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In general, it is preferred to use |ower reaction rates which yield |arger
%ﬁtlcles than t hose obtained at higher reaction rates. Nevertheless. the
ic reaction rate nust still be sufficient that the precipitation of the

sol#d solution is clearly the rate 20 determi ning step. Though heating the
reacti on systemnmay increase the reaction rate sonewhat, it is usually
nei ther necessary nor preferred to heat the reactants or the reactor.
Moreover, the heat of neutralization generated during the process is

1y sufficient to raise the reaction tenperature noderately to on the
order of 70 - [err]. 25 To adjust the pH upward and therefore nmaintain
the reaction rate sufficiently high, it is preferred to use a strong base
because smal | er vol unes of base are required, thereby reducing the vol une
of fluids which nmust be mxed. It is preferred that the strong base have a
pKao val ue of 11 and preferably 14. Preferred bases for this purpose are
NaOH and KOH. Sodi um carbonate can be used al so; however it is not
preferred because of its evolution of gas in the process. AmmbDni um
hydr oxi:de is not recormmended in nost instances 30 because It Is not strong
enough :and in sonme instances may form undesirable conpl exes and ot her by -
pr 88uct's. The reactant material which coreacts with the dissolved ions to
formthe insoluble species will vary wi dely dependi ng upon the particul ar
chenmicgl reactions involved. However, it will frequently be a reductant
mat eri al (reducing agent) or a conbination of reductants. This is
illustrated in the followng table which |ists
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35 zééyéral noble netal alloy systens and the reductant pairs which can be
used to.:produce themin the process of the invention: 40 45 50 65 4 EP O
176 760.B1 Table 1 REDUCTANT B &$7é 8o B84OBLE METAL SOLI D SOLUTI ONS Sol i d

Sol ut i:ofn Conposi tion Reduct ant Conposition Pd/ Au

Far Pd ; - For Au Hypophosphorous - Hydroqui none Acid
Fwdra2|ne Sul fate Sodi um Hydr o- able 1 oulfurous Acid sulfite
Sodium.;:Sulfite Ferrous Sulfate Pt/ "For Pt

For "AjSodi um REDUCTANC PAT RS #OR he pRydride

Hydrazi e Sulfate Sodlun1hyd!%§hb SOLID SOLUTYON gurous Acid sulfite
Sodi tAin Sul fite Ferrous Sul fate g

For Ag:Sodi ursAdie- Sodiun1Fornate hydrlde

Annnniuﬁ1ForwsmauHMpﬂphosphorous Hydr oxyl am ne Acid

Form c¢: *Acid Somposition Reductant Compigdibdonnone

Fwdr zine Sulfate Tartaric Acid As indicated in the above summary, it is

q\gessary t hatP&/a r eact afozl PQui ds be i xedPo&rAurapidly to forma
niCrodi‘$persion and that th8ypepbospbogions of Hydragvioapepersi on nust be

sufficiient to avoid any 36 ®@d8tantial preci pHydcaghner Sydfatie before the

m crodi spersion is conplete5°Sé§n BY8f@scal e (8PifH§PV§{Aﬁi§|n must

thergf oi e be acconplished fa#BdfifBan the reach Bpdiup,Bu gF‘Fhe react ant

materi al s. The reaction tlne of i oni-c react ant Ee5FOPBeSByfBLBsed in the

i nventi on are ically o order of onIy a fﬁm1n1lllseconds To formthe
reqU|red n1cr551 rsion é ant I|qU|ds cessary to use high
intensity mi xing apparatus ﬁ

exh|b|t eéner gy

re|n th Y E& ui L@QS|ty m Xi ng
appdeat us refers to those niggq
di ssipation rates, such as 0 ug%gtg of 100 egallons (ca.
200 Jouf es/ sec. /I|ter) or hlgher ypi ca nlxepgrpgug gﬁlgxgg are
Waring[err] blenders, .jet mxers, nultlple jet mxers and side -T m xers.
O hers will b@dan@arent t gokhpae skilled in #hg AgXxing art. As nentioned
abov& tt is also necessarysblaumt Bersicrodi spgesiod Perratetai ned for a
time sufficient to avoid anyhpaegapi tati on of mmpenfbm Fotmhtéepeci es.
Odinarily this will be a nHypephoéphokyua fraBRydpoxybamind6 second and
t herefore no separate operat Romdl step is reunoedichhu&dtheless in
situgsibns where the preci pHydrpgnisoag is qU|ﬂEdsbnmne|Suhﬁgtbe necessary
to adjust the rate of product offtake to al |l owrautériteAcidesi dence tinme in
the m crodi spersed state.
As indicated in the above summary, it is necessary that the reactant liquids be mixed very rapidiy 1o
- form a microdispersion and that the rate and size of the microdispersion must be sufficient to avuid any
86 substantial precipitation of solids before the microdispersion is complete. Such microscale (diffusive) mixing
. must therefore be accomplished faster than the reaction rate of the reactant materials. The reaclion lime of
ionic reactants of the type used in the invention are typically on the order of only a few milliseconds.
, : To form the required microdispersion of reactant liquids, it is necessary to use high intensily mixing
/ ~ ‘apparatus. As used herein, the term high intensity mixing apparatus refers to those mixers which exhibit
40 very high energy dissipation rates, such as on the order of 1000 HP per 1000 gallons (ca. 200
* Joules/sec./liter) or higher. Typical mixers of this type are Waring® blenders, jet mixers, multiple jel mixors
and side — T mixers. Others will be apparent to those skilled in the mixing art.
As mentioned above, it is also necessary that the microdispersion be maintained for a time suffiion! [o
avoid any precipitation of separate metal species. Ordinarily this will be a matter of only a haclion ol a
4 second and therefore no separate operational step is required. Nevertheless, in situations whae the
precipitation step is quite slow, it may be necessary to adjust the rate of product offtake to allow sulilicient
residence time in the microdispersed state.
After removing the precipitated reaction product from the reactor, it is necessary to separale Ihe solid
solution particles from the reaction medium and by-—products. Such solid—liquid separations can be
s0 accomplished quite easily by centrifugation and/or filtration methods which are well known in the unit
operations arts. Drying of the separated particles can be accomplished by conventional means such as by
solvent extraction and/or heating in air.
Depending on the particular metals being used in the process, the solid solution particles produced are
quite small and have a surface area of 15—-25 m?/g. Because the particles tend to be so small, they also
s6 tend to agglomerate and to result in dispersions which may vary in viscosity. It has been found, however,
" that the surface area of the particles can be reduced to on the order of 1-10 m2/g by heatiny them lo
300-500°C for 1~16 hours. Higher temperatures can be used so long as the melting point of the solid
solution is not exceeded. Thick film conductor pastes containing particles treated in this manner not only
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Conposi. Etaowles ¥+ ds and properties of three batches of Pd/Ag alloy nade by
t he above -descri bed process are given in Table 2 below Table 2 15

PREPARAT| @igeriespof PdiAg\glloyd wasySdE AR netiidof B@mple | in @getpthe amiuntef Pddegwariedg
6\9/ 3 from 1.3 to 34.0 wt. % and the amog ofgreducing agent @as ingregeed accordingly. The resullaut alloy

20.0 % compositions, yizye and properties of ¢hepowqers gye givgn in Table 3 below:

99.4 . 95.7 98.5 25 Properties Surface Area. [err]
17.1 19.0 18.8 Particle Size 50%
2.63 - 1.54 1.58 point [err] x-ray Diffraction Peaks
38. 7‘5' 38.9 38.9 Degrees [err] 45.0
45. 1 ? 45.0
50
s



35 Exanples 4-9 A series of Pd/Ag alloys -was made by the nethod of Exanple
| .i.n whiich the.amount of Pd was varied from1.3 to 34.0 wt. % and the
anmbunt- of reduci ng agent was i ppregme@odacor dingly. The resultant alloy 40
conposi tiions, yields and properties of the powlers are given in Table 3
bel ow. 45 50 55 7 EP 0176 760 Bl Tabl e 3 PREPARATI ON OF Pd/ Ag ALLOYS
EFFECT OF | NCREASI NG Pd CONCENTRATT@NLEXAMPLE NO.. Conposition. % Vt. Ag

97.9 ;| 96. 7 94.6 Pd 1.3

2.3 . i 4.2 Yiel d. PREPARATION OF Pd/Ag ALLOYS ~98

>98 >98 Pr BEEECT-QF1INCREASING Pd CONCENTBATION, [err]
6.0°5 5.7 Particle,Size 50%

1.43 .. EXAHEL§0“°- 2.84 poi nt [erF}gEXANPLE-ﬁE;;{bnpUSFr1on % wt . Ag
87.5 @ = 78..4 64 6 25

11.5 | Compogjtion. % Wt.3y o vje| dgv .

>98,, | :9 >08 >98 Propertigs SurfacezAgea fqr@

&9 £4.1 18.5 Particle Size, 3096 2.79
1.78 - '1 4% qlnt‘[err] 35 The forggoi ng datggshow bleat the all oys
havi ng hlgher Ievels of Pd in the alloy tended to have hi gher surface
areas. JI g@ ng to note that between about 4 and 12% Pd, the all oy
parklcles ha

Pd/ Cu:al:-1 oys nner of BExjamg@l es 1 q3eexceptz.ighat a
st0|ch|onetr| fzhydra2|ne sul fate was used as the reduci ng agent
and t hefanount "of Cu was varied from8.8 to 30.4% Conposition and vol une
of the reactant solutions were as follows: 1.0 liter aqueous solution of
16439 [err] and 52 g [err]2.5 H20 45 1.1 liter aqueous solution of 117
g hydrazi ne emaMrUEE Noerr] 1.1 liter aquﬁﬁhs.solu hhﬂﬁL_Each of the
procedures produced al |l oyed )solid solution) partlcles It was interesting
to note! t hatCampoedd/i@n.al¥ &t .exhi bited particle syrface areas 2.5 to 3

ti nps as hi gh X% the Pd/ Ag al |l oys. The SItI o\r%aagg sursf}arcge area of the
aIons fromtiﬂQ;serles are given in Taﬂl 4 bel o

§§ @ tlchpﬁglzes Exagplges 10 -12 40 A Euﬁther series of

Yield., % >98 ' >98 >98
20 Properties
; Surface Area, n /g 6.9 14.1 18.5
Particle Size, 50% 2.79 1.78 1.49
point um
85 ‘ The foregoing data show that the alloys having higher levels of Pd in the alloy tended to have higher
surface areas. It is interesting to note that between about 4 and 12% Pd, the alloy particles had larger
particle sizes.

\_/ Examples 10~-12
w0

A further series of Pd/Cu alloys was made in the manner of Examples 1 -3 except that a stoichiomeliic
amount of hydrazine sulfate was used as the reducing agent and the amount of Cu was varied from 8.8 o
30.4%. Composition and volume of the reactant solutions were as follows:
- 1.0 liter aqueous solution of 164 g PdCl; and 52 g CuNQ3+2.5 H.0
45 . 1.1 liter aqueous solution of 117 g hydrazine sulfate (Hs N2)2S0s)
1.1 liter aqueous solution of NaOH. :
‘Each of the procedures produced alloyed )solid solution) particies. It was interesting to note that the Pd/Cu
alloy exhibited particle surface areas 2.5 to 3 times as high as the Pd/Ag alloys. The composition and
surface area of the alloys from this series are given in Table 4 bslow:
§0 '
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EP 0176 760 Bl Tabl e 4 PREPARATI ON OF Pd/ Cu .ALLOYS 5 - EXAMPLE NO.

10 - - 12 AIon Conmposition. %w. Cu

30.4 - . "24.3 8. ' 69. 6
75.7 - 85.9 10 Properties EJUPf‘ZEJGO Blea. M /g 50. 0
51.7 31.1 15 Exanple 13 A still further powdered all oy was prepared

by the: procedure of Exanples 1 -3 i aWHEC Rh was alloyed with Ag. In this
exanple, [err] was dissolved in an excess of aqueous [err] and conbi ned
with the 20 [err] soluti ppepRiarienadprupl /el Rageyadded was sufficient to
neutralize the additional acrd rn the [err] soluatron. The resultant alloy
contsai hed 9% RAMPUEand.0. 5% Rh. The surfap@® area of pghe parijgcl e was 4.3
n2/g and the particle size 50% point was 1.36 [err]|. This alToy would be
quite suitabhkléprcCbaposdnilonti ¢i wg.Ag conductor conpositions. In all the
foregoing Exanphes 1 -13, the particul at 80pAoduct s24xB3i bi ted.BW0 X-ray
diffracti on peB&s 25 which were well re®8véd from?Sh& knows.l9ocati on of

t hergpeaks for the individual nmetals. ThuS. it is clear that the powders
produced by PRePPFbERSs of thg invention are true solid solutions. Exanples
14-18 and Conpéuaface KxeaplM”2gso A59eni es of sfti.ve 30B7Q1Pd/ Ag al | oy
powders was prepared in the manner of Exanples 1 - 3 in which the pH of
reaction solutions was varied. As shown by the data in Table 5 bel ow, nore
flrﬁﬁy d|v“a§d particles were produced at pH val ues above pH 9 and

especi- 9.5 and higher. Table 5 35 PREPARATI ON OF Pd/Ag ALLOYS EFFECT
OF DH O\I P J;.IQYED %W k% i\ﬁs by the procedurelg?@)91;!1I 881 SQ EnLWHicW-hhmjs alloyed

P..,. Ll C\Jﬂﬁ )Ja ed in an excess of aqueots Q-INOa and combined with the”- 14
9.5 20 AgNO; solution and th of base added was suffidibht Qo neutralize the ‘additional akid /in

10.5 FthOaIAgNOa solution. ﬁxe4eshiant alloy contained 99.5% Jah. #d 0.5% Rh. The surface aréa @ 15
Cl ai MepadticleAval 14ACIHTS atdOthe baHide §igh $0% PointCvas 38 tuind IThie Gildly \WiduIA be eCsuiEcAS  OF
met al 1o« bshagetidly Agodohductorcudipbsiionaind so precipitation froman aqueous .
r eact i oninnaidihel Moregoivgr Exampigs 1 A @3, Ibee paticifate ghoduats extibigh tvak e rag i dififactionx paaks zone
i N ghiwicht veee welbregyvedi fosi theknan locatian of shegeakscfarsthe individ@xd) mdtalsl Bussibis/dept er |
form rtgatéhermadﬂw odusedibyte bpcess 2 theyinyentien dnetruesplichsglyienss | i qui d sol ution of
motal ions or netal oxide ions and at |east a stoichionetric anount
r el at i Bxamples 147=187nd Sampasslive BREPIR2 a4 reactant fluid which i s sol ubI e in the
~aqueous solvent .and which mnll react with the ions |n the

é’é i}y
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or netal oxides fromthe reaction ne,q‘a gtfor a tine sufficient, by which
onl y solid solution particles of netals net al oxi des having the sane

rati o Of net al S t+t ha S 0

PREPARATISN OF Pd/Ag ALLOYS EFFECT OF pH ON PARTICLE SIZE
““ ’ Example No. Reaction Solution pH Particle Size um

Comparative 2 9.0 8.8

“ 14 95 : 26

15 10.0 17

16 105 1.4

17 11.0 1.2

45

Claims

1. A process for forming a solid solution of two or more metals or metal oxides by ionic reaction and

50 precipitation from an aqueous reaction medium comprising the steps of:
A.ln a high intensity mixing zone in which the energy dissipation rate is at least ol 10U
Joules/sec/liter, forming a reaction medium by mixing together an aqueous liquid solution of metal
ions or metal oxide ions and at least a stoichiometric amount relative to the dissoived ions of a
reactant fluid which is soluble in the aqueous solvent and which will react with the ions in the liquid
56 phase to form metals or metal oxides therefrom and maintaining the pH of the reaction mediuin at a
level of at least 9.5, maintaining. the reaction of the metal ions at a rate faster than the rate of
precipitation of metals or metal oxides from the reaction medium for a time sufficient, by which only
solid solution particles of metals or metal oxides having the same ratio of metals as the agiicous



EP 0176 1760 Bl Table 4 PREPARATION OF Pd/Cu ALLOYS 5 - EXAMPLE

NO i L. 10 All oy Conposition. %vt. Cu

30:4 . 24 3 -8. 8 gpflo 176 760 B1 6-9.6
75.7 = 3 85.9 10 Properties 2 * : Surface Area.
[err] : 50.0 51.7 31.1 15 Exanple 13 A

still : further powdered all oy was prepabtd &y the procedure of Exanples 1 -3
in which Rh was all oyed W|th Ag In this exarrple [err] was dissolved in an
excess Of aqueous [err] anHRERARATEQN ‘ MLLO¥Sr] solution and the
amount &f base added was suffi ci ent to neutral I ze the additional acid in
t he [?err] sol BEAMRLETNG.resul tant al | oy cdi®ained M_AAg_aﬂd-_D 5% Rh. The
surfaceiarea of the particle was 4.3 nR2/g and the particle size 50% poi nt
was 1i36 [errfn?ﬁl CompPBYythoBt d* ¥t quite_sujtable for I ow conduct ivity Ag
conductor corrpo§ tions. In all the forego % Exarrpl%!h -13,8
particulate pro Bcts exhibited two x -ray.; i$fracti 'peakséfZS Wmch wer e
wel’l- ’?ermved {,E?grewe Enovvn | ocation of" the peaks for the individual

al s."iThus, FS tPear t hat2t he powders produced by t he process of the
i nvention are t?HéfgﬁFlﬁ‘%rLﬂﬁléﬁs Exanp?®sP 14- 18 Hhd? Co ative Exanple
2 30 0 : Aseries of five 30/70 Pd/ Ag all oy powders was prepared in the
manngg of Exanples 1 - 3 in which the pH of reaction solutions was vari ed.
As showg.dhpietdde data in Table 5 below, nore finely divided particles were
produceg—at—pH.val ues above pH 9 and especially pH 9.5 and higher. Table 5
35 PREPARATStDNASr pbletleAa aitylwa Srefirdcby kv frodatilrédt ERANDIGsL-ES iSWwHiEh Bix assieyedio.
React i owitiSag.Uh ittt exahiple, RIZOS twag kissobed th freéxchssddd aqueous HNOa and combined with the
Covgpas aAgN® sblution and the amount of b8seQadded was sufficient to neufai@e e additional acid in the
9.5  RhNOs/AgNO; solutiofl.. The IrBsultant alloy contained 99.5%)A@ and 0.5% Rh. The surface e7 ofl he
10. 5 - -particle was 4.3 m%/g and the patticle size 50% point was 1.36 up. This alloy would be quite syitable jux
Cl ai ms lpw canduetiyiboAgscopdyctof eanpp3igns sol i d sol ution of two or nmore metals or
net al “oxj degll B fregaing Pa@meles dnih e priculate prpducty grhiblied twe X fifc ‘293 Weddis
r eact oH"'%U?’Err‘f’PQ:Eﬂ'fE’qusff the kpowa dqcgtion of the gegle fog "?ﬁ viguak TBetF- TS AT zone
i n whi clietthipqugers gideed by He progass ff °e'"‘f°§t'°5ta“ﬂt%'8§?"d8 U8 Joul es/ sec/liter,

formng.a r aqsl %g:'nuq;tn%'Exa xing toget her an aqueous |iquid solution of

met al M&—%&i—@e—&%&r—%&—&n& at least a stoichionetri c armunt _

rel atab Ve t0 seh&eof%esmoﬁ g aﬁt{}spogder@wgs an &L Wa%e}"’&' é;(%n ﬁh [he th_e
mordSin WlkHd

aqueous ﬁ roMé% As ot By a tuh?ablecmﬁeldvp hcles

phase " t {, erom.ezs rﬁvarasséﬂereadné)aﬂaéep%craﬂe;rrﬁésmh mai ntai ning the pH
the reaction nediumat a |level of at |east 9.5, maintaining the reactlon of

the netal ions at a rate faster thanthdesrate of precipitation of netals or
rretalasoxrdes fromthe reaction nmediumfor a tinme sufficient, by which only

solid sol ution pariddhERna oFPHAL RLBvs EFFECT OF bR PRETICIDsiZE® |Same ratio of
metal's as the agueous
111114111111111111111 ExdrielNa. C | RealfjoR Sblution pH |  Particle Size um
N : Comparative 2 9.0 _ 9.8
“ 14 9.5 26
15 10.0 1.7
16 105 14
17 11.0 1.2
45
Claims

1. A process for forming a solid solution of two or more metals or metal oxides by ionic reaclion and

60 .  precipitation from an agueous reaction medium comprising the steps of:
Aln a high intensity mixing zone in which the energy dissipation rate is at least ol 200
Joules/sec/liter, forming a reaction medium by mixing together an aqueous liquid solution of metal
ions or metal oxide ions and at least a stoichiometric amount relative to the dissolved ions ol a
reactant fluid which is soluble in the aqueous solvent and which will react with the ions in the liquid

6 . phase to form metals or metal oxides therefrom and maintaining the pH of the reaction mediumn at a
level of at least 9.5, maintaining the reaction of the metal ions at a rate faster than the rate of
precipitation of metals or metal oxides from the reaction medium for a time sufficient, by which only

solid solution particles of metals or metal oxides having the same ratio of metals as the @ 'muenus

9 ||II|II| I|II|I ITHLL



EPOl?B?GOBl liquid solution are sinultaneously precipitated; and B.

separatl ng the.solid solution particles fromthe reaction rredl um 2. The
process:of ‘claim1 In which OnEP?)Ql %Qgt' of the solid solution is silver
metal rand in step A the 5 |?§u. fonic solution is free of halides
and the-reactant fluid is a reductant and the pHis maintained at a |evel

of at: Iéas,fqu,a;l,mmng,lagmmmews IbreRipitated; apgdr oxi de of an al kali or alkaline
earth met ag, se&raThgem@éduae&&.omgrfeiealfrmu%elr&cuw.ﬁéamhhe solid solution is an
al'loy of silver and palladium 10 4 The process of claim2 in which the

r educt2anthe grodess ofadabhe In jrohichne Edmepopanoafctisssotid sahltion insilver metaltnd in staped, dlenponent
of she $iduiddonkmsolmionais freesof halided aned i reavnifiid is @ rdustanhéndites phbk gwintatled alem t he
group: colewel gt st fegstd1 bythe arition obandhedroidsand amadkall er alinltinervatt metdls t her eof , and the
solid-so6lution is a ruthenate of bisnuth and/or |ead having a pyr ochl ore

-t ype St Thecrrepees of elgime2 inThich fhp selid selution iscan gliay,of sitves aphpalizdiugh e conponent of the
solid selution is palladiummetal and in step A the reactant fluid is a
redﬂct‘anirh"d?'i‘EFef%c 'FP%'@ wn'ﬁ'rﬁeaqdvréﬂ“a@"aa'#% of at Ieast 11 by the

adlt!Oﬂ of an d|réox of an '% m ‘ﬁf"g° on
process. g ? e h&gﬁﬁth@,x. 4 b gl i ﬁxF smls hydr?g";s i [ um and
The, proceéuéi of ar‘Iﬂ fb' eh‘f' co eorce p:ﬁ? es are heated to at
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ef f ect O’%erﬂu. is & RBucEl 4@ G PH I8 Frafffaink aaanei biGk Rast 17B) BObaNBRLIUGNe 1.
Verfahre dfdtide BI dniikaiDor AIkAIRS odrB et Of f | 6sung zwei er ‘oder nehrerer Metalle

oder Metal |l oxi do duich 30 | onenreakti on und Fal |l ung aus ei nem waBri gen
Realét 170 N SResibcess of daimaesis @mich T eolidedlitioh isain alfby oBpdiistingandicag®r. Reakt i onsmedi uns

I n einer Zone sehr intensiver Verm schung, in der die Eneryie-

di ssi mt’ﬂW@esaodmhindxigmibnmmmh@uiemmrm. J/s | ist, durch Zusanmmenm schen
eineriwiloritell flGssigen Losung von Metall - |onen oder Metalloxid -

| onen ‘SunThevrrpdegs ofegiaim dj im whichs the cepovanes partislet ere Nepied)te at flrast R9RBTE buifbeldy ghe

gel st enmpltingReint @fitWPeﬂ@'iMﬁ%tRemfﬁwwaﬁf tha gyirtace gfag of ithe padipies. WwABr i gei i 3s
LUsun&sm ttel | 6slich ist und der mt den lonen in der flUssigen Phase

r eagi PP“*’BH?’H%US I\/Et aI I o oder Metalloxide zu bi | den, und Halten des pH
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Reakt i ohs isafpltid ihdi Egmgeﬁ‘
Fest st of f 'fi&éé%égibﬁx'ri'@ Qlerlon bl &Qﬁ"—lo%ﬁ@wh ihb stocLiGﬂnelﬁ‘Qhen
gl ei cheri g8 abezbdsh Suftfie Nialoatbr Gneny é?negﬂﬁnd/ﬁﬁﬁlk@ﬁ‘sp rln i3S tiéGin LU RER1igen

gl edgchzei L Usgungstniist idlidntistWRd dé rhit dénl1drlen dePRtids@EHBAséIRbgiert, um daraus Metalle

Fest st of f i gdel Mglidridb CAacridsi) infRaltén a6 PR el meaﬂlons\t'ﬁﬂ'ﬁ:ﬁ% e eifés 'wehnsgr uch 1,
wobei el newdligapanes) Haltdiater Rexkiiontdel MbIGIE-tIo@n D8It driel Geehwindigiiet, i hidhei istlaisc Ci t |

di o -: ;f|diss Fhilpegsgeschwindigheil deruMefalioeodeSdetalldxide Aaub rdet Reaktionisialscigegifidlesinel st und
dés” FI ui dreealgend legeaieitl wodugh inut FesBtoffissunGeliofieni don Metalle @ler Mekllawidel nilefempH
dureh Zugadiriched Vieskiltpip kmMptallop isrdictyagageldtibsiopd Osunb lolpighaitip eesoefiiill verdirr ek r - Wer t
von weni gsi-Ahtennen doe fieststoliidsuppsteliches vonyBpaidionsmediyiach Anspruch 2, vvobei die
Feststof fl 6sung ei ne Legl erung aus Sil ber und Palladiumist. so

Ver f atfr e¥eriaiemnach "fp&{?h K°’B&‘§‘e ﬂﬂlﬁeftﬂ?fg‘?ﬁ‘?gc ’é?ta"ﬁﬁ lops 5 'd"' iy L

.Vsifanasﬁ%%“’"% G %éé%’rgw T S o

aus Bi smitoX) "d'"8 2ox i@ eren M schuc - * gen, und die Feststoffidsung

ein R":E h@%@f\rvv ﬁ%&h Ehs?)m(!ﬁ 2, gé| gg%s tf%suﬂg Jl e e&gr{mgséug 'éhl;epﬂndvﬁﬁad |'|9(Ch| or 6s

Typ ist ren nac Anspruc el ne Konponente der

Fesdy S 10T {idrafrbi SbcARhsphich 5,386 aPhddmtibnsittel ﬁdrmauaar&h iger Flui dreaktionspartner
bei Schritt A ein Reduktionsmittel ist und der pH durch Zugabe eines Al kali
- 10 8. Verfahren nach Anspruch 1, wobei eine kdmgohdrtd ddrlredidtdhdslidd RiA1ib4] Lddldine weilskd O 176
760 Bl : Komponente ausgew#hit ist aus der Gruppe bestehend aus Bismutoxid, Bleioxid und deren Mischur -
. gen, und die Feststofflisung ein Ruthenat von Bismut und/oder Blei mit einer Struktur vom Pyrochlor -
65 i Typist.

6. . Verfahren nach Anspruch 1, wobei eine Komponente der Feststofflésung metallisches Palladium isl uind

* der Flmdreaktlonspartner bei Schritt A ein Reduktionsmittel ist und der pH durch Zugabe eines Alkali -
_ it S
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oder Erdal kal i netal i hydroxi ds auf ei nem Wert, von weni gstens 11 gehal ten
wird. 7. Verfahren nach Anspruch 6, wobel die Feststoffl6sung eine

Legl erung &aus Pal | adi um und Kupl ?é 605 8. Verfahren nach Anspruch 7,
wobel :das Reduktionsmittel Hydra | 17€78081 \ior f ahren nach Anspruch 1,
wobel :diie gewonnenen Teil chen auf weni gstens 300' C, aber unterhalb *les

Schrel. 2 punidope kot ics VI Vi doh Bl PP hendih AREUK i on des

Qber f Lach erel chs de roil- chen zu bew rken.” 1Q0 fRevendi cations 1. Un
pr 0c~d6 ydevdraireudc® Rndirudi6, wosdi dio iFeststSisiriduind Lagleriiy 408 P&IBdIIm LREPIXiSOU
oxydes n6tal i ques | par r6actlon ionique et precipitation a partir d' un
mlies taeaVérramanﬁalch AGEPRILE 7, wobesl BéscRvdiitionsmiteOyaais isl 6 sui vantes: A. dans
une zone de nelange a intensite | evbe, dans |aquelle | e taux de dissipation
de |'' Meig. gvesfalwren naghi Amsprupis 1, evgbdi dia g@@dnehen Felistien @ofovedigsiéris t306,C, aber fndehath des

m | ieu r6aSdhmelepuskis der mamg%lmemlmﬁe@m uini Redulftior) descRbodiehetkomiolis Heyrisil -

met al |-i queshemen kbwirkans d' oxydes metal | i ques, avec au noins une quantit6
stoedhi onbtri que, par rapport aux ions dissous, d un fluide reactif qui est
sof ubl’ e Revandicationso| vant 20 aqueux et qui peut reagir avec les ions
en phasg I‘quqgrlode ?Pguf‘rw{a?rlrjrjer ge@qogeﬁhaux%ﬁ%ﬁ%%%%g talli ues A 35%L£| de
Ceux - c al
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l a_sol: ut I on suftisant)de fhgoo Ui cke qes tseudosedyst partidulésatie golbidni isolide db andtdud| ced'wxedest | f
est um agentmétalidurstofitant le méine rappérigiotméimi beeln Solation figuide atreuse Qigntsmutigctgel e a
| | par :addiprécipitéedie | t hydr oxyde d'un netal alcalin ou d un n6tal alcalino -
terreux. 3 B.en ffpeelagGadalesdo salutiprsaligridurailisuggacionnelar act eri se en ce que | a

sol uti.on sollde eut un alliage d ai gnl el 36 de aIIadlum 4. Le
pr oc6d6 %séke F%‘(?gﬁ Eﬁ"&'ﬁt"?‘!ﬁfh ‘2°a’3€§F'?c?’U?"| qug I'whdaesgo B@a’f“ EJ%" rFP'”V‘GcfH'&'Feur
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en ce que g § C"]qg(fg“" m% alc?lm ou 3n Bmgta aécﬁsr\ol terrg bar :

autre conp 1 Sl oxyde de blsnuth
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Le procede s | a revendlcatlon 1, caract6rise en ce que |'un des
conposaul sLefffockds oRh W rbvendicalél 1) b4l t8HSs on co dad I'agdt rdtfabbul dhtUdTommidBIdbque et
quo, dans |'tape A, le Fluide reactif est un agent réducteur el le jil |
oS¢ nai 51 ARlprdvétdsslonah aéndRalioi| difacBgsd & @ qld I'fradesad@pdshriafddR solufiydomsyde

d' un wrbt al esbile FaD;, wN aotre amposantGistadhoisil daad b ymupe topstit@Lper: oxyde be bisnat,vdlesiel on

| a revendipanb ereufs méanges bela isggior olide esjwe ritzdnate [da bismnth SBéu dbeplait pésentailt] | age
dCo pi al'| aundistuetude type pytochdare.cui vre. & Le procdd6 selon | a revendi cation
7, caracterise en ce quo |'agent r6ducteur est |'hydrazine. 9. Le procede
sel on | & rlewriordsd salands reyendication d @Fac¥isean qecnug ign escompgseniz ig Iéss‘"f"ét‘d’ﬁ'é'%es
sont %€ al .95 ¢ adipm pétaliique Gh‘é“% Eqtape fy lo fyide r‘ﬁ?F‘H§s‘é‘gz§9‘§“ ipdugipyr et lo |l oY qui
est infé6r |%‘@ “'l?o‘ial‘?t" YemoniBiR aT P addifion deolvdrappeydun mst algiy é’t!t"d'ér une
réducti on 9 %t aci que des particules. 11111111111111111111111

7. Le procédé selon la revendication 6, caractérisé en ce que la solution solide est un alliage de: pallaciivn
50 et de cuivre.

8. Le procédé selon la revendication 7, caractérisé en ce que I'agent réducteur est I'hydrazine.

. 9. Le procédé selon la revendication 1, caractérisé en ce que les particules récupérées sont chauifées a
§6 . une température au moins égale & 300°C, mais qui est inférieure au point de fusion de la solulion
' solide, pour effectuer une réduction de I'aire surfacique des particules.
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