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for cobalt targets of a purity of 4N or greater.
BACKGROUND OF THE INVENTION

High-purity mietals are desired for many modern processes, such as, for

example, as solders, sputtering targets, and applications in semiconductor devices.
For instance, high purity cobalt can be desired for formation of sputtering targets. In
particular applications, a film of cobalt is sputter-deposited from a high-purity target,
and onto a silicon substrate. The fim is then subjected to a heat tre’a}ment to form
cobalt disilicide (CoSi;). Cobalt disilicide has low resistivity and low formation
temperature, and is considered a good alternative to titanium disiticide (TiSi;) in
integrated circuit applications. It is thus possible that cobalt will partly replace titanium
in the manufacture of new generation chips. Cobalt sputtering techniques can alsc be
applied to the manufacture of data storage devices, flat panels and other similar
products. Considering the rapid development of the electronics industry, it is believed
that a potential market exists for cobalt targets of a purity of 4N or greater.

Cobalt is recovered as a co-product of copper in Central Africa, and as a by-
product of hydrometallurgical refining of nickel elsewhere. In the African plants,
copper-cobalt concentrates are roasted and leached in a sulfuric acid solution. Copper
and cobalt are recovered separately from the leach solution by direct electrowinning.
For hydrometallurgical refining of nickel, a variety of techniques such as selective
precipitation and crystallization, solvent extraction and ion exchange, are used to
separate cobalt from nickel. Cobalt is then electrowon from sulfate or chloride

solutions. In addition to the electrowinning process, cobalt can also be produced as
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in aqueous solutions at 25 °C are -0.28V and -0.23V, respectively. The difference of
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For the semiconductor industry, it can be |mportant to minimize impurities in
cobalt sputtering targets in order to prevent problems with semiconductor chips
comprising sputter-deposited cobalt. Specifically, alkali metals (such as Na and K),
non-metallics (such as S and C), and metallics (such as P within the context of this
document) are undesirable because these elements are considered to be very mobile
and may migrate from one semiconductor device layer to another. Fe is another
element that can be undesirable. Specifically, Fe can affect the magnetic properties of
a material, which causes concern for magnetic inconsistency. Further, Fe, as well as
Ti, Cr, Cu can be undesirable in that they can cause problems with connections at
semiconductor device interfaces. Additionally, gaseous impurities (such as oxygen)
are undesirable since they can increase electrical resistivity of the cobalt and the cobalt
silicide layer in semiconductor devices. Increasing O levels also increase particulates
that form during application of metallization layers. These particulates can degrade or
destroy a cobalt silicide layer. Ni impurities in cobalt are undesired since Ni can
influence the pass-through flux of cobalt sputtering targets. And finally, radioactive
elements such as U and Th are undesirable in Co since they emit alpha radiation,

which can cause semiconductor device failures.
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cathodically depositing purified metal at a cathode of the cell.

Methodology of the present invention can produce high-purity metal with
minimum elemental impurities, and can be used, for example, in the formation of high-
purity cobalt. The high-purity cobalt so produced is at least 99.99% cobalt, and in
particular embodiments can comprise 99.9995% cobalt, The high purity cobalt can
have total impurities (excluding gasses) of less than 100 ppm, and in particular
embodiments can comprise total metallic impurities ofrless than 25 ppm, with total
metallic impuritiés being defined as the sum of the elemental impurities Li, Be, B, Na,
Mg, Al, 8i, P, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y,
Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In Sn, Sb, Te, |, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Re, Os, I, Pt, Ay, Hg, T!; Pb, Bi, Th, U, Cland F
{not including those at detection limits). It is noted that for purposes of interpreting this
disclosure and the claims that foliow, some elements are listed as "metallic impurities”,
even though the elements are not typically considered metals. Such elements are B,
Si, P, As, Se, and Br.

Individual elemental impurities of cobalt produced in accordance with the
present invention can be as follows: Na and K less than 0.5 ppm each, Fe less than 10

ppm (and in particular embodiments less than 8 ppm), Ni less than 5 ppm {and in
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DETAILED DESCRIPTION OF THE INVENTION
The invention is described with reference to an exemplary process for formation
of high-purity cobalt, but it is to be understood that the invention can aiso be utilized for

purification of metals other than cobalt.

In the exemplary process of forming high-purity cobalt, the invention can
comprise the use of a purified CoCl; andfor CoSO, solution as a catholyte. Both CoCl,
and CoSO, have proved successful in the production of high-purity cobalt' as defined by
this invention, However, CoCl, solutions can generate corrosive HCIl vapors during an
electrolytic process that can cause severe corrosion to equipment, which in turn can be
a source of contamination in cobalt produced by the electrolysis. Therefore, to alleviate
undesirable corrosion of equipment and ultimate contamination of produced cobalt, it
can be preferable to use the less corrosive CoSO, in practice. Alternatively, a
combination of CoCl./CoSQ, can be used as the catholyte. An advantage of including
CoCl,, in addition to CoSQy, is that the CoCIz has a better conductivity than CoSO,.

An exemplary purification system of the present invention is described with
reference to an apparatus 10 of 'Fig. 1. A cobalt sulfate and/or cobalt chloride solution
is transferred to an electrolysis cell 12 that is divided into a cathode compartment 14
and an anode compartment 16 by one or more anionic exchange membranes 18 (a
suitable anionic exchange membrane is an acrylic membrane known by the trademark
204-UZRA-412). The membranes provide a barrier to prevent cations of metals such
as cobalt, iron, nickel and copper from crossing over while at the same time allowing

anions (such as SO, and Cr) to tross freely.
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conmpart ment &)éhange resin system is shown, it is to be understood that additional ion exchange
resin systems could be provided.

lon exchange resin system 30 comprises a first exchange column 32 and a
second exchange column 34. The two exchange columns 32 and 34 can be identical to
one another. A reason for utiiizing two exchange columns, instead ‘of one longer
column, can be to allow design fiexibiiity relative to utilization of space. It is to be
understood that although two exchange columns are shown, the invention
encompasses other embodiments (not shown) wherein only one exchange column is
utitized, as well as other embediments {not shown) wherein more than two exchange
columns are utilized. Also, it is to be understood that columns 32 and 34 can be
different than one another. For instance the columns can be different sizes than one
another, or can be packed with different resins. lon exchénge resin system 30
comprises at least one ion exchange resin within at least one of columns 32 and 34.
For purboses of interpreting this disclosure and the claims that follow, an ion exchange
"resin” is defined as any material which supports ion-exchanging functional groups, and
can include, for example, DOWEX™ beads.

The impure electrolyte solution comes in contact with the ion exchange resin
and exchanges metal cations with H' ions in the exchange columns 32 and 34. This
exchange can be dependent on temperature, pH and fiow rate. A pH of between about
1 and about 3 can be preferred. The resin has a higher affinity for impurity ions of Cu,

Ni and Fe than ions of Co. However, especially in the case of Ni®*, the reaction kinetics
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from entering the catholyte.

The membranes of Fig. 1 are optional. Accordingly, although the shown
embodiment comprises membranes 18, it is to be understood that the invention
encompasses other embodiments (not shown) wherein there are no membranes utilized
to split the cell into anode and cathode compartments. In particutar embodiments, an
appropriate balance is maintained between the rate of impurity removal through ion
exchange, the rate of impurity addition through impure anode dissolution, and the
system volume, so that there is little to no benefit in separating the eiectroiysns cell into
anode and cathode chambers. in such embodiments, membranes 18 can be
eliminated. The above-described appropriate balanée can be accomplished by using
enough resin to enable a flow rate through the ion exchange unit that is sufficient to
offset any increase in impurity concentration in the bulk electrolyte solution caused by
anodic dissolution of impure cobalt.

Eventually, the resin in the columns can become saturated with impurities.
When such happens, the columns can be regenerated by disconnecting them from cell
12, flowing an acid (of pH preferably less than or equal to 1) through the columns, and
subsequently flowing an acid (of pH preferably from about 1 to about 3) through the
columns to bring the pH of the resin back up to that of the electralyte solution. The
columns can then be reconnected to cell 12.

The electrorefining step can electrolytically dissolve cobalt metal into so[utlon in
the anolyte (with the anolyte being defined as the electrolyte around the anode) and
deposit it as high-purity cobalt from the purified catholyte {with the catholyte being
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i nstance the colums can be different sizes than one another, or can be
packed with aﬁfiﬁé@eerthe eRSirfigte dreundeae hamgee)r esltHougly sxpenin@dts aepshoses at

I t L . ' 34. F
pur poses. of Sereby attring 4 eeieBbit et Bt RE et SRS el on
exchange " rmeshing talke pdaeé imtae iemsexeimangeaysiern.all higfis mampmﬁmamqme@k@hanm ng
Functional gf 0“9;?1 of & §8n ap:ng{es ' Mg%xstérﬂ h%ﬁ%@ eglﬁ 1%65?1%%@1 hR@dsrasi Ne

| mpure el ect']’em0 n-cones cont I on exchange resin

and exchangeneﬁmmg by eleatqlwrss:omannataﬁ-Cmrtbﬁmlnan’is iike efewiye col urms 32 and 34.

This exchange cgf), gﬁe tg Qfé}g@ foégagfaf%mef@%ﬁ &om Er"ieaé‘djd lbewer §(§®iy, AnpH of
ou e

bet ween about 1 'an can referred resi n _has.a higher
affinity foranQﬁiquﬁ‘ith?da busbagt apd a caihodend The FHIRR® iS9R PeOFOBRSeRiIRle ¥ |

especial ly | g@ér?dugtfveh‘hété‘nal tden E@Q@rténghplél Bétiait ©F titanidi. bR 0O the WD
02/ 02848 PCT. U 01 g255 can be nmuch s ower fO{) sometca @ 3} h% e hers To
conpensat e f Bieferge choierfog Arfathpee matefipl$ingg Uit PN PAHE'S THET Fo Sﬁ he

syst em war m gAnddaCheRes dahandreetimpiritieatcerréspondihg fa the Tengyematedale s thet ween
about 110F and about 130F can be preferable. The amount of time the

sol ution cont®PONHe resin can al so be i nportant. More reaction tinme can

i ncrease the di s plhag=etioi apbl:dalﬂonanmeOeathod@n'eleﬁ ali Ieasti angsreclapgyiat BEs bel ow
10 BV/ Hr }/\Xglgl(y' br%grevgfl #r% ,Qalﬂr)a lﬁgdagfq,r,ee Cgty,gaé:eg lt#,clgﬁy Qg\tyamqytw,{h BV/ Hr

are found to ut on ‘exi he ion exchange resjn tank
can be refer cfledenslgnsagf ai)out 15" wide by about 18" to about 24" long, and from about 1/64" to

about 1/2" thick. An exemplary cathode plate 50 is shown in Fig. 2. Plate 50 comprises

vertical sidewalls 52 (there are four vertical sidewalls, but only 2 are visible in the view
of Fig. 2), a top surface 54, and a bottom surface (not visible in the view of Fig. 2) in
opposing relation to top surface 54. In operation, one or more of the top surface,
bottom surface and sidewall surfaces are submerged in the electrolyte solution within
chamber 14 (Fig. 1) during cathodic formation of cobalt on cathode 50. ldeally, top
surface 54 is submerged in the electrolyte solution , and the cobalt metal deposited
from the electrolyte solution forms a smooth film across surface 54. Due to high current
density at the cathode corners and edges, non-smooth or dendritic deposits of cobalt
can form at corners and edges of surface 54. Such problem can be alleviated by
forming a non-conductive material over peripheral edges of surface 54, as well as over
sidewalls 52. The non-conductive material preferably covers the outer 1/2" of surface
54, and is shown in Fig. 2 as a coating 56. Exemplary suitable materials for coating 56
are paint, rubber coatings, or chemical and heat resistant tape (such as a tape identified
as AN™ and available from Canadian Finishing System, LTD., of Burlington, Ontario
{Canaday}).

Referring again to Fig. 1, impure cobalt metal (typically 3N5) is provided as
anode 22, and is placed in one or more baskets made of a dimensionally stable ancde
material. Any material can be used for the baskets as long as it is dimensionally stable,
or inert, as an anodic_electrode under the described electrolysis ‘conditions. An

exemplary suitable material for the baskets is titanium with an irfidium oxide coating.




“cleaned" electrolyte solution, to indicate that the relative concen ﬁ&i .
of cobalt to inpurities is higher in the solution exiting the resin- lk
than it was in the solution entering the resin tank. As the cleaned

el ectrolyte solution flows into the cathode conpartnent, it mxes with the
cat hol yt e. wiy @@2ss80me of the catholyte is | eaked back topct/usnasste
conpartnment (over the nenbranes 18) to maintain conpartnent electrolyte

vol umes and maintain a continuous process. This |eaking back can keep
impurities fromaaninedé ngrrérheienatyrmwl) @an Hifectteerdissoietion offigEngy of cepalt
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of inpure cqopasfeired Eventually, the resin in the colums can becone saturated
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di sconnecting th oW n referably |ess
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(of oH pr e ef ablok.{ 1oL APRHh, 1 b8 sBRMon sl bahe LitonGOburS deirb | ng  he

pH of the r 4 eeectrollilte solut§§> |%:olunhs
can then be raagmrﬂrﬁedﬂpeeit aurlityend efeztrolysie elirisoqy it $ffen; thipe eéB°'¥‘§r?°“

el ectrol yti C@e 89 8@?9' 4V Gy &BEEH Wil @Hﬂ%eﬂgﬁb%@ﬁ'a&lthewathoﬂe at dignifiozol lgvads (Wit h
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bei ng respect to cobalt deposition. Accordingly, an electrolyte solution pH of above about1 is
desired for electrolysis. The electrolyte solution temperature can also influence reaction
rates. Higher temperatures increase the mobility of ions in solution and allow higher
reaction rates at the electrode to electrolyte interfaces.  Electrolyte. solution
temperatures between about 110°F 'and about 130°F, in combination with electrolyte
solution pH's of from about 1.5 to about 2 have produced current efﬂmenmes of up to
about 95%.

After cobalt is formed on the cathode it can be further processed by melting. If
a low-purity cobalt or a titanium starter cathode is used, the high-purity cobalt deposit is
preferably stripped from the starier cathode before melting. 1If the starter cathode is
high-purity cobalt, it can be melted with the deposit. The methods of melting include,
but are not limited to, inert atmosphere induction melting, vacuum induction melting and
electron-beam melting. Electron-beam melting can be done by both drip and hearth
melting.

Oxygen and carbon removal can occur in the melting step. Dissolved oxygen
and carbon in the cathode materials react at melting temperatures to form COgas. The
CO gas is not soluble in the molten metal and escapes from the meit. Carbon in the
final ingot is redhced to near depletion while the excess oxygen (that was present ih the

cathode cobalt) that is not consumed in the reaction remains dissolved in the ingot.
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the cathode). Although experinments have shown electrolytic refini }hg of 20Ul
cobalt relative to both Nl and Fe, it can be desired to have the fD| ni ng
take place in the ion exchange system This is because ion exchange enabl es
renoval of weRfagignat es fromthe system when the resin iBCT/EgEnesated. In
contrast, refining by electrolysis concentrates cont-am nants in the

el ectrolyte. An electrical system of apparatus 10 can conprise a DC power
supply, an anod@&ypicallyhtbe ectimltsisposited and resul af e aboveTiescribgd iflsgEolpssione
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about 24" Iorrl}W fgrom aubout ?164" 1 eabom:s 'haMNiEartdWabmumemﬁgl Lo
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of Fig 5) imetnsyoiengirurareaited. AR BRG] FhohgN sBngidbiale T ew

nore of the stpg aaﬂohgrmaacudaolambmmmwgh tempersiutbe ol be §aﬁi‘f'f&€e'§ ¥ Yubner ged
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formation of on cat to surface 54
t he el ectr ol hetaen Wiplagei and it shenld ad‘-’r?éNQ!bwa!l tn Wﬁgmdf@ﬁ@?i“t ‘ér&aceflr ﬁF[eTeErged in

electrolyte f%QAdJEHa‘P%hémséﬁva%u@ﬂpaétkbrfthém@@wssa1 oS uitrhiGspRerad. wd})cr.&i well i gh

current -densi he cat hode corners noot h _or drit

deposi ts of wmatﬂon é"&‘i"i the Prargt meldfisating %ﬂo‘”@ﬁ@@g @F'Pgﬁ?ﬁf" Jem %atugc ¢

probl ﬁm can fgn abb@Visabesitdubouf Z000°C)0 1A theosledtron dearh |fuweamatnmlt| heglatingyie ra

peri pheral ef(th aﬁ)noc;f e e%(rgr? ggarr? %bwglrsde%t hﬂatSQNﬁrwere exposed to similar vacuums
produced lower oxygen cobalt at higher beam current densities. A reasonable range is
between 1.5 and 5 KVA/in’.

The second method for reducing oxygen in the final product is by mixing fine
carbon powder with the melt stock. This is done to compensate for the excess oxygen,
with respect to carbon, in the high-purity cathode cobalt material. A suitable amount of
carbon is that which will bring the oxygen:carbon ratio to about 1:1 on an atomic basis.
This amount can be caiculated. The cathode chemistry is generally consistent
throughout one Iot of material, so the calculation can be based on one representative
analysis of oxygen and carbon in the cathode.

it is noted that previous methods for refinement of cobalt have utilized ion
exchange in combination with electrolysis. For instance, U.S. Patent No. 5,667,665
describes a process wherein an electrolyte from a cobalt refinement electrolysis
process is subjected to purification which includes utilization of an anion exchange resin
to separate cobalt from impurities. The patent further describes that the cobalt is
returned to the electrolysis process after the purification. The previous methods
differed from the method of the present invention. The previous methods involved
placing the cobalt from the electrolyte in a first solution from which the cobalt was
joaded onto an anion exchange resin. The cobalt was retained on the resin, and then
subsequently eluted with a second solution which was different from the first solution.

The present invention involves passing the electrolyte solution from an electrolysis cell




sidewal I s 52. The non-conductive material preferably covers the outer 1/2"

of surface 54, and is shown in Fig. 2 as a coating 56. Exenplary suitable
materials for coating 56 are paint, rubber coatings, or chemical and ihgétlu
resi stant tape (such as a tape identifi ed as ANTM and avail able from
Canadi an Fim@ ®hesyg System LTD., of Burlington, Ontario PEUHHAARFS .
Referring again to Fig. 1, |rrpure cobalt nmetal (typically 3N5) is provided
as anode 22, and is placed in one or nore baskets made of a %lnen510nally
stabl e anoddhrought an jpalon exelANGR RS HNCLE FANFEON3IRMHCH A pesief Jagtal (SUShs®S ong as
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sui t r r the
baskets is ﬂ‘FP‘d’ﬁ'Pﬁuﬁ‘?tWP?%O%f‘hei BSRi JhE Hﬁ‘%éa% bﬁdetupf'eg%b%é%ﬁ @%6%@02848
PCT/ USO1/ 1928y pBsshilP d’ﬁ‘o@glhr frentes@enThé )prés@@)nvé;ﬁi&n adahettitis theemdies saaldipt | on
efficiency of co aIt
reactions h&#@rigd e M‘P“?"Erﬁi’é'ﬂﬁ?g’f' &f pﬁl@is tthﬁ'l’ ggné?p&@ﬁué §%CQ gg ’g%ériig?ft ly with
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ANft2. A cathode curren ency
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up to 50 A/freﬁn)/vork wel |, CCDs of about 20 A/ft2 are preferred. Speed and

efficiency of th qﬁm%rgl%é cHd@&r\téE?é%%fQﬁe trktendr &StRE tordsBMEIRTENEon calativecto tieependent
on several propertie

ectral i ncluding pH, tenperature
and cobal t CUieEafhProgessss exempeiifing by Hindi tateé‘BHegw%%qscf‘ﬁ ‘of the solution is out
of a desired rangg, thethé@msd ofttH@ biesyntamenidnemhretininglesaredridlyté dintion wi | |
suffer, if the electrol yte ﬁ]ol

can o%réur in prior art processes prior to loading anolyte onto
an ion exchange resin; and

{b) . the process of the present invention can eliminate a concentration

step of the prior art processes in which a cobalt salt was concentrated (or

even dried) after elution from a resin and then dissolved in water prior to its

use as an electrolyte.
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pH drops below 1, hydrogen will start being reduced at the cathode at
significant levels causing pitting of the deposit, and a |owerirg ¢f tlitle
current efficiency of the systemwith respect to cobalt deposition.
Accordingly, an electrolyte solution pH of above about 1 is desired for

el ectrol ysw o2kasusel ectrol yte sol uti on tenperature can abspusmfipasence.
reaction rates. H gher tenperatures increase the nobility of ions in
solution and allow higher reaction rates at the electrode to electrolyte
interfaces. Electrolyte solution tenpammles es bet ween about 110F 'and about
130F, in conbi natyd bout 1.5 to
about 2 have pro lﬂ%& \A%%Jrhr'ghlﬁgﬁaﬁy%}gﬁcn?glsﬁ% Qtlpé'%oﬁovgrﬁ)g()%){ 9@5%) After cobalt
is formed on the cathode, it can be further processed by nelting. If a
lowpurity cobalt or a titanium startgp.ptfode is used, the high-purity
cobalt deposit is preferably stripped fromthe starter cathode before
melting. If the starter cathodéﬁMﬁ-@ﬁﬂé\‘i@&i@éﬁ)balt it can be nelted

with the deposit. The nethods of nelti nT?_bl ncl ude, Slre not limted to,
i nert atnospher e A #RIRIE POIA7REPS Pi{epSQuaciiibhis H'G%R!‘teiddﬁoﬁé grliogs ghyyater at

el ectron- beaf@bmewpe&turglmteré:t.t:rm@eaﬂgémmﬁuagnﬁag be @l@mtﬁwaﬁmmsmﬂrétep and
hearth nmeltin ygen and. car bon renoval ﬂﬁ lgq t?\ﬁs c{% st ep

Di ssol ved ox%g'ﬁ" ipusted oo by Adding2 44 oAlpgs ohEdRSHEE & E’a

te(rjrper atur esSanLﬁlof'IQ§ IEHGEB @425 . dandw elé@o@ezs thrtk Aol heoédibd ¢22°R. tCissulabont @n mst al
and escapes from n in | u t ear
depl etion whit ?'@ed(f? ﬁ“sx'ea&“ ﬁnkft H’& EV&SE aﬁ’réscgﬁ?q (?h 8 Srﬁﬁ Jg}“{;obal t)
that is not mmgumrmﬂtahks ishae arre‘e(nf 0ENGPENH h|a$otjaltssdflawei¢ltitlm istAmalypgsband 8 21
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result of th d¥el ectrol exchange process cg&})rl ses
bet ween 100 Ejnctrcm@@Os pumatosepstent. culrapt qfréﬂ%é%‘?’ ﬁﬁ\ﬂ@'tag?é@ﬁe’f’%ma‘ﬁ foPeuce t he

llevel of oxyges, domnnt 218%oLPWNASCARMES ok 9BRBY%ALE sRdkt 2and run at a current
density of 18 AJft2. About 116 Ibs of cobalt is harvested, which relates to a cathodic
current efficiency of 74%. The analysis of the deposit is shown in Table 1 as the "high
purity cathode". Also shown in Table 1 are analysis values obtained after additional
treatments of the "high purity cathode” material. The additional treatments were either -
vacuum induction melting, electron beam drip melfing or electron beam hearth melting.
The additional treatments reduce gaseous impurities (specifically, the treatments

reduce concentrations of C, S, O and N).




vacuum nel ti ng stage.
vacuum | evel s
oxygen fromthe nelt.

It is

requi re thato exoedsul

Ho

wever,

attention be paid to nelt heating.
cobalt and oxygen is not as stable as that of oxygen and ot her

r enoval

The first involves adjusting the tenperature and:
inthe nelt to make the conditions favorable to pull
known t hat high vacuuns wil|
metal lics such as Na and K upon nel ting.

pu

JE UL

t he

Il off volatile

of oxygen can
PTHESDOAZES bet ween

nmetal s such

as cal cium nagnesium alumnum or titanium The right conbination of a
strong enough vacuum and hi gh enough terr‘p'%b*%lﬂure can.be required in order to

dramatically reduce o Lcpomt B E ST ESHBAVE g@dnopt ai ned in an
el ectron beam furngce, and |it shoul|d also work well|in a vaguum i nduction
furnace. It has beer found |t h&uritghanthkctpacliu®gaBet | ePeBMan| ar ound 5x10' 5
at nospher es wor ked Il in |ceidcaat| oyt t h thgr.;pr opeHes t{ heating (an
exenpl ary nelt heatijng tenperature is from pbout 15D ?tcs apout 20000). In
the el ectron beam furnace, nel {PPRBat néPH”Q RRTt i bn ®W™el gctron beam
power density. Meltsl that were exposed to silar vaguuns  produced | ower
oxygen cobalt at hi gherpyaeam cugpeni| deosit | £s.<odir epsomadl ejrange i s
between 1.5 and 5 KMALLn2—The secon rmf hod-Fot 1rcdn,ig" exygen in the
final product is by n‘ixipﬂg f] n&99%4 hon! E)i)wdw \Rnth he"nelt |stock. This is
done to conpensate fjor idje ekcesgioxygen W thOOESpnctUOBJ carbon, in the
hi gh-purity cathode gabai-;uF* eri-al—-A-sui-table ot t8f5 7 oRr bon is that
which will bring the oxJ@en uarot%ﬁ At | g‘ﬁﬂo hbSUt 1 (0! . ! o<\rf1J an_atom c basis.
Thi s anount can be cAl cuhateg olopa cpt h@de c1en1).stry i sOgénenal |y consi stent
t hroughout one | ot of—mteripl—so—the—rcalet atFgp—carm—fggzbased on one
representative anallsi ?of 3x98§ﬁ0 gg? om itr)l"z?lhe cathodel! It is noted
that previous nethodp fan ref kD@OB4T ofoabbalt bage UtiPidied|i on exchange
in conbination wth plect+ol 'si°gE" Hstanee = S—Patgept—MNo. 5, 667, 665
descri bes a process Nhe?& n an gt ect ol y!lt ;]om a coﬂ alt refilnenent
el ectrolysis procesp T sNisubjectzed t o p12r5 f| ¢ati @n whi c.% ncliudes
utilization of an anfer—exehang s¢papgke ¢obglzg friom i npurities.
The patent further d=scrcr ‘hes ?PbTh( cggglt b retyrned tojthe
el ectrol ysis processjaft@r t "le Raaificatd.on. Theoﬂre\l 068 1net/hods
Mo 0.043 0.03 0.07 0.05
W 00020 | <0.01 0.2 <0.01
Th (ppb) | <0.072 <1 <1 <1
U (ppb) <0.086 <1 <1 <1
Pb 0.091 <0.01 <0.01 <0.01
C 223 5 3 6
o} 407 41 14 62
N 41 <1 1 1
P 0.06
S 8.7 6 <1 6
Total 00.008% | 99.998% | 99.996% | 99.998%
metallic
purity
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differed fromthe nmethod of the present invention. The previous nethods

I nvolved placing the cobalt fromthe electrolyte in a first sol ut |,onrf Hem
whi ch the cobalt was | oaded onto an ani on exchange resin. The cobalt was
retained on the resin, and then subsequently eluted with a second sol ution
whi ch was &g dznesst fromthe first solution. The pr esenPCT/HFEALISOHN | nvol ves
passing the electrolyte solution froman electrolysis cell 9 21 DEC 2004 WO
02/ 02848 PCT/ US01/ 19255 t hrough an ani on exchange resin under conditions in
which a desired metal (such as cobalE3anple 2ot retained on the.-resin, but

i nstead passes through the resin to dgRqv&sidefpuriti es retained on t he resin.
The nmetal can then be returned to the eTectrol ysis cell ?ﬁtlgte%/
e

t hrough the resi obTheoydessd @ PUrith @ {99P8¢anPPHIFE Ap8 %3 %‘érdapt ed
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metal of i ntepestoraBioARed QBteEéﬁ{hétﬂ@&J atra‘bsmrﬁo ‘@t abbuttd bourMdré deinmized of
interest fromthe resi

n n process (the single
step being ﬁé@%rdﬁg’eﬁfadﬁgﬁlﬁé’t%tagf"al sﬂ'ﬂ"ﬁ? FLP"E%roatt?S uégﬁ&l ‘on exchange resin).
Among the advant aggastw,ftumm nEs3hmdnsiife didneeter Esici0cHh tenoth fowested 88 PO to t he
prior art proces @ﬁiﬁceq?p 8?,&08 Q—}’,o,—% haEﬁé&Jﬁliaé&ﬁ&?st@édﬁé@ereérﬁ) t he

process of ¢ I'On"can e te an anol yte lution step
t hat can ocomater:ai fThi tubeds tlllepwoﬂaeazbslds42;ﬁrm[&OW?%)MI"HQE@H'Q“QWW%’EBWUB’h an ion

exchange resin ave?zleb% sﬂ%%)%frzﬁ%o%é’s‘ﬁe%ﬁo% IdRRgPIhE SEM is kBWRIBhE@BY paRingl2 i nat e a

concentration rror art rocesses I N b It was

concent r at edegtorolureasdBVY £l Ié(ep])soyp@rémr@gmt ahA flew fe ay\%gy }.Fa%ﬁg taJHéenp i ssol ved

in water pri@.d&thd Bol &iRioA s BB s&heas trat ofttRe 120 solution. A typical experiment
comgprises (1) loading therresin by pumping cobalt chloride solution through the resin
bed: and (2) eluting the lcaded resin bed with HC! acid solution. A two-step eluting is
normally conducted: The first step uses a solufion of lower acidity to elute cobalt,
whereas a stronger acid solution is used for the second step to elute nickel. Although
this example describes a batch elution process, it is noted that one or more aspects of
the example can also be incorporated into a single step (i.e., non-batch) elution process
of the present invention wherein cobalt passes through the jon exchange resin without
being loaded and eluted with separate solutions. . '

An organic solution comprising 20vol.% Cyanex 272 mixed with 80vol.% toluene
is prepared and utilized for extraction and pu_riﬁcation of cobalt. An agueous to organic
(AJO) ratio of 1 was used for both loading and stripping. Impure cobalt chloride -
solution, or solution treated by ion exchange, is used as a feed solution for loading. An
HCI solution, diluted with deionized water, of pH about 0.2, is used for stripping. A
magnetic heating plate is used to provide both heating and stirring. A NaOH solution is
used to adjust the pH of the impure cobalt chloride solution to about 2 for loading. After
the desired pH value is reached, the mixture of cobalt chloride solution and organic
solution is stirred for an additional 10min. For stripping, the loaded organic solution is
mixed with stripping solution for 10 minutes. After settliement of 10min, samples of
each phase are obtained for assay.
The above-described organic extraction can separate cobalt from other

impurities of the impure cobalt sofution. Specifically, the cobait wilt migrate from the
aqueous phase of the impure cobalt solution to the organic phase when the agueous

phase is pH 2, and will then migrate from the organic phase to the agueous stripping
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WO 02/ 02848 PCT/ USO01/ 19255 Exanples The invention is illustrated bzg r}ggt 00
not limted to, the followi ng exanples. Exanple 1 Electrolytic formti h?df
cobalt A sanple of 1472 |Ibs of CoSO4 7H20 is dissolved into 370 gal |l ons of
water at roomtenperature while stirring. Again while stirring, the pH of
the cobal t waméAas#s solution is adjusted to 2 by addi ng RPCWOS@aP1séns of 98%
sul furic acid, ACS grade. The solution is added to a divided el ectrolysis
tank and heat ed to 122F. Circulation is_ start Qn exchange t anks,
whi ch cont aiSAlutionaypsndne sEpripg sehdionis pRE- émP‘I‘rBW pEeﬁ?'HJbWet"ﬂ%”r?&ﬁ is at a
rate of 0.5 seidhbn \mh@pﬁ:ahyarhdt rrﬁgrbfwaek s fotth the srganialsyintch wittdthe tobatid t 0

2" B sctrol ysi s TP et melpaRRce BBy AleondPilg0 obeer

2. Electrolysi st tage observed

to fall fr oneﬁapérat'uce Bubal\arloritih eol@tic®, hoiiied by pitheCintexdeangg res@eEnd 5% Co sheet
and run at %ﬁﬁg{%mﬁ be tﬁiqgﬂrbc}'uc% r%l@ cfaﬁ"lgdlc'%p@l'l'ltern%ﬂa@le cgﬁpgrftm&ﬂ@adnﬁ i s
har vest ed, ? current e The

I ci enc 4%
anal ysi s of tlnmmoyewmpmmsntsmtms.untrqam @Pl'f%@bﬁhé‘"‘”l‘ﬁegﬁﬁ"‘%%rmey cat hode"

Al 'so shown 'n?brﬂ_ﬂ'QdQ%s]ed% i éﬁﬁérﬁ |sV§'H atRylic ehiarartnafvh 8y trdeidemanal

treatments | gh puri cat hode" ‘materj al addi tional, treatnments

were either ZWWT%@@F?W IRRYTE iCRR!t V@i“é:ﬁW'd’rPflgggrﬁ wed s s #n9dg g
el ectron beaps E'ﬁﬁddehs %Hé bﬂggh pﬁlﬁetltaﬂdrhtdlmaﬁ\ftdrrpe}admﬁﬁ&t o eishilc encgysls eous

i mpurities (speC| | cal % rea mant uce cen C S, 0
and Ny 11 STdseeohia PHA RSB Ber e §5n L br et Opk i

a temperature of 50°C, and a current density of 200A/m Table 2 shows the major

impurities (in ppm) for cobalt after processing by electrolysis and ion exchange, using

Powder A as the starting material.

Table 2

Element Powder A | After fon
Exchange
Treatments

Mg 12 0.04

Al 2.2 0.36

Ti 2 1.1

V 0.13 0.005

Cr 16 2.8

Mn 35 0.004

Fe 20 2.2

Ni 21 2.3

Cu 35 1.8

Zn 30 16

Zr 0.15 0.03

Nb 0.95 0.05

Mo 4.5 4.7

W <0.01 0.09

Pb 0.31 22

Sum , 147.75 33.68

Purity (%) |99.985225 | 89.896632




El ectron Electron ElenentPurity |Inducti on Beam Beam Cat hode Melt Drip Hearth

(ppm (ppm (ppm (ppm) Nal. 26<0. 01<0. 010. 04 Al 0. 00240. 110.10.15 771 JF[ ZiUd
Si 0. 001710. 010. 03 KO. 013<0. 01<0. 01<0. 01 Ti 0. 0330. 060. 140. 31 '
Cr 0. 00500. 250. 290. 93 Mnh<0. 000470. 150. 020. 01 Fe7.9117.59.3 Ni 2. 02.523.9
Cu0. 00910. BaPoAOMs42 Zn2. 0<0. 1<0. 1<0. 1 Mp0. 0430. 030. 070. BET/US01/19255
W). 0020<0. 010. 2<0. 01 Th (ppb) <0. 072<1<1<1 U (ppb) <0.086<1<1<1
Pb0. 091<0. 01<0. 01<0. 01 C223536

Table 3 shows a tabulation of metallic purity, and of major impurities (in ppm),

for different cobalt samples (Experiment starting with powder A). Foil 1 corresponds to
a cathode cobalt sample made using solution treated one time by solvent extraction,
and foil 2 corresponds to a cathode cobalt sample made using solution treated 1 time

by solvent extraction and 4 times by ion exchange.

Table 3
Element Foil 1 Foil 2
Mg 0.45 0.41
Al 1.7 0.79
Ti 5 9
\4 0.007 <(.001
Cr 1.4 1.4
Mn 0.09 0.61
Fe 2.7 1.2
Ni 3.2 1.9
Cu 42 0.14
Zn 45 55
Zr 0.15 0.03
Nb <0.005 <0.005
Mo 01 0.15
W 0.02 0.38
Pb 15 15
Sum 103.32 23.02
Purity (%) | 99.989668 | 99.997698




0407411462 N41<111 PO.06 S8.76<16 Total metallic 7 Ak 20tk
99. 998%99. 998%09. 996999. 998% purity 12 WO 02/ 02848 PCT/ US01/ 19255 Exanple 2
CoCl 2 System Cobalt powder of a purity 3N8 (99.98%, Powder A, and 2N7
(99.7%, Powder B, is dissolved in HCI (35-38% by weight, in water). The
sol ution iwgdemsipeated to about 80C, while stirring, fpeT/afoae25510 hours.
Solid Cod 2. 6H20 i s dissolved by adding 2 liters of deionized water and
stirring at about 50C for about 8 hours. Mrre deionized water is then added
to get a final s&hhle#showss abulation eftertallicpurity apdof maigy ITepites{NPEMAf 0. 953cm
i nsi de di amgf ey ands 1206 [BHERAER staAHINAGIRAAOTB)O TR colful sairple was eddeer, i s

used as an ion exchange columm. "3 ass wool is used gs.screen material. The
tube is fil lusiggwpiutiprdmGiRd 14fﬂv%m5%ﬁé§“'ﬁ?%}_[’%‘d§ﬁl%% é%%%%’ﬁﬁ%”greesi n, with an
average size of 20-50 nmesh. Prior to loading, the resin is conditioned by
passing 2 bed vol unes (EAOTég Cl solution through it at a flow rate of
about 15 BV/H. The pH val %t the HCl solution is the sane as that of the

feed sol uti[@eméntt ypreabieraXpgCob®nt ¢onprises (1) |oading the resin by
punpi ng cobalt chl ofi de sol uti,on through the resin bed; and (2) eluting the
| oaded resiin bed wi th HCl aciSaQBFUti)n. A two-step eluting is normally
conduct ed: firstastep use®.08 sol ujion of |ower acidity to elute cobalt,

Al 130 0.2

Ti 5.8 5

V 0.46 <0.001

Cr -] o8 0.1

Mn 60 0.01

Fe 600 28

Ni 760 4

Cu 13 1

Zn 20 0.4

Zr 0.1 0.02

Nb 0.05 0.008

Mo 16 03

W 0.53 0.06

Pb 19 10

Sum 1672.64 | 49.16

Purity (%) | 99.802706 | 99.995084




whereas a stronger acid solution is used for the second step to eZI Urﬁﬁ 0t
ni ckel . Although this exanple describes a batch elution process, Sﬂ
noted that one or nore aspects of the exanple can also be incorporated into
a single step (i.e., non-batch) elution process of the present invention
wher ei n colpa 62/pe@ses t hrough the i on exchange resin w t REOGUSIIHNEING | oaded
and eluted with separate solutions. An organ’i c solution conprising 20vol. %
Cyanex 272 m xed with 80vol.%toluene is prepared and utilized for
extraction and purification of cobal tE"a’RHeéqueous to organic (A/O ratio of
1 was used for both | oading and stri ppiréifjoval mpure cobalt chloride sol ution,

or solution treated by ion _excha sed . a 0, Ioadlng
An HC sol ution, edﬁaT‘%Fé‘d“ﬂ?rt"ﬁ‘pﬂggslﬁmfgtdn ﬁéiagr i'kSTIJ q‘lﬁgg‘@!‘j’? E%e tg?fp%s used for
st ri pping. AAhroggilgﬂwgltdf;cpmw_pungmlta'getSJ mdm&ﬂdhdymmﬂﬁ@'&;@ﬂﬁmmtl ng1b aln?
stirring. solution i P4 a

chl ori de solpt'ﬂs? 8 %sbrbﬁec@" \‘hg%'%?oa |h%gjﬂ% c%ap%lglfﬁy R#lgggb; §eer{ pH ‘\g/‘uanI?ue S
reached, thereybdditonal Bé rem:lvallatemrare)desu‘ed whenufe orntentin toe gamPRPLAION on i s

stirred for [?ﬁerggtdrlnéthgd%acanlq% st fo'rzfé eﬁ'ﬁ%}apﬁ) IE'QOHt)ﬂﬁeé gades 9caagHtc sol ution

Is mxed w After settlegent of 10m n,
sanpl es of exaad:tloptwsba aan@ddilborw' h@@lﬂ@pn@gwgem lnRAsticYss eMPEEGEesY gani ¢

extraction GRQIRE Hﬁc{rﬁ?a‘% HRRRLL FRERaRH(OH), BRUibAdRSGfind ebal rafking cobal 1

sol ution. Speci mgrate fromthe aqueous phase of
the inmpure owbeess t%hﬁflﬁ’ﬂq dfFessyetiedmBy &R ¢ phase when the aqueous phase is

pH 2, and will ”I%PFH%CQ%) gﬁécn ﬁ&ﬂhtd}%r@mﬁlgﬁs pHac iho thé enmnei6o88., &t ri ppi ng
4

13 21 DEC 2004 WD 02/ PCT/ USO01/ 9 55 sol utli t [LBPI NG
sol ution is PeFlpsgutiondyring $YRg 1RF 2 ELAN YTe @H’é“dlz qﬁer ﬁgfo n%:{'c'gl:(?s%l gt ion will

typically nONa(DIHgitaéﬁahml«to&md:dsmtohCbOizIsﬁetimrtgahangesfélnhtto@ho‘\m“t h the
cobalt. The r ol about a
eﬁ?@&éﬂ %eﬂl ‘fl{Ch (?ﬁ‘l K el |t I%lm%%luﬂlhlgﬁ%ﬁﬁr P]@Et}bf tH FK#@H)S

const ant e sol ution \épﬁgt er ion
exchange or Isasl seglen, theﬁbmcalEﬁ(OUh porticles @fe sapgratq‘i’tff%th'@&ﬁ%t% seldtitodi ¢ and

menbr ane -CO”WflﬁéYﬁ)ﬂF s, and

in an exemplary embodiment, cobalt powder of purity 2N7 is dissolved in H,504
(98%) diluted with 50vol.% deionized water. Heating and stirring are provided to
accelerate dissolution. Typically, 2 liters of H,SO, solution are placedina & liter
beaker, and 500g cobalt powder is slowly stirred into the acid solution. The solution is
heated to about 80°C, while stirring for about 10 hours. Aftemrards, more deionized
water is added to reach a cobalt concentration of about 160g/1. '

Two equal volumes of the prepared solutibn, referred here to as volume A and
volume B, are taken to make two cathode cobalt samples A and B, respectively.
Volume A is treated by ion exchange alone and used for electrolysis to make'sample A.

Volume B is treated as follows: 7

air is blown into volume B during stirring for about 1 hour to
oxidize the Fe** ions to Fe®” ions;

NaOH Is added to the solution to change its pH to about 4
(Fe(OH), crystallizes at such pH),

after settling for about 1 hour, the solid Fe(OH), particles are
separated from the CoSO4 solution by filtration; and

subsequent ion exchange and electrolysis are conducted the

same way as discussed above relative to volume A.
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t he anodi ¢ conpartnent contains untreated inpure cobalt chloride solution.
The nenbrane used in this experinent is an acrylic nmenbrane knowi 'by i tHé

trademark 204- UZRA-412. A piece of inpure cobalt with a purity of 2N8 is

used as the anode, and the cathode is nade of.high-purity titanium plate.

After pH atyousiarest of both anolyte and catholyte to pHpdr/Asoabmetrol ysis
is conducted at a constant current density utilizing a tenperature of 50C,
and a current density of 200A/n2. Table 2 shows the major inpurities (in

ppm for cobalt &HAOMS daedwessipled ibyisted ibchablel 5/fet & disasticoropariesciesstartng usi ng

i et mont o M1 0 e BREE T g siAG Ry Qub 2 PRSI RIS AT oo o

Ni 212. 3 Cu3.rp)SorabatmwieOusesS@s 0av MigEroidor mepauna asabat sption10. 09 Pb0O. 312. 2
Sunml47. 7533. 68

Table 5
Element Powder Sample B
Mg 250 1.3
Al 130 2.1
Cr o8 0.3
Mn 60 0.02
Fe 600 32
Ni 760 12
Cu 13 0.54
Mo 16 0.36
Purity (%) | 99.802706 99.994

Sample B shows a much lower Fe content, verifying that Fe(OH), precipitation

can be effective for reducing Fe impurities.

18




3 shows a tabulation of netallic purity,
for different cobalt sanples (Experinent starting with powder A). Foil
a cathode cobalt sanple nmade using solution treated one tlne
by sol vent extraction, and foil 2 corresponds to a cathode cobalt sanple
made using solution treated 1 tinme by solvent extraction and 4 tines by ion
exchange. Table 3 El enentFoil 1Foil 2 M0.450.41- Al 1.70.79 Ti59 VO0.007<0.001
Crl.41.4 MO OQ%Bgl Fe2.71.2 Ni 3.21.9 Cu420. 14 Zn455.5 Zr0.150. 03
Nb<0. 005<0. 085~ 10. 15 W). 02 -0.38 Pb1l.51.5 Suml03. 3223. 02

corresponds to

Purity (9 99.98522599. 996632 14 21 DEC 2004 WD 02/ 02848 PCT/ US01/ 19255 Tabl e

1. A method for purifying 2 metal, comprising:

praviding an electrolysis cell having an anode and & cathode, ihe anode
comprising the metal that is {o be purified;

anodically dissolving ihe metal from the anode into an electrolyle solution
as a metal ion electrolyte,

after the dissolving, passing at least some of said electrolyte solution
across an ion exchange resin to reduce 2 conceniration of one or more impuriies
in the electrolyte solution relative to a concentration of the metal ion in the
electrolyte solution, the icn exchange resin having a bed volume, the electralyte
being passed across the resin at & flow rate of grealer than 0 BV/Hr and less
than or equal 10 about 10 BV/Hr under conditions in which the metal ion is not
loaded on the resin but instead flows across the resin, and in which one cr more
impurities are refained on the resirj;

after passing the al least some of the electrolyie solution across the resin,
transferring said eleclrolvte back to said electrolysis cell and cathodicelly
depositing the metal from the metal icn of the electrolyie at the cathode; and

wherein the cathode has a surface exposed io the electrolyte during the
cathodically depositing, and further comprising forming a non-conductive material

around & periphery of the surface before the cathodically depositing.

19
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Purity (9 99.98966899. 997698 15 WD 02/ 02848 PCT/ US01/ 19255 Tabl e 4 shows a
tabul ation of netallic purity, and of major inpurities (in ppm, fldriF8 2(Ut
cobalt sanple (Experinent starting with powder B). The cobalt sanpl e was
made wusing solution treated | tine by solvent extraction and 5 tines by ion
exchange. Tabl e 4 El enent Powder BCobalt Sanpl e My2500.06 Al 1300.2 Ti 5.8

V0. 46<0. 001 Gr 980. ThdiEifAol bfeSAP 28/ EhDdh & dd iZM2 Ok Jordt Of LOp&P of
Nb0. 050. 008 Mp160.3 W.530. 06 Pb1910 Sumil972.9449.16 Purity

(/0)99. 3?(9 -Ze%[?gn&%g%gﬁe%gl packed within zt least one column.

3, The method of claim 1 wherein the resin is in the form of a bed of

anion-exchanging material packed within at least one column.

4. The method of claim 1 wherein the cell comprises an anode

companment separated from a cathode compartment by a membrane.

5. The method of claim 4 further comprising a continuous flow of the
electrolyte solution from the anode comparntment, across the ion exchange resin,
and into the cathode compartment during the anodically dissolving and

cathodically depositing.
6. The method of claim 1 wherein the metal is cobalt.

7. The method of claim 6 wherein said electrolysis cell is separaied
inlo an znode chamber and a cathode chamber with zn anionic exchange

membrane.

8. The method of claim 6 wherein the electrolyte solution comprises

one ot both of CI and SO
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21 DEC 2004 WD 02/02848 PCT/ US01/ 19255 Exanple 3 Fe-renpbval Fe can be a
mejor inmpurity element in cobalt. Like Ni, it can influence the pass ﬂarzﬂ%gh
flux. of . cobalt sputtering targets, and accordingly is preferably mni‘m Zzed.
Al t hough the resin used in the invention has the capability to absorb a
certain amount of Fe, additional Fe renoval steps are desired when Fe
content in the raw cobalt is high. Different nmethods can be used for Fe
renmoval : 1) PBe( OH'depmetiiqrd phelesn £ 2)ersst thmencdxcrdeni @wnsiantlirdo ha

addi tional selective ion exchange; etc. In a particular enbodinment, this

i nvent i gRodREIN HEEeSShld ohnbisaiafordiel SKD3 JumoiPi tation into the cobal t
refining process to handl e excessive Fe inpurities. For Fe(OH)3
precipitation, air or oxygen gas is blown into the inmpure COSO4 or COCl2
solution during stirring for a certain tine to oxidize the Fee' ions to Fe3
ions. NaOH is then added to the COSO4 or COCl 2 solution to change its pHto
about 4. Fe(0H) 3 Theystedhod té<laim 8 wdterpi H&aa%@d@fcurt@tldﬁnsgmd%bngi ty.
After nost of the Fe(OH)3 has settled, the solid Fe(OH) 3 particles are
separ at gk £4tRBYIdARy GEpOL ity ISHIR gpedtbt i OAM b labbat bOALYI n an exenpl ary
enbodi nent, cobalt powder of purity 2N7 is dissolved in H2SO4 (98% dil uted
wi th 54vol . % dei oni zed water. Heating and stirring are provided to
accelerate dissolution. Typically, 2 liters of H2SO4 solution are placed in
a5 liter beaker,_and 500g cobalt_powder is slowy stirred into,the acid
sol ution. Thd7sol utheomgto rﬁé{f%ﬂ‘ PovysiR t"!ﬁ)é?g\ﬂqrel%"ésﬂ"r%’ﬁgyf%”nabout 10
hours. Afterwards, nore deionized water is adqed to reach_a cobal t

concent that ¢athodicallyalepobioy is.frorgreaieatharoDAfEdo @ouh@0pHEpar ed sol uti on,
referred here to as volunme A and volune B, are taken to make two cat hode
cobalt sanmples A and B, respectively. Volune Ais treated by ion exchange
al one and used for electrolysis to nake sanple A. Volune B is treated as

fol I ows: 12.  The method of claim 6 wherein the elecirolyte is passed through

the ion exchange resin at & flow rate of greater than 0 BV/Hr, and fess than or

equal to about 1 BV/Hr.

13,  The method of claim & further comprising, after the passing said
electrolyte solution across zn icn exchange resin and before the cathodically
depositing:

exiraciing coball electralyte from the electrolvte solution by extraction of
the coball electrolyte inlo an organic solvent;

extracting of the cobalt electrolyte from the organic solvent and into an
aqueous solution; and

iransferring the coball electrolyte to the electrolysis cell.
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air is blown into volune B during stirring for about 1 hour to oxidize the
Fe2+ ions to Fe3+ ions; NaCOH |Is added to the solution to change Ltﬁ-ﬂﬁa
about 4 (Fe(OH)3 crystallizes at such pH); after settling for ‘about hour ,
the solid Fe(OH) 3 particles are separated fromthe CoSO4 sol uti on by
filtration; and subsequent ion exchange and el ectrolysis are conducted the

same way as didscushied rabtie beladiny & fortival vomphsinh/ @2lorDicCp280ikhg W8
02102848 PCT/ US01/ 19255 GDMS data for sanple Bis listed in Table 5 for a

di rect LSO tart r | b

Durity %ﬁeﬁt Iy@ ﬂlrbggﬁ '1% H}g ex?ﬁ%‘ﬁﬁé r{s% ?eﬁ%ﬁ% Fceglrr col:;g tél@cﬁol used as
raw materi al for preparl ng a cobalt solution. Table 5 El enent PowderSarrpI e B
My2501. S0MtieR02. 1 Cr 980. 3 Mh600. 02 Fe60032 Ni 76012 Cul30.54 Mb160.36 Purity
(9 99. 80270699. 994 Sanple B shows a nuch | ower Fe content, verifying that

Fe(OH) 3 precipitation can be effective for reducing Fe irrpurities. 18
15.  The method of claim 6 further comprising, prior to passing the

electrolyte through the ion exchange resin, precipitating Fe from the electrolyte

solution.

16. The method of claim 6 further comprising, after passing the
electrolyte through the ion exchange resin and before cathodically depositing

cobalt, removing Fe from the electrolyte sclution.

17. The method of claim & further comprising, after passing the
electrolyte through the ion exchange resin and before cathodically depositing

cobalt, precipitating Fe from the electrolyte sofution.

18.  An apparatus for purifying a metal, comprising:

an electrolysis cell having an anode comparment and a cathode
compartment, the anode compafiment and cathode compartment being in
electrical connection with one another through an electrolyte solution;

at least one anionic exchange membrane extending into the elecirolyte
solution and separating the znode compartment from the cathode compartment,

the cathode compartment exiending 1o a height above the anode compartment,
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21 DEC 2004 CLAIM5S 1. A nmethod for purifying a nmetal, conprising: providing
an electrolysis cell having an anode and a cathode, the anode co ﬁﬂéfﬂ@a
the. netal that is to be purified; anodically dissolving the nmetal fromthe

- anode into an electrolyte solution as a netal ion electrolyte; after the

di ssol ving, passing at |east sone of said electrolyte solution across an
ion ex n Ln t 2 CO r L.l f N re 4 Lhkes in
the o SbProror B alr  BrSHEET 46, 2 REEN Bl U e T L B ATOPER" 1 The
el ectrolyte solution, the ion exchange resin having a bed volungd bhe

el ect r #YPPANBE MPAPhEweaakivosseompatmest sugh 1Bt ¢ls@rekie 80 WHRR(IEE t han o
BV/H and |l ess than or equal to about 10 BV/Hr under conditions in which
the net@dthbes icenmirimentdeth ofiow hevereshe brembnetecashd | iovs iher esedehe
resin, and in which one or nore inpurities are retained on the resin; after
paSSianﬂﬂﬁaﬂHwLﬁaSt sone of the electrolyte solution across the resin,
transfefring said electrolyte back to said electrolysis cell and

catholically depositipng the netal fromthe netal jon of the electrolyte at
the cat hode;aar?d]q}dsf'éWéiFW ‘:hﬁea %e%re"pﬁ% 'Gf\sWIEf CeXPORETNESF H@purg

el ectrolyte during the cathodically depositing, and further conprising
f or m ngfcamnoitheanetslt an@ nmat erial  around a periphery of the surface before
the cathodically depositing. 19 21 DEC 2004 2. The nmethod of claim 1 wherein

the resin isgzhnohh&chahfe9Esia iRALidE coRMMEXEAIDNAE thakRidi@lyteackeidnwi t hin
at |l east one colum. 3. The nmethod of claim1l wherein the resin is in the

form of bed .of ani on-exchangi ng materi al packed within at |east one
col um.oﬂthemgﬁg?lﬁ?&n%?n@ﬁﬁ'm 1 wherein the cell conprises an anode

19.  The apparatus of claim 18 wherein the metal that is to be purified is

cobalt and wherein the anode comprises an impure form of cobalt.

20. The apparatus of claim 18 wherein the metal that is 1o be purified is
cobalt and wherein the anode comprises an impure form of cobalt in at least one

basket.

21.  The apparatus of claim 20 wherein the basket has an iridium oxide

coating.

22.  The apparatus of claim 18 further comprising:

a fluid passageway from the anode cempariment 1o the ion exchange

resin; and
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conpartment separated from a cathode conpartnent by a nenbrane. 5. The

met hod of claim4 further conprising a continuous flow of the el e¢tirglyleg
solution fromthe anode conpartnment, across the ion exchange resin, and
into the cathode conpartnent during the anodically dissolving and

cat hodically depositing. 6. The nethod of claiml wherein the netal is

cobalt.
into an®

7. The nethod of claim 6 _wherein saj ral.ysi [ epar at ed
Uaaborn vt 22he bedmhBas Al Rh g B EEE Y e st

menbrane. 8. The method of claim6 wherein the electrolyte solutiqn
conpr i sksrothe anodmramperiaentdndhSOIEXCEICRIEED, 2004UY eﬁ'ﬁ@”ﬂ%‘t“ﬁgdo of claim
6 4,112-rein the anode current density during the anodically dissolving is

f rom abgyinpl@ALirbRid forPetiohRIARERGe rddn (T hiee D@ihodd cofmpdrainent wherein the
cat hode current density during the cathodically depositing is from greater
than OA/ft2 to about 50A/ft2. 11. The nmethod of claim®6 wherein the cathode
current density during the cathodically depositing is fromgreater than

OA/ft2 to about 20A/ft2. 12. The nmethod of claim@ vvhere{' n _the. SJ 3ﬁtrol yte
i s passed t h2dugh Thenappatiesehalie T compigng eafathoeegPiardPet han o
BV/H, and | ess than or equal to about 1 BV H. 13, The nethod of claim®6

further csiompie sbiparémtr ihbecaiassd nnsmriging edteletsbloyeeredtugilen FaEeoss an
i on exchange resin and before the cathodically depositing: extracting

cobal t gLogtr ghuts MAd Lfkeelinbidd $ohu |aactRlyextoianbhonitah thehe
efectroly

cobal t te 1nto an organic solvent; extracting of the cobalt

el ectrol gt e fromthe organi ¢ solvent and into an
cathode companment.

24, The apparatus of claim 23 wherein the at least one rectangular

plate is one rectangular plate having a thickness of from about 1/64 inch to about

1/2 inch.

25.  The apparaius cf claim 23 wherein the at least one rectangular
plate is one rectangular plate having a top surface and an opposing betiom
surface and having four verticel sidewslls wherein the four veriical sidewails are

covered with a non-conductive material.

26. The apparatus of cleim 25 wherein the non-conduclive material

extends over peripherzl edges of the {op surface.

27. A high-purity cobalt material comprising 2 total content of non-

cobalt metallic elements of less than 50 ppm, the non-cobalt metallic elements
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aqueous solution; and transferring the cobalt electrolyte to the 75 DEC. 2004

el ectrolysis cell. 21 14. The nethod of claim6 further conprising, prior to
passing the electrolyte through the ion exchange resin, renoving Fe from
the electrolyte solution. 15. The nethod of claim6 further conprising,
prior to passing the electrolyte through the ion exchange resin,

Fur t hor et des el DB SaECHeitd oIPudbleotyeh™t ol BEISREL RBE S, hange

resin and before cathodically depositing cobalt, renoving Fe fromthe
eIectroPyﬂéiﬁmHugiHnCUlinlTheM@eﬁﬁ@dd&ﬁlclain16 further conprising, after
passing the electrolyte through the ion exchange resin and before
cathodically depositing cobalt, precipitating Fe fromthe el ectrolyte
solution. 18. An apparatus for purifying a netal, conprising: an

The. anods combar { T O RATHOH e Colcs | NERE SHheiofaSAafGnd PIERY M

connection with one another through an electrolyte solution; at |east one
ani oni ¢ exchange nmenbrane extending into the electrolyte solution and
separating the anode conpartnent fromthe cathode conpartnent, the cathode
conpart ment &g endh rgbhib filn hieipgbited frovetHehep dieothe teopgarftamm 2822 71 DE[ ?0A
t he nenbrane extending to a hei ght between the heights of the anode
conpartment and the cathode conpartnent such that electrolyte fluid within
the cathode conpartnent can fl ow over the nenbrane and into the anode

compartments a5 The cobalt material of claim 27 comprising less than 0.01 ppm Cr.

31.  The cobalt material of claim 27 comprising less than 25 ppm total

non-cobalt metallic elements.

32.  The cobalt material of claim 27 comprising less than 25 ppm total

non-cobalt metalfic elements, and less than 0.01 ppm Cr.
33, A high-purity cobalt material comprising 59.65% coball, from
greater than 0 ppm fo less than 0.12 ppm Mn, and 2 sum total of Mg, Al Ti, V,

Cr, Mn, Fe, Ni, Cu, Zn, Zr, Nb, Mo, W and Pb of less than 50 ppm.

34.  The cobalt material of claim 33 comprising less than 1 ppb of Th,

and comprising less than 1 ppb of U.

35,  The cobalt material of claim 33 in the shape of a sputtering target.
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an anode within the anode conpartnent, the anode conprising an inpure . form
of the netal; and an ion exchange resin in fluidic conmunication 't {he

el ectrolyte solution of the cathode conpartnent 19. The apparatus of claim
18 wherein the netal that is to be purified is cobalt and wherein the anode
conprises an inmpure formof cobalt. 20. The apparatus of claim 18 wherein
the netal that is to be purified is cobalt and wherein the anode conpri ses
an inmpure formof cobalt in at |east one basket. 21. The apparatus of claim
20 wherein the basket has an iridium oxide coating. 22. The qggaratus of
claim 18 furBher donpbslsiingdeposiad dopddsapaiiay nriaiaet 9é caidde> conpart nent
to the ion exchange resin: and 23 i N 2004 at |east one punp al ong the
flui d passageway and configured to punp electrolyte fromthe anode
conpartment to the ion exchange resin, and further configured to punp

ppar atus of 3¢t ai mEsCRonT NEFChanel Felflg S Wrar b e T T R e Rgge

conpartnment, the cathode conprising at |east one rectangular plate having °
one or ABmpreurfaces subnerged i'n the electrolyte solution within the

cat hode conpartnent. 24. The apparatus of claim 23 wherein the at |east one
rectangular plate is one rectangular plate having a thickness of from about
1164 inch to about 1/2 inch. 25. The apparatus of claim23 wherein the at

| east one 1 eGANgUKAL cobh RlfafefiaPBF Rl BN UHeAEINPHR! AurAvtANds dedPmasur f ace
and an opposing bottom

30 ppm.

34, The cobalt material of claim 33 wherein the sum iotal is less than

25 ppm.

40. A cobalt material comprising greater than 99.8% cobalt and less
than 0.5 ppm each of Na and K, from grealer than 0 ppm to less than 5 ppm of
Fe, from greater than 0 ppm to less than 3 ppm of Ni, from greater ithan 0 ppmto
less thar 1 ppm cof Cr, from greater than 0 ppm to less than 1 ppm of Ti and less

than 450 ppm of O.

41,  The cobalt materia! of claim 40 comprising greater than 88.28%

cobali.

42.  The cobzlt material of claim 40 in the shape of a sputtering target.
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surface and having four vertical sidewalls wherein ti lee four veill'lcal
side-walls are covered wth a non-conductive material. 26. The app %a; of
cl ai m 25 wherein the non-conductive material extends over. peri pher: @@Ees
of the top surface. 27. A high-purity cobalt material conprising a total
content of non- cobalt netallic elements of |ess than 50 ppm the non-cobalt
metal | ic el emgnt s RécBall filEQepoeded frohuthengp Uigsmgt heget @7 @&ipp4R.Cr, and a

det ect abl e anobunt of at |east one of Mh, P, Ti, Zn, My, V, Cu, Zr, No, Mo, W
and Pb. 28. The cobalt material of claim27 in the shape of a sputtering
target. 29. A cobalt filmdeposited fromthe sputtering target of claim 28.
30. The cobalt material of claim 27 conprising | ess than Oﬁgl ppm Cr. 31-
The cobalt méteri & Rgh@uaitm PaloMAted! ngPMBEEINGNEsS 2B a5p Rt BPEY ot
non-cobalt netallic elenents. 32. The cobalt material of claim27 conprising
| ess t hawt3hicpppurivieal freangesdiat tharel gpn ¢o édestirers0. 1@npbrndds armafio®. 01 ppm
Cr. A high-purity cobalt material conprising 99.99% cobalt, from greater

than O f%h nd a sumtotal of My, A, Ti, V, Cr,
Vh, Fe, B%Ht&&ﬂ:ﬁzﬁptp@?@o %bs%%ﬂ@ andﬁ‘Pb of less than 50 ppm 34. The cobalt
material of claim33 conprising less than 1 ppb of Th, and conprising |ess
than 1 ppb of U 35. The cobalt nmaterial of claim33 in the shape of a
sputtering target. 25 2 ilk [ MA 36. A cobalt filmdeposited fromthe
sputtering taSget Tfe cbhalhmeBeriaind cidiem ¢bbalhe shang phd spptteling 188l wher ei n
the sumtotal is |less than 40 ppm

46.  (Withdrawn) A cobalt film deposited from ihe sputtering target of

claim 45,
47. The cobalt material of claim 44 comprising less than 0.5 ppm T..
48. The cobalt material of claim 44 comprising less than 0.04 ppm Ti.
49 The cobalt material of claim 44 comprising less than 0.81 ppm Cr.

50. The cobalt material of claim 44 comprising less than 0.07 ppm Cr,

and comprising less than 1 ppm P.

51 The cobalt material of claim 44 comprising less than 0.5 ppm Ti,

comprising less than 0.01 ppm Cr, and comprising less than 0.08 ppm P.
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38. The cobalt material of claim33 wherein the sumtotal is |less than 30
ppm 39. The cobalt nmaterial of claim33 wherein the sumtotal 5" l}gsg Uf han
25 ppm. 40. A cobalt material conprising greater than 99.9% cobalt an ess
than 0.5 ppmeach of Na and K, fromgreater than O ppmto |less than 5 ppm of
Fe, fromgreater than O ppmto less than 3 ppmof N, fromgreater than O
ppmto |ess fhan Ear ' 1 ppm of
Ti and | ess 5t%:an -@%Egeg%%ﬁo tsnéicégb@é%ﬁ?ﬁ%ﬁqﬁp@%@gﬁlg???Hn%rfg‘?iﬁgﬁrrﬁ)]?ﬁgl ai m 40
conprising greater than 99.99% 42. The cobalt material of claim40 in the
shape of a sputtering target. 26 H ?[WU4 43. A cobalt filmdeposited from
the sputtering target of claim42. 44. A high-purity cobalt materi al
conprising | &% t HEne 56bapmatetial ofminial 44 comppising lees than 380 PreaceP. t han 0
ppmto | ess than 0.12 ppm M and fromgreater than O ppmto | ess than 3 ppm
Ti. 45. The cobalt material of claim44 in the shape of a sputtering target.
46. (Wthdrawn) A cobalt filmdeposited fromthe sputtering target of claim

45. 47. The alt-material aof . ' 4 J; I t Ti .
48. The cobafﬁo-natE’P?éPBB?f%?OfSF%%ﬁ%M@% "Jie-ltgg Ct%E%H %’G@Sﬁgggﬁg 49.
The cobalt material of claim44 conprising |less than 0.01 ppm Cr. 50. The
cobal t #eREBPA%f extludinggesasiprPdeHythaastSd M .81 ppm O, and
conprising less than 1 ppmP. 51- The cobalt material of claim44 conprising
|l ess than 0.5 ppm Ti, conprising |ess than 0.01 ppm Cr, and conprising | ess
than 0.08 ppm P.

55 The cobalt material of claim 44 comprising a cobalt purity of greater

than 99.99%, excluding gases; and less than 100 ppm of O.

56. The cobalt material of claim 44 comprising 2 cobalt purity of greater

than 99.998%, excluding gases; and less than 100 ppm of O.

57. A sputtering target comprising at least 99.99% cobalt and less than
0.5 ppm each of Na and_K, from greater than 0 ppm to less than 5 ppm of Fe,
from greater than 0 ppim te less than 2 ppm of Ni, from grealer than 0 ppim 1o less
than 1 ppm of Cr, from greater than 0 ppm to less than 1 ppm of Ti and less than

100 ppm of O.

58. The sputiering iarget of claim 57 comprising a cobalt purity of

greater than 99.895%, excluding gases.

28




27 52. The cobalt material of claim44 conprising |less than 450 ppmof O
53. The cobalt material of claim44 conprising |ess than 100 ppm of ) O... 54.
The cobalt material of claim44 conprising a cobalt purity of greatéef It it
99. 99% excl udi ng gases; and | ess than 450 ppmof O 55. The cobalt materi al
of claim44 conprising a cobalt purity of greater than 99.99% excl uding
gases; and legs t . 0 QRieL | @l mid44
conpri si ng aggbbampl%ggpgﬁﬁ O%F%e’{t éf Ct'%@ﬁ 539?8@%%%(% EEF%E P(gf;uaﬁsﬂersa;1I and

| ess th pmof O 57. A sputtering target conprising at |east 99.99%
cobal t gﬁé’%ggg’g ?%{iﬁﬁd'”é.@sﬁﬁm each of Na and K, fromgreater than 0 ppmto

| ess than 5 ppmof Fe, fromgreater than O ppmto |less than 3 ppmof N,
from greater than O ppmto less than 1 ppmof C, fromgreater than 0 ppm
to less than 1 ppmof Ti and less than 100 ppmof O 56. The sputtering

target of clgpm5ph Egﬂﬁéiiﬁé RhgRt E0RRNTEIRUET foksPDo WoeRkehalthRRs 9029 %0%
excl udi ng gases. 28 59. The sputtering target of claim57 conprising a

cobalt purity of .9995%... excl udj. n es,_ .60, A i r

conor | sPHG (el aslaie amauyids bl Y edBEhertsaouBRet Bl ek i
inmpurities including a detectable amount of at |east one of Wi, P, Ti, Zn,
My, V, BuTi.Zn, Ms, VIVEU, ¥raNb, Be. VY @9d Rindassthaipdy 6Pmoot @nanfdess ifan 5 ppm
of C. 61. The sputtering target of claim60 conprising a cobalt purity of at
| east 99.99%f Gexcl udi ng gases. 62. The sputtering target of claim60
conprising a cobalt purity of 99.9995% excludi ng gases. 63. The sputtering
target of claim®60 wherein the | ess than 60 ppmof 0

61. The sputtering target of claim 60 comprising a cobalt purity of at

least 99.998%, excluding gases.

62. The sputiering target of claim 60 comprising a cobalt purity of

99.2695%, excluding gases.

63. The sputlering 1arget of claim 60 wherein the less than 60 ppmof O

is less than 20 ppm of O,
64. A cobalt film deposited from the sputtering target of claim €0.

65. The cchalt material of claim €0 comprising less than 25 ppm total

metallic impurities.
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is less than 20 ppmof 0. 64. A cobalt filmdeposited fromthe sputtering
target of claim®60. 65. The cobalt nmaterial of claim®60 conprisi ﬂgﬂF‘FSZ‘ﬁULt han

25 ppmtotal netallic inmpurities. 29 21 DEC 2004 66. A high-purity cobalt
-material conprising Zn at a concentration of fromgreater than O ppmto
| ess than 0.2 ppmand | ess than 25 ppmtotal netallic inpurities. 67. The
cobalt materiegl ofa dlighputity cohpltimitegial eosmprisang 4802pEnFercentrated orhe
cobalt material of claim®66 conprising |less than 100 ppmof 0. 69. The

cobal t gatertalicPingl 8igBrh% idsd Manshanprefara ispstiar 28gphatgert meddic

impurities.

67. The cobalt material of claim 66 comprising less than 450 ppm ci O.

68.  The cobalt material of claim 66 comprising less than 100 ppm of O.

69. The cobalt material of claim 66 in the shape of a sputtering target.
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