1. METHODOLOGY FOR RECYCLI NG RU AND RU- ALLOY

DEPCSI TI ON TARGETS & TARGETS MADE OF RECYCLED RU AND
RU- BASED ALLOY POWDERS FI ELD OF THE DI SCLOSURE

[ 0001] The present disclosure generally relates to
met hodol ogy for recycling ruthenium (Ru) and

Ru- based alloy materials and to products nmade from
the recycled Ru and Ru-based alloy materials. The

di scl osure has particular utility in recycling of Ru
and Ru-based all oy depositi ?n targets, e.g.,
sputtering targets, and to targets nade from powders

f the recycled Ru and Ru-based alloy material s.
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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 |



effective nmethodol ogy for recycling Ru and Ru-based
alloy materials for facilitating re-use thereof e.g.,
as in the manufacture of Ru and Ru-based deposition
targets (such as sputtering targets) using recycled
materials. [0005] Further, there exists a clear need
for inproved, cost-effective “deposition targets
conprising recycled Ru and Ru-based alloy naterial s.
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derived from spent deposition sources.
[0009] Additional advantages and features of the present disclosure will be set forth in
the disclosure which follows and in part will become apparent to those having ordinary skill in
the art upon examination of the following or may be learned from the practice of the present
disclosure. The advantages may be realized and obtained as particularly pointed out in the
appended claims.
[0010] chording to an aspect of the present disclosure, the foregoing and other
advantages are achieved in part by an mmproved method of recycling ruthepium (Ru) and Ru-
based alloys, comprising steps of:
(@  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;”

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



segnenting the solid body to forma particulate

material; renpoving contam nants, including iron (Fe),

fromthe particulate material; reducing the particle

sizes of the particulate material to forma powder

material; renmoving contam nants, including Fe, from

the powder material; 3 (f)preducing oxygen content of

the powder material to below a predeterm ned |level to

fonn a purified powder material; and (%)rem)vin )
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_conprises cold isostatic pressing ("ClP").
materiaf.0013] Furt her enbodi nents of the present disclosure

[0012] I ncl u%%b%gf)mse%tsvgfet[lg %&s@&t%@safo@re include those wherein step (h) comprises
consolidating the purified powder to have a tap density > ~ 5 gmfcm3; and step (h) comprises hot
isostatic pressing ("HIP"), vacuum hot pressing, or spark plasma sintering, and optionally further
comprises cold isostatic pressing ("CIP").

[0013] Further embodiments of the present disclosure include those wherein step (h)
comprises addition of a predetermined amount of at least one element to the purified powder
prior to consolidating, e.g., as when step (2) comprises providing a solid body of a RuCr alloy;
and step (h) comprises adding a predetermined amount of c_hromium (Cr) to the purified powder.
[0014] According to embodiments of the present disclosure, step (b) comprises optional
jaw crushing followed by hammer milling; step (¢} comprises a first leaching to remove iron (Fe)
and other contaminants, followed by drying; step (d) comprises impact milling; step (e)
comprises a second leaching to reduce Fe content to < ~ 500 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 () comprises reducing I'e 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., in the form of powder materials having a desired mesh size, e.g., 325

mesh, and tap density > ~ 5 gm/cm3.
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6 level, typically < 500 ppm An advantageous feature
of the present nethodol ogy annealing of the powder
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2. recycling cost is significantly less expensive than that of the conventional

chemical recycling process;



7 3. the recycl ed powder is non-porous and not

aggl oner at ed, whereas the recycl ed powder produced by

t he conventional chem cal recycling process is porous
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content of said powder material to bel ow a
predetermned | evel to forma purified powder
material; and



2. The nmethod according to claim 1, wherein: step (a)
conprises providing a solid body in the formof a
spent deposition source. 8. The method according to
claim 2, wherein: said spent deposition source
conprises a sputtering target. 4. The nethod
. according to any of the preceding clainms, further

gﬂ@ﬂﬁﬁconprising a step of: (h)form ng a deposition source
fromsaid purified powder material. 5. The nethod
according to claim4, wherein: said deposition source
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(g)  removing particles greater than a predetermined size from said purified powder

material, 4
wherein the powder material has a tap density > ~ 5 gm/cm’; and

wherein step (e) comprises leaching,

2. The method according to claim 1, wherein:

step (a) comprises providing a solid body in the form of a spent deposition source.

3. The method according to claim 2, wherein:

said spent deposition source comprises a sputtering target.

4. The method according to any of the preceding claims, further comprising a step of:

(h) forming a deposition source from said purified powder material.

S. 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.

7. The method according to any one of claims 4 to 6, wherein:
step (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.



step (a) conprises providing a solid body of a RuCr
al l oy; and step (h) conprises adding a
predeterm ned amount of chdom um (CGr) to said
purified powder. 10. The nethod according to any of
the preceding claims, wherein: step (b) conprises
opt | arneﬂmaéwrdmoﬁgcfa@ni%meby hammer milling. 11.
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powder. yhorein: step (d) conprises i npact milling 1_3 The
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. wherein: step ( conprises re g oxygen con
drying. to <- 500 ppm 16 The met hod according to claim 15,
wherein: step (f) conprises performng a reduction

h d ogen gas. 17.
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step (d) comprises impact milling.

13.  The method according to claim 1, wherein:
in step (e) , the leaching 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 ahy of the preceding claims, wherein:

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

16.  The method according to claim 15, wherein:

step (f) comprises performing a reduction process in an atmosphere containing hydrogen

gas.

17.  The method according to claim 16, wherein:

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

process.



step (f) further conprises annealing said purified
powder material during said reduction process. 10
18. The nethod according tdo0claim11, wherein: step
(e) conprises reducing Fe content to <- 500 ppm and

tepT%f) conprises reducing oxygen content <- 500
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deposition source as in claim?20, in the formof a
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- material. deposition source fabricated fromvirgin Ru powder

material. 23. The deposition source as in claim22,
in t .of a sput.tering.target.
21. "ﬁl% dfeggéi'%lon sourcep asmca%m%O,i% eitorm of a sputtering target.

22. A RuCr alloy deposition source fabricated from the RuCr powder material of claim
- 19, with density comparable to that of a RuCr deposition source fabricated from virein 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 sputtering target.



