
over 1 HaH DB P ERorat the e TuofpRial s BRERLER bl g o HRE WS
12.  Thgy ot ebdoétical Thevahialunipewedr foriid s Ben GateLaahed thlidld)l&ad:}fédCDﬁE@d to

a tenperature | ower t han room t enperature Prlor to Ieachlngi sai d _
deoxi di zieatalum pevdrsisthensserysred. thermally agalsmerateflri'é SHPCFAYHCOIP t©12hPyh 1£40°C. and

wherein said.val ye net ?Anﬁ t@n t"lﬁ/é cfi‘@}f the %hr“"ﬁ pg\’)v?%pls ﬁ%@%%é\&& ?%log the,_r presence

t ant al umy "ni obi uffh and
13, wher@fidgesai ﬁia&ﬁhlﬁﬁvﬁghdﬁighleﬁafﬁﬂm folr oxygen than the valﬁe metallhelevted &dlp@faturésil m
13, wherein said valve netal is niobium The pethod of claim

11, wher'&® 1§ abaptd 0081 G @ndyisithen aﬁma@heﬁ' to ‘FW@Y%‘&F‘FW'&%‘&H&‘P‘&!’?&‘S GR i

vacuum T Hr’fédh | I
powder is 1c(lj&es 0 )’(l'lha %évg%eré% éﬂtgne mper géjnu‘? gssse%% fBtnt & peﬂ%esgrgg!ﬁ? %%)gs\éaé&&érq%ﬁﬁtang

pr @sencesubfeceedge brhertizatitnen aaduta(b@rqbecmlyrcngtorfa@nesmmrmuOtEEdlelectrlc o'mee film Gthehe

ggit Q?d C)sfintgrle IbrcPd):'L 1Sucm Jeoxngatxon process is descr ed bsﬂf%djr;lzllr?ﬂx U8 Pient No. $28.561 Elln

an alternative method, the powder is produced by hydriding a melted tantalum ingot, milling the
hydrided chips, and dehydriding. In all cases it is possible, and sometimes desirable, to deoxidize _

. the sintered anode pellet in a process similar to that described above for the powder.

Valve metal powders, particularly powders of tantalum, niobium, and their alloys, that are
- suitable for making capacitors shquld'provide an adequate electrode surface area when compressed
and sintered. The ufV/g of the capacitor is proportional to the surface area of the sintered porous
body, The greater the specific surface area after the sintering operation, the greater the ufV/g. The
20 purity. 6f the powder is also an important consideration in its use in cépacitor production. Metallic
and nqn-meﬁilic contamination can degrade the dielectric oxide film on the capacitors. While high
sintering temperatures can be used to remove some volatile contaminants, the high temperatures may
also shrink the porous body and its nét specific surface area and, therefore, the capacitance of the
resulting capacitor. Therefore, it is important to minimize the loss of specific surface area under

25 sintering conditions.

In the production of tantalum capacitors, for example, tantalum powder is typically heated
under vacuum to cause agglomeration of. the powder while avoiding oxidation of the tantalum,
Following this treatment, however, the tantalum powder often picks up a considerable amount of

30 additional oxygen because the initial surface layer of oxide goes into solution in the metal during the
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Eﬂm Hm””m m 18, wherein said aci d | each sol ution conpri ses
Iess t wei ght , hydrofluorlc aci d. _

WO 977 38143 =27 - L
PCT/ US97/ 05265 20. The met hod of claim 11, further conpising
the steps of ! anodizing said-porous BEGinE@ efttoHie/loTermd aicOn@iods dRACHRLNE Mth on
nmet al powder ; conpressing said powder to forma pellet; 5
sinteri ngﬁasthptatopebd)d% to forma porous body; and anodi zi ng
said porous body in an electrolyte to forma continuous dielectric oxide
filmon sai d porous body. 21. The met hod of cl ai m 20,

further cedmorirgi E%tﬂola%f %fa?rﬂsitlo@vherm sald acid leach F(ﬁf&'n%lﬁ a&gtu?@ﬁqes% L eheat

porous body in't presence of a getter material that
affigity IQﬁC oxygen than said valve netal; and I eachl ng said
sintered porous body in an acid | each solution at a tenperature |ower than
room terrperature to renbve getter material contam nants prior to anodi zing

sai d por cl ai i i i d
| each solution %/metheo?i gbtfﬁlraéa [ g gés}gmt@%{g%%ginlg%“th Joﬁltf&%xm%@ﬁ%sqeé ?ﬁa‘ﬂ a%S%_
The net hogk@f claim 22, wherein said acid | each solution tenperature is

| ess than about O[err]C. 20 24. A net hod of prodUC|ng a valve
met al anode having a controlled oyygen content,

10 27. A method for controlling the oxygen content in valve metal materials. comprising:
leaching a deoxidized valve metal material in an acid leaching solution wherein the
temperature of the acid leaching solution prior to the addition of the deoxidized valve metal

material or at the start of the leaching process is lower than room temperature.
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corpri sing the steps of: conpressing a valve netal pox & ;pg)s mp_;j
forma pellet; ~sintering said pellet to forma "“:w']:'#)‘ .
25 P¢T| Zi ng saiwdr@ INTEIEfuACREERTYRGYNIZANIINE Pr €S EVgEs P A@NEsﬁs
getter material has a hi gher ‘“"‘“&‘P’f‘}‘?\'ﬂ‘y for oxygen than said val ve
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mef al tpiodid Dim: COMPri sing: | eac bn&,@n Mw SD
met al 8rr@t €108/ m h}.n as iaptil 196 ©8.0439) utgson WhesEue), EfSian patent(AM Azatmema 4 MD, RU,
of the acid | eacht’ng solution prior to thel addi FJ.GM)-@ﬁWa'dem Gﬁz@dbfagfﬁﬁs. :
d 2 (] ' t
ot a! | e B2 oflornoh ot s B f e | Gt BB B R ST N M Rk, B, S T,
t han gﬁﬁ’{s Wi£02109-1806 (US)._~ TG).

(72) Inventor: FIFE, James, A.; 903 Neversink Street, Reading, PA '

19616 (US). _~ Published
) With international search report.
{74) Agent: KELLEY, Thomas, E.; Cabot Corporation, 157 Concord Before the expiration of the time limit for amending the
Road, P.O. Box 7001, Billerica, MA 01821-7003 (US). claims and to be republished in the event of the receipt of
amendments.

(54) Title: METHOD FOR LOWERING THE OXYGEN CONTENT IN VALVE METAL MATERIALS
(57) Abstract

A method for controlling oxygen content in valve metal materials. The method includes deoxidizing a valve metal material, typically
tantalum, niobjom, or alloys thereof, and leaching the material in an acid leach solution at a temperature lower than room temperature. In
one embodiment of the present invention, the acid leach solution is prepared and cooled to a temperature lower than room temperature
prior to leaching the deoxidized valve metal material. The method of the present invention has been found to lower both the oxygen and
fluoride concentrations in valve metal materials, as the use of reduced acid leach temperatures provide lower oxygen for a given quantity
of a leach acid, such as hydrofluoric acid. , _




