1 METHODOLOGY FOR RECYCLI NG RU AND RU- ALLOY
DEPCSI TI ON TARGETS & TARGETS MADE OF RECYCLED RU AND
RU- BASED ALLOY PONDERS FI ELD OF THE DI SCLOSURE [ 0001]
The present disclosure generally relates to.
nmet hodol ogy for recycling ruthenium (Ru) and Ru-based
alloy materials and to products made fromthe recycl ed
Ru and Ru-based alloy materials. The disclosure has
particular utility in recycii ng of Ru and Ru-based
all oy deposition targets, €.g9., sputtering targets,
and to targets nmade from powders of the recycled Ru
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[0003] Conventional methodology for recycling Ru and Ru-based ailoy materials, e.g.,
from spent targets, typically involves chemical refining processing. However, such chemical
refining processing incurs a number of disadvantages, including:

--extremely long processing intervals, e.g., on the order of about 12 weeks;

--high cost;

--porous and highly agglomerated nature of the recycled product, rendering it undesirable

for use in subsequent fabrication of new targets; and




2 --relatively lowtap density of the recycled

product powder, i.e., about 4.0 gnicc on average,

necessitating increase in the packing density prior to

target formation. [0004] In view of the foregoing,

there exists a clear need fog i nproved, nore cost

ef fecti ve net hodol ogy for ycling Ru and Ru-based

alloy materials for facilitating re-use thereof,
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appended claims.
[0010] According to an aspect of the present disclosure, the foregoing and other
advantages are achieved in part by an improved method of recycling ruthenium (Ru) and Ru-
based alloys, comprising steps of:

(a) providing a solid body of Ru or a Ru-based alloy;

(b)  segmenting the solid body to form a particulate material;

() removing contaminants, including iron (Fe), from the particulate material;

(d)  reducing the particle sizes of the particulate material to form a powder material;

(c) removing contaminants, including Fe, from the powder material;




(d) reducing the particle sizes of the particulate
material to forma powder material; (e) renoving
contami nants, including Fe, fromthe powder material;
t 3 (f) redu0|ng oxygen content of the pgowder
material to below a predeterg1ned level to forma
purified powder materi al (g) removing particles
greater than a predeterm ned size fromthe purified

povger ro¥adifg bdlgen LIkt bf e potvEbrFatéal RIRRA ABRliSteined level to

the present disclosure, step (a) conprises providing
fon%agwﬁqépea'&vmﬁeweanﬁorm of a spent deposition source,

€. @) Q
ol SRR S MR O A0 b pova
materigh. | a sputterlng target, fron1the purified powder

[00 ﬁﬁg Ie L q ZlAtc c[ortg g& v%%n%f%ﬁmer{qeof t?lﬁ ?reé%\f\,glls@ésgxiee rs]ttep ?a)sc%m%%ses providing

a sodidriedy irdtieifogn vhe s}mm[ ﬂépcedmmweé d &, hepaaertng AfRet, and the method

ensity > - and ste h) conpri ses hot
funﬁ?&%’i“ﬁ%ﬁeéaﬁﬁegggl ng ("H P"), VSCl(JUZn ho{mpr essi ng, or

SPIRK plamim: S deiositiol GourdBte.£Ph |sﬁ|!&®lhh t;fr%’dtt f[‘i&h thz]e purified powder

conprlses cold isostatic pressing
matghigls her enbodi ments of the present dlsclosure i ncl ude

[ooiA]0se WRR{HBkitheRts &R ﬂ(ehﬁrese‘ﬁ{) HEEIbﬁﬁé iRAdE EHOQ@WﬁEreE stﬁ) (h) comprises

predeterm ned anmount | east one el enent

congnlidptingdhe paiited powgerito hateoa ap deusity crat § gtg/cmé zgld stqoih)mmpnses hot
ool kg PATBY, ARG, 5 S8l bl gy ot

conmwrmldcﬁoaﬂucprm&mg('cm")to t he purl fied powder.
I ment s t he

0 .
1000 oo 0% Slarfr R ER R forbs i boserpagn si» @
confp@xlsésoammoh)bfhapm@dterm]ﬂddl Agouns be Pt fehst 0BOBRMeEEH ﬂlefﬂuhﬁéd powder

t.0 renmove jron an ot her contam nant
anF 6? F?iwg'gdaﬂ?&&r%m Hg¥ h%‘tsé‘?? @h)ym{}@}ﬁﬁ% progiding dysolid bedy jof ﬁaluCr alloy;

and St Qh)(c%)npnﬁé%mﬁﬂlhgﬁ%re@eﬁﬁﬁﬁ@&j a8 BF fothRind @FP©ah&EBurified powder.
content to < - gﬁ@and remove ot her contam nants,

[00}4)1 | owedhergrdingytp Erbodipgnts f theepressahgisdlesars, pisp ok ¢rnigises optional
JaWMH %ﬁ 'f&lcﬁ\eeﬁ%&%%?lgﬁc fn‘?lhné ) V(r@)e%gléﬂ%és%rfugtqe&cﬂﬁlg%g CQRle iron (Fe)

| eachi'ng; step onpr g oxygén c
andt ether coB@onagpniollawedybyp drsfing; nitery (@ cajuistd ompaqbrmdh@ step (e)

conhﬂlséasn 2 IBRP Ii‘e%.cl%ng qat I%dmen e hé’onEeng G gas 568 ppm and remove other

contaminants, followed by drying, and further comprises performing a magnetic separation to

remove Fe prior to the second leaching; step (f) comprises reducing oxygen content to < ~ 500
ppm, as by performing a reduction process in an atmosphere containing hydrogen gas and
annealing the purified powder material during the reduction process.

[0015] Preferably, step (e) comprises reducing Fe content to < ~ 500 ppm; and step (f)
comprises reducing oxygen content <~ 500 ppm.

[0016] : Another aspect of the present disclosure is recycled Ru or Ru-based alloys made

by the above process, e.g., powder materials having a desired mesh size, e.g., 325 mesh, and tap

density >~ 5 gm/cm’.




annealing the purified powder material during the
reduction process. [0015] Preferably, step (e)

- conprises reducing Fe content to < - 500 ppm and step
(f) conprises reduci ng oxygen content < - 5Q0 ppm
[0016] Anot her aspéct of the ,present disclosure is
recycled Ru or Ru-based alloys nmade by the above
process, e.g., powder nmaterials having a desired nesh

[00Ki]ze, eSgll an@Ba WREhof BRGrés ineRASH IsYRwand Ru GMdyChiBed deposition
Somi[ 0017] .Still another aspect of the present invention

CES; B8 DY PORRUSE SRHfcHRS éaage&"e psicrted ﬁoméleﬂﬁ%@r mategal foped by the
- abo P& probBwithathbifkd é&ﬂa@dbgae&)sthosg %? Rh oA R bhdeA 'gbﬁrla@s/tﬁrgets fabricated
powder material formed by t bove process,
frorg éﬁglwﬁ@@%%%m@ﬁém@mhmmmwm tRn- thasseaf Ru and Ru-based

v u and RuCr
souft Bl ARl Fonf Mt RS REPRN Bl POse of R
[00133’]d Ru- Beidtgnalsdvanteess taad getests fodl el preﬂe&lddlﬁdlma/wﬂgbe&ome readily

e 8o, i e AR o, BRI defeBetion Whorrin ony the

preﬂhﬁed) mboamdmb Yf ﬂ&pp@g@mtdlstcwsﬁrbcas@siﬁwnl Arﬂdddséhﬁeheslﬂfpty by way of
| | ow ng detail ed descrijption, wherein onl

m t y
ﬂluitf?é‘on ;9:} Pt dnedeiisatemitted &y ?rﬁ@lcmge@é resgnts giseletiie As will be
realide@, B8 @iéﬂoﬁ@éjls@ﬁ Id PresiherSind Rl fYerdhy el‘ﬁﬁéfdﬁfents and its several details are

i lustration of the best node contenpl ated fo
- capiile ef meflifigationen prrdansbvisiug egspents: el wighow deparbeg from the spirit of the

§ﬁ?&h& ! i ive i
P E e B B o BRR B o M @b s ilustrative i
Im“@&ﬁ@dﬁ@l@ﬁﬂﬁmﬂthcatlon i n various obvious respects,

all without departing fromthe spirit of the present

di scl osure. Accordingly, the drawi ng and descri ption
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several problems and/or disadvantages associated with conventional chemical-based
methodology for recycling products/apparatus containing Ru and Ru-based alloy materials, e.g.,
thin film deposition sources such as sputtering targets, and is based upon discovery that
recovery/recycling of Ru and Ru-based alloy materials can be formed in an efficient, cost-
 effective manner which substantially reduces the processing interval. :
[0022] More specifically, the presently disclosed methodology overcomes the following
‘disadvantages associated with conventional chemical refining processing for Ru
recovery/recycling, including the high cost; extremely long processing intervals, e.g., on the

order of about 12 weeks; the porous and highly agglomerated nature of the recycled product,
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In this regard, it should be recognized that any Fe present in the interior of the powder particles
is difficult to remove, e.g., by leac:hmg.

[0027] According to the next step of the instant process methodology, the dried powder
‘from the second leaching step is subjected to reduction in a hydrogen (H,) gas atmosphere at

about 1,000 °C for about 12 hrs., to reduce oxygen content of the powder to below a desired




forma powder material wth about 325 nmesh size.
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deposition sources (e.g., sputtering targets), have reduced Fe content of < ~ 500 ppm and
reduced oxygen content <~ 500 ppm.

[0033] In summary, advantages afforded by the present methodology include:
‘ 1. the total recycling time is about 2 weeks, which is only about 17 % of the

recycling time required by the conventional chemical recycling process (i.e., about 12 weeks);

2, recycling cost is significantly less expensive than that of the conventional

chemical recycling process;
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SOsRY V] P RGRSeARECEeYtiPrEentgyethodelagyraffonds Birher easbadcprocessing time
redh@iomg! 1 ng process (i.e., about 12 weeks); 2. recycling
cost is significantly | ess expensive than that of the
[008dhvent iIBntgF previers deseriptiany oinapup rpedfs defpils 3re sdieforth, such as
[ = QOLOU 0 I .
P S S KRGO e R0 RE A Ehsanding of he
pregeyh vvisniiam dloweveni the presend yinvantign, prandes gratticeh ovithest genatting to the

WelalRY; . In this regard | oner at ed i
doriisbetitc AP TRRER&Ein, W o0 el B Biedistiedachiaues and
strl(calrgﬁ. l}avs pqmlielem ﬁmagﬂb@rig etder mgmﬁr&mt:_rﬁ&aﬂy ioBsclnfthH@le r\elzvsdent invention.

al lurgi.cal techniques;. an . e recycl ed powder
[OOgELdycea‘g%W T prefiped gmpo P&@é&ﬁﬂﬁﬁésanwwﬂa@ ancbpt a5y examples
of ievisdatilityare stover@dRsdrdsd GORP preScht Mst =8, 121685 B 8ndefflood that the
denm%ﬁ_of .only iabout 4 g c W th %_ov\/tjer pr oduced )
Pregink RSHiIhEY GRrabIccHeiecil Variery effien gpmbingtionshapd environments and is
sust@fiiblel bAhaed QhER! i RlatiolCRARIN! {h%nsc%gé' ot he %‘%nge concept as
powder- netallurgi cal techniques not requiring a '
_exXpEgss@sl hegeiiincr ease tap  density. As a consequence, the
present met hodol ogy affords further cost and
processing tinme reductions. [0034] In the previous

description, nunmerous specific details are set forth,
such as



specific materials, structures, processes, etc., in
order to provide a better understandi ng of the
present invention. However, the present invention, can
be practiced without resorting to the details
specifically set fiorth herein. In other instances,
wel | - known processing technigues and structures have
not been described in order not to unnecessarily
obscure_the present inventiron. [0035] Only the

Whapjis Slaamedls: enbodi nents of the present invention and but
a few exanples of its versatility are shown and
dekcr i Hhehed of pecyelinganthenipmd Rys gideRu-based allqys, qemprising steps of:
UG SRR Aoy RACRE RUIMEE hijy, | S capabl e of

use i n various ot her “conbi nvi ronnments and

i nations an
i s(b) susseaptitivigsaidfsobhberyds famdd partiendade fiatssial; ons wi t hin

g BT g B G50

r e@ycl imdpcing the partiche Gy ofanid pRuidabisetlatalidl @y form a powder material;
conprising steps of:  (.a royi ding a,solid body of Ru

or B8, Regay BBy e BRSSP L PRy 1o

f offm a reducirgConyRE® coé loff 8did poter BNBNAING below a predetermined level
contanjnants, including iron (Fe), fromsaid

to‘fOBEF‘PPEﬁ?daE‘EN%F@WQF?H d) reducing the particle sizes
of Eg?a! GeRBhinb GaHRIE BEE th#l a phRedeRHnEd RO said guriﬁed powder
material; (€e) renoving contam nants, 1 ncluding Fe,
matefiglom sai d powder material; (f) reducing oxygen content
of said powder material to below a predeterm ned | evel

t op.for M Rthbd ARG RPE I8! Ghé@tn; and (g) removing
particles greater_ than a predeterm ned size fromsaid
PUPLE 1a¢ eorpRyvige providings $odid body inTthe faretdfedpens deraditieg sowce.
claiml1l, wherein: step (a) conprises providing a solid

bogly inrﬁaﬁethsaaecefdi@%éreﬁﬁﬁlzg &3fnti on source. 3. The
met hod according to claim 2, erein: said spent

" depdd snenbiepeglipe souEesrRomIpEiEss aspyuituringdarigely t ar get . 4.
The met hod according to any of the precedi ng clains,

* - furt herTde%E&Qdi@g t%ta%potglfle re&?*%}%glgﬁx{y Hhé comprising a step of :

. deposition source from sail urified powder material
5. (he fPemingd depeviieh sogroedrond seidputifiedipewdemmaterial.

5. The method according to claim 4, wherein:

said deposition source comprises a sputtering target.

6. The method according to claim 4, wherein:

step (h) comprises consolidating said purified powder to have a tap density >~ 5 gm/oma.

| 1 R 7. N Th¢ method aqgording:to_ any one of claims 4 to 6, wherein :
' ﬁstep (h) comprises hot isostatic pressing ("HIP"), vacuum hot pressing, or spark plasma

sintering and optionally further comprises cold isostatic pressing ("CIP").

8. The method according to any one of claims 4 to 6, wherein :

step (h) comprises addition of a predetermined amount of at least one element to said .

purified powder prior to said consolidating.




sai d deposition source conprises a sputtering target.
6. The nethod according to claim4, wherein: step (h)
conprises consolidating said purified powder to have a
tap density > .. 5 gmenB8. 7. The method according to
any one of clains 4 to 6, wherein : step (h) iconprises
hot isostatic pressing ("H P9, vacuum hot pressing,
or spark plasma sintering and optionally further
conprises cold isostatic pressing ("CIP" ). 8. The
netthod J&eBeHioA geaorlingilp ddtim Hwhsfeitiins 4 to 6, wherein
( > ' { {4l rm ned
S i SR LA e e
powtter (hp comprises addingl aquodaérigizdd mgounEof chromin (Gr) heeid purified
po“ﬂﬁ;hod according to claim8, wherein: step (a) ‘
conpri ses providing a solid body of a RuCr alloy; and

cham i Pt %c%érfg%%%%&o?ﬂ%&?gme A, %@i‘rﬁ%ﬁ? ot hoo
2t b LR pura Y RS RSER bR isied by

ha r mlling. 11. The nethod according to any of
t he'pr eC BUPRGOLIcEABE todme oBiba precatingplafey whaspE | ses a

corfa R RS ! Gyt g 165 o s, ot

by digimgr ding to claim1, wherein: step (d) conprises
inmpact mlling. 13. The method according to claim1,

wherei n, ste e) ¢ I ses econd | eaching to
reddce I:—[ge&?ﬁ}ogﬁ%cof‘ggg{o-‘i%‘ﬁbﬁ %hd renove ot her
contep)eipsiseslifpha@watingy drying. 14. The met hod
according to claim 13, wherein: step (e) further

conpri s er.fqrmng a nefic separation to renove
o T orii et goeognB PR BL b g
step (e) comprises a second leaching to reduce Fe content to < ~ 500 ppm and remove

other contaminants, followed by drying.

14.  The method according to claim 13, wherein:
step (e) further comprises performing a magnetic separation to remove Fe prior to said

second leaching.

15. The method according to any of the preceding claims, wherein :

step (f) comprises reducing oxygen content to <~ 500 ppn.

16.  The method according to claim 15, wherein:
step (f) comprises performing a reduction process in an atmosphere containing hydrogen '
17.  'The method according to claim 16, wherein:

step (f) further comprises annealing said purified powder material during said reduction

process.




15. The nethod according to any of the preceding
clains, wherein : step (f) conprises reduci ng oxygen
content to < - 500 ppm 16. The nethod according to
claim 15, wherein: step (f) conprises performng a
reduction process in an at nosphere containi ng hydrogen
gas. 17. The et hod accordingto claim 16, wher ei n:
step (1) further conprises annealing said purified
-pomder material during said reduction process. 10 H

d a rdin to lLaim 1, wherein: step (e)
E‘Err i SEEO ’f“ﬁ&‘ﬁ@?‘i’?ﬁr i@k vigreni . 500 ppm and
st @tl@pg ko PR ré&RSink gd BEntBS 19XV O8I HaP ket < - 500
ppm A recycled Ru or Ru-based all'oy nade by the
pr &R 63 carpriearadcing oxypgn gpniene< ~H08ppWi ng cl ai ms, in
the formof a powder material having a 325 nesh size

andgt ap A depsikd Rudr qlung%loy l%QdC E? Ry ngﬂ)%@ﬁ%'&dr g, to =anr¥1of the

e fabrlcated fromthe RU terial
Pfec"i‘ﬁlg Pt Il P §f LRSS B by e 25 ofeslzsiRnd epasisity BRS gm/cn
source fabricated fromvirgin Ru powder material and

hapgness, g Eéﬂo@:‘hoﬁ Bacd faticAdd mdﬁ?tglfhedﬁp?c?vl/cf& ﬁ%&&lﬁl’;ﬁfﬁmm 19, with

fabricated fromvirgin Ru po mat e
densitysomippiable ts dhat oba Ry depositicn soug®, fabirivatet drofrovirgio Rugowder material

o RS el St 2058 iCho e BRI BB s povi

mateuial.h denS|ty conparable to that of a RuCr deposition
source fabricated fromvirgin RuCr powder materi al

h Cr.d
S S9E R GRL R0 S) USSR B,

. The deposition source as in claim22, in the formof a
spdt er tnGufapfest deposition source fabricated from the RuCr powder material of

claim 19, with density comparable to that of a RuCr-deposition source fabricated from virgin
RuCr powder material and hardness greater than that of a RuCr deposition source fabricated

from virgin Ru powder material.

_. 23, The deposition source as in claim 22, in the form of a sputtéring target.




