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Despite the numerous procedures available, a problem in common to a lesser or
greater extent with nearly all methods is the difficulty of obtaining consistently fine uniform
20 particles of good purity. Procedures that can provide a greater consistency in this respect
invariably have high costs associated with their operation due to the complexity of the
equipment required, the use of expensive and potentially hazardous raw materials, or high
energy consumption. Recently two closely related procedures have been published which
provide a means of manufacturing submicron sized metal powders without need of complex
25  and costly equipment. In the publication EP-A-621,234 to manufacture metal powders it is
required to calcine a polyurethane polymer containing a metal salt; however yields are
relatively low. In another publication, W096/29280 this polyurethane approach has been
modified by avoidance of the use of polyisocyanate, a hazardous chemical, with the
requirement to subject to calcination a gel or liquid. Gels are difficult to handle or manipulate
30 in such a calcining procedure; handling of solids is highly preferred.

It would therefore be desirable to develop a cost effective procedure leading to
the production of metal or metal oxide powders having a consistently fine particle size. It
would be of particular advantage if such a procedure could be operated using raw materials
readily available and could be operated in the substantial absence of highly specialized
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It is reported t he si ze and shape of the
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to develop a cost effective procedure |eading to the
characterized in that the composition further comprises (c) a coagulating agent,
20 and the salt is present in an amount to provide the composition with metallic or metalloid
element content of at least 1 weight percent based on total weight of the composition.

In a third aspect, this invention relates to a method for solidifying a mixture which
contains a liquid hydrophilic organic polymer with an aqueous salt solution of at least one
metallic or metalloid element which comprises adding to said mixture a coagulating agent or

25  precursor thereto.

During the present investigations it has been discovered that when a coagulating
agent is added to a mixture of a hydrophilic organic polymer, notably a polyether polyol, with
an aqueous metal salt solution that the resulting cbmposition takes on a substantially solid,
or semi-solid state. It has further been discovered that when such a solid substance is

30 calcined a metal powder of submicron particle size is obtained wherein the BET surface area
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20 of the. compasitionn dAdvaniagebusih thelmeatallic on dietalloidselement content is at least 3
weight percent, preferably at least 5 weight percent, and yet more preferably at least 10
20  weight percent. While a lesser amount can in principle be present, this is against the interest
of obtaining a high yield of metal powder in the subsequent calcining process. In practice,
the upper amount of metal salt present will be limited by its solubility limit in water and

concomitantly the miscibility with the hydrophilic polymer.

The individual components of the composition are described in more detail
25  hereinafter. '

The hydrophilic polymer component of the composition initially has a liquid
phase and can be any inorganic or organic polymer exhibiting a hydrophilic trait including, as
examples, polyethers, polyamides and polyesters. Organic polymers are preferred due to
their ability to be caicined or pyrolyzed without any notable accumulation of a solid residue.

30  Suitable hydrophilic organic polymers include polysther polyols, preferably poly(oxyalkylene-
oxyethylene) polyols, and more preferably poly(oxyalkylene-oxyethyliene) polyols where the
oxyethylene content is randomly distributed throughout the molecule. The oxyalkylene

/'.

laced

i

THIS SHEET HAS BEEN
REPLAGED




(1) a liquid hydrophilic organic polynmer which is a polyether polyol;

(2) an ameweds2’salt sol ution containing at | east one net aPFTRS 12306 °

metal | oi d el ement in an ampunt such that it constitutes at least 1
wei ght percent based on total wei ght of the conposition excluding the

t f [ i . .
o ounPOPA 3 B RN b xidthibft. bofBle” Bryrtdouie B oxybutylene is preferréd)
OBE ai negWrmnsa)ﬂmlﬂni(yalkylene-oxyethylene) polyol, is s@mmmamg\ethygr@nﬂqccprgamg gplymer
obt ai ne
contai ni ﬁgrﬂgé e r@é?‘#@ﬁg‘f% the, oxyethylene ¢ cBntent & 61%@‘{16[}’0(‘@ flofealTBadt 35, and

I
si ze of p&@'abuawnlaﬂegst&%wg}ghklpercent of the total mqbgq:qlwgl\v/élaﬁ cg,tlé% @&ygl Ir{%ge

i nvest i ggj iﬂOéstingtn&]ﬁ%tﬂBQﬁ fhodhtﬁfé%@ bﬁﬁb%l FolebLaay weightegithatproyerties of thagent

Lol i § onrosaling eetabbqsnd pesalr T BOTLAHRBOY diohaiesor A EERe H Bloghftd

sol Ihd 0 ltheﬁam\pc%ﬂiohdlt f# sdivantageotiste stfect polyetheripolyol bidvinga exaleculdraveightdm
such a s

id b
par i ol o8 3% 8 AT ooy Rferkal snf Bl 1o A0 Exinplary of oy BAYAES °f
REPL ACEMEDIyolStifidiTde glycerine-initiated oxypropylene polyols such as VORANOL™ 1055 - 4-
powd C
B ons ﬁger gﬂoﬂﬁulﬁpﬂ%ﬁ?ﬁlﬁz é}k‘@‘l i lé"l@g?tgﬁ o&(ﬂgkﬁéﬁ%ﬁéyéggﬁ?npa?é@ &ligilas N

The pres MQRANObﬁﬂZbﬁnghsmaawglghbﬁ’OOQ 7§I"‘@(‘9W€P§F Fﬁﬁ.’i‘ﬂ?nﬁr?&'d@ﬁfa'yq‘éct ive

route f0rdxstn:butnoﬁ)hQomﬁgis\idaésleﬁomh@bomahmmompaﬂers of submi cromnet er
particles size. Such particles find value in the manufacture of

ticl | ect

Dl ot oo pai nt o BiP S0nR PpBBenar ol tsMmositon is & Bhdels g outon Wrgf 3 0
filler, tcompsises bme orraote metllisfor medalioid elemepiso\Advantageouslysuchmetallic CP"ect i on
of vig bgﬁet?llm eleHe%E ar@'th&é@ M&mebm fh@tPéHbdﬁszéﬂlé bﬁE!eﬁfeﬂﬁ%élécﬁéd Wbnh

m ni I’TB.| an e transpar enc

propert i €3oups 2ieBas 69@5@1 862p.c3b, dby 54, |68d7b R déﬁ Hr?g'aﬁtha“%g SEmehE, and

S'r :Ct ro ”QH? 8ttirfidd @8inehisOThe metdiitesr metaRdia REnient way irbprindiple be df byy eleenent
sence .0

conposi t ifgMm ’("Hg‘ it ig dﬁﬂﬁa‘)ftf’lﬂb&a"é BPOWIRL Hawevs! ﬂ&sseeA rg éé‘rﬁlly*h%(/ﬁ"g%o&n

industrial value and suitable for use in the present invention include Ianthanum barium,

20  strontium, chromium, zirconium, yttrium, aluminum, lithium, iron, antimony, bismuth, lead,
calcium, magnesium, copper, boron, cadmium, cesium, cerium dysproéium, erbium,
europium, gold, hafnium, holmium, lutetium, mercury, molybdenum, niobium, osmium,
palladium, platinum, praseodymium, rhenium, rhodium, rubidium, ruthenium, samarium,
scandium, sodium, tantalum, thorium, thulium, tin, zinc, nickel, titanium, tungsten, uranium,

25 vanadium, or ytterbium, or a mixture of two or more thereof.

The concentration of salt present in the water is as high as practically possible in
consideration of its solubility limit. Where possible it is preferred to use agqueous
compositions which are essentially saturated solutions at ambient temperature.

in this invention by the term “coagulating agent” it is generally meant any
30 substance which is able to induce coagulation, that is, to induce a change from a fluid state
to a solid or semi-solid state.
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It is presently believed that a high coagulation rate is required so that a fine
20 dispersion of the salt in the polymer is obtained. In contrast it is believed that a lower
coagulation rate provides an undesirable opportunity for growth of metal salt crystals during
the coagulation event. Such crystal formation provides a locally high concentration of metal
salt within the polymer which subsequently on calcining may lead to the formation of
particles having a larger particle size.

=

25 The composition of this invention can be prepared by a variety of addition

sequences which include simultaneously mixing ali components, or alternatively biending
_any two components and subsequently introducing the final component. To facilitate the

eventual formation of metal powders having a small average patticle size/large surface area,
it is found advantageous to first mix the hydrophilic organic polymer with the aqueous metal

30 solution and subsequently introduce the coagulating agent. When employing urea as a
coagulant precursor, after the initial mixing it is necessary to induce decomposition of the
urea by subsequent exposure to, for example, thermal energy. Alternative energy sources
can also be used for the same purpose.
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- 6- The metal-containing powder obtained according to this invention is
characterized in that it has an average patticle size of less than 1 micrometer (1000
nanometers), preferably less than 0.1 micrometer (100 nanometers), and more preferably
20 less than 0.02 micrometer (20 nanometers). With reference to the particle size it is to be
appreciated that there will be a particle size distribution where less than 50, preferably less
than 25, and more preferably less than 10 percent of the particles will have a particle size in
excess of the previously mentioned average particle size. By the term “particle size” it is
meant the size of the particle in its largest dimension. The powder is further characterized in
25 thatit has a BET surface area of at least 5, preferably at least 25, more preferably at least
50 m*/gram. In a preferred embodiment the metal-containing powder has an average
particle size of less than 0.1 micrometer and a BET surface area of at least 25 m*/gram.

The powder obtainable according to this invention can comprise any desired
metal. Advantageously the metal, in a zero or appropriate oxidation state, is one or more of
30 the elements lanthanum, barium, strontium, chromium, zirconium, yttrium, aluminum, lithium,
iron, antimony, bismuth, lead, calcium, magnesium, copper, boron, cadmium, cesium,
dysprosium, erbium, europium, gold, hafnium, holmium, iutetium, mercury, molybdenum,
“niobium, osmium, palladium, platinum, praseodymium, rhenium, rhodium, rubidium,
ruthenium, samarium, scandium, sodium, tantalum, thorium, thulium, tin, zinc, nickel,

35 titanium, tungsten, uranium, vanadium, or ytterbium.
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coagul ati ng agentThpgiesgribedanefaheontainipg pawdershavingn sulyaisran pagticle sizgara Rt es
i ncl ude (e g%ﬁ@?ﬁﬁwulfzxm{ﬂf eeaah]y@ aﬂféie@?in;:aémaraawdw@aﬁmict qompormrdtg anat e,
ammoni um car bonat e. .[Exenpl.ary of inorgani c, acidic,,coaqul ating. agen
e e R Wiy b aistes.qaints of ooemetS. When'sef &5 i S Sl g Foar
coagul at wiltheanesént] bassllion total welghbof bulk matrbrand pabltertypicall idancamonr i t

i gh pasjcit nd.attractiv r | pi
coagul at ﬁ“&'ﬁ C?’/L E%??’éangr{ﬁ%ﬁ [ %ﬁ?%hm%bﬁ%é 1i %’?éry o@%gé@%gé@h T‘ei’l]& ubeu (l)kus
sol ut i onmatrix, may bea farexampley alplastje insludingia thermpset asgherswpigstia pplyoeiyz or .
Exenpl arﬁ?iﬂ{,oﬁﬁ%gfn%ﬁé éor'hetgi ream or(?i"\.rrrmni a gas and urea. Urea on

o't erg e

exposure ermal en under goes conposition |l eading to

generation of nascent anmonia which in the agueous environngn rovi des 15
for immediate forihgimesntion isiiystitadRnyay e&ma%bwméﬁme&f Qtﬁﬁ"’gﬁf Ise

hydr oxi dipdicated alllamd@nts afe éXpréssedae\pane by waightifpleay. remel y ef fecti ve

di stribution of the coagul ati ng agent t hrough-out the conposition and
in a instances%@%’#r to that which can be achi eved by direct
i nt rO0duction and cal m xing. 20 It is presently believed

that a high coagulation rate is required so that a fine di spersi on of
the salt in the ponymber of somppsitiorsveneprepared by blendingoficemponeatstipthe a

lower  gequen@d@s!ghienan abcSnipdiyiy Thbte &N THE d6gidnab asandiested byl {MurhBer}gr owt h
of netal ?lalt oagul ati on event. Such crystal

rystal s durjng the c
f or mat i o¥ ﬁ\‘eoﬂﬁ&?/aﬁd“%{' {2 segand %ﬂdgﬁ?%ﬂg concentration of metal salt within

t he pol yner which subsequently on calcining nmay lead 25 to the formation
of a particl e havihegsait sohutige wapgpreparédby diseolving 50 gr The conposition

of t 25 > Zfﬁu@éﬁ,?ﬂ-l %e@ﬂ)ﬁﬁ%fn@g?% By MhibIof Y1 491 inaﬂf%rll-ii ) sequences

whi ch™ i nC mAt aneowsl y?m Xxi components, of & ternatively

bl endi ng any two conponents and subsequently introducing the final
conponent. To 30 Ameints inphveot the vateys sempangpisdiensdeddn thrsingicated grdesanthyi ng
a smal |  méspiondferdasifoNdvws: sizel/large surface area, it is found

advant ageous to first m x the polyether polyol with the aqueous net al

sol ution and subgeguent |y introdapgbwhe coagul ating agent. \Wen

enpl oying urea as a coagul ant precursor, after the initial mxing it is
necessary to induce deconpasition of the urea by subsequent exposure
to, for exanple, A nal ener gy. 3§§pbvm ternative energy sources can al so
be used for the sanme purpose.

20 SALT SOLUT 70 pbw

BASE 20 or 60 pbw

Subsequent pyrolysis/calcining of the resulting compositions at 700°C resulted in
metal powders with a BET surface area, as described by S. Brunauer, P.H. Emmett and E.
Teller, J. Am. Chem. Soc. 60 (1938) 309. All BET measurements were carried out using a
25 PULSE CHEMISORB 2700 from Micromeritics instrument Corporation. Particle sizes were
calculated from measured BET surface areas in combination with CeO, and ZrO, densities
as reported in the Handbook of Chemistry and Physics, 76" edn, CRC Press, 1995.
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-7- | - Any equi prent commonly used in blending viscous |iquids

can be enNQ943637 produce the conposition of this i REEHPFBAZIS,ch
equi pnent provides for the efficient m xi ng, under hi gh shear
conditions, of controlled amounts of aqueous base sol ution with the

aqueous e @alt! | on comzr-cbmq% RPOICEIND JWBHN inspartsbfratibef Bal4yrreric S

conposi ti.on. e di sclosed conposition when cal ci ned under

controll ditions, providing.. for the re | _of 1 organi c
substancg,&gé ults int eg?)chppr%fﬁ‘n@ﬁecb?xygr Le&eé%ygwﬁge%olyopgfﬁdoorm y

si zed, aggl oner at e- f r ee motexuldr-weightt having g racdaiely disTijipited dxyethyteneccdntentiofig
10 conditions require i conposition to a tenperature of from
300[err]C to 300 F%ﬁrﬁgekgﬁﬁ preferably from400[err]C. to
1000[err]C. for a period of a few mnutes to man hours. To assist in
renoval 6P106% organi c pdaliycedne-initiated omrwlemern%zl obQGmalecylapweight.
pyrolysis step may be enpl oyed. The term "netal -containi ng" can nean that

the Bagowder cont ai Mrﬁ@iia:hrgmr@ad@lzsmemaqumswmn or other adduct
including for 15 exanple, carbide or alloy thereof, sulfide or nitride.

Whet her r which is obtained wll b tal..,a nmetal alloy,

oxi de orgéggéﬁﬁgnm | | dgk?éﬂ(faﬁﬁﬁﬁ%Pﬁ%'W?tQHO ma’%m%ghn%'@ljty'present in the
conposition and the conditions of pyrolysis or calcining. It is also '
to be appreciated that the same factors can influence the characteristics
of the particles including their size and surface area. 20

Th tal - contai : i g5 E i
e metal - cont ai @xa@gm(%mgﬁcﬁ%@nﬁgre%&ﬁwhm dxanigiess Examplelsi 18toB2swére

average particle sjze ) f m croneter (1000 nanonmejers),

pr ef égab syPRartive torthg disclosed igventigne (hectala '"(rrﬁ ?\&ﬁﬁ‘r‘?@?@%@ %,‘e %ﬂﬁﬂwf?gr e
preferably | ess than 0.02 mcroneter (20 nanoneters). Wth reference
to the particle s)ze it Use dfanzruepus metahsaltisdlttian inipeeference to benpsalt a

more " oreferanly | ECVORETRF 2GR poNRBr din RS Bftte i, | TR 25, A1

particle size in excess of the previously nentioned average particle
si ze. By the term)"part iActheeescoraponent system gignefafiy provides fay matalpowggr having

particle in its |argest glirgBiasstacedt8a HANEIWd @smSordnl systérhace area of at
| east 5, preferably at |east 25, nore preferably at |east 50 nferr]/gram

In a preferred 30 enbqdi nent _the petal - contai.nin r e

part ilgl e size of cl)ess tEgﬁ?r%.ﬁpéyOWaEW%?'Bﬁ%%@ei%%lg&\g%% l:’s"gfrg gggo g%l('géﬁ%f

at | east 25 nf err]/grampolyoxyalkylene polyo! wHea desindgto obtain melal powderovith g t o
this invention can CO”prdréﬁeP&ﬁa@E%iréae,d

d) Examples 21 to 26 were suggestive that the order of addition of
sequence does not significantly influence the surface area property of
20 the resulting metal powder.
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nmetal . Adgolagsews!y the netal, in a zero or appropriate oycgaisogmiesate,
is one or 35 nore of the elenents | anthanum barium strontium chrom um

zirconium yttrium alum num lithium iron, antinony, bisnuth, |ead,
cal cium magnesium copper boron
- 8- cadm um cesium dysprosium erbium europium gold, hafnium
hol mum Tutetium mercury, nolybdenum niobium osm um palladium
plati num praseodym um rhenium r hoghpygy rubi di um ruthenium
samarium._scandium sodium tantalum thorinm thulium tin__zinc
ni ckel ,| tEtaniu rgni um ium  pr bi um
The desjc EE d mern af%@?ﬁ?'gg povvde"g‘éslta Vil ng a su%%é% Oef &), él:%g +Eaemc‘r%)e
are of va e in the e?acture {bBequangsriin arti pI{kSequengeis| r Elfacm alysts
el ectradnic {} Seguepomimt s, arjdlending | | ers for| pl gg4hes. pai 45 0
cosnetifjcs. Wh¢blending as filler |the nmet al - pontdl ni ng powde¥ will be
present| based on total vvel ght of bul k matri X aHd 10 powder, typically in
A AL 1ol i 1 TGS A B PO
i ncl udi ——-—-/-t-hex- -yne-lﬁ—-a—pa 19 102
cosnet i r%ml'\nci tilon creandar dil {1} / {‘21}@0) nvbent |51n LS 204
il lustriatedl by way of kthe folldwi ng/Exanbl eld} Uhl esiX8Pher ni se4 15 255
i ndi catled 4l | jamof@hts lbre éxprdssedibs phrtd bylwej ghit . 11 g3
Exampl e 1 & / {2} nunber {¢f cohpoditi éns ar/e prepard@ by|bl e88i ng
of conppnemtsijin tthe 20 gequgnce As gilenf2n fccdmg20lyi ng Tadl e 1. THe9
sequence I'g | hdi cgyed py {punbgr} eyt {1} is/girst] {Zp se¢ondsand
so forth. g I; TBf Sdit selutipn mas prepared by| di 90T ViNg a8 0
Zr Nq ) ) LT T TR ETf 1O GeUNQUET Ty TETTTOR T T Obiio@ P TS 1@y TaUT 0168
6. 141 M0y M5 Tq 233 (1} / {2)(20) 12 85
11 {1} / / {2} / 19 54
12 / {1} / {2} / 28 36
i3 {2} / {1} / {3}(20) 9 113
14 / {2} {1} / {3}(20) 11 93
15 {3} / / {1} {2}(20) 42 24
16 / {3} / {1} {2}(20) 50 20
17 {3} / / {1} {2}(60) 29 35
18 / {3} / {1} {2}(60) 50 20
19 {3} / / {2} {1}(20) 38 27
20 / {3} / {2} {1}(20} 41 25
21 {2} / / {1} {3}(20) 34 30
22 / {2} / {1} {3}(20) 61 17
23 {2} / / {3} {1}(20) 35 29
24 / {2} / {3} {1}(20) 54 19
25 {1} / / {2} {3}(20) 36 28
26 / {1} / {2} {3}(20) 60 17
27 {1} / / {2} {3)(60) 40 25
28 / {1} / {2} {3}(60) 60 17
29 {1} / / {3} {2}(20) 40 25
30 / {1} / {3} {2}(20) 53 19
31 {1} / / {3} {2}(60) 46 22
32 / {1} / {3} {2)}(60) 49 21
33 / / / {1} {2}(60) 6 170
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Anmounts in pbw of the various conponents blended in the ind] er and
f ashi on awﬁ&%”ﬂﬂ | ows: ™ POLYOL dﬂégb%%«ﬁ%g :
SALT 38.9 pbw SALT SOLUTLON 70_pbw :
BASEI < cal f20 or 60 pbw Subsequent '

pyrol ysis/calcining of the r | Jasdi | ddnfstnedts: 7 _ 35
I n netal powders vmgfh a BET gﬁ@%dgqgﬁgfa@%?séddescf ?%ed?ﬂll“ﬂllﬂ“ﬂﬂﬁ!umﬂ

H Emett and_E. Tel L‘er, 3. A Chem, Soc. 60 (1938) °309. A I® BET
measur ement s were @r# ligd hydrophilic polymer; and

-9- out using a PULSE CHEM SCORB[err] 2700 from M croneritics
“Instrunment Cor por at) oan aqueous sElisolutidrecaritairing et least onemietalliccorimetalioigas ur ed
BET surface areas in %gﬁgh,ation W th CeJerr] and Zrgerr] densities
as reported in the Ha of Chem stry and Physics, 76[err] edn,
CRC Press, 1995. 5 o Metal Salt: ) .

Zr O N§Y er r]) [ er r ] xigheracietizen bpkthe cpmppsitienfusthel epmprises el a coagulating o of
6.14:1. ach;gntbg?d wherein theRRhft Zlpresent ifall kitioht 1rovidé tH suinpsition avittl mekadiic

t hyl | of i
?\gziengya%i' m#@oelﬂﬁ?'?f‘fgqg\?ﬁrﬁ gf ghisastiiyvelght pegeent based on o Wi 3F e 9N
cont ent @Bmﬁgsmail,ght percent. CPI 0B5 a

glycerine-initiated oxypropyl ene polyol of 1000 nol ecul ar
weight. 15 2. BaSe quo compbSHGT b Bl { WHErSIR the Aydrashif bbiymal it | on

10  a polyether polyol.

3. ' The composition of Claim 2 wherein the polyether polyol is a
poly(oxyalkylene-oxyethylene) polyol.

4, The composition of Claim 3 wherein the poly(oxyalkylene-
oxyethylene) polyol has an oxyethylene content of at least 35 weight percent based on total
15  weight of the polyol.

5. The composition of Claim 3 wherein the oxyethylene of the
polyol is distributed randomly throughout the polyol.

6. The composition of Claim 1 wherein the salt is present in an
amount to provide a metallic or metalloid element content of at least 5 weight percent.

20 7. The composition of Claim 1 wherein the metallic or metalioid
element is one or more substances selected from the Periodic Table of Elements as listed in
Group 2a to 6a, Group 1b to 8, lanthanides and actinides.

8. The composition of Claim 1 wherein the metallic or metalloid

element comprises lanthanum, barium, strontium, chromium, zirconium, yttrium, aluminum,
25 lithium, iron, antimony, bismuth, lead, calcium, magnesium, copper, boron, cadmium,

cesium, cerium, dysprosium, erbium, europium, gold, hafnium, holmium, lutetium, mercury,

molybdenum, niobium, osmium, palladium, platinum, praseodymium, rhenium, rhodium,

rubidium, ruthenium, samarium, scandium, sodium, tantalum, thorium, thulium, tin, zinc,

nickel, titanium, tungsten, uranium, vanadium, ytterbium, or combinations of two or more of
30 thereof. |
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Salt Sol uty@pneaskrl salt as abov \mﬂl mum sol ubPCTAL98/12306
Exanples 1 to 14 and 33 are conp !H“mm m& Exanples 15 to 32 are 20
supportive to the disclosed i nvenwl on. Wth refdrence to the data given in

Table 1 the foll owi ng remarks are
Use of an aqueous Qetal salt 'EnﬂQﬂ"?RS’ﬁ't'PHgg&%@r1éﬁ'ﬁ'€e'tnc§hﬁcﬁ?§ﬁ|§%gtagem 1
provi des of, @kgehid B iRbrghRIVGabstahédhaviny anbuects pHaeduageater than 7. _ b)

A t hr ee- conponent system generally provides for netal powder 25

having a greater syrface are c)
Use of a pol yoxyal Ll;l?rene oxyz.{" ﬁ?@ﬁgs@%‘f?@%gg% eé?r{%edéqagulatmg a]gent Is an
a pol yoxypmajanid substamok whichvdoenprises arprimary or sasontiarynamine, amidecer alkanolamine.
with a greater surface area,; d) Exanpl es 21 to. 26
are suggestive thatyt he orde choﬁ'ﬁﬁéﬁlbﬁ’af Ghins89 wherein the coagulating agent is an
sequence does not S|gn|f|can ntl'uence the surface area
proper t y insrgamebasssul ti ng net aI powder .

- 10- TABLE 1 Ex- Pol yet her
Pol yol ~ Metalqg3al t The compasition of Claim BEWhereifrtitet inolganierialse is
Surface si ze hvdroxid {} Sequence in {} Sequence in {} Sequence
Ar ea ammomy Nyaroxide. )| endi ng bl endi ng [err] pbw
mMerr]/g CP1055 CP1421 Dry Aqueous 1 /
{1} / 13. /| The composition of Claim 1 wherein the caggulating agentig an 2
{1} Re)pH value ofd th 7204 3 /
; | 10 oréﬁmc or morga{n substance ?3‘??%63‘ 5&134 )p value o ess an 4 (2)
/ 14. /The composutngQ of Claim Jlg avhergin %1e coagulatmg agerl'ut is
{1} /  ah3horghdibsdbstance. 2 509
15. The composition of Claim 14 wherein the coagulating agent is
hydrogen sulfide. '
15 16. The composition of Claim 1 wherein the hydrophilic organic

polymer is a poly(oxyalkylene-oxyethylene) polyol that has a randomly distributed
oxyethylene content of at least 35 weight percent based on total weight of the polyol; and
wherein the coagulating agent is an alkanolamine.

17. The composition of Claim 1 wherein the hydrophilic organic
20  polymer is-a poly(oxyalkylene-oxyethylene) polyol that has a randomly distributed
oxyethylene content of at least 35 weight percent based on total weight of the polyol; and
wherein the coagulating agent is ammonium hydroxide.

18. A process for preparing a metal-based powder having a mean
particle size of less than 1 micrometer by caicining at a temperature of from 300°C to
25  3000°C a composition that comprises:

a) liquid hydrophilic organic polymer; and

b) an aqueous salt solution containing at least one metallic or metalloid
element;

characterized in that the composition further comprises a coagulating

30 agent, and the salt is present in an amount to provide the composition with metallic or
11
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g {)2&0 o9/03627 | ! / H“\“H I“]l““ “l\l “ ‘“\ PC'I/‘I6898/1230631 51

33 9 {3} / {2} (20) 10
102 10 /- {3} {2} (20) 12

g 2 i % metallo{d/lélement content of at least 1 Weight percen{t tZJ}ﬁgéd on total wefight of the %g

36 13 compogitan. / / {3}(20) 9

113 14 {2} {1} / {3}(20) 11
93 15 {3} 18.  The process of Claim 18 ihgrein the hydrgphilic organic 42

24 16 bl ol élﬁs}l ne-oxyethylene) polyol that has a rando tABted 50

20 7 P ymef a poly(oxy Vi yetny! poly 7 29
35 88 oxyethylene content of 3} least 35 weight percent based on total weight of the gatyqlizand

50 Brein the coagulali nt is an atkanolamine. {2} {11} (20)
38 LYheren, quipting age (2} {1} (20)

41

34 gg g% {2%} The procle% of Claim 16 wherein the I{y%l}o‘philic org%ég: E 383
61 polymher is2Bpoly(oxyalkyléne-oxyettlylene) polyol thét has randomlf Sljstributed oXyitify3éhe
35 . .

54 coritgnt of%g least 3? ﬁr%}ght perce?t based on total wélght of the p?%?l. and W{]&%ﬁ% 0)
36 10 coagulatinggagent is ammonium hydroxide. / {2} {3}(20)
60 - 17 27 {1} / {2} {3} (60)
28 25 28 {Z/i A methbd Yor solidifying 3 mixture whiéh contains a Inﬁ@uh( 60)
40 hngphihg grganic polymer with an aqueous salt solution of at leas g&e metallic ér{%éteg%;si
53 eleh%nt w?)ich compn&éé adding to sdid mixture a coagulating agent drPrecursor{thdret))
46 {1} {2} (60)
gg 1% 33 dz. The method of Claim 2{ wherein the coagulating ager{t_z}l(l?o)

CLAI 5. comprises ammoniumhydroxide obarpalsamalamingi t h as conponent s:
a) a liquid hydrophilic organic polynmer which is a pol yether polyol;
23. The method of Claim 21 wherein a precursor of the coagulating

agent is urea.

24. The method of Claim 23 wherein thermal decomposition of the
urea provides the in situ generation of the coagulating agent.

20 25. The method of Claim 22 wherein the polyether polyol is a
poly(oxyalkylene-oxyethylene) polyol that has a randomly distributed oxyethylene content of
at least 35 weight percent based on total weight of the polyol.

26. The method of Claim 22 wherein the aqueous metal salt
solution is present in an amount to provide the mixture with a metal salt content of at least 10
25  weight percent based on total weight of the mixture.

-
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5 b) an aqueous salt solution containing at |east one netallic or .

net al | ol dweloenseat - and present in an anount to provi dect/A8esaesveosi tion
with metallic or netalloid el emeniveNnpED cgamizsnt of at |east 1 weight
percent based on total weight of the conposition excluding t he

counter ion and any pwadiRd bf the ditthdtional Biraduloany Jandy 1999 (19.01.99);  (C) a
coagul ating agent, i nrigialdmest225seildcedbycdiiended claididIQStihpageinposition of the ——
10 polyol, salt solution and coagul ating agent to solidify.

pol y{onyal Kyl ene- dryet nyl ond) paer vt gecdpersnir oo | AT AR

C aim 2, wherein oxyal kyl ene conponent of the
pol y(oxyal kyl ene- 8kyaliaid paethgePolel ard oxypr opyl ene or oxybut yl ene.
4: A conposition of .Caim2, wherein oxyal kyl ene conponent of the

pol y(oxyal kyl ene- gxyai &atiedng sal 8oifidn téntaisingidt ¥da806ne Afdtallic or metalloid 5.
A conposition of any one of Clains 2 to 4, wherein the pol y(oxyal kyl ene-

oxyet hyl ene) pol yol ¢jement, oxyet hyl ene content of at |east 35 weight
percent based on total weight of the polyol and said oxyethyl ene of
t he pol yol is di stharaotedded drttiatthg compositiom funhghcarhprises (ppa godgulatihg

L A di otecid : plids : o
o esent 2SR A dpfisrRisufiient el oo Y ufd Aol saf Wl 4nd® o2 ¢ 1S
at | eascodjulating age_mitrgmlid_gnaodmh.ereinmsalt is present in an amound torprawideitber of any
one of thg &-ﬁd‘rﬁﬂmp&e It GFmetalidid Bidindrit BomBhEdS dt foe3t 1 weight gEF‘éeﬁ{ b&¥ed on

el enent co?rpr_'l ses [anthanum barium strontium I rconi um
yt t ri untotalweight@fithe GamRagiion; r on, anti nony, bisnuth, |ead, cal cium
nmagnesi um copper, boron, cadm um cesium cerium dysprosium
er Ibmg(r]ln eur opi um 2gol d, haf Whu&?mpg_sition bnt}:lmwmedvé?jgttheJmlyétﬁé Yol is a
nmol ybden ni,.ohi um osni u adium platinum praseodym um
r heni UW&%U?'%n%ﬂ%%?R@)P@S’ﬁLm um samarium scandi um sodi um
REPLACEMENT SHEET
3. The composition of Claim 2 wherein the poly(oxyalkyiene-
oxyethylene) polyol has an oxyethylene content of at ieast 35 weight percent based on total
weight of the polyol and said oxyethylene of the polyol is distributed randomly throughout the

15 polyol.

4. The composition of Claim 1 wherein the salt is present in an
amount to provide a metallic or metalloid element content of at least 5 weight percent.

5. The composition of Claim 1 wherein the metallic or metalloid

element comprises lanthanum, barium, strontium, chromium, zirconium, yttrium, aluminum,
20 lithium, iron, antimony, bismuth, lead, calcium, magnesium, copper, boron, cadmium,

cesium, cerium, dysprosium, erbium, europium, gold, hafnium, holmium, lutetium, mercury,

molybdenum, niobium, osmium, palladium, platinum, praseodymium, rhenium, rhodium,

rubidium, ruthenium, samarium, scandium, sodium, tantalum, thorium, thuiium, tin, zinc,

nickel, titanium, tungsten, uranium, vanadium, ytterbium, or combinations of two or more of
25 thereot.

6. The composition of Claim 1 wherein the coagulating agent is an
organic or inorganic substance having an aqueous pH value greater than 7.

7. The composition of Claim 6 wherein the coagulating agent is an
organic substance which comprises a primary or secondary, amine, amide or alkanolamine.

13
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tantal um §BQbksdy thulium tin,_zinc, nickels—t+tanium tupgf,hs&mw‘sani um
of . ‘

vanadi um ytterbium or conbinations of two or nore there

8. A conposition of any one OU“lmmmLmﬁmltElwl aims, wherein the 5
coagui ating agent is an organic i s t ance havi ng an aqueous pH
val ue greater than 7. et 9 A conposition of C aim®6,

wherein the coagul ati ng agent is an organic subst ance whi ch conpri ses
a primary or secondary, am ne,_am de or al kanol am ne. 10 ) _10.

A conposition of C aBm 8, wher Ehécompogitirmel Glaind wheseip thesingraama kase is

hydr oxi de. ammonium hydroxide. 11- A conmposition of any one of Clains 1 to 7,

wherein the coagul ating agent 15 is an organic or inorganic substance
havi ng an aqueous pH_val ue of |ess than. 7. . . 12. A .
conposition of O ainP11l, wher ef f° PPN PLEIRIRY 1 Afsreinitiee foRAUR]iDg agent is an
sul fi dg. orgéhic or inorganic dubstane[iavings ddqueons ppvalugoidesethah-7based powder
havi ng a nean particle size of less than 1 m croneter conprising:

ool ) 100 nT 14Gh, Shear A8ebAb88n ofcin o eyl ¥ coodtidin s,

an aqueoushyseddensaulifidel. on contai ning at | east one nmetallic or nmetalloid 25
el ement in an anount such that it constitutes at |east 1 weight percent

based on total i ght of ?p& rf&op? ' fol SN j :
and any water of cgytr\gl | i zati_é , e?%g bﬁéﬁ?‘l@ fﬁékﬁ'%ﬁg&gﬁﬁgmurﬁ@?h@gn
coagul at i riRprtigje sizesf jassithan1 micremeter aonsishing esgantially of. obtained to
solidify; b. calcining the solid mxture obtained in step

(a); appd 30 a. C. mixih@Candarihith éHear bBidiionspnt ai ni ng powder for med
t her eby, said powder having a nean particle size of less than 1

m cronet er. 14, . rocess for preparing a netal -based
powder havi ng a nean par t(iutl eliqmdﬁ‘yc?rgpl}l cglpap{gspg)l h 1 microneter

conprising calcining a solidified m xture conpri sing:
(2) aqueous salt solution containing at least one metallic or metalloid

element in an amount such that it constitutes at least 5 weight
percent of the total of the liquid hydrophilic organic polymer, the
15 salt solution and the coagulating agent, and

(3) an amount of a coagulating agent effective to cause the mixture
so obtained to solidify; '

b. calcining the solid mixture obtained in step (a); and

c. recovering the metal containing powder formed thereby, said powder
20 having a mean patrticle size of less than 1 micrometer.
12. The process of Claim 11 wherein the metal containing powder

is recovered in a yield of at least 10 weight percent.

13. The process of Claim 11 wherein the metal containing powder
has average particle size of less than 0.1 micrometer and a BET surface area of at least 25
25  m’/gram.

14, The process of Claim 11 wherein the hydrophilic organic
polymer is a poly(oxyalkylene-oxyethylene) polyol that has a randomly distributed
oxyethylene content of at least 35 weight percent based on total weight of the polyol; and
wherein the coagulating agent is an alkanolamine. S TTTTTTTT—
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(2) an aqueous salt solution containing at |east one netallic or

metal | oid el emerg, in an armesrocesscdt Clhied 11 whersis thet hyidesphilic drgarsic 1

wei ght percept based pn tota ight .of .t co si,tion.exc | e
counter i orPo&'fberé%9 PRE[K‘BW%W‘*’EPW%‘!‘W?%?‘?‘H%?‘ tlgﬁtﬁuas raRdBhYy d?stnb%@%@eﬂgﬂérré _
anount of oAt of atigasi@Snteightipectant baser omtotal weightrdf tHeupalyalparsbwhelieingthe 5.
15. ° A proces J F : ' wherein the aqueous salt solution
cont ai ns tﬁ&awﬁ?@fq %ﬂéﬁ&ép&hu& ﬁf’e %irér%’nt in an anount such that it
constitutes at |east 5 wei ght percent based on total weight of the
conposi i-on excl udi ng the counter ion and any water of

crystallization. 10 16. A process of any one of Cains 13

to 15, wherein the solid mxture is calcined at a tenperature of from
300[err]C. to 3000[err]C 17. A process of any one of
Clains 13 to 16, wherein the polyether polyol is 15 a

pol y(oxyal kyl ene- oxyet hyl ene) pol yol that has a randomy distributed

oxyet hyl ene content of at |east 35 weight percent based on total

wei ght of the polyol; and wherein t he coagul ati ng agent is an

al kanol am ne. 18. A process of any one of Clains 13 to
16, wherein the polyether polyol is 20 a pol y(oxyal kyl ene- oxyet hyl ene)

pol yol that has randomy distributed oxyethyl ene content of at |east
35 wei ght percent based on total weight of the polyol; and wherein

t he coagul ati ng agent is ammoni um hydr oxi de. 19. A process

of any one of Clains 13 to 16, wherein the pol yether polyol, 25 salt
sol ution and/or coagul ating agent is as defined in any one of Clains 2 to
12.
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