1 HOMOGENEQUS GRANULATED METAL BASED and-

METAL- CERAM C BASED PONDERS FI ELD OF THE DI SCLOSURE

[0001] . The present disclosure generally relates to

hi ghl y honbgeneous netal based and netal -ceramc

based powders and net hods of 1nmaki ng sanme, and, in

particular, to netal based and netal -ceram ¢ based

" powders utilized in consolidated formas sputtering
targets for thin fil mdeposition processes, e.g., as

i n manufacture of magnetic recording nedia, in powder
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{0003} ‘More specifically, the ever increasing demand for data storage
requires higher areal recording density magnetic recording media than currently
available. In this regard, efforts are continually made with the aim of increasing
the areal recording density, i.e., bit density of the magnetic media. Conventional
thin film thin-film type magnetic media, wherein a fine-grained polycrystalline
magnetic alloy layer serves as the active recording layer, are gencrally classified
as "longitudinal" or “perpendicular", depending upon the orientation of the
magnetic domains of the grains of magnetic material.

[0004] Perpendicular recording media have been found to be superior to

longitudinal media in achieving very high bit densities without experiencing the



thermal stability limt associated with the latter. In

per pendi cul ar® magnetic recording nedia, residual
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material in a direction ("easy axis") perpendicular to
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3 [0007] Current practice of the powder netall urgy
industry is to utilize dry blending or grinding

nmet hodol ogy for form ng such sputtering targets via
powder / granul e consol i dati on techni ques. However, such
nmet hodol ogy is disadvant ageaus because of the
tendency for aggl oneration of cohesive fine particles
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SUMMARY OF THE DISCLOSURE

[0010] An advantage of the present disclosure is improved methods of
making homogeneous granulated metal based and metal-ceramic based powders.

[0011] Another advantage of the present disclosure is improved methods
of making homogeneous granulated metal based and metal-ceramic based
powders useful in the manufacture of sputtering targets, particularly magnetic

sputtering targets.



4 [0012] Further advantages of the present disclosure
i ncl ude i nproved honobgeneous granul ated netal based
and netal -ceram ¢ based powders, particularly
magneti ¢ powders, and sputtering targets fabricated
fromthe inproved honogeneous granul ated netal - based
powder s, particularly magnetic sputtering targets.
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ar 5088 PP e A S PR G- bi nder pr ocess for T
ef fecti@g: forming a homogeneous slurry/suspension or wet mixture
comprising the preselected amounts of the at least one metal element or metal
- alloy and the at least one ceramic compound and/or the at least one non-metallic
element, and a liquid phase comprising at least one liquid, at least one binder
material, and at least one optional additive;

(c) drying the slurry/suspension or mixture to remove at least a portion
of the liquid phase and form a powder mixture comprising partially or completely
dried granules; and

(d)  subjecting the partially or completely dried granules to a thermal
de-binder process for effecting:

() additional removal of any liquid phase, if present;

(1)  removal of the at least one binder matenal;



(i) additional renoval of any liquid phase, if
present; (ii) rempval of the at |east one binder
material; 5 (iii) reduction of carbon content; (iv)
reducti on of oxygen on the surfaces and/or interior of
the netal constituent(s); amd optional (v) partia
sintering for strengthening of the particles for
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[0017] According to still other embodiments of the present disclosure,
step (a) comprises providing a preselected amount of a compound of the metal or
metal alloy and a preselected amount of a sol-gel of the ceramic compound or
non-metallic element.
[0018] In accordance with embodiments of the present disclosure, step (a)
comprises providing a preselected amount of at least one metal element or metal
alloy comprising metal elements selected from the group consisting of: Co, Cr,
Fe, Pt, Pd, Ru, Re, Ta, Al, Sm, Nd, etc., and a preselected amount of at least one
ceramic compound and/or at least one non-metallic element selected from the

group consisting of: Ti0,, Si0;, Mg0O, Ta,0s, Nb,Os, Al,O;, TaC, BN, ZrO,,



all oy conprising netal elenments selected fromthe
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(b) may comprise forming the homogeneous slurry/suspension or wet mixture to

further comprise one or more of a deflocculating agent, wetting agent, de-foaming
agent, plasticizer, and suspending agent.

[0021] Preferably, step (c) comprises spray drying, and step (d) comprises
performing the thermal de-binder process to reduce the carbon content of the
granules to less than about 500 ppm.

[0022] According to preferred embodiments of the present disclosure, step

(d) comprises performing the thermal de-binder process in an atmosphere



agent, plasti.ci,zer, and suspendi ng agent. [0021]
Preferably, step (c) conprises spray drying, and step

(d) conprises performng the thermal de-binder

process to reduce the carbon content of the granules

to |l ess than about 500 ppm [®022] According to
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[0025] Yet another aspect of the present disclosure is magnetic sputtering
targets fabricated from a homogeneous granulated metal based magnetic or metal-
ceramic based powder formed by the above method. |

[0026] Additional advantages of the present disclosure will become
readily apparent to those skilled in this art from the following detailed deseription,
wherein only the preferred embodiments of the present disclosure are shown and
described, simply by way of illustration of the best mode contemplated for
practicing the present disclosure. As will be realized, the disclosure is capable of

other and different embodiments, and its several details are capable of



targets fabricated froma honbgeneous granul ated net al
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quickly, c.g., in about 2 — 20 sec.), the homogeneous mixing pattern obtained in
the slurry is essentially maintained (preserved) upon drying. The particle size of
the resultant granules can be in the range from about 10 to about 650 pm when
formed by spray drying. Other methods for drying are applicable in the context of
the present disclosure, and the particle sizes of the resultant particles can be larger
or smaller, provided the homogeneous mixing pattern of the slurry/suspension is
maintained (preserved) upon drying.

[0030] Alternatively, the constituent metal and ceramic and/or non-

metallic compounds or elemental powders can be homogeneously mixed by
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ceramic based powders,
[0034] Further in this regard, another challenge encountered in
granulation processing for making high purity metal based and metal-ceramic
based powders is the tendency for surface oxidation of the metal particles to occur

when water-based slurries/suspensions are processed and then dried in an air



dried, granul ated powder s mnthout t he presence of air
or 02 as utilized in typical "binder bumoff', in
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of oxides pudsernmiaj schasrie,| $iC,UN&O, Ta,0s, Nb,Os, ALO;, TaC, BN,
efc., on the surfaces of metal or metal alloy based particles, such as magnetic
metals and powders of "master" alloys (via gas atomization or melting followed
by crushing), including, for example but not limited to, Co, Cr, Pt, Fe, CoPt,
CrCo, FePt, and CoCrPt to make high homogeneity granulated powders and
- powder mixtures with uniform distribution of the oxide or ceramic particles. The
granulated powders afforded by the present disclosure may be consolidated and
- processed into targets suitable for thin film deposition processing, e.g., sputter
deposition processing used in the manufacture of thin film magnetic recording

media, including high areal recording density granular perpendicular media. In



coating/distributing mcron- or nano-sized
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metallic element powders for consolidation therewith.
{0040] The methodology afforded by the present disclosure will now be
described in additional detail.
-[0041] Mixing or blending of constituent powders is a critical step prior to
consolidation for obtaining homogeneously composed solid materials. Dry
blending or grinding processing for mixing or blending incur disadvantages such
as agglomeration of the fine particles of the constituent powders which are

naturally cohesive. Moreover, segregation in dry blending processing can be



[0039] The present methodol ogy is al so useful for

meki ng granul ated precursor powders utilizing only a
fraction of the requisite netal or netal alloy

powders together with a fraction or all of the

requi site ceramc, oxide, andhor non- netallic el ement
powders. The resultant granul ated powder is bl ended
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alcohol, or at least one organic solvent, e.g., acetone, toluene, hexane, etc., is used

for the liquid phase.

{00441 When ulfra-fine microstructure is required (as with some types of
| sputtering targets), wet milling or grinding of the constituent ("raw™") powders or
coarse components can be employed for forming homogen;aous
slurries/suspensions. When super-fine microstructure is required (as in some types
of sputtering targets), the metal powder(s) may be replaced with compound(s)
containing the metal, e.g., an oxalate, carbonate, or hydroxide of the metal and the

ceramic powder(s) replaced with a sol-gel to form a homogeneous



sl urry/ suspensi on of the constituent powders or a
wet t ed honbgeneous m xture of the constituent powders
is formed. The choice of liquid phase material depends
- upon the desired mcrostructure of the ultimate
product. For exanple, sputterlizng targets generally
require an ultra-fine mcrostructure. Dependi ng upon
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slurry/suspension form can be added to the process. The solids content of the

shurry/suspension can be in the range from about 20 to about 80 wt. % when spray
drying is the method of solvent removal. Alternatively, the wetted powder (where
the solvent and at least one binder material only wet the surfaces of the particles)
can have a solids content as high as about 99 wt. %.

[0048] In the next step according to the present methodology, the
homogeneous slurry/suspension or wetted powder is dried to remove at least a
portion of the liquid phase (i.e., solvent) and form a powder mixture comprising

partially or completely dried granules. Any suitable drying technique can be



bei ng typical. ‘However, > - 5 w. %is also possible.

Addi tives such as defloccul ating agents, wetting

agents, plasticizers, de-foam ng agents, suspendi ng
agents, etc., can also be utilized for form ng
honbgeneous sol uti ons/ suspensipns. [0047] The raw
powders and binder material (s) are added to the at
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mat erial (s) is (are) not renoved during the drying
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binder material(s) from the partially or completely dried powder is necessary to

reduce the carbon content. Typically, the carbon content of the final granulated
'péwder is expected to be less than about 1000, ppm, preferably less than about
500 ppm. The thermal de-binder process typically comprises heating the partially
or completely dried powder at a temperature ranging from ambient to about 1400
°C for from about 30 min. to about 24 hrs., in an atmosphere comprising at Ieast
one strong reducing gas (e.g., Hp, NHs, CO, dissociated NH;, Ho/N, mixtures,

teformed hydrocarbon gases, etc.), to which at least one weak oxidizing agent



the metal particles after mlling are highly

fl ammabl e, an inert gas, e.g., N2, Ar, Ne, etc.,
shoul d be used as the drying gas. In addition, a

cl osed | oop spray dryer is preferably enpl oyed when
organi c solvent(s) is (are) used as the liquid phase.
[0050] Following the drying step, the partially or

c C(EBDeceizyetdq s dea Vs weél@ oSIMBL Gg%ﬁt dva th Ig@l@&ﬁjely ?delZG

de- bi nder process for effecting additional renoval
t Hee arganis dinsleaseent(s) sk eny atlygr, carboro peadscutf mt He partially or

der terlal duc ar
confl{égn%&? ‘Eréf c?‘f‘% c?f’do%‘&%‘ﬁ :‘ éaﬁeﬁt"iél}l?clb Pfeafﬁa‘?‘b‘f removed
exdhithe 818 fAgeSaloThe tfesciBE BF (RORB tdLUSHY 6&dng ?éﬁi%mg gas
optional partial sintering for strengthening of

gregRviice that dhe metal(s)k emaiPtab allesbewgpanenismf deepatially dmd powder
t,cul d
e (e M X R PG B SBeRe Bl VA i phyBAY ares

PshaTes doﬁtamr man&g%&%ﬁd@pﬁﬁﬁﬂrﬁp tRE Wahla® drRBMER may be
m xture, renoval of the binder material (s) fromthe

pafppﬂﬁqtﬁ% Ihan aiRAsPhere CompFisiag 35 deadieend redveing gaw iy thegabsence
tent. Typically, the carbon
conte t %% %ﬁﬁgﬁgn granul ated powder is expected to
be[ODQB}s than“&i&ﬁuﬁ/atkf)@@ utifiped apr bt edodlny fhe¥ise 1igaid phase in
ut C‘g m_ The thernmal de-binder process

t P%gl /PUSEEFRIR O N@‘—'ﬁpﬁs})%@ﬁww 3y is pyed as a media for
Co(ff?'ln%tcﬁ' skt 1?1Qh@@1§g'@ (@%’ oéhe @f{}?@g nﬂ%m @&f&cref)ﬂqof the

anbi ent o about 14 rom a
akmaﬂal Zdndiiteent(s) wfahe q:tamphmye bemmr |031dm;edatrhbm'e another

_strong.reduci H2, NH3,
oETL e g {8 RBaen a1 toreibse DY FryEFRIEFBb AN the
I 0 |
gg%ﬁt& :ilgd/&i Innek %&i@%e‘ég%f?he I?lgﬁla gﬁﬂ%lé@?}é}‘gm \Ag{gg e B&omplished
ox‘ihmllﬂ thg ﬂmy@ﬁl d%bmﬁestr@&bn'@ml (mathi the wgalorikidizing agelnepresent) or
TR REierfBR e 8pe e ot in g fgsimen n the

comseﬁdedﬂagwdgkggﬁﬁﬁng\@g&@ are readily renoved from
the solid material. The presence of the at |east one

stk09A! r educimefidizen todheahass, ﬂlhahermhbdm?emdbl(tg@atmcnt may scrve

e SOTRAION, ek oRaA) I A PO S

V%pmmﬂdie;ppﬁ réheval f eiel hader RRMEIRAL(sF. OMedddidnt @0 sinPing ad b &diable
&dﬂer material, the thermal treatnent may be

ARRTERFIdR reglationss Prrchernsd deminden treatmentigsperstire.
r eﬂﬂﬁ@]‘g 9aS iy ﬂuﬁgﬁoﬁﬂé&%ﬁ&t disclosure will now be demonstrated with

reference to the following illustrative, but non-limitative, examples.




of any weak oxidizing agent. [0051] Wen water is
utilized as the solvent for the liquid phase in
form ng the slurry/suspension or wetted powder, or air
is used as a nedia for drying or present in the
dryi ng atnosphere, the outer jgnd/or inner surface(s)
of the netal constituent(s) of the powder nay becone
oXipdsged. Therefore, anothe tion of the thermal
dg bfﬁder treatnment is to rE ahbhg y oxygen present on
the outer and/or i nner surfaces of the netal

parti cl@el5B6iwt. faTiBesmnulatedirostded  during the

t her mal , de- blnder t reat.nment h th k oxidizin
agent praBIIEIENS WWSP%I}?? 405 D ol g g SppsRtion was
onh¥patdt he latter portion of the treatment (in the
absence of any weak oxidizing agent). [0052] In

addi tion to Raw Ghparaclesize: L.Aerfumde- bi nder treat ment
my serve &res si,nt.er articles, thereby

i ncreasi ng. t é okarticle pige: *%Eyﬁg granul ated powder upon

renoval of tmgtabgdlm@chaiﬁoﬂald)s,,}t oThe extent' of
sintering is_variable %agrwoprlate rea;?pohatlon of
the thernal B@d@r&{d@rbasr ak t%tmﬂwemdt ol (PY@93]
The utility of the present .djsg

denonstrated with refer eﬁms g?‘ﬂ g]lep%&%yﬁﬂ%EE)

il lustrati veBahute Hg(n(gdweﬂt/ ighagyanpl es. 16 [ 0054]

Exanple | Co-15.56 wt. % Ti granul ated powder A
hoti9geheous Therst %%@B@ﬁ@mowah siirefmerrs Yood hewpggpeous state

I td~Gl
ROy Bed P s d 0L kvl ol P dr A1) € Bleubaitpinsion
Ti {@9 por&ﬂmﬂgfl .stizﬁelBidnggi sprédl ﬂp}nh@&hﬁ}) hotJalﬁet:xiﬁplloy&b as drymg gas at
ol yvin al coho % e ene :
P ot et Bbbtivrs pathovt 210 T it du LM fessduy Dot 110
sl oL T Yhe YERGAR AMARIASE SPri PR RYs LR PR IS BRY Shherical,

state
_spray dried particles were then thermally de-bindered/reduced in a muffle furnace

for about 8 hrs. at a peak temperature of about 800 °C under a wet H, atmosphere.
Any oxygen picked up by the metal constituent was reduced by switching to dry
H; at a latter portion of the de-binder treatment conducted at about 800 °C for
about 1 hr. The latter temperature is sufficient to reduce oxygen present on the
surfaces of the metal particles but will not reduce the TiO,. The thus-produced
granulated powder contained spherically shaped particles with sizes ranging from
about 15 to about 100 pm. The residual carbon in the final granuiated powder was
extremely low, as may be evident from the following:

Carbon content of the raw powder: 198 ppm

Carbon content of the spray-dried powder (containing binder): 15308 ppm

Carbon content after de-binder treatment: 87 ppm

[0056] Example 2



and spray dried in a spray drier having a di aneter of
20 ft. The slurry/suspension was constantly stirred
during spray drying, with hot air enployed as drying
gas at an air inlet tenperature of about 210 C and

air outlet tenperature of about 110 T. The noisture
content after spray drying vvas about 0.2 wt. % The

spheri C@(g,l SPRLAY, dhe 2RAL oner e then thermally

de- bi nace for about 8

hrs. atA mop&fgentmmmwsﬁemiorﬁmﬁg 0o lowigdaiondoyiEibn was
H2 at rmcﬁphere. Any oxygen picked up by the netal
cdl&R¥ttent was reduced by switching to dry H2 at a

latter porti qufo clg%zE gerggpﬁ?t ment conducted at

about 800 C or out The [atter tenperature is
sufficient tSlqumrm:&emzygeﬁpmesent on the surfaces

The ¢ hus. pr oBRELEPIIS GACTSIORA Rt cont ai ned |

spherically c [ rom
about 15 to gg?&?gi %glé) %’he reﬁ daﬁaﬁ%gg&%(%i

final granul Bﬂhdc@Hyﬁ&olmdllqmﬁt;mam)l y low, as may be

ev, t fro he, fol |l ow n Carbon content of the raw
oﬁ?ﬁg 198mp§b SEIRLWSPLSRRCHES ST ’éﬂ’ée&rfﬁya hpmageneous state
poéﬂﬂesfpra{fﬂk%dihﬁé BstaP dA&Skavinglp 338 sea ension
~after de-bi nder treatnent: ppm 056 Exarrp

CowacBtaptly stsrsil daring spray diyiug, pdttdiot alk dmpinmirwaingng gas at

| / t
PR R S 5 2 O OB 0t 11
patd. I’Kﬂeemaisﬁ&e cént@nﬂﬂ_@tsﬁfayiiéfmgswis%ott 5'3% Yo. 5ﬁleV‘§pherica1 :
% Bi nde dry basis) ol yethyl ene gl yc

( PER)Y B#tigleporg Snshammally qmb@nq@nqw@ﬁuc[eoom]mwﬂe furnace
|
st %%e“é'ﬁ@ RS PP RS AT Bl ; B TRTRE Bifosphere.

di Anptoeygef pitRed tp byhke Blety] CysBinSRE RSk @€duced by switching to dry
H, at a latter portion of the de-binder treatment conducted at about 800 °C for

about 1 hr. The latter temperature is sufficient to reduce oxygen present on the
surfaces of the metal particles but will not reduce the SiQ,. The thus-produced
granulated powder contained spherically shaped particles with sizes ranging from
about 15 to about 150 um. The residual carbon in the final granulated powder was
extremely low, as may be evident from the following:

Carbon content of the raw powder: 206 ppm

‘Carbon content of the spray-dried powder (containing binder): 11216 ppm

Carbon content after de-binder treatment: 72 ppm



was constantly stirred during spray drying, wth hot
air enployed as drying gas at an air inlet
tenperature of about 210 C and air outlet tenperature
of about 110 T. The npisture content after spray
drying was about 0.3 wt. % TI®% spherical, spray
dried particles were then thermally

dgobsqider ed/ reduced in a nu rnace for about 8
hf[s. Bgt a peak tenperature }?( 1%3 800 C under a wet
H2 at mo&phns bwt. AnbiGnaramated peederup by t he net al

o RSP A G it bt o

| at t er. PTG Bt Lgryg
ahaupar&€00 C for about 1 hr. The latter tenperature is
sufficient to reduce oxygen present on the surfaces
of the netal Rpafeipattede size: 3wt 12 poot  reduce the Si Q2.

" The thus-pro ed .. granul at ed powder cont ai ned
spherical ly gﬁﬁ%ﬁ’%ﬂ“%%?‘?‘% B th sizes ranging from

about 15 to abtamoliaagcwswg: 6estdyal carbon in the

final granul at ed &g er was extrenely low, as may be

evi dent f r onBitder ¢dsy besiting wtCamsdyethodenceglycod(PRGE r aw
powder: 206 Emg@ﬁ%ﬁﬂ%@?ﬁ)ﬂ?ﬁ@ﬁiﬁ%@aﬁe spray-dried

powder (contal ning m Car bon cont ent

aff0es9)e- bi nTihe shirgAsusPombion Wadd PifrdPmidcd008 h&magmleus3state
Fe-15. 31 &t % Si Q2 gr.anul ated op wder A honpbgeneous
S P e

i LFPRAGTIFIYRE # Glamsiir 96 20 dhnJde shiroHseeision
S80Sl AR 508y AR 3o o s e
% i mdénlei Bmpelrsiesyf: abdut2 10 % pad yiztdwyleerepgtanaslof about 110
TN QRN N
5 5, AR 5 R B BT e
c ofes eheut| Y hist dtrarpeek thmpangusprtapoulr 300G, undet b wieoH, aintosphere.
eanmcf) %§9ge"’1‘13p1‘9:£é’d {1]19 bg ?ﬁ’e I%tetal constituent was reduced by switching to dry

H; at a latter portion of the de-binder treatment conducted at about 700 °C for
about 1 hr. The latter temperature is sufficient to reduce oxygen present on the
surfaces of the metal particles but will not reduce the SiO,. The thus-produced
granulated powder contained spherically shaped particles with sizes ranging from
about 15 to about 120 pm. The residual carbon in the final granulated powder was
extremely low, as may be evident from the following:

Carbon content of the raw powder: 276 ppm

Carbon content of the spray-dried powder (containing binder): 14530 ppm

Carbon content after de-binder treatment: 40 ppm



an air inlet tenperature of about 210 C and air outl et
tenperature of about 110 T. The npisture content
after spray drying was about 0.2 w. % The spherical,
spray dried particles were then thermally _
de- bi ndered/ reduced in a nuffl%® furnace for about 9
hrs. at a peak tenperature of about 700 C under a wet

HI0a60psphere.  Any oxygen Bik&kgr 4/p by the netal

constituent was reduc%d by swtching to dry H2 at a

latter % c o {hel Sl Wi. 1Y eFiCh prematedt pavdeduct ed at
Curti i amethef SRy Sheltosion BBl UF pIEVRE Rrbielif was

ofprepeeredret al particles but will not reduce the Si Q2.
The thus-produced granu] ated powder contai ned
spherical |y SAYSepaptislesizeeb4wi §-h st zes ranging from
about 15 to T i dual carbon in the
final granulgtg‘ggjrd%\%g%&l\%%?%ﬁﬁenely | ow, as may be
evi dent fronTiQwpakidlé siwe:rg2 paar bon content of the raw

powder: 276 rbon content of the spray-dried
powder (contggﬁg}%mﬁ?gﬂérc)‘rﬁ§-@2306%3W%Car bon cont ent

after de-bin t; P le 4
Co-14.31 wt . ﬁggdé @g{’%%gvé '.44&; T @}‘%P%’xin%?og’t%leﬁ%%er A
horogeneous sl urry/ suspegsliwn"/hpu]iyagylehelgfyeb]!@’\ﬂﬂ)g .
conposi tion epar ed. W particle size: 1.4 -
8.5 m Raw Cﬁg%ﬁ?ﬁﬁ[léﬁgm&%ﬁamd%aw Ti 2 particle

Si@@61F 2 m TRé dlurSMul i i) 2
Bi_%)gerr( dry basis): fhlgél\iﬁfogo‘%ﬁ%dgﬁggc}/%&a c%ﬁ‘é%?ﬁé%‘s state
1. dwipraysipesd inea siyhe dderhaviny a @REG)er dBR0eh Rhekh@ry/suspension

(s t L] L.qui.d ase OOéﬁThesurr/ssesi n,

o L B M6 s RS omn deneone et sl G yine eas
dr are dir iifle tehiiodtu@l d faiboie | MEC And iR RERY 1efpeffludelof 2bBEt 110
slyrrf(/suspenw on )

- ~C. The moisture content afler spray drying was about 0.2 wt. %. The spherical,

spray dried particles were then thermally de-bindered/reduced in a muffie furnace
for about 8 hrs. at a peak temperature of about 900 °C under a wet H, atmosphere.
Any oxygen picked up by the metal constituent was reduced by switching to dry
H; at a latter portion of the de-binder treatment conducted at about 900 °C for
about 1 br. The latter temperature is sufficient to reduce oxygen present on the
surfaces of the metal particles but will not reduce the TiO,. The thus-produced
granulated powder contained spherically shaped particles with sizes ranging from
about 15 to about 180 um. The residual carbon in the final granulated powder was
extremely low, as may be evident from the following:

Carbon content of the réw powder: 202 ppm

Carbon content of the spray-dried powder (containing binder): 12916 ppm

Carbon content after de-binder treatment: 110 ppm

[0062] Example 5



was constantly stirred during spray drying, wth hot

air enployed as drying gas at an air inlet

tenperature of about 210 C and air outlet tenperature

of about 110 T. The npisture content after spray
drying was about 0.2 wt. % Tk spherical, spray

dried particles were then thermally

de- bi ndgs-8diTreder et-d062with [ F£16.08 8a08 TiRaalMMtd fowder
hrs. at a peak tenperature of about 900 C under a Wwet

H2 at nodpiesregeneons slusgy/spsnensiark baving theyfotl reingetoaiposition was
cgé}égérwent was reduced by switching to dry H2 at a

| att'er portion of the de-binder treatnent conducted at
about 900 C Raw Coymetitletier<7ihe latter tenperature is
sufficient to reduce oxygen present on the surfaces

of the netal Rpylrinartide pige: ﬁ\E@ Kmot reduce the Ti Q2.

The thus-pro t. wder cont ai ned
spherically gﬁ‘gggd)a%gc??%%?es%mﬁ& sizes ranging from
about 15 to @artid®sixe: IDeini esi dual carbon in the
final granul gted powder was extrenely |low, as nay be

evi dent from! PRESHSS (GRitier + EarobR2k68vdnte of the raw

powder: 202 pggg -0 0 [

powder (contglﬂiria]ien ?gsc}@r ?tse‘%ﬁéd p%yfa?%o?%%ﬁﬂ\é% t ent
after de-bi nder treatmentl.5 49 ppiyethoRablycslaPp® 5 20
Co-8.37 wt. goﬁélr-Zg)..GS w. % Fe-1Q, 28 Wt.0 % TI Q2
granul ated pofHeeRlalng dgeeRabise 51 U)-? Wtsespensi on
having the fpbligwhig @S i z r d, Raw Co
particle size: fg 7 m%ﬁ%&gﬁtﬁﬁ?gqgg?% /QO m
Raw Fe parti Belaned HgQ (soldchtimquiipB@sg)articl e size: < 2

m sol i + O +. Fe + Tj.Q2): .68 wt. % Bi nder
(df@%gLsi s): The %F‘\?EB’./S@/PW%W/ PR fopapmogenous state
Wt andeiRey daEIH @%ﬁaﬁ i¥iePhavilEPtiant®dr! FTORUY. A He\Gu?P&Rbension
Darvan C(r) - 0.5 wt. % ,

was constantly stirred during spray drying, with hot air employed as drying gas at

an air inlet temperature of about 210 °C and air outlet temperature of about 110

°C. The moisturc content after spray drying was about 0.2 wt. %. The spherical,
spray dried particles were then thermally de-bindered/reduced in a muffle furnace
for about 9 hrs. at a peak temperature of about 750 °C under a wet H, atmosphere.
Any oxygen picked up by the metal constituent was reduced by switching to dry
H; at a latter portion of the de-binder treatment conducted at about 750 °C for
about 1 hr. The latter temperature is sufficient to reduce oxygen present on the
surfaces of the metal particles but will not reduce the TiO,. The thus-produced
granulated powder contained spherically shaped particles with sizes ranging from

about 15 to about 160 pm. The residual carbon in the final granulated powder was

extremely low, i.e., 98 ppm.

[0064] Example 6
Co-7.88 wt. % Cr-25.25 wt. % Mo-9.69 wi. % TiO, granulated powder




De-foam ng agent: Foam Bl aster-327(r) - 0.02 wt %
Bal ance H20O (sol vent/|iquid phase) [0063] The
slurry/ suspension was stirred/ m xed to a honbgeneous
state and spray dried in a spray drier having a

di ameter of 20 ft. The slurryllsuspension was :
constantly stirred during spray drying, with hot air

enpl oy el hamogedong sBRS/AlsperdtbndhdvingHhe ol GRE rc@hiibbﬁtieﬁ was
about 210 C and air outlet tenperature of about 110
T.Pragedhoi sture content after spray drying was about

0.2 w. % T qggg- .. SPr dried particles were
t hen ther mlﬁ@vg@- .nﬁg%’%‘&/ﬁaﬁ%ed in a nmuffle furnace
for about 9 RinsCrabrtilpgad < Eper ature of about 750 C

under a wet H2 atnosphere. Any oxygen picked up by
the metal cdhe¥Mepsticlgsize; sdfoea by switching to dry

H2 at a latt j f de- bi nder treatnent
conduct ed atﬁ;%g%wd}%gz%?%pﬁl about 1 hr. The latter
t enper at ur e Tetabslids (CemCr-oMoeH T9@,) 05N EE Y, Pr esent on

the surfaces. of fhe netal particles but will not
reduce the Tﬁ’éﬁl?r éﬁl‘ilébﬁ‘ﬁ)éz Bitoduredying eleabel{P¥d)powder

cont ai ned spherically sh do el 1.t h S Zes

rangi ng from about 15 tgggbéﬁfglgéé%lg%\g oé(f%éfdual

carbon i n t h@eflogralatiog apedtaDedapn@fdar3 wasgs extrenel y

low, i.e., 9 m. [0064] Exanple 6 Co-7.88 w. %

Cr-25.25 w .B%&%ﬁ’@%@@%& FO%%@FYW%%%W Powder - 21
Compos L on washet T R ) 0 e sizer < 5

 gnt006&lw Cr phke iskiey/subpession Was stredRakelto pﬁhcblhégemeous state

o gty i T BRI, St VT, B S b Sin

\é\llt\;lis‘gﬁ:cﬂﬂ(gggtégr Biitre@ i GRROLprAF ¥kng, vitd hot BrRAPISFREs &R Fing gas at
an air inlet temperature of about 210 °C and air outlet temperature of about 110
°C. The moisture content after spray drying was about 0.2 wt. %. The spherical,
spray dried particles were then thermally de-bindered/reduced in a muffle furnace
for about 9 hrs. at a peak temperature of about 750 °C under a wet H, atlilosphere.
Any oxygen picked up by the metal constituent was reduced by switching to dry
H; at a latter portion of the de-binder treatment conducted at about 900 °C for
about 1 hr. The latter temperature is sufficient to reduce oxygen present on the
surfaces of the metal particles but will not reduce the TiO,. The thus-produced
granulated powder contained spherically shaped particles with sizes ranging from
about 15 to about 150 um. The residual carbon in the final granulated powder was
extremely low, i.e., 115 ppm.

[0066] In summary, notable advantages provided by the process

methodology according to the present disclosure vis-d-vis conventional dry

powder processes include:



Defl occul ati ng.agent: Darvari CO- 0.3 wt. ., %

De-foam ng agent: Foam Bl aster-327(r) - 0.02 wt %

Bal ance H20 (solvent/liquid phase) [0065] The

sl urry/ suspension was stirred/ m xed to a honbgeneous
state and spray dried in a sifay drier having a

di ameter of 20 ft. The slurry/suspension was

constanfl)y sdipmifieshtubener ik dhifémdly Whdoh pBQLbIRl With dry
eg%lo ed as drying gas at an air inlet tenperature of
abBEEnDEehMausss air outl et tenperature of about 110

T. The I st UL spray _dryi ng was about

0.2 mt. % T%%g%%herllgg ;"E}I“I"%‘r‘%‘%gc’ %F?é}'ega%{%rg‘?ti cles were
then t h@)mal teductetfrocssingdbsieduced in a nuffle furnace
for _abo(uq&ﬁg hrs. at a peak tenperature of about 750 C
under aldlet FETERRGY dpwerpount gf resisdyal carhsinciveultiopte granulated

t h@eMBLAbd& j was reduced by switching to dry
H2 gt é I at ?’g‘?ddﬁg#tﬁﬁ%n of the de-binder treatnent

conduct &) at mitingt fR€icE Ibwsl achiloatle ¥ithin a Widc taAkt 6F particle

tenpergture i s sufficjent to reduce oxygen present oh
th%g‘c'”S FIF%‘EFE’é‘tIB‘FnttH?éVA(?ﬁ'aI particles but will not

- reeee] the Ti{Re nfBod . u bat ed .powder
coﬁjteaiﬂned spher FCP al I(§/ Ss%ég%@cfﬂ) gléliri [ %rlogé %%%fgc ‘g?q%lgssﬁgget forth,
r afWghg specoie matzoiats, dfictwres beastanis Prag3sed ote.  iBSirdb# 8d provide
cargon in.the final.granul ated powder was extrerreldy

| o et fierf%ﬁ‘d}i’&rﬂf tﬁ%@%"éj—‘ml s tipweyst, db¢ gresent disclosure

adyATbAGRSLBEDWITBE R¥ofAE (8RS AeBils ééi‘ﬂc,da‘i’ﬂyg&Y forth, Tn other

according to the present disclosure gps-a-V|
c o¥vanegso tu¢ll-kngwn ppradessingr owtsrsds andc tachimiqua? hagd )not been

o AR ] H L Tl DRSS S

anf0o8] 1M cr oORBOhe A ftRES embddineh@ S BRbBIAE 8388 Fe and but a
coisqt; (4) extrenely | ow amount of residual carbon in
ul

| {ohetERpseiithy wentilive eel showwaed dosasibed tis theapresenbjlisclosure.
:najr? ggﬂ.)ol?é %tgfétﬁ'sltt%cfde&la{ ﬁl%%lres%&hdiseefgs%eeisvga;t)%IQ oful 8% arious other
combinations and environments and is susceptible of changes and/or

modifications within the scope of the disclosed concept as expressed herein.



sizes of the constituent powders. [0067] In the
previ ous descripti-on, nunerous specific details are
set forth, such as specific materials, structures,
reactants, processes, etc., in order to provide a
better understanding of the @P3esent disclosure.
However, the present disclosure can be practiced
wi Whatiis Clasedfls:ng to the details specifically set
forth. In other instances, well-known processing
materid.s andl fredvdi aﬂezﬁamgfea nﬁhdgeﬁébusdgﬁﬁﬁlhﬁadmbﬁl-based
detai] in order not to unnecessarily obscure the
pﬁ%@%ﬁ%cﬂF§E$@§§#@S° [0068] Only the preferred

enbodi g isclo nd, but a W
exanpl esjq IS)rg)gl{dv ﬁ%ﬁ%te‘gaﬁrﬂéo 8Mt j??cft GBS @?qtadeeger?‘??t or
t haetpl aammndoa pn@bﬂwéda amohﬁt dfSit 1Qsthe ReRARI@RMoliBAnd/or at
' %S?r esent di SC| osure is capable of use in various

On%%ﬁﬂﬂW%&h%ﬁ@nﬁﬁH envi ronments and i s

suscept e & dlf cations with o

the sco %Z of ‘the d| sc s e%{ ng{))%scg% UERPY L s &Y Ve mixture

h emaipmsn@fasald/\bmselmteﬁaﬁionﬁ@ df saidlat léasﬁﬁhb ekt Al feldnidalt BE metal
8US %ranulated net al - based powder,

t Qe ceramyic sPmpPRndRpdépr sk lesst enp non-metallic
ar@éﬂié 0 e t t
o o g B e
cdn?igu&idalamtllmst ate o;btemat additivenon- netal 1 i c el emsnt

b) formn sl urry/ suspensi on or wet
ok urd®) 0O B T B hsblibth oF Sai e o spmes & least a

atpdre@s bf 4@ 1{@1&@bh§§e%a%nﬁf FEB%P 'tdrex:o ﬁsﬁng qurt?a‘uy or
| east one ceram c conpound and/ or sa
noiemletgly| dried gsamdemend and a Iqu|d phase conpr|3|ng
at | easty, one one e mat er.i al
Thd ot kst '%n% srrnara Tqopge ‘f?lef) 51&9%%@“1%%0& thermal
S|dHhWM@gﬁp@ﬁ§ﬁﬂﬂﬂﬂ%uﬁ@ld m xture to renove at | east a
portion of said liqui hase and form a powder m xture
conpri si ng p(’i ti apdditigna regmipl @f@y;htmld plisgy ifimguisd;
ang ) S0l 6L | el fid 4o nifQERLSLSHY 9T €

(iii)  reduction of carbon content;

(iv)  reduction of oxygen on the surfaces or interior of the metal

constituent(s); and optional

V) partial sintering for strengthening the particles for

withstanding subsequent processing.

2. The method according to claim 1, wherein:

step (a) comprises providing a preselected amount of a powder containing
said at least one metal element or metal alloy, a presclected amount of another
powder containing said at least one ceramic compound, and/or a preselected

amount of another powder containing the at least one non-metallic element.




de- bi nder process for effecting: (i) additi-ona

renoval of any liquid phase, if required; (ii)
renoval of said at |east one binder material; (iii)
reduction of carbon content; (iv) reduction of oxygen
on the surfaces or interior &4 the netal
constituent(s); and optional (v) partial sintering for

st rengtheni Mphd Methpanatidliag té efhim W iiskandi ng
subsequent processing. 2. The nmethod according to
claim 1%"%&‘7& Femprsesagyidiag pressleciedesmaunts\if dipharalbity of powders

B T R a—,

anouipounds, andloh esspediivvaion-néattideintatssai d at | east one
ceram ¢ conpound, and/or a preselected anount of
anot her , powdegy cont ai ni ng_ the at | east one

1

non- nethl | i c Tt isthed aceurding fo vhaamgewheinaccor di ng t o

claim el )1: COMPL | providin

presel gsé?regj Zn%dﬁ“n‘%‘?tegfp 1%)9%1'1 Ifﬁ' gﬁ} Fsteie%qu 631\%‘8%3% two powders
congpchively casqiningi fist mad adecetd MBAALS cloM@NQr an@Pdraklloys and/or
allo respective, ceram ¢ conmpounds, and/or

r B%i‘-‘_tcf% aﬁannmfam PoBrgieieRectiyely Theataming oférst and sccond
ACRRI ROntpRu A o nothELEND clcHidR, (2) conpri ses

provi di ng presel ect eél anpunts of twd powders

respectively containing first and second netal
el enents andlbe mathodyscadidpgdo clapndseheeired anount s of

two po rs.respectively.containing.first and second i
cer ani ngoﬁ%gﬁﬁgygs%pﬁﬁl%%p%%ﬁg?@ gmopg comppungof said
medthemdt a6 aictiing rhQalCAIRyBnd. 2 YR&N&HEYH afb&R dfd)sol-gel of said at
conprises providing a presel ected anmount of a coﬁpoung

ofleash pae cerpmiceaampeind orstidiat lsastrrae alon andtalic aletheat.
presel ected anount of a sol-gel of said at |east one
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step (a) comprises providing a preselected amount of at least one metal
element or metal alloy comprising metals selected from the group consisting of:
Co, Cr, Fe, Pt, Pd, Ru, Re, Ta, Al, Sm, and Nd, a preselected amount of at least
one non-metallic compound selected from the group consisting of: TiO,, Si0,,
MgO, Ta;0s, Nb2Os, Al;03, TaC, BN, ZrQ,, HfO,, Zn0O, Ca0, La,0;, WO,
Co0Q, C020s, Y203, Cry03, MnO,, NiO, Cu0, Ce0,, Eu,0s, V305, Smy0;, Sby0Os,

BeQ, BaO, B,0s, IrO;, PbO, MoO;, ReO,, Ru0O;, Ag;0, SrO, TaC, NbC, BN, B,
and C.

7. The method according to claim 6, wherein:

step (a) comprises providing preselected amounts of a plurality of metal

clements and/or metal alloys, ceramic compounds, and/or non-metallic elements

selected from said groups.




step (a) conprirses providing a presel ected- anount of

at |l east one netal elenent or netal alloy conprising
metal s selected fromthe group consisting of, Co, Cr,
Fe, Pt, Pd, Ru, Re, Ta, A, gg}s and Nd, a presel ected
anount of at |east one non-netallic conmpound sel ected

fromthe gr ysting of: TiQ2, .Si02, MO Taz205,
Nb205, 20%?&’3‘%?8%?\?,"0%&%%2{0 4 §pe ofthepreegding elappawhercin;

VW)B’ A . f )

Fu203, Vo0 IS aie i fH b et hyspifppr wer
Vb @B xtiRe B2 coRpRy; a AigRid, pas©rompfisinpaClcaBNnelbf waérd aCalcohol,
7. rFHde getgod accor di R’g to ¢laim®6, wherein; step (a)

corfiF 3 dBSHPRR PIEPRG SphERte pRY dwdhes pomprising fat leags|ane angrganic or
of d¥eirdt birRkeRBiRtig. and/ or nmetal alloys, ceramc

conpounds, and/or non-netallic elenents selected from

said groups. 25 g, The nmethod according to any one of
t he prec®di ngThd method avdoediagno claih 8pwhékinconpri ses

mxture S8 CohPITEEeS ITHR Fidh HoBoLaHEYS ShySupensioner wet
onempftudab Q:Tomfp@i@e alIAPhhase %Bﬁgﬁgitngledg‘%afsp&?e & 92BL Gn alcohol,

sol vent, and further conprisin one i norganic
or ansk gdanst aiermganicrenleentaielec@d T theghug @asistim 6 acetone,

to | rein: ste ), conprises formng said
hon@%lgehg’]olﬁegafg] S‘F}?‘W % EfX%BEré{“g ®6M%et mxture to
conprise a liquid phase conprising at | east one of

wat er, ab0.al c@hemethodndcating@8etaimBewhE@aRi ¢ sol vent
sel ect ed fr@ the gr ogtg consi sting o acetone, )
t ol uene, SR {8h&ompdiss Jaaning saich homgpenedes ahery/sipengite or wet

t i j , L. st b
TN T
or @sup wingistm of: ol yuitylericalpPP Vg, gilydtBAshe BRBol (PEG), gum

or ganj c bi.nder terial selected fromthe group

con&i8i% RYhsgnatyal gymsy methyk seldHogepvangylic Fesip eanmilsionse cthylene
| AL AR | hy!
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flour, starches, or at least one inorganic binder material selected from the group

‘consisting of: carbonates, nitrides, oxylates, and oxychlorides.

11.  The method according to claim 8, wherein:

step (b) comprises forming said homogencous slurry/suspension or wet
mixture to further comprise at least one of a deflocculating agent, wetting agent,

de-foaming agent, plasticizer, and suspending agent.

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

step (c) comprises spray drying,




oxi de pol yners; water soluble phenolics, alginates,
natural or synthetic waxes, flour, starches, or at

| east one inorganic binder material selected fromthe
group consisting of. carbonabgs, nitrides, oxylates,
and oxychlorides. 11. The nmethod according to claim8,
wherein: step (b) conprises form ng said honbgeneous

slurry/ J4spe n?PQ theflo %Eord{ﬂgtxt%) %ﬁ oﬁe ofzﬂ% él\e%dm%%@ﬁlg %érein:

at | east one I occu
de- f oamisig @&Dtnpnlsésaﬁéﬂfﬁﬂniiﬁg ,saﬂn&eﬁm RRMYhARY RERBS to reduce
12. ;{ge nmet hod according to any one of the preceding
cl aepkcarkgmesonient of spidgranules i lepy thewebaup SO prinyi ng. 26
13. The method according to any one of the preceding

claims, pheref metﬁB&Qcéo%ltng? rﬁe[@ eeréél rmng said

thernal de- bi nder process duce™s ar bon

cont ent sép $d) dompaines @&rfbﬁnﬂngsﬁaﬂ hBdmAD WetbiRQY ?d@ﬁéss in an
14. The .nmet hod accordlqgg to claim 13, wherein: ste

( d) SEETRET IR e85 oBRTedueing el de- bi nder
process in an atnosphere conprising at |east one
reduci ngjqas. Tﬁe'smet_ﬁaﬁ a@@&rﬁﬁﬁ% t@@@%qhn@h&&ncl ai m 14,
wherein: step ( conpri ses-per sai d t her nmal

de- bi ndestepr(dr @smpnscsn parfonamgosm@ahmmﬁblﬁmgpmess in an
| east one reduci nglg sel ect edﬂ;{ romthe rou

conSPPIRGS SPmpEp! le‘@b 0o FFRURPE GRS, S P@%@cﬁ“ﬁf‘e@le group
NFBcorldi%hP@ offfl P g, C@nﬁ)mﬁﬁ‘é gﬁsmﬂ%s&i{&jc Wﬂ@%ﬁﬁmes and
16. The nethod accor di ng to clhaim 14 erern:

(d) reformsdilydiocpdongasisng sai d thermal de- bi nder

process in an atnosphere further corrprl sing at | east

kq d 17.. The d d
clai m 16 Cuner by ARRHEborahie o HiFm TR VRl o ng ' 2ai o

ther mal  dep bidh deimpises g fonming saiat tﬁ@ﬁﬁile&@bﬁﬁ%rplr&!eé‘sg in an
at | east. on v¥fak oxi di zi ng3 agent selected fromthe

gr o@PnospBE fwthies gomprising ablyastonp weak pxidgng agedt.ai r or
02 dlluted in an inert gas or a weakly

17. The method according to claim 16, wherein:

~ step (d) comprises performing said thermal de-binder process in an
atmosphere comprising at least one weak oxidizing agent selected from the group

consisting of: H,O, CO,, air, O,, and air or O, diluted in an inert gas or a weakly

oxidizing or non-oxidizing gas.

18.  The method according to claim 14, wherein:
step (d) comprises performing said thermal de-binder process in an
atmosphere comprising said at least one reducing gas only in a latter portion of

said thermal de-binder process, and at a same or different temperature than in an

earlier portion of said process.




oxi di zi ng or non-oxidizing gas. 18. The net-hod
according to claim 14, wherein: step (d) conprises
perform ng said thernmal de-binder process in an

at nosphere conprising said at oheast one reduci ng gas
only in a latter portion of said thernmal de-binder

process,jgand N r d|1ferent t ratur t han

in an eagfrj1 | | eﬂrEl p%‘r %?‘g%“g goyrlgfe rrﬂ%t%]sﬁar‘l’ggf’r nﬁ -ggramic based
honbg®Aerdasmest byt meetubdmceddmm edy ate ofelepre@air bl fms.
based powder forned by the nmethod according to any one

of the precedi clainms. 20. A honpbgeneous granul ated
net al - based p% OZSBCqUY @mmlmeglgnetalcbﬁml ipowder &t in claim 19,

| tal
efﬁ?ﬁgﬁlﬁgﬁtﬁ qﬂ@tgf el? orrglel%a Cah)lﬂg Icg;p éhg?le fs selected
Cr , fréie, theproupdonitingRef: (R CrAFe BNEd, Sm, ) daghl, dnﬁaéﬁx‘i and at

one ceram.c conpound or non- metal lic el’ement sel ected
HECHHIPIC cwmquad; ¢rgnes-npiadi; clgment selepted fie@0he group

%é&i%g%ﬂg"%%ﬁ? it MEDL Ja: O R0 Asos e, BRfeton i,

Eu2830, U205 Lamosoa,wa% Ca3ex) Y@QC@?@M@{ @&1,0 Ftb@o CeO,,
(E (ﬁag Rgm 20 SrQ. TaC, NoC, BN, C.
% Qe g Ty S0EP5 REQ Bt BIQu 1iGzaPbO, Masin, ReCs, Ru0;
horm r I | - based magneti c powder of
cl ai %ggém@zgag‘rlﬁgen@ﬁgdgﬁ?or ding to any one of
claims 1 to 18, wherein: step (a) conprises providing
only a f2hcti én npignetic spedering tagetefablicated nedral a ladrha@¢neous

fraction gor all, of .the quisite
ce\pgl%hﬁla?eﬁqm al-ba Ficil ¥ Dowgf?lf”@éq?enent powder s;

and the net hod further conprises a step of: (e)

bl endi ng22heTheswethbdntcogdiag td atyedhe pbuleizis Mot s, whercin:
bal ance of reqw site netal or netal alloy povvders and
cer am ¢, SERi(@EomprigeoProvisingetlylal frastion b Sihemequisiedeets! or metal

for aﬁ@yrﬁjelvliéﬁ‘tahﬁrh FREIEME Bt of the requisite ceramic, oxide, and/or non-

metallic element powders; and the method further comprises a step of:

(e) blending the resultant granulated powder with the balance of
requisite mefal or metal alloy powders and ceramic, oxide, and/or non-metallic

~ element powders for consolidation therewith.




