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1 METHOD FOR | SOLATI NG ULTRAFI NE AND FI NE
PARTICLES AND RESULTI NG PARTI CLES BACKGROUND OF THE

| NVENT1 ON Field of the Invention The present invention is
directed to uwvoraaBsne and fine particles and net hods f orPCEUsSIg33and

| sol ati ng such particles. Di scussion of the Related Art

Utrafine particles are defined in the art, as havi ng di anmeters of about
100 nmor less. Such particles are the}efore smal | er than conventi onal
powders, but larger than typical atom clusters. Utrafine particles are
of great interest due to their nunerous applications, including use in
t he formati on of ceram c and netal structures, conductive paths
and/ or conductive |ayers in ectroni c_devices and the production of

cat al ysts. For exanpl &ETH®P %95 SEOLATING | FIRADINECAND | f or mi ng
ceram c and netal parts FENBl PARTTCIESIAND RESQL&INGSPRREIGHESS provi di ng the
parts with optinal physi Cc &, 3 X 3ngt h and ductility).
Al'so, in electronic devices, the snall par " ow creation of
finer conductor p ' i n processes used to produce
ultrafine partlcles nnwhe prefart [invénttohaigadirsrethitbedlttapen

I
oL o "8 5 SR ol bbb [ oreeter

whi ch ultrafine pé??l%?%ﬁSeﬁ%Fh Pan$é§ﬂﬁé flne partlcles may be equally
useful . Neer, to obtain powder of

ultrafine and fi ne parﬁi‘gatefs ‘}\M é:@cs Pgréee CI . % g[%{, t%oE into
r ave

| arger, |ess useful par ose S
having diameters of about 100 nm or less. Such

particles are therefore smaller than conventional

powders, but larger than typical atom clusters.
Ultrafine particles are of great interest due to
their numerous applications, including use in the
formation of ceramic and metal structures,
conductive paths and/or conductive layers in
electronic devices and the production of catalysts.
For example, the use of ultrafine particles in
forming ceramic and metal parts results in small
grain size, thus providing the parts with optimal
physical properties (e.g., strength and Quctility).
Also, in electronic devices, the small particles
allow creation of finer conductor paths. Variations
in processes used to produce ultrafine particles may
also produce larger, so-called "fine" particles,
which are defined as particles having diameters
greater than 100 nm but less than 1500 nm. For many
of the applications in which ultrafine particles are
desired, fine particles may be equally useful.

It has been difficult, however, to obtain
powder of ultrafine and fine particles without
experiencing agglomeration into larger, less useful
particles. Thus, those skilled in the art have
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2 v attenpted to isolate ultrafine and fine particles in aliquid
suspensi on to prevent such aggl oneration. For exanple, U.S. Patent
No. 4,872,905 di scusses a nethod of obtaining particles by

utilizing awsyussAasi ng process and a liquid subst r at e. POTESITOIAT
particles generated fromthe target el ectrode encounter vapors of a
heated |i quid oil, are covered by thg oil vapors, and are then
“captured by the liquid oil. A conplex reCovery process is required to
obtain a usable end product. In particular, the liquid nust be m xed
wth two sol vents, such as kerosene and acetone, to thin out t he
oil and forma coll oidal suspension. The acetone (or conparabl e sol vent

havi ng a boiling oi.nt I ower than both the qther solvent. and_the oil)
i s removed by h@éﬁ?ﬁ@gﬁﬁet%oﬁﬁﬁxﬁﬁ? é;%fafﬁg nd ?? ne RAFEFISE 2l es t hen

settle in the sel uh'qamd suspdiis Hors eqea paeiventpsuch saggdgneratEiano be

performed up O bOY kPP, \PIEOWRerRI WL h0p38l g the  particles
the oil covering nus e {

renoved ng the particles
in a sol vent suckscusses ajBxeEred Q§uﬂ?qﬂ%9189rg?§tH¥%§%%@% t he
particles wll %@&Q1§Qn§g§|§§ﬁ£ﬁﬁfﬁn§nﬁrbC€Whlbﬂdthellqulmmthod of this

pat ent 1y of fel, BafRked’ SHRLI ey pAlhCALENBAE-ALOR HaSH IlePs i L hout

aggl oner ation, prov roducl ng I sal ated
particles in a Sﬂxnmstth&?CFEQd¢|QQEQ¥PQﬁWéV3€Pﬁ§IOES% heated “higuid ¢ ¢l es.

Anot her patent dgali asrewcbheﬂéarWIﬂfe aid fiapers, an@aaté il U S. Patent
4,877,647, describes a r_;qPt aixn o, suspen5|on of
par t | PEYT eé”ﬁxrgg%dl °£1 cBQﬁ?eﬁ Lé&%

nmet al I'n"'a vacuum1s cqg ur by a
sol vent, whi ch rppdesspiestaguited "gayhﬁam a upphypgen yﬁb’f%‘%ﬂq % an

external cooling S¢fvdRchiar, the liquid must be mixed with two
solvents, such as kerosene and acetone, to thin out
the oil and form a colloidal suspension. The
acetone (or comparable solvent having a boiling
point lower than both the other solvent and the oil)
is removed by heating the solution, and the
oil-covered particles then settle in the solution.
Thie separation process may have to be performed up
to four times. Moreover, prior to using the
particles, the oil covering must be removed, for
example by washing the particles in a solvent such
as dioxane. Once the oil is dissolved, the
particles will tend to agglomerate. Thus, while the
method of this patent may offer a way of storing
ultrafine or fine particles without agglomeration,
it does not provide a means for producing isolated
particles in a state that facilitates the actual use
of the particles.

Another patent dealing with ultrafine and fine
particles, U.S. Patent 4,877,647, describes a method
for obtaining a colloidal suspension of metal
particles. Vaporized metal in a vacuum is captured
by a solvent, which may be present as a gas or
liquid. Typically, an external cooling set-up is
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3 ¢ + provided, by which the solvent containing the captured net al
atoms and atom clusters can be frozen to the interior of the

vapori zation vessel. The frozen matrix is slowy heated in the vessel
to form awoOIIBB3al suspension of nmetal particles in thePCT/USSYRYENt. A
| ar ge excess of solvent is required to obt ai n t he suspensi on, however,
at least 30 to 1000 parts by weight of gsolvent. Preferred netal

| oadi ngs range fromO0.02 to 0.09 nolar. Above this | evel , the netal
particles will tend to aggl onerate and precipitate. Thus, ultrafine and
fine particles produced according to U S. Patent 4,877,647 are
difficult to utilize in many applications, because t hey cannot be used

separately and di stli from .. .t | ar ge _apount, of .sol yent required.
Mbr eover , redg’gcr?p%}r%é%f t %%C%R%gf s?gf'% { CPREART RS X-'%e undesi rabl e
aggl orer ati on, theppbyredsnetd]l mfans and apamt chhstera swnubecfsozen

The need theref or @cexhst snt&Fid®idPOdheOvapori PALHME Vibddll.r alphge and fine
particles that re spol at ed frq{ggne anot her, yet are in_a state

in '
t hat facili tagg?zﬁﬁnﬂ?{:ﬁbx aH Shed §§tﬁ‘gtbﬂt"rﬁ£ vessel, b0 £9¥Pons.
SUMVARY OF THE | NeERPLENLdal suspenflionppéswatal marticies indithected to a

met hod for isgbatbhg. PaktiLtes exbads"BENSE1 VWOl e SdfiS red tﬁt ep of at
| east substantially, encapsul ati n%ﬁ‘j\fdnt particles present as h I
'h

a hi y
di spersed col | oi dgPt3I £RE RYRR SHe¥REa t'ul]'£1"}s‘:r’n§?t°ei"-PaF'-,go9uch t hat
t he encapsul at ed partscbesweight rofi mdbdyendent Paerferred diet@alet e upon

separation from t hga8uSPENsAsde from 0.02 £8E Pé@%af.nviwoivgntjf&sal SO
directed to a thod for 1salating ultratine particles,_ 1 ncluding

rre »
the steps of prepafYfiy’ athF JMitPuRaTEAsdgs Bt bitend to agglomerate

and precipitate. Thus, ultrafine and fine particles
produced according to U.S. Patent 4,877,647 are
difficult to utilize in many applications, because
they cannot be used separately and distinctly from
the large amount of solvent required. Moreover,
reduction of the amount of solvent results in
undesirable agglomeration, thereby destroying the
particles' usefulness.

The need therefore exists for methods of
producing ultrafine and fine particles that remain
isolated from one another, yet are in a state that
facilitates handling and maximizes potential
applications.
SUMMARY OF THE INVENTION

The present invention is directed to a method
for isclating particles. The method involves the
step of at least substantially encapsulating
particles present as a highly dispersed colloidal
suspension with an encapsulant material, such that
the encapsulated particles remain independent and
discrete upon separation from the suspension.

The present invention is also directed to a
method for isolating ultrafine particles, including
the steps of preparing a highly dispersed colloidal
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4 ’ -suspension of ultrafine particles of at |east one nmetal in an
organi ¢ solvent, adding to the suspensi on an encapsul ant material such
that the uItrafine particles are substantially encapsul at ed by the
encapsul ant wewys¥rd , and separating the encapsul at ed rOTIUS9T#337 r oM

t he suspensi on. The present invention is further directed to

i ndependent and discrete ultrafine and fi particles at |east
substantially encapsul ated with an en @apsulant material, wherein the
encapsul ant material is at |east one conpound sel ected fron1an

am ne, an ether, a thiol, a sulfide, a carboxylic aci d, a hydroxy aC|d
a sulfonic acid, a pol yhydroxy al cohol, an organosilane a titanate, a

zZirconate, a Zi rcoal um nat car box Iate ul f sul f onat e,
an anmmoni um sal tsu%P?Rﬁ’r‘HP & %‘FEFgﬁneaPa tlﬂﬁ%pﬂé ﬁsFrrPﬁézol e, an

oxazol e, a thi aznéml an an mnmzﬁ]cesoavpytroaddmg a:opy;lhleol I dine, a

pyridine, a cﬁ? aggslaa lflaeéﬂa s%c&mmn@heand
derivati ves thereo suc t ndependent and
di stinct. ultﬁflfrse tnfrt’féq}ﬁeea§?oeebfmt=@dtlw @ﬁ@apardégm@g

general descri ptbpntiea eridipdullantwWnagedead| | £68 sepadatdhgpthen are

exenpl ary, and a . O¥| t | ganati on of the
Cnvention as % %é‘éne&%g_lééh tp(‘)"rtf"lgg Ejﬁ%i! ‘IL%[D %@g@%{éﬁfﬁo\. OF THE | NVENTI ON
The nethod of the pre“éleenprerﬁm ioNepsion iggpiqthes dirgcpaditel es of netal
el enent s, nOﬂrTEtﬂlhdependﬁrﬁf%dlisﬁeégénhitﬁmm fame organic

conpounds t hese $5 éféé*%éxi ablegg%ﬁggiglgihy encapsuggkgddlsggrsed

col | oi dal suspeh%
PCT/ US97/ 03337 an encapsulant material, wherein 3he encapsulant

material is at least one compound selected from an
amine, an ether, a thiol, a sulfide, a carboxylic
acid, a hydroxy acid, a sulfonic acid, a polyhydroxy
alcohol, an organosilane, a titanate, a zirconate, a
zircoaluminate, a carboxylate, a sulfate, a
sulfonate, an ammonium salt, a pyrrole, a furan, a
thiophene, an imidazole, an oxazole, a thiazole, a
pyrazole, a pyrroline, a pyrrolidine, a pyridine, a
pyrimidine, a purine, a triazole, a triazine, and
derivatives thereof, such that the particles remain
independent and distinct.

It is to be understood that both the foregoing
general description and the following detailed
description are exemplary, and are intended to
provide further explanation of the invention as
claimed.

DETAILED DESCRIPTION OF THE INVENTION

The method of the present invention is
applicable to particles of metal elements, nonmetal
elements, inorganic compounds, and organic
compounds, these particles capable of forming a
highly dispersed colloidal suspension.



Solid el enments such as boron, carbon, silicon and the Main G oup

metal s, such as al um num beryllium magnesium etc., which are capable
of form ng atom c and cluster species in the gas phase, can form
particles in a controlled fashion in a suitable mediumto form
col | oi dal suspE@STEIE | norgani ¢ solid conpounds, s&EHUSEAIEYT,)

oxi des, sulfides, selenides, tellurides, phosphides, ant i noni des,
fluorides and ot her halide derivatives qare known to form col | oi dal
particles in suitable medium Simlarly, other inorganic conmpounds such
as borides, carbides, nitrides and suicides form ultrafine particles in
a controlled manner. Binary, ternary, and quaternary netal alloys, and
the |ike, and internmetal lic conmpounds can also formultrafine

particles using approprd a opdidd.Qps- Bot ic and
I norgani ¢ pignents, mhi%éﬁé%g;ﬂ%@%ﬂis %?%ﬁd%%dg y a SSFPgty %%Pﬁgﬁﬂods,
require a great angdde Maigh@EruRl mghal? nriYidt idFe 2PPEPE™t 0 keep t hem
wel | .di spersed in Befglliin andhgnesdune éten iwhixh aredeapabllepafticle size

and size distribut] . The . abi L e UCh . [ | screte
particles t herlg?%hruénin té’r?'@e?s Pﬁe%‘f‘%?%llke%y&%% t-lﬁg?:ﬁg B%Qp@gaﬁéc‘t i on

met hods and i nproveantfran Hantdclesain a coptgipdlgdegashion in aThe initial
step in produci ng pgpied iRfian to £B2k!és]RSiRAC@UBbEEsiEnsNE enbodi nent

of the present ~invention is for tlgg gﬁ L hg%hby d!sg [sed
col | oi dal suspension of Wﬂﬁgﬂnﬁ&aFPﬁggeg TROHe . S55g AR B g%ivent. One way
to prepare such a oxidesispuridiidesi ssdbeniderd HYellyrddepat phesphddes 647,
the entire discl osghesfbnidiisn flokRaes PARAtShdlY halideeher evaeives ei n.
20 97133713 are known to form colloidal parti%ggéu§g7é8§§§gle
medium. Similarly, other inorganic compounds such
as borides, carbides, nitrides and silicides form
ultrafine particles in a controlled manner. Binary,
ternary, and quaternary metal alloys, and the like,
and intermetallic compounds can also form ultrafine
particles using appropriate methods and conditions.
Both organic and inorganic pigments, which may be
produced by a variety of methods, require a great
deal of physical and innovative effort to keep them
well dispersed in a medium and produce them in a
desired particle size and size distribution. The
ability to keep such materials as discrete particles
therefore enhances the efficiency of their
production methods and improves their functional
properties. .

The initial step in producing isolated metal
particles according to one embodiment of the present
invention is formation of a highly dispersed
colloidal suspension of metal particles in an
organic solvent. One way to prepare such a
suspension is described in U.S. Patent 4,877,647,
the entire disclosure of which is incorporated by
reference herein.



The suspension may be prepared by first vaporizing a netal or netals to
obt ai'n netal atons and atomclusters. The netal or netals preferably
have an atom c nunber from 21 to 32, 39 to 50 and/or 72 to 82. The
nmetal atoms and atomclusters are captured in a vaporized state in an
or gani ¢ sol v&Q9733713vapor. The atom and at om cl ust er - cont aPOI/H§7/03337

sol vent vapor is frozen or substantially frozen to forma matri x. The
matrix is gradually warmed to roomtenperature wthout precipitating

t he captured nmetal atons and atom cl usters. VWiile all the
netals |isted above nmay be used, preferred netals for formng ultrafine
particles are cobalt, nickel, copper, palladium silver, platinum

gold; tin, lead, and m xtures thereof. In such a nmethod, the netal

or netals are pr ef rablé% evagor at ed .under a vgcguntwth t he
resul tant metal atomns BRNELOR(BRY ReRIspazgd bY £1%8% t aneously with
an organi ¢ sol ventapariwdimgr aometal ¢t quethlsortm bbtpinduesah dtrameen or

substantially a4 %}‘%ﬂb@h%émp‘ VG 4RAS! Qu %@Ls&&@f&#&f erably

bel ow 10[err] torr, | oyed. Because an | d surface
i's necessary to dEVEee a&ﬁa‘w n“?"%’éz"er‘?‘hé-’lnéf’apzat dstantf rPé'tds(IOrcI usters
and t he - sol vert tioo 8201 nTThesmetal netons arld @tosl olusOgesn are cool ing may

be used to freez e OB tkXa00LBot fed gtddl 16 B BFaldlfc WAL

chanber. It is preferre matrix o ns and atom
clusters and ¥&#o¥ent ThEpBESMheaRB MWL S1lpsteszepntpieinge a process
i nvol ving a frozeplstentovagoralisi Eroserast Gubstant QalDyt f¥dzandon | |

produce better roauld s bi20:d.  tnlREESS 1Y Yrhlalith By ALK 'e% T ozen

matri x.
PCT/ US97/ 03337 room temperature without precipitating the captpxedsoli d

matri x i s preferaoniaacewedahd swecm clustdrssl oWy to room tenperature,

e.g.., inatime Pei9d GRMRLCLCaT LY Y Snob@ R Al Jdi,
preferred metals for forming ultrafine particles are
cobalt, nickel, copper, palladium, silver, platinum,
gold, tin, lead, and mixtures thereof.

In such a method, the metal or metals are
preferably evaporated under a vacuum with the
resultant metal atoms and atom clusters condensed
simultaneously with an organic solvent in wvapor or
liquid form to produce a frozen or substantially
frozen matrix. A vacuum below 10°? torr, preferably
below 10™* torr, may be employed. RBecause an
extremely cold surface is necessary to condense and
freeze the metal atoms and metal clusters and the
solvent to form a solid matrix, ligquid nitrogen
cooling may be used to freeze the matrix onto the
interior of the evacuated chamber. It is preferred
that the matrix of the metal atoms and atom clusters
and solvent vapors be completely frozen, because a
process involving a frozen or solid matrix is easier
to control and will produce better results than a
process involving a partially frozen matrix.



suspension. Alternatively, additional solvent that has been cooled to
within about 15[err]C of its freezing point may be added to the frozen
matrix, or the frozen matrix may be transferred to a vessel

containing simlarly cool ed solvent. During such a transfer of the
frozen matri xXWORT3313i ti on of solvent, it is preferabl e PGI/ESPIBNhe
sol vent vigorously agitated. This agitation speeds up the war m ng
of the frozen matrix and helps to control the atom cl ustering process,
t her eby al | owi ng attai nment of particles of the desired size. This
agitation also mnimzes the amobunt of sol vent required. A
preferred apparatus for preparing the suspension includes a rotary or
static reactor assenbly connected to a vacuum punp. The reactor

assenbly may consi st o a fl pped wit si st ance heating
source to vaporize the Hﬁt ﬁ?fb‘l?( “‘aﬂ: t1§I ?rﬁgﬁﬁabjcﬁe%llel £ Y M3ZR gun, or
the Iike, may upe slewdlyi bet rewn dferperatuseaneeg heain rg tsumerce. I n

addi tion, the reaSJleloQS§§819|¥néT‘96’o %u%%baesd to oﬂ!\%éihodgfe fror €
vapori zi ng sources. An inlet rragq owgg Intrqduce the sol vent

into the flask, SUYSBEBFLPRp| A ‘?‘Et?t‘ﬁ%’(& me2€8tbEPRat ARdVEnth&batask
wal |'s to pronote hasmheenncobdlédiccoratirtihin About 182%C eismalts:&&iele&gnget up is

pref erably provi d‘;@:ﬁﬂ ng EONLGSE t%n(éhfer Qggge{l%? %t ‘?:‘ilx netal and the

solvent on the fl ngs of netal in
t he sol vent, tEKEOZRBt BRALTEX Jrass bt brﬁnf@%r?‘él’é?\ta Vessﬁi-l vated at ons or
sna}l at?nlclusteh@ntihﬁlng similadly ¢éolédlsolvent. Durln% such a

PCT/ US97/ 03337 SQ vatlon
phenonmenon i s char achF?Ee%f bt):/h% fﬁozen matrlxht%fnam%l “on qbet ween the atons
or atom clusters ®PLKent, imels@naferablestietkeep ithe folyentting of

el ectrons f r omigbeot®lpl agitdterl.SoMne Bt ag Dt LEIME Sp¥leds GP the

warming of the frozen matrix and helps to control
the atom clustering process, thereby allowing
attainment of particles of the desired size. This
agitation also minimizes the amount of solvent
required.

A preferred apparatus for preparing the
suspension includes a rotary or static reactor
assembly connected to a vacuum pump. The reactor
assembly may consist of a flask equipped with a
resistance heating source to vaporize the metal or
metals being used. An electron gun, or the 1like,
may be used instead of a resistance heating source.
In addition, the reactor assembly may be equipped
with one or more vaporizing sources. An inlet may
be provided to introduce the solvent into the flask,
preferably directing the solvent toward the flask
walls to promote formation of the matrix. An
external cooling set-up is preferably provided to
condense and freeze the evaporated metal and the
solvent on the flask walls.

At extremely low loadings of metal in the
sclvent, the metal is present as zero-valent
solvated atoms or small atom clusters. The



versa. This shifting of electrons creates |ocalized charges which
provi de charge stabilization to the suspensi on. At hi gher

| oadi ngs, the short-1lived sol vated nmetal atons or atom clusters seek
t her nodynam ¢ equilibriumby formng |arger clusters, thus

m ni mzi ng W9 BH3 energy of interfaces. This | eads t ecrAvS97foezyTat i ON
of ultrafine or fine particles, depending on the anmount of clustering.
Thi s phenonenon is highly controllable wgh the proper sel ection of
met al - sol vent conbi nati ons, sol vent ow rate, concentration,
tenperature, and evaporation rate of the nmetal. Sel ection of these
variables will optimally result in the formation of particles of the
desired size. Particles produced by this nmethod exist as highly

di spersed col | oi dal ., suspensions characterized hy high stability. A
"stabl e" col | oi BALVa&rLEnPhEROMENOR [ 1§ stharacterizedi Bped sP¥PRF col | oi dal
particles that riemmiractienl petweenli tshe i dndmad crhaeogholistées edinim f or
several days, no | ' tthipg. aggloneration, or
any change in thtehe\é\%?ei%gﬁq:t’ hep%ilgélc'g\%‘%io%}aﬁ%%c%égggmg %egg%%/ré)ﬁ'ts’ prevents
the metal parti %4 fthenetal| peckhe tskyent pedeendes ner\iri¢e each ot her,
and for sonmBréx@aentrhiBt ghipeing dheludtRonsi ePedBys I Bsdilized Stable

i ndefinitely at | ent I 1] The,term "sol vent" as used
her ei n encorrpasscglrsgyg%%'g?lgggi %*??%‘?ﬁ a%havﬁﬂecﬁtgr éléﬁ?rgb?ﬁyt? g‘ﬂﬁ red to in
the art as sol vawspengi@uwhi ch are able to formthe col | oi da

suspensi ons di scusse@dtah@yBerPPbadings, the sWOrB/i3v¥dd3solvated
PCT/ US97/ 03337 organi ¢ sol vents

9
are preferred df 3 AFEMF GFAFRP CLlustass SEFk: GReTMPRBAHIC sol vate meta
atons and at om equidiilpriumsbynfernirg ikangero cAustevbartlhus vents, but

any- sol vent whi Glirfi@ii¥8 nghenhdesi-é€tekeddyidkalinter f4UEPENSTINL | S SUi tabl e.
Preferred diel e(itera'dcs to tggn;g%géj_éﬁ)rog kﬁtgi_%lf\iggto{‘apg?ef rom about 10 to
particles, depending on the amount of clustering.
This phenomenon is highly controllable with the
proper selection of metal-solvent combinations,
solvent flow rate, concentration, temperature, and
evaporation rate of the metal. Selection of these
variables will optimally result in the formation of
particles of the desired size. Particles produced
by this method exist as highly dispersed colloidal
suspensions characterized by high stability. A
"stable" colloidal suspension is defined as a
dispersion of colloidal particles that remain evenly
distributed throughout the medium for several days,
weeks or months without settling, agglomeration, or
any change in the size of the discrete particles.
The solvent prevents the metal particles from
interacting or associating with each other, and for
some solvent-metal pairs the suspension may remain
stable indefinitely at ambient conditions.

The term "solvent" as used herein encompasses
organic liquids which are commonly referred to in
the art as solvents, and which are able to form the
colloidal suspensions discussed above. Polar



about 55. Suitable solvents include ketones, al cohol s, ethers and the

| i ke. Exanpl es incl ude, but are not limted to, acetone, nethyl ethyl
ket one, ethanol, propanol, dinethylformam de, triethyl am ne,

benzal dehyde, acet al dehyde, t et rahydrof uran, dinethyl sulfoxide, and
the Ilike. WOPBREY ed sol vents are acetone, tetrahydrof ur RRTUSIT03337

nmet hanol , et hanol, 1-propanol, 2-propanol, and the like. In the case of
metal atoms, the solvent shoul d be subgtantially non-reactive with the
at ons at the conditions of the condensation in the reactor chanber,
i.e., wthin 25[err]C of the solvent's freezing poi nt . Simlar
nmet hods for producing a coll oi dal suspension of netal particles in a
sol vent from vapori zed atonms and atomclusters of netal are equal l'y

suitable for use in the present .inventio re.all t hods of
forning suspensi o9 =° ;‘)’5?‘%?0?5% %?eﬁ%rr{ergetdglsé g ek %%ETTE%?%aerﬁ c
conpounds, ambilidr & conpapsuptissolalimmesadf akgps and atepensi ons

i nclude, but are #pistd#B ti@d chfiparisolYEd ARkt -9010k0aBLGEhEs, Ahck aer osol s.
Common to all such net@pd%.og gorn1Q§}cqtlold?] syigegs ons,

however, is the el FUVERY ¥PISRREIR e BirEse ot B ticularly in
hydrosol and or gasuepsnsion dgspuitabie| atPnafanredhdigheahriof recoverabl e

and usabl e Patdnstiftts e kAL IS0 PPOM trfHgeS Frv@NbbbedUis &b i S
WO 97/ 33713 Us97/ 03337

10 pr obl R4 55 SHdLapte ?ﬂ’r‘f%“"t%eif’«f'}élﬁﬁcﬂﬁsggn%?' t he

particles for praxicatallspetheati and.the like. Exaopdeagibolude, present

in}flen_tidoln, an bﬂ‘%}f&%&?hiﬁ%&é&i?,@c%m{& lsnlaatﬁybigbwldisioe{sedth
col | oi dal suspensj on of particles and supstanti epcapsul ates the
particles by formfsiPRr iS5kaROsy ProPRRY 1e§%mq§§H&¥RFWﬂmfﬂ rparticles, or

by adsor bi ng oniexliianinet, i bengaldehnydeecacetiad debyde, "encapsul ate, "
as used herein, nEaNSHRfofuran, dimethyl sulfoxide, and the like.
Preferred solvents are acetone, tetrahydrofuran,
methanol, ethanol, l-propanocl, 2-propanol, and the
like. 1In the case of metal atoms, the solvent
should be substantially non-reactive with the atoms
at the conditions of the condensation in the reactor
chamber, i.e., within 25°C of the solvent's freezing
point.,

Similar methods for producing a colloidal
suspension of metal particles in a solvent from
vaporized atoms and atom clusters of metal are
equally suitable for use in the present invention, -
as are all methods of forming suspensions of
particles of non-metal elements, organic compounds,
and inorganic compounds. Examples of such
suspensions include, but are not limited to,
hydrosols, organosols, and aerosols. Common to all
such methods of forming colloidal suspensions,
however, is the need for a large excess of solvent,
particularly in hydrosol and organosol systems,
relative to the amount of recoverable and usable
particles. The large amount of solvent required is



t hernodynam cally driven process in which the nol ecul es of the
encapsul ant material coat or cover the particles, i.e., the nol ecul es
of encapsul ant material at |east partially cover the particles or
take the formof a nonol ayer coating or sheath around the particles.
Preferably, woseestsre surface of a particle is encapsubetrushr/03337
Optimally, the coating effectively prevents direct

particle-particle interaction, thus prevewi ng aggl oneration of the
particles. Instances of (a) adsorptionh of a single nolecule of
encapsul ant material by two or nore particles, and (b) weak

I nteracti on between adsorbed encapsul ant material on separate
particles, result in a weak connection between a majority of the

encapsul ated particles. . The resulti rljg_ i,nt ergct i on_cyeates an open three
di mensi onal net whRPPleRAtigs {Rthak vidr Kdmgts thegngepiines PHdbe cles
grow, the networlgagtialescEes practibghiln dpplficacdohate. The parti cl es,

however, due to t?h%cg%gﬁ%uégt‘l_w,péeggg%ggbggﬁpfggergn and di screte

t hroughout this flocculating process., __the floccul ent
settles out of tipBcops¥dABFoRaterial Hig addedaspng hbhghlebiarersed t he
matelri al . ﬁfter co&.lﬁﬁ'&ibtli Bspehsi¥n tdre ;&tﬁ:ﬂ&ﬂ&hoandtélﬁoé’ﬁrﬁfiia&lyi S .
easily re-dispersg i e [ l.on. _Upon , VWO 9.7/ 33713

PCT/ US97/ 03337 enca%%uiaggg tg? 6&&1&&8 @')9 ff]_‘['mlng an 1osne:|.pcaro%t i on from
the suspension, tdevagenti bped vibhithe particdpsul ar by adspxhimst e entities

at anbi ent C ot itqa@spabglicp@gorm;melsabl €hé Nt @rhDr € concentrat ed
and useful form ul ant. mat er.i al be one or nore

conpounds sel ect e"(?nfclagﬁlu&ﬁ;rg%' ﬁ%jga s?lectt Yer 4 F’ﬁ?%?@e a sulfide, a
carboxylic acid, thepodyrgnieably fdriven grogsse ariwhigh gdre/hydr oxy
al cohol , an ARl ekaBe, the tédcHilant TateoDal ecoft or cover
;;{f?a;ug;P?gFé1%ﬁ%?%%%ﬁ¥k gg; 91§}UféﬁéiméieculeguéécEﬁ%é%s&Héﬂyﬂnmm um
material at least partially cover the particles or
take the form of a monolayer coating or sheath
around the particles. Preferably, the entire
surface of a particle is encapsulated. Optimally,
the coating effectively prevents direct
particle-particle interaction, thus preventing
agglomeration of the particles. Instances of (a)
adsorption of a single molecule of encapsulant
material by two or more particles, and (b) weak
interaction between adsorbed encapsulant material on
separate particles, result in a weak connection
between a majority of the encapsulated particles.
The resulting interaction creates an open three
dimensional network, and, as the networks of
encapsulated particles grow, the networked particles
begin to flocculate. The particles, however, due to
the encapsulation, remain independent and discrete
throughout this flocculating process. Preferably,
the flocculent settles out of the suspension,
thereby easing the recovery of the material. After
settling out of the suspension, the material is
easily re-dispersed by simple agitation. Upon



t hi ophene, an i m dazole, an oxazole, a thiazole, a pyrazole, a

pyrroline, a pyrrolidine, a pyridine, a pyrimdine, a purine, a
triazole, a triazine, and derivatives of any of these conpounds. O

t hese materials, an amne, an ether, a thiol, a sulfide, a

carboxylic acwd9r@3ngdroxy acid, a sulfonic acid, a . pol yRyHPIxA3337

al cohol, or derivatives thereof are preferred for netal particles; an
organosi |l ane, a titanate, a zirconate, i@ zircoalumnate, a

carboxylate, a sulfate, a sulfonate, an ammoni um salt, or derivatives
thereof are preferred for non- nmetal particles; and a pyrrole, a furan,
a t hi ophene, an i m dazole, an oxazole, a thiazole, a pyrazole, a
pyrroline, a pyrrolidine, a pyridine, a pyrimdine, a purine, a

triazole, a triazine, or. riyvatiye r eof | netal s
and some non- MEEAFEE BTt fgfg'é‘ %}?éefge‘? gégﬁc?rﬁfrrgﬁéle%ﬁén&tgse Ifaeg%lrl(;:){gri at e
encapsul ant nmat er jsaicapsplpsedhasciiggrete antdtirE| pedThiqlte art based on

t he Chalr acteristi F‘c;&:lndifti%hst, thlxealséd:&heeSamdambvema more Preferred

encapsul ant material s [_neta td cl es are one or nore conpounds

sel ected from c‘inicleé‘?l’f&%%l gﬂ?n%?e&a%yﬁoqérr‘f'édi am ne, ol eic acid,

WO 97/ 33713 . . The encapsulant material maypbg/ QD G IRTE

1r20 o lrml on Ccr@fﬂoq&ntdlgyélra%geéetffo@caxﬂ ,anahgﬁt laul ethelr,Sld ftgi_iiodﬁh |

propyl ene glycol, hexanetriol, dioxane,, i e ne col di met hy

ether, di nethyl f ordrfiddde, a 19?56%%tw(%'p?r¥3$’é?x€ 44, 9

3-(2-furyl)acryl orsulfidndc acidg-ehp@wmmmlgoagld,ag

gezgapt obegfr; m d?ﬁdi};%n&-ilaﬁe,n?rgmml : Z%%&?benaéea_f% nobgnzot hi azol e,
-(2- noet hy, razqQle, 1-pyrralidinebutyronitrile, 3-

pyridineacrylic a ,Jogé,lél-m&?"ﬁﬁr ogyf)?’%??ﬁydi S é suﬁa%%’r SApt opuri ne,

1-chl orobenzot ri aznllfonaté, 6an ammopiu | 88ldxy al pgreole; axifuramna

derivatives thereqfp;ophenBal hhC ¥hdbh Yol eTH1 l0kd 262804 NEks: {241 TR A

particles are mal oni.c acid, olejc acid, 1, %9 hexanetriol. and
tri et hanol ani ne. pyrazole, a pyrroline, a pyrrolidine, a pyridine, a

pyrimidine, a purine, a triazole, a triazine, and
derivatives of any of these compounds. Of these
materials, an amine, an ether, a thiol, a sulfide, a
carboxylic acid, a hydroxy acid, a sulfonic acid, a
polyhydroxy alcohol, or derivatives thereof are
preferred for metal particles; an organosilane, a
titanate, a zirconate, a zircoaluminate, a
carboxylate, a sulfate, a sulfonate, an ammonium
salt, or derivatives thereof are preferred for non-
metal particles; and a pyrrole, a furan, a
thiophene, an imidazole, an oxazole, a thiazole, a
pyrazole, a pyrroline, a pyrrolidine, a pyridine, a
pyrimidine, a purine, a triazole, a triazine, or
derivatives thereof are suitable for metals and some
non-metals, but are preferred for metals. BAn
appropriate encapsulant material may be chosen by
one skilled in the art based on the characteristics
of the particles and solvent.

Preferred encapsulant materials for metal
particles are one or more compounds selected from
triethanol amine, ethylenediamine, oleic acid,



Monol ayer form ng conpounds known as self- assenbl ed nonol ayers, such
as al kanethiols, dialkyl sul fides, dialkyl disulfides, alcohols,

am nes, and carboxylic acids are useful encapsulant materials for
both netal and non-netal particles. Preferred conpounds of this group
are undecanaowm7iand di undecyl disulfi de. Eneepuss7a8ass f or
non-netal particles with hydr oxyl at ed surfaces, such as silica,
silicon, alum na, and the like, inclyde coupling agents such as
organosi | anes, titanates, zirconates, an zircoal um nates. Preferred
encapsul ants of this type are trinethyl ethoxysilane, isopropyltriiso-
stearoyltitanate, and neoal koxytri sneodecanoyl - zi rconate.

Encapsul ants of the anphipathic type for exanpl e, surface active
agents such as carboxylat sulfates, sulfo ate[s_g nd anmoni um salts

are al so I’é‘ﬁc&ﬁ% ' HVIREFERTSREE A G oL Preferred
anphi pat hi c typestélrﬁ:a:psiel aptropplene agkycols hexasedrmqist@mm:m, sodi um

cetyl sulfate, sl 1 1 94d 13th dimeth ;
PCT/ US97/ 03337 tifflene glycoYCuiechil er, ,dimethylformamide,

di i sopr opy! napt el @rEevamres L LY ERl @etdn tngw iy prerylonitsblg um broni de.
The encapsul ant 3ﬁﬂhﬂupﬂenﬁmylbnlo1x&mhdMtmenmaptobenhunﬂdagmleu 2-0 addi ng

the encapsul ant rmter I}Jt%l[be}xgo 20180¢ SURPGRH M otAiazshdl | R Y. the

encapsul ant mat e can e added to the susgen& on_along with
addi ti onal sol veainoethyl) pyragale plrRyrgoligding EE}i‘s’ﬁPhﬁ’El%te"rl al to be

added to a cert ayrilinearsydicnayide 408 -edihydedxhpyrimidinéy ag+ on" of about
Susnension 'S SRR RilE, 1 cHHAANAL L1 2005800 28R e O 1De

suspensi on, rvely”increasi ng anpu he’ encapsul ant
materi al , elthert‘-%illadrlé’lé"P‘Y A 3oPutTEARing ;ﬁ“@féﬁﬁb]"?“"esa‘ém"%ter 1to
6 hours, two | aymfrxiafifahQipeferred acdngciindss €dirnmatal | pyeticlyyd ai ni ng

the isol ated are malonic acid, oleic acid, 1,2,6-hexanetriol, and
triethanolamine.

Monolayer forming compounds known as self-
assembled monolayers, such as alkanethiols, dialkyl
sulfides, dialkyl disulfides, alcochols, amines, and
carboxylic acids are useful encapsulant materials
for both metal and non-metal particles. Preferred
compounds of this group are undecanethiol and
diundecyl disulfide.

Encapsulants for non-metal particles with
hydroxylated surfaces, such as silica, silicon,
alumina, and the like, include coupling agents such
as organosilanes, titanates, zirconates, and
zircoaluminates. Preferred encapsulants of this
type are trimethylethoxysilane, isopropyltriiso-
stearoyltitanate, and neoalkoxytrisneodecanoyl-
zirconate.

Encapsulants of the amphipathic type, for
example, surface active agents such as carboxylates,
sulfates, sulfonates, and ammonium salts are also
useful encapsulant materials for non-metals.
Preferred amphipathic type encapsulant materials are
sodium stearate, sodium cetyl sulfate, sodium



encapsul ated particles and a second | ayer ranging fromclear to a color

near. that of the starting suspensi on. The sanpl e having a clear second
| ayer, yet with the small est anbunt of added encapsul ant mat eri al ,
is used to determ ne how nuch encapsul ant mat eri al should be added to

t he suspensi owp 973371 heoretically, this anount is the mi ni mRGY

needed to provide conplete surface coverage to all the particles in the
suspensi on. The actual anount requiredyfurther depends on the total
surface area of all the particles presént in the suspension and t he
nature of interaction between the particles and t he encapsulant. In
sone aerosol systens, in situ encapsul ation may be difficult to control
and may not be fully effective in produci ng and mai nt ai ni ng

gg?fbgg?lgggg;C|e%iisopropylngg%ﬁQYé%%7%%lfonatﬁﬂ and cetyltrime$H¥1-

fl occul ent cont ai ammgntibe bsohided encapsul at ed particles can be
separated fromthe ol vent of ensi on tional nmeans,
such as decanting the Eﬁsa? gi?ﬁ&&ﬁgﬁ &V&F maytgﬁ) %%F%ﬁ e® ower |ayer
contai ni ng the pasbilwess prlonstwmpdﬂxngp&hatanyapsuﬁﬂnt<mau§mnaﬂato

apparatus. The th@eeagséﬁgl&@rtaflesslhﬁha!rmyt h@h@"&ﬁ:&%&ﬂtah‘én al ong
with a small anpunt of _excess enca rial %%o re5|gﬁa
" This

sol vent. The recoP@t&Fipdr E7R RS 7 We Skﬁu??ﬁpﬁﬁﬂqn Ngn Wi

"I nk" constitutesadditiopahcemtvented, nore useful formof ultrafine or fine

particles, wherein Fherhgdaa{a@alﬁloﬂoame EhEapEETRAY natediidcRengent and
discrete. In this "ink" form

articles remaip isol atﬁdb
indefinitely at afff&ftto a E%ﬁ'ﬁﬁ‘t’fcﬂﬁ’é PeRsdan| BAY Joht ¥ay al so be
handl ed in the operiaratidht afmabdutofd &océssliquotermaapsligsat theeri al and

sol vent in the "I Rlapaag:be. Torma"@xeaek%a%g&mohenato

evapor ate by Iomnng a, stream of nitrogen gas
means known in t h@rgere s1vely increasing amount o e

encap Qer
material, either alone or in solution, is preferably
added. After 1 to 6 hours, two layers are formed -
a first "sediment" layer containing the isolated
encapsulated particles and a second layer ranging
from clear to a color near that of the starting
suspension. The sample having a clear second layer,
yet with the smallest amount of added encapsulant
material, is used to determine how much encapsulant
material should be added to the suspension.
Theoretically, this amount is the minimum amount
needed to provide complete surface coverage to all
the particles in the suspension. The actual amount
required further depends on the total surface area
of all the particles present in the suspension and
the nature of interaction between the particles and

the encapsulant. In some aerosol systems, in situ

encapsulation may be difficult to control and'may
not be fully effective in producing and maintaining
discrete particles.



In addition to providing a nore concentrated and useful form of

I solated -ultrafine particles, the present invention also results in
particles having a narrow particle size distribution. This is due to
the controlled atom clustering and nucl eation process involved, as well
as the phenovepmss7isher ei n the sol vated netal atons or RCDUSYA0AIVTEr S
seek t hermodynam ¢ equilibriumby formng |arger clusters to
mnimze the free energy of interfaces. Stability is also inparted by
t he encapsul ati on, whi ch m nim zes pé?ticle-particle i nteraction, and
t hus aggl oneration. Typically, ultrafine particles formed according to
the present invention wll have an average dianeter ranging from 20 nm
to 70 nm WD 97/ 33713

PCT/ US97/ 03337 dependi ng on the
particular nmetal or ﬁgﬁh¢§cﬁ§§&eﬁﬁd°°nta¥4kPQxﬁhﬁ fiEeA8t8Apl oyed. Lar ger,
"fine" partlcleSencapqnmatm@e@ahy;adpsstamnﬁe(ﬁepdratpdoﬁeeﬁ tloadi ti ons

Wil typically .

The concentrate enca QE%S?%d%aggéﬂgl$§ é i QQE%?FF% %%ﬁggd dccor di ng
to the present |$N@ﬂn%§m¢ecantﬁ&9 Béeu§%£P¥(ﬁ°¥¥aP§rﬂéY?ro?rappl|cat|ons

When usi ng té’@aﬁf&&ﬂr@ ehef Qbwepalaper azcmﬁaxitnrmbethe pafeftida/es such as

fl uxi ng agents, %%’H\é& c?%} 3ato v #ﬁ%% é)zt ssgr[u%g:eahr)(ﬁ%agent tq‘é-éhn' gues,

may provi de dher-ein e dat trate.
Sui t abl e substraI%EPYQﬁ§4um§r§éFéﬁFc§3ta1n ?hﬁaﬂn?apgpéé§1°®oI§#R99f|I ms, and

various fibers. with T&nant akbnti ak"ef@éss?tla&mal@@umaﬁd :ﬁ@ﬁefﬁlal
J Ql ni ng appl icat] o%s su%aals sgllgghgonl,?h%orrg)o%red ﬁa afesrmt s When t he
u

"ink" is app|le coa ning, conventional
coating or nealeg ﬁhﬁrﬁQﬁy e&nant ' bnk; “trﬂbxﬁuﬂaﬁkdlﬁﬂBSV@¢¢tes a—typlcally
evaporate from tésndititriated @ordi hbefI Norm of hilgwhdisdadr CRImde washed

off, leaving the . .;dlldd AlgeRd Lhe' fRaldth® st 808s " i &
independent and discrete. In this "ink" form, the
particles remain isolated indefinitely at ambient
conditions in sealed containers and may also be
handled in the open air. The amount of excess
encapsulant material and solvent in the "ink" can be
reduced by allowing the solvent to evaporate by
blowing with a stream of nitrogen gas, or by other
means known in the art.

In addition to providing a more concentrated
and useful form of isolated ultrafine particles, the
present invention also results in particles having a
narrow particle size distribution. This is due to
the controlled atom clustering and nucleation
process involved, as well as the phenomenon wherein
the solvated metal atoms or atom clusters seek
thermodynamic equilibrium by forming larger clusters
to minimize the free energy of interfaces.

Stability is also imparted by the encapsulation,
which minimizes particle—particle interaction, and
thus agglomeration. Typically, ultrafine particles
formed according to the present invention will have
an average diameter ranging from 20 nm to 70 nm,



conti nuous

| ayer or coating. Also, fibers such as, for exanpl e,

Kevl.ar[err], Nylon[err], and natural fibers may be di pped into a netal
particle "ink" of the present i nvention to inpart conductivity. In
addition a metal particle "ink"™ may be used to form sol der paste
and sol der i nWO¥33YBher netal inks. Metal particles of PEHUBYHNRTI on
may al so be used to obtain a desired grain structure in ceramcs,
nmetal s, and netal/ceram c conposites. Specjfically, mani pul ati on of
form ng and treating conditions, within the know edge of one skilled in
the art, can be used to obtain a variety of grain structures to

WO 97/ 33713 PCT/ US97/ 03337

16 optim ze properties such as strength and ductility. Q her
uses. will be appar

tQ th killed. t h t. Th
i nvention will ‘f etxw?&flgcfggre}iﬁ? ;'%a:gvcfuﬂl@r ?“etf&l g%v\f‘ﬁﬁaje’?(a‘fﬁﬁde?,n%\mi ch
are intended to bél}anc@lnﬁitionexelmgvgdof Largernv 8ALneh. part idlesexanpl es
al | par r%&x@édpﬁﬂrcﬁaﬁéﬂﬁﬁeﬁ eof.b)l:h‘éeFQBEeHgl @é&dltdmrpé herw se -

bel ow,

i ndi cat ed:
al um num hy
content wer
suspected o
treat ed
with lithiu

distilled and

sol vent ves

3-liter
havi ng five

The solv%_ exc t the al coho were drie
dride q(&

e driedts®eemm.i t hi um hydride (Al drich 20, 104-9) .

wth [ithium

yé’lca KPP st asteTh EBHSFEg\AFWI‘“IW iR &

Sol vent s

f contai ni ngne coﬂééﬁt‘.‘i-zi’@édS%a%f%utl‘i&ééhygﬁ@f%%ﬁ%e first

then dried

wthc rq oride to removet gmom
m al um "I‘F§8F| made jgeeerding hQ the Pragert IRYREIRY e vacuum
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cyl i ndde& VREaFYS R #%aa%ﬁgﬁr%gk amdveltiaga
openi ngxiemyt bfexsuafade dicdatmelng techniques, may

gy beugisey fleyas ek ety wdr appﬂ.mcetimms Speattiead

sels. yging the particles for coéﬁ yPLEéﬁbs$§ﬁ
of netal particle suspensions reac y ‘con

Preparati on
sisting of a
head

provide enhanced adherence of the coating to the

substrate. Suitable substrates include ceramics,

metals, glass, polymer films, and various fibers.

The particle "ink" may also be used for metal

joining applications such as electronic component

attachment. When the "ink" is applied in coatings

or metal joining, under conventional coating or

metal joining conditions, the encapsulant will
typically evaporate from the particles or will
a liquid that can be washed off, leaving the
ultrafine particles to interact and form a

form

continuous layer or coating. Also, fibers such as,
for example, Kevlar®, Nylon®, and natural fibers may
be dipped into a metal particle "ink" of the present

invention to impart conductivity. 1In addition

a

metal particle "ink" may be used to form solder

paste and solder ink, or other metal inks. Metal

particles of the invention may also be used to
obtain a desired grain structure in ceramics,

metals, and metal/ceramic composites. Specifically,

manipulation of forming and treating conditions,

within the knowledge of one skilled in the art, can

be used to obtain a variety of grain structures to



ground flat flanges, was securely held together with a clanp. The fl ask
was connected to a vacuum system through the mddle joint of the three
i n-1ine ground glass joints. One ground joint was used to connect a
product vessel having a Teflon[err] needle valve with a capillary rod
whi ch was us¥ 27@311d8cover the col | oi dal suspensi on fronpctresdzosizem of
the fl ask, and the third ground joint was sealed with a penny- head
joint. The renmining two openi ngs, one on each side of the ground
joints were fitted with WO 97/ 33713

PCT/ US97/ 03337 17 o-ring joints.
Two el ectrodes were inserted through t hese openings and a resistively
heat ed al um na coat ed tungsten crucible (Sylvania GIE Em ssive

Products 038314) was attached to,the el ectrodes The system after
| oadi ng the cruciE™ZEnPrRRertiesFugh @8 5 r&&ﬁbbr%?%adu‘?ﬁai‘g' acuat ed
until a 1.0 x Othefreuspst villreadappanes: ¢bt &hoed skihlexh firoriehgauge.

The flask was thep. nmersed in a EEmar cont ai ni ng liquid nitrogen. The
reactor and the main nanifold i sol ated _and t he sol vent vesse

opened to transfth§oP9¥ﬁPt+?Pth}%éﬁbﬁuﬁﬁ§§€ tha¥ikied dut bhe Af t er
sufficient sol verfiolladidgpezainpllesn wHichvalres intendédtte beegrirely t he

cruci bl e was heat hequ aggrg & 1?veﬁ%§%ﬂUEt%h ghe eﬁééﬁféé'sa% %,rate such

that there te so I'X for The
nmetal vapor nadeaﬂﬁ BArESt apd aP%ﬁ%e%ﬁﬁHQﬁnﬂqe by Wﬁ%%#ﬁc#ﬁkﬁ%ﬁs was capt ur ed
in the matrix indthewise indiratéd or THOWlveRta| &vcertyaw ated, the

reactor was | ol ahedsadd | erL! 8260 TP §1hi BHCdumin 13klag verm up by

al l'owing the |iqul % evapor at e “over
appr oxi nat el y t wdeh8ursBaker %?3h‘§;5)the gohods, Wb'é’f‘ﬂ-‘é"l’é’@ﬂ%gan to form
fromthe at orgontedraweife CAYSE@ I SvexdNd thiem Agaridet (Adxdiet was a

stabl e, highl y disperged) COLLAIGAle uspsiiRENSEONaodliEs AP ENS ON S

transferred through
peroxldes such as tetrahydrofuran were first treated

with cuprous chloride to remove the peroxide and
then dried with lithium aluminum hydride. After
drying, the solvents were vacuum distilled and
thoroughly degassed and were stored in special
solvent vessels.

EXAMPLE 1

Preparation of metal particle suspensions

A reactor assembly consisting of a 3-liter
cylindrical heavy-wall reaction flask and a flask
head having five openings, with extra-thick finely
ground flat flanges, was securely held together with
a clamp. The flagk was connected to a vacuum system
through the middle joint of the three in-line ground
glass joints. One ground joint was used to connect
a product vessel having a Teflon® needle valve with
a capillary rod which was used to recover the
colloidal suspension from the bottom of the flask,
and the third ground joint was sealed with a
penny-head joint. The remaining two openings, one
on each side of the ground joints were fitted with



the capillary rod to the product vessel, which had been evacuated wth

the reactor and was kept Isolated at 1.0 x 10[err] torr during the
vapori zation of the nmetal. Before the needl e val ve was opened, t he
reactor was filled with dry argon (0.5 ppm of water and | ess than 0.2
ppm of oxygenyO 97/33713 A series of experiments using |ead, PEVHSI7TAR7
copper netals in tetrahydrofuran solvents were performed. Particle size
measur enent was perforned WO 97/ 3y 13

PCT/ US97/ 03337 18 using a Malvern
4700 V4 particle size analyzer by photon correl ati on spectroscopy. The
results of these experinents are summarized in Table 1

TABLE . 1 Run Met al Sol vent Particle Size(nm 1
hiid 3 tetrab%ﬁ&%%%r%gints. "TWO]é¥%ctrod%s werelagserteqlthrough,

" thes@e openings and'a resistively heated alumina 491

? ‘ " coated Eungsten crgcible (§§§6ania @TE Emissive

9 " Pf%ducts 038314) was attachgg to tﬁﬁ electrxodes. 186 "
61 11 " The systém, after loading the7¢rucibli® with the
tetrahydrofuran petal tolR@ evapdrated, was evacuated until a 1.0 x

63 14 " 6 . 1 15 "

" 1053 torr fgadlng was obtained with.an ion gauge. 53

17 " The flabk was then immersed?3n a Dégar containing "
17 19 COPRGiquid hetEBG¥A! Of @ reactor and €K main manifold

was isolated and the solvent vessel opened to
transfer solvent in the vapor phase to the reactor.
After sufficient solvent had deposited on the walls
of the reactor, the crucible was heated to evaporate
the metal at a controllable rate, such that there
was adequate sgolvent matrix for the metal vapor.
The metal wvapor made up of metal atoms and small
atom clusters was captured in the matrix in this
form. After enough metal was evaporated, the
reactor was isolated and the frozen matrix allowed
to slowly warm up by allowing the liquid nitrogen in
the Dewar to evaporate over approximately two hours.
During the warm up, particles began to form from the
atoms and atom clusters, and the resultant product
was a stable, highly dispersed, colloidal
suspension. The suspension was transferred through
the capillary rod to the product vessel, which had
been evacuated with the reactor and was kept
isolated at 1.0 x 10°° torr during the vaporization
of the metal. Before the needle valve was opened,
the reactor was filled with dry argon (0.5 ppm of
water and less than 0.2 ppm of oxygen) .

A series of experiments using lead, tin, and
copper metals in tetrahydrofuran solvents were
performed. Particle size measurement was performed



20 ! " 254 21 "

. 108 22 " " 98
23 " " 111 24 "
" 236 WD 97/ 33713
PCT/ US97/ 03 390 97/33713 19 PCT/USYE33hangi ng
the vaporization rate of the netal and keeping the flow rate of the
sol vent constant, the particle size;pf the suspension can be
controlled. The slightest exposure to even adsorbed water in glassware
or trace anounts of oxygen was found to destabilize the suspension.
EXAVPLE 2 Preparation of netal particle suspensions Agai n
using a rotary reactor, the effect of nmetal | oading in isopropanol

sol vent for copper, in, an ead was .exam ned. In_addition, particles
of a tin-lead al%HPeudt & VS&’E}cégohy@glIfae‘?%ﬁenﬁllzﬁeanalyz%dwi zation of
the two netal s fploohah fdeeredation specirddampy.TRber egsghlssaof shown in

Table 2 . these experiments are éiRfardzed inR#8K1e 1. Metal Met al
Loading Particle Size (mg/ n) (nm
1 copper 6. 40 TAREE 1 2 copper
4.10 Run Metal tin Solvent Refifkicle Size (nnb2
4 tin 1.69 712 5 | ead
0.44 125 lead 6 li@RG-ahydrofuran 1.93 322 221
7 copper . 252 tin-1ead
2.76/1.56 %8 ' " EXAWPLES 3, 4 4t 5
Preparation of i%ol ated"particles " 108

4 " . o 276

5 " " 491

6 n " 546

7 " " 193

8 " " 186

9 " " 53

10 " " ' 61

11 " " , 76

12 tin tetrahydrofuran 125

13 " " 63

14 " " 56

15 " " 23

16 " " 53

17 " " 25

18 u " 17

- 19 copper tetrahydrofuran 223

20 " " 254

21 " " 108

22 " " 98

23 n " 111

24 " " 236



The follow ng colloidal suspensions of tin, | ead and tin/lead alloy
wer e prepared (suspensions A, B, and C, respectively), along with a
sol ution of mal onic acid in triethanolam ne (solution D). A
Tin particle suspension in isopropanol haV|ng particle size of 62 nm
WO 97/ 33713 WO97/33713 PCT/ US97/ 0 FEF/OSIM03337

20 B. Lead particle suspension I n i sopropanol havi ng
particle size of 221 nm C. Tin/{gead alloy particle suspension in
| sopropanol having particle size of 68 nm D. In a beaker, 300.00
g of triethanol am ne (J.T. Baker 9468-01) and 60.00 g of malonic acid
(Aldrich ML29-6) were mxed with a Cowl es bl ade for 4 hours at 85 -
90[err]C to dissolve the malonic acid in tri et hanol am ne, thus formng
an encapsul ant | t S were
transferred into an arg ghang*n? EE%HB} %O%lza(ﬁog ratésaf% \t/‘\.'glt%efnteg% | ess
than 0.2 ppm @ndokggping ke cinwinede chethe| solvenF cons&@®fensi ons and

sol utions. the aéticleos%-%ﬂ e ERlspbh8ion) ddh be/S5 nL of

| sopropanol. (enc suI t nat f solutlon
D ih 0 780 of « COREBLIERanciEe AUARESE, SHPORMTR o VR aasdrBed
0.0330 g of trieth@ﬁ@ﬁannnela$ﬁwﬁﬂ§5qn_traceoﬁmpgbb$dﬂhwmwgepewe&psulant

material) foundPrd. deSe LR 4 thd rslueblaﬁa%@m ne in 0.75 nL of
i sopropanol . (encapsul ant material) E-1. 0.0074 g of malonic
acid in 0.75 nL of | sopr opanol . (éﬁ@gﬁgﬁfﬁnt mat eri al )

-1 0. 53071 g of prbaRheishi &f ifethl pafticle suspsapramanol . (encapsul ant
mat eri a
Again using a rotary reactor, the effect of

metal loading in isopropanol solvent for copper,
tin, and lead was examined. In addition, particles
of a tin-lead alloy were produced by alternating the
vaporization of the two metals from different
crucibles. The results are shown in Table 2

TABLE 2
Run# Metal Metal Loading Particle Size

—{mg/mL) {nm)
1 copper 6.40 464
2 copper 4.10 77
3 tin 6.68 62
4 tin 1.69 712
5 lead 0.44 125
6 lead 1.93 221
7 copper 21.75 252
8 tin-lead 2.76/1.56 68

EXAMPLES 3. 4 and 5

Preparation of isolated particles

The following colloidal suspensions of tin,
lead and tin/lead alloy were prepared (suspensions
A, B, and C, respectively), along with a solution of
malonic acid in triethanolamine (solution D).

A. Tin particle suspension in isopropanol
having particle size of 62 nm.



In three culture tubes, the follow ng sanples were prepared by m xing
anmounts fromthe above sanpl es: A-2. To 5.0 nL of
suspensi on C was added encapsul ant material C 1. WO 97/ 33713
PCT/ US97/ 03337 21 B- 2.
To 5.0 nlL of WRg¥H3Mi on C was added encapsul ant mat er i aPCEHUS97/03337

C-2. To 5.0 nL of suspension C was added 50 AmL of oleic acid in 750
AL of i sopropanol . The contentgy of sanmples A-2, B-2, and G2
wer e m xed t horoughly by shaking the capped culture tubes. The
suspensi ons becane cl oudi er. The degree of cloudiness was: A-2 > B-2 >
C-2. This indicated that triethanolamne has a greater ability to
encapsul ate and flocculate the particles in suspensi on than mal onic

acid, and that mal oni aCLQ a pares.fs Uigal %rsigrbli Lri1t e eneca sul ate and
floccul ate than oféic acrd PPRSan™ dent TR Rilliter, when the
contents of Aaying parfhegle-gizeref &3dedm.o 5. 00 nL of suspensi on

C, the sanple containig Bik/ieadeshlioy dadtdenePaubpéhesonhi;ch eventual Iy
became | arge ne_cl oudy.

.Cl uggs wgi lﬁe t he ot her lsarTQI es Pegg
Al't hough A-1 cont:BCREGPRPPE: RAVBTIARHS 4 6n§ % t B R1 onic acid, the
amount of triethanol afi-nelnag beakey, t309al00i g efctpdetBangianire particl es.
These resul t sisagogaked Hpes-61e 6ot 08f geBERSLLMY acig Material to

be.added shoul d BR,del LS BY s ubfed Wi pLPole s WL e 0 ©
argon-filled dry4bdours at 85 - M@ C @ @isgodventhemalamia daid)ins nl of
triethanolamine, thus forming an encapsulant
materiaI, '
Example 3
Six test tubes were transferred into an argon
filled dry box (0.5 ppm of water and less than 0.2
ppm of oxygen) and contained the foilowing
suspensions and solutions.
A-1. 0.0315 g of solution D in 0.75 mL of
isopropanol. (encapsulant material)
' B-1. 0.0310 g of solution D in 0.75 mL of

isopropanol. (encapsulant material)
C-1. 0.0330 g of triethanolamine in 0.75 mL.
of isopropanol. (encapsulant material)

D-1. 0.0322 g of triethanolamine in 0.75 mL
of isopropanol. (encapsulant material)
E-1. 0.0074 g of malonic acid in 0.75 mL of

isopropanol. (encapsulant material)
F-1. 0.0071 g of malonic acid in 0.75 mL of
isopropanol. (encapsulant material)

In three culture tubes, the following samples
were prepared by mixing amounts from the above
samplesﬁ

A-2. To 5.0 mL of suspension C was added
encapsulant material C-1.



I sopr opanol B-3. 30 [err]L of oleic acid in 0.75 nL of

| sopr opanol C-3. 35.0 ng of triethanolamne in 0.75 n1_ of

i sopr opanol WO 97/ 33713

PCT/ US97/ 03337 22 D-3. 30
[err]L of 1, 2We9md3ahetriol (distilled and degassed) i n RCTAGSIHO333F

| sopr opanol 2.00 nmL of suspension C was transferred into each
of 5 small polyethylene bulbs. To four of 4;he pol yet hyl ene bul bs 300
[err]L of solution of A-3, B-3, C-3 and D-3 was added at a rate of 20
[err]L at intervals of 1.5 seconds while the suspensi on was stirred
using a magnetic stirrer and Teflon[err] stir bar. The fifth

pol yet hyl ene bul b was used as a control . One drop was taken

from each of the five bul s tqQ.2 ro ly in
particle size anal ysi g ?éstT? a,%qunL %5 ?ﬁgpg}éssl%rf ans&ssolgaal%gn m xed
wel | to prepare f@&ncpasulant 'Bawﬂeaial%ré-l s to deternine the effect of

addi-ng the encapsul ant toc 2. the §Lcsmn$,|foausg@§s;{&s@t@sara@dgaeggnt ed in

Tabl e 3. i nteracti.Qon ncapsul at particles
caused bridging fl8&& a?fLSﬁc S I% [“gtPg °1? e than one

encapsul ated particl e, Thiai conterts taf SamPlEﬁ An2 apﬁra?.erﬂndpailﬂ-tzi slexesi ze
| arger than the ceakeal thoroﬁ &y BHakin hEhaeeépgs&ii diﬁrttdr@ e size was

actually the average size I occul ated particl Thi s was
ot loctad by the AAPER: afhepRustena e pRoans  piSudien L1 dearas of
the particle oifzelobtanessd was: the coBtRob. CThe rKiits mmvalcated

di stribution in t%&% Eﬁﬁ!&kﬁén@i&&rﬂé Rsdgd i:élaééﬁrabllnﬁp g rmation of
? oleic acid were shown to

this concl usi on. Both a& trio b
be good encap?ﬁ‘F&ﬁF’s‘ BE? 7=d %‘@a\ﬁﬁaﬁ ‘FIB%’E’E&%%‘?Ehd’n agents.
Mal oni ¢ aci d and suspehanohabvhare malanichawhd, and that malonic acid

has a greater ability to encapsulate and flocculate
than oleic acid.

In an identical manner, when the contents of
A-1, D-1, and F-1 were added to 5.00 mL of
suspension C, the sample containing D-1 formed
largexr particlese which eventually became large
clumps, while the other samples become cloudy.
Although A-1 contained triethanolamine along with
malonic acid, the amount of triethanolamine was
critical in encapsulating the particles. These
results suggested that the amount of encapsulant
material to be added should be determined by
titrating aliquot samples.
Example 4

The following encapsulant solutions were
prepared in a argon-filled dry box.

A-3. 6.8 mg of malonic acid in 0.75 mL of
isopropanol

B-3. 30 uL of oleic acid in 0.75 mL of
isopropanol

C-3. 35.0 mg of triethanolamine in 0.75 mlL of
isopropanol



to be good encapsul ants as well as strong fl occul ant s. WO
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23 TABLE 3 Sanpl es

Particle Size (nm Contr ol 68

D- 3 encapsul @ 9733713 67 B- 3 encapsul antrcruser033sr

68 A- 3 encapsul ant . 129 C- 3 encapsul ant
680 Exanpl e 5 In a 250 nmL plastic beaker, 118 nlL of

suspensi on A and 58 nL of suspension B weFe conbi ned in an argon-filled
dry box. The suspensi on was m xed using a Teflon stir bar and magnetic
stirrer. Approximately 5 nL of this suspension was w t hdrawn to
dissolve 1.2 nL of 1,2, 6-hexanetriol (distilled, degassed) (encapsul ant

material) and the sol ution was,_ returned to the beaker., A
sol ution was prepared®hy- di 38diHg %.%@'E‘Exanetﬁpﬁn Hsd gaderial D
in 7.50 nL of isdpgapaad).in 0.7% tvdr dfhdsopmbpanslof the 250 nli beaker

b had b ' ' as, |t i
above ha een st bl pgdnf, s %%‘g,?ﬁz‘ ggggg ?}Oaﬁéfél{iﬂeeé‘ln { on

containing material D and 1 sopropa beaker gradually
while stirring. ARFBrofpS small Rplyethyleng bpihgi ot tiaue@f §hel occul at e.
The beaker wpslgavkyPeneibulbRazafo lunf efr bodudidbefdf iaxF¥,he-3, dry box
over ni ght undi st wr Qe THO, | r | ea ent yer and a dark
fluffy layer at tk}‘hg gg?t%?nz' @ygoﬁ%%%&ga%egkg?t? ag(r)ée(yfdo}"r r#etg The cl ear

super nat ant WaEeERLE PR - § B8ARGsalbiteathe gygRansdanayes. Upon
renmoval from thesdiyr8@xusifg avaiaghefdien stirker andareflRm® esgved from the

peaker. A5 the THRLON e Ptk 1lnsiesd bE ST\l A T Do 0
resenbl i ng a dar RONFARLY contai ned the

One drop was taken from each of the five bulbs,
added to 2.00 mL of isopropanol in particle size
analysis test tubes, and the resultant solution
mixed well to prepare for particle size analysis to
determine the effect of adding the encapsulant to
the suspension. The results are presented in Table
3.

The interaction between encapsulated particles
caused bridging flocculation, i.e., flocculation of
more than one encapsulated particle, which resulted
in an apparent particle size larger than the control
sample. Thus, the measured particle size was
actually the average size of flocculated particles
(flocs). This was reflected by the fact that the
apparent large sizes are multiples of the particle
size obtained for the control. The multimodal
distribution in these samples also provided further
confirmation of this conclusion. Both 1,2,6-
hexanetriol and oleic acid were shown to be good
encapsulants but relatively weak flocculating
agents. Malonic acid and trie;hanolamine were shown
to be good encapsulants as well as strong
flocculants.
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24 - . encapsul ated netal particles and could be handl ed at anbi ent
conditions in a variety of applications. EXAMPLE
6 Preparati on and application of isolated particles An "ink"
of the conceW@alaa13 j sol at ed particles of the present PEFERITEBWas
prepared for use in coating copper pads and as a netal ink. A
suspension of tin/lead particles in | gppropanol was prepared using a
rotary reactor equi pped with resistance heating sources. The

particles in the suspension were 68 nmin dianeter as determ ned by
phot on correl ati on spectroscopy fromfive replicate sanples. Mtal

| oading in the suspension was 2.76 ng/nL of tin and 1.56 ng/nL of

| ead. A solution of 65 nL of %@%&%% , 6- hexanetriol in

| sopropanol was slowy added to 325 niL suspensi on while stirring
with a magnetic stirriSeppeles bar in an argon-fiEﬁﬂﬁlagg_ﬁbas_lnml596

sol ution of triet eyl ne and nmal onic acid (5: 1ggatio), as an
encapsul ant material, _in isopropanol was added at a rate of 50 "ni/s
for a total vol une oflkgBGWEgpfﬁi§nL addi ti on i nduc®d encapsul ation of
t he net al parti cl 6,3 gngdpahlahbccul ati on, and seéBling.

Eventual |y, the supernataphRgeaiBne! €ar and the wet ;9 sedinent,
constituting the isol ated encaggi%ated particles, _was recovered by

decanting the clear C 3% GREPR pt About a®®®ird of the sedinent
containing the Exespdapsul ated particles was renoved fromthe dry box.

A vol une of 6.75 nlL of_absql ute_net hanpl, satura ith tin (I1)
fluori de was added to]Fhé'géﬁiW%n?E%%ﬁlc pedle, 498w of!

suspension A and 58 mL of sugpension B were combined
in an argon-filled dry box. The suspension was
mixed using a Teflon® stir bar and magnetic stirrer.
Approximately 5 mlL of this suspension was withdrawn
to dissolve 1.2 mL of 1,2,6-hexanetriol (distilled,
degassed) (encapsulant material) and the solution
was returned to the beaker.

A solution was prepared by dissolving 0.50 mL
of encapsulant material D in 7.50 mL of isopropanol.
After the contents of the 250 mL beaker above had
been stirred for 30 minutes, 4.00 mL of the solution
containing material D and isopropanocl was added to
the beaker gradually while stirring. After 10
mihutes, the suspension started to flocculate. The
beaker was covered with Parafilm® and left in the
dry box overnight undisturbed. Two layers - a clear
solvent layer and a dark fluffy layer at the bottom
of the beaker - were formed. The clear supernatant
was separated, leaving about a 2 mm thick layer.
Upon removal from the dry box, the wet Teflon® stir
bar was removed from the beaker. As the Teflon®
stir bar dried, a thick metallic film began to form
on it. The recovered material from the dark fluffy
layer, resembling a dark "ink," contained the
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25 . . stirred. Excess solvent was all owed to evaporate at anbi ent
condition. The material dried to a crust. Fi ve drops of glycerol
were added to the dried sedi nent and the sediment was m xed with the:
tip of avepwdarim. The mixture turned fluid and was washreduse703as h
absol ute nmethanol to concentrate it. Excess solvent was allowed to
evaporate until the m xture becane n%%rly dry. A small anount of the
mat eri al was mixed with triethanol am™e/ malonic acid (5:1 ratio)
until good reflow was achi eved. Using an automatic |iquid dispenser,
dots were deposited on copper coupons, and turned to a bright netallic
deposit when reflowed in an IR oven. Dots placed on pads of a Super

Nova surface nount printed circuit .board fornmed a flat Qright coating
Wth ol ghty T SRcER ARad Mete BBt ELE R G hBas haprbed ot g

with the tri et haadbientnedardlidiiionsadndanvatiety pofi applicathenpl acenent of
the dots, the deposits becane ang*#n2¥5_§ Anot her portion of the
recovered isol ated encapsul ated particles was used as a netal ink. The
I nk was used t o Breparatiicn ghsdsspplidatiomdoficisilated partdetespti on was
produced on the gl ass, sl,j.de when_the I nk was heate o 180[err]Cto
drive off the organii""‘n £ t & i&%eoF°?ﬁ%P$$ﬁEeéi 18318Feh

EXAVPLE 7 Appar it lem off theopreednpainvention was prepFhedkfdsy nk" or

paste prepared ifgd heh B8y copPePChhSthnd £ MHeea® VAR used to attach
el ectronic conponents to g surface aguq;lprlnt d ciircuit board. The
amount of tri et hanol $iiSRIRRRSIRA: O4cFiR(h&ad PaxtficdefedPuntil refl ow tests

showed t he preseisespiadpanocl swfsf prepatrednueing ¢f ndtargneepstbant materi al
whi ch equipped with resistance heating sources. The
particles in the suspension were 68 nm in diameter
as determined by photon correlation spectroscopy
from five replicate samples. Metal loading in the
suspension was 2.76 mg/mL of tin and 1.56 mg/mL of
lead.

A solution of 65 mL of 25% 1,2,6-hexanetriol in
isopropancl was slowly added to 325 mL of the
suspension while stirring with a magnetic stirring
bar in an argon-filled dry box. A 0.5% solution of
triethanolamine and malonic acid (5:1 ratio), as an
encapsulant material, in isopropanol was added at a
rate of 50 “mL/s for a total volume of 6.5 mL. This
addition induced encapsulation of the metal
particles, gradual flocculation, and settling.
Eventually, the supernatant became clear and the wet
sediment, constituting the isolated encapsulated
particles, was recovered by decantihg the clear
supernatant.

About a third of the sediment containing the
encapsulated particles was removed from the dry box.
A volume of 6.75 mL of absolute methanol, saturated
with tin (II) fluoride was added to the sediment and
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26 . ., functions as a fluxing agent, to attach the el ectronic
conponents. Wth an automatic di spenser and paste printing device, dots
or pads were printed on the pads of the board. The electronic
conponents  WOMW3713l aced with a Quad Pick N Place unit. -Af PEFUSSR03337
reflow, all conponents were attached to the board. The foregoi ng
description of preferred enbodi nents ofs the invention has been
presented for purposes of illustration and description. It is not

I ntended to be exhaustive or to limt the invention to the precise form
di scl osed, and nodifications and variations are possible in |ight of

t he above t eachi ngs or may be acqui red frompractice of the

i nvention. The enbodi ne 0 esc |bed in or

expl ai n the princi§H*&s gf ﬁgcess %nge%ﬂ?ﬁ gﬁsaﬁ&gmf'% prac?va}?é?ragﬁpﬁ cation
to enabl e one agibiileingd cpndLhEOIar tThep matieriiad dhied e ra igxustn

various enbodi ments ang st argﬁglgp%mrfoilcagggngdded &5 tHe fdlelged to the

particul ar use contenpl at ed nt ended.t hat ihe 0 of .t he
"nvention be ety godEne | dadiinent SAGeBIHERVIE SHe 0 PE

gqui va! ents. a spatula. Th¥atixture divreedi £luid and wals washedet hod for
i sol ating particl %f;tkﬁ%%@%hﬁh@gmé%r%le% %Encentrate ior mygeaaghi ghly

di spersed col | oi dal _suspensi on f s(g £Qqart I cles; addi n% to the
suspensi on an encaifSUERkt WARt 8 1Aved i a@\ﬁrﬁﬁetﬂﬁt’e}lc%lﬁ% mat eri al

to contact said sddchmeankhaelesdry herkelymadil beaaht paf ttld Imatexdedi ng t he
surfaces of i ndiiduals @ar b thesr{ & RRARM WY RaBoh e Ifdiq/i dual particles;

ratio) until good reflow was achieved. Using an
automatic liquid dispenser, dots were deposited on
copper coupons, and turned to a bright metallic
deposit when reflowed in an IR oven. Dots placed on
pads of a Super Nova surface mount printed circuit
board formed a flat bright coating with slightly
rough metallic deposits. When the pads were coated
with the triethanolamine/malonic acid mixture prior
the placement of the dots, the deposits became
smooth.

Anothexr portion of the recovered isolated
encapsulated particles was used as a metal ink. The
ink was used to write on a glass slide, and metallic
inscription was produced on the glass slide when the
ink was heated to 180°C to drive off the organic
material of the ink.

EXAMPLE 7

Application of isolated particles

Thick "ink" or paste prepared in the manner
described in Example 6 was used to attach electronic
components to a surface mount printed circuit board.
The amount of triethanolamine/malonic acid was
adjusted until reflow tests showed the presence of
sufficient amount of the encapsulant material, which



allowing the individually encapsul ated particles to flocculate and settle
out of the suspension thereby formng two phases, including a |layer rich
in the individually encapsul ated particles and a solvent-rich |layer; and
i sol ati ng i ndependent and di screte, individually encapsul ated particles by
separating two978H8 rich in said particles fromthe sol veneeTUss/0833yer .

2. The nmethod of claim1l, wherein the encapsul ated particles are
ultrafine particles having a dianeter of,,100 nmor |ess. 3. The
met hod of claim 1, wherein the encapsul at'ed particles are fine particles
having a dianeter greater than 100 nm and | ess than 1500 nm 4.

The nmethod of claim1l, wherein the encapsul ated particles conprise at
| east one net al having an atom c nunber ranging from21l to 32, 39 to 50 or
72 to 82. nmet hod_.of .claiml1, wherein the encapsulated

particles conpri §é‘nﬁf‘l?ﬂﬁs?s {rit B AEeBF « cBRPBLRFE it ed from net al
el enent's, organi elertironigameuporsmtisoun#d tbapabhetoriatior mimpenselkroi dal

suspensi ons of papki phgge ﬁéﬁk} GeraReTEiBts 6F SRIY AP PRigcal forming

col | oi dal suspensi ons of ticles.
28 6. PHeCHerHBS ot ihe RoRTdh e FBE NS - RARESH SOMRORERESer i al i s
at | east one compeenglsetécterh fa @uasin PAcknN, Phacetureit,. a zifitie@l IRA

sulfide, a carbogule Gyackel] Comdbirle) vatklatfadhld YU GHiCkdard POl Yhydroxy

al cohol, an organosilahe, _a fitanate, a. zirconate, a zircoal um nate, a
carboxyl ate, a sul fat EneafQTRIRING LessriptigRi o REgerzed pyrrole, a furan
a thiophene, an efbddinértsanf ctle dirrenaibhi hasllseern pygstntied, £far

Yl e ™ RS0 o PG B Bbgffoc % stabt | 320l e, o
intended to be exhaustive or to limit the invention
to the precise form disclosed, and modifications and .
variations are possible in light of the above
teachings or may be acquired from practice of the
invention. The embodiments were chosen and
described in order to explain the principles of the
invention and its practical application to enable
one skilled in the art to utilize the invention in
various embodiments and with various modifications
as are suited to the particular use contemplated.

It is intended that the scope of the invention be
defined by the claims appended hereto, and their

equivalents.



7. The nethod of claim1, wherein the encapsul ant materi aI

one. conpound selected fromtriethanol am ne, ethylenedi am n&““lm m;ﬁllm u I“I
mal oni ¢ acid, hydroxyacetic acid, dinethyl sulfoxide, propylenecgly
hexanetri ol , dioxane, diethylene glycol dinethyl ether dinethylformam de,
1- (2- cyanoet WOPP#TEDl e, 3-(2- furyl)acrylonitrile, 3-thi of¢IIBAHIEI
aci d, nercaptobenzi m dazole, 2- nercaptobenzoxazol e, 6-am nobenzot hi azol e,
3-(2-am noet hyl ) pyrazole, 1- pyrrolidinebgtyronitrile, 3-pyridineacrylic
acid, 4,6-di hydroxypyrimdine, 6- nercaptopurine, 1l-chlorobenzotriazole,
2,4,6-triallyloxy-1,3,5-triazine, undecanethiol, diundecyl disulfide,
trimethyl -et hoxysilane, isopropyltriisostearoyl-titanate,

neoal koxyt ri sneodecanoyl zi rconate, sodium stearate, sodiumcetyl sulfate,
sodi.um dii sopr opéi - Eagt hﬂ ene iul fonate, and cetyltrimethyl amoni um

brom de, and deri : 8. The met hod of claim?7,
wher ei n the encapsul ant. natestihgd foratisbdasinerpartisdgsousemprisitned from
mal oni ¢ acid, ol etgeagtép Sjofz 6- hexanetrlol and trlethanolan1ne

29 9. A nethod of rtlcl es SI n e steps of:
preparing a highly di s?)‘éri atc “I%S 3 1§E e?%‘??ﬁ#"l}fa Eaﬁgf‘F?‘ET’es
conprising at | epséeseme mtaalhmghlarndosgensedsmmmal suSpenaddnng to the

suspensi on an encgpgil /nt ﬁggﬁgulghtaﬂqtggkgwmrghdhe encapsul ant nmateria
to contact said solid particle her eb 5 partially covering the

surfaces of indivi dua?emaaﬂl%r’ﬁdépgg Fe&esai d i ndi vi dual
particles; enéhpoul ated Ipsantlidnasdﬂabmysﬁmmﬁ;ﬁeais&dnnet al particles

to flocculate and sett}e A pethod of claim 1, wherein the particles
are ultrafine particles having a diameter of 100 nm

or less.

3. The method of claim 1, wherein the particles
are fine particles having a diameter greater than
100 nm and less than 1500 nm.

4. The method of claim 1, wherein the particles
comprise at least one metal having an atomic number
ranging from 21 to 32, 39 to 50 or 72 to 82.

5. The method of claim 1, wherein the particles
comprise at least one compound selected from organic
compounds, solid non-metal elements, metal oxides,
sulfides, selenides, tellurides, phosphides,
antimonides, fluorides, borides, carbides, nitrides
and silicides.

6. The method of claim 1, wherein the
encapsulant material is at least one compound
selected from an amine, an ether, a thiol, a
sulfide, a carboxylic acid, a hydroxy acid, a
sulfonic acid, a pelyhydroxy alcohol, an
organosilane, a titanate, a zirconate, a
zircoaluminate, a carboxylate, a sulfate, a
sulfonate, an ammonium salt, a pyrrole, a furan, a
thiophene, an imidazole, an oxazole, a thiazole, a
pyrazole, a pyrroline, a pyrrolidine, a pyridine, a
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of the suspension thereby form ng two phases, including a layer rich in th

I ndi vidually en

i sol ating independent and discrete, individually encapsul ated

capsul ated netal particles and a solvent-rlch qu H

W Illll 0|

particles by separating the layer rich in said particles fromthe

L M

sol vent - ri chwayresa7na 10. The nethod of claim9, whepermsétas®r ganic
solvent is a polar organic |iquid. 11. The nethod of claim?9
wherein the encapsul ated netal particles gre ultrafine particles having a
di aneter of 100 nmor | ess. 12. e nethod of claim9, wherein the
encapsul ated netal particles are fine particles having a dianeter greater
than 100 nm and | ess than 1500 nm 13. The method of claim?9,

wherein the high
of :
clusters of the
30

vapori zed state

substantially fr

the solid matrix
its freezing poi

|y dispersed col | oidal suspension is prepared by the steps
vaporizing the metal or netals to obtain atons and atom

pysimidépened gpurine, a triazole, a triazine, and
de¢aphtii-ag {;ﬁ@réfm aI atons and atomclusters in a

of cIa|n113

diimebhyhessbfoxiidmt mroppiche giytetr, rpxanetriol,
dioxane, diethylene glycol dimethyl ether
dimethylformamide, 1-(2-cyanoethyl)pyrrole, 3-(2-
furyl)acrylonitrile, 3-thiophenemalenic acid,
mercaptobenzimidazole, 2-mercaptobenzoxazole, 6-
aminobenzothiazole, 3-(2-aminoethyl)pyrazole, 1-
pyrrolidinebutyronitrile, 3-pyridineacrylic acid,
4,6-dihydroxypyrimidine, 6-mercaptopurine, 1-
chlorobenzotriazole, 2,4,6-triallyloxy-1,3,5-
triazine, undecanethiol, diundecyl disulfide,
trimethyl-ethoxysilane, isopropyltriisostearoyl-
titanate, neoalkoxytrisneodecanoylzirconate, sodium
stearate, sodium cetyl sulfate, sodium diisopropyl-
napthalene sulfonate, and cetyltrimethylammonium
bromide, and derivatives thereof.

8. The method of claim 7, wherein the
encapsulant material is at least one compound
selected from malonic acid, oleic acid,
1,2,6-hexanetriol, and triethanolamine.

9. A method of isolating metal particles,
comprising the steps of:

preparing a highly dispérsed colloidal
suspension of particles comprising at least one
metal in an organic solvent;

adding to the sugpension an encapsulant
material to at least substantially encapsulate the
particles with the encapsulant material; and
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solvent, and allow ng the sol vent and the matrix to warmto
room tenperature. 15. The nethod of claim13, Wne m‘m ﬂ !MI"IIM”II'
matrix is warned by contacting the solid matrix with sol ventr ceo

within 15[err]C of its freezing point while agitating the solvent, and
allowing the wolozasm3d and the matrix to warmto substanti al | yYPCRSGIN/3337

t enperat ure. 16. The nethod of claim 13, wherein the encapsul at ed
particles conprise at |east one netal halﬁgng an atom c nunber ranging from
21 to 32, 39 to 50 or 72 to 82. The met hod of cl aim 16,

wherein the particles conprise at |east one netal selected fromcobalt,

ni ckel , copper, palladium silver, platinum gold, tin, lead, and an all oy

or m xture thereof. 18. The rret hod of claim9, wherein the
encapsul ant material is at |east, one ound sel ected froman,am ne, an
ether, a thiol, a sulfi dese%f’uf%ﬁ‘ﬁ'&(ﬁllser& Po, B2 RAFGLCLe] | f oni ¢

acid, a pol yhydrox;toal cthéodyspenmiam| e, a furan a thi ophene, an

31 imdazole, an OvaQbe Phd et deofacmxmzs)l Gwherdi¥ Bkl Begadic
pyrrolidine, a pyridine, pyr| I ne, |ne a triazole, atr|a2|ne

and derivatives tRetgent fs &%l a]’.@°rg?ﬁéc ®otfof claim 18, wherein the
encapsul ant material is1at Thagsiethoe o&ouﬂ)amdssabmm fthemrmetadt hanol

am ne. et hyl ened! golpee, g@d;féqgmg@mhw? OXngaﬁwgp a8 afibeLs aci d,

mal oni ¢ aci d, hydroxyacetic aci opy ene glycol,
hexanetriol, di oxaﬁeloal@t'rﬁﬂl'e]r&s%ﬂ ycol dinmethyl ether, dinethylformani de,
1-(2- cyanoethyl)pyrroke, Thd Znefthiod bECeyhiwmi 9 |v|rlﬁere3.ﬂ lkhephevabal oni c

g_ci( g, mercaptobezl 1t 47201 £re IR GRRLIBENE AP 2 GudieRapenZOLNI azOl €,
greater than 100 nm and less than 1500 nm.

13. The method of claim 9, wherein the
encapsulated particles settle out of the suspension
subsequent to the addition step and prior to the
separation step.

14. The method of claim 9, wherein the highly
dispersed colloidal suspension is prepared by the
steps of:

vaporizing the metal or metals to obtain
atoms and atom clusters of the metal or metals;

capturing the metal atoms and atom clusters
in a vaporized state in the organic solvent;

freezing or substantially freezing the atom-
and atom cluster-containing solvent to form a solid
matrix; and

warming the solid matrix to substantially
room temperature without precipitating the resultant
particles formed by the captured metal atoms and
atom clusters.

15. The method of claim 14, wherein the solid
matrix is warmed by adding solvent cooled to within
15°C of its freezing point to the solid matrix while
agitating the solvent, and allowing the sclvent and
the matrix to warm to substantially room
temperature.
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am noet hyl ) pyrazol e, 1-pyrrolidinebutyronitrile, 3-pyridinea ' '
4,6-. di hydroxypyrim di ne, 6-nercaptopurine, 1-chlorobenzot rﬂm“mllm!!nm"ll"l
2,4,6-triallyloxy-1,3,5- triazine, and derivatives thereof. '« ¢ L . s *
The net hod of claim 19, wherein the encapsulant material is at |east one

compound selweglogsk7is om mal onic acid, oleic acid, 1,2, 6-hexaorussudssszand
tri et hanol am ne. 21. The nmethod of claim9, wherein the

encapsul ated nmetal particles conprise aé | east one metal having an atom c
nunber ranging from21 to 32, 39 to 50 P 72 to s2. 22. The

met hod of claim 21, wherein the netal particles conprise at |east one
netal selected fromthe group consisting of cobalt, nickel, copper,

pal | adium silver, platinum gold, tin, lead, and an alloy or mxture
t her eof . 32

23. The nethod of cl¥§m The meshefnof heladt 4 pathereiesthenpplid at | east
one netal sel echpehri* OyB than@EOLY e6AGAGtiMY tHe coNpdr matrix weed, and an

all oy or mxture her eof . . T, ' .herein the
encapsul ant rmat eFPLYSHS gfoyed, &P 8’ﬁ§ﬁirclo%r%§%@ rs%%eg%eeggﬁ'g]ng?h%@gr oup
consi sting of anwhilecgitatdmgetheasohvent, ;and||allewing tharboxylic acid, a

hydroxy acid, a gyj$&t Gafithe maRehxhydrvaom &l Gubstanbiglupnesdh ane, a
titanate, a zirconate, a zircoalum nate, a carboxylate, a sulfate, a

sul fonate, an ahPPREIATERt, a pyrrole, a furan, a thiophene, an
i m dazol e, an oxazol e17a tTHeamsitbodaofpglaim| s, ahgyreinl Fhe, a pyrrolidine,
Sef?;;ggCg’tﬁefg%%PifuiE% ConPHilsRe ata1b858Z60E metall ha@ihgeanand a

atomic number ranging from 21 to 32, 39 to S0 or 72

to 82. '

18. The method of claim 17, wherein the
particles comprise at least one metal selected from
cobalt, nickel, copper, palladium, silver, platinum,
gold, tin, and lead.

19. The method of claim 9, wherein the
encapsulant material is at least one compound
selected from an amine, an ether, a thiol, a
sulfide, a carboxylic acid, a hydroxy acid, a
sulfonic acid, a polyhydroxy alcohol, a pyrrole, a
furan, a thiophene, an imidazole, an oxazole, a
thiazole, a pyrazole, a pyrroline, a pyrrolidine, a
pyridine, a pyrimidine, a purine, a triazole, a
triazine, and derivatives thereof.

20. The method of claim 19, wherein the
encapsulant material is at least one compound
selected from triethanol amine, ethylenediamine,
undecanethiol, diundecyl disulfide, oleic acid,
malonic acid, hydroxyacetic acid, dimethyl
sulfoxide, propylene glycol, hexanetriol, dioxane,
diethylene glycol dimethyl ether, dimethylformamide,
1- (2-cyanoethyl)pyrrole, 3-(2-furyl)acrylonitrile,
3-thiophenemalonic acid, mercaptobenzimidazole, 2-
mercaptobenzoxazole, 6-aminobenzothiazole, 3-(2-
aminocethyl)pyrazole, 1l-pyrrolidinebutyronitrile, 3-
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25. The nethod of claim9, wherein the encapsul ant material i

one -conpound sel ected fromthe group consisting of triet hanoldlmlemmal“‘"“m" I“l
et hyl enedi am ne, oleic acid, malonic acid, hydroxyacetic acid,=* diaretthy s+
sul f oxi de, propylene glycol, hexanetriol, dioxane, diethylene glycol

di net hyl et hewalpnsrisyl f or mami de, 1-(2- cyanoet hyl) pyrr ol e, PCTUS97/03337
3-(2-furyl)acrylonitrile, 3-thiophenenmal onic acid, mnercaptobenzi m dazol e,
2- mer capt obenzoxazol e, 6-am'nobenzothiazo|$1 3-(2- am noethyl)pyrazole, 1
-pyrrolidinebutyronitrile, 3-pyridineacrylfc acid, 4,6-

di hydr oxypyri m di ne, 6-nercaptopurine, 1-chlorobenzotriazole,
2,4,6-triallyloxy-1,3,5- triazine, undecanethiol, diundecyl disulfide,
trimethyl et hoxysilane, isopropyltriisostearoyltitanate,
neoal koxytri sneodecanoyl zi rconate, sodium siearate, sodjum cetyl sulfate,
sodi um di i sopropylﬂé‘b‘tq\:‘é?e@ﬁéy%ﬂrf’f BAY e,4'aq1'di1 @F??‘YPY%‘E"I‘@*

brom de, and a dermesmdaptepurénheqf 1-chlorobenzotriazole, 2,4,6-

C L M S ; - ; :

The net hod of cl aitnglfg,ly\g?r?éctye}ﬁs‘fRetle.ln%%lpx}sedl.gr?td ﬁgfjé‘r’?%.v?ss teﬁé%gafét one
conpound sel ected from3lhe Jhgupethadi et iHPidr 20n WREESIR %he ol eic aci d,
1, 2, 6- hexanetri ol ,er¥pgulisgithaaekbafiabeis at leas?7one Thempmintwd of cl ai m 26,
wherein the encaps Lal _i ] xd ur : nic acid and

tri et hanol am ne. Eéﬂgt%g#héa%é?ﬁ%g;%f#cI%&%f]mclg?kﬁher ein the organic
sol vent is sel ect ek FrfoheXanetgiolp 2odstaiqthgneiantaeone, nethyl ethyl
ketone, nmethanol, ethand. peopased,ul¢€haminty phetiBlesefoinddet hyl ani ne,
benzal dehyde, acetaldeQ%S%%tEﬁké?2¥drofur%) diggm glnethyl sul f oxi de.

29. The nethod of*EHi FOTHE Stganicsérvent is sel ected from
t he 23. 1Isolated fine particles formed according

rum-

26.

to the process of claim 3.

24. 1Isolated particles formed according to the
process of claim 9.

25. Independent and discrete ultrafine
particles having a diameter of 100 nm or less at
least substantially encapsulated with an encapsulant
material, wherein the encapsulant material is at
least one compound selected from an amine, an ether,
a thiol, a sulfide, a carboxylic acid, a hydroxy
acid, a sulfonic acid, a polyhydroxy alcohol, an
organosilane, a titanate, a zirconate, a
zircoaluminate, a carboxylate, a sulfate, a
sulfonate, an ammonium salt, a pyrrole, a furan, a
thiophene, an imidazole, an oxazole, a thiazole, a
pyrazole, a pyrroline, a pyrrolidine, a pyridine, a
pyrimidine, a purine, a triazole, a triazine, and
derivatives thereof.

26. Independent and discrete fine particles
having a diameter greater than 100 nm and less than
1500 nm at least substantially encapsulated with an
encapsulant wmaterial, wherein the encapsulant
material is at least one compound selected from an
amine, an ether, a thiol, a sulfide, a carboxylic
acid, a hydroxy acid, a sulfonic acid, a polyhydroxy
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7 propanol  and 2. propanal . o 50, " The method of ol 2? L
a

the organic solvent is tetrahydrofuran. 31. The meth IMm 2
wherein the organic solvent is isopropanol. 32. The rret hod of claim
1, wherein tWwowesascles are non-netal particles with hydrrcusetesss?

surf aces. 33. The nethod of claim 32, wherein the particles are

selected fromthe group consisting of siiéi ca, silicon, and al um na.

34. The method of claim33, wherein the “¥ncapsul ant material is selected
fromthe group consisting of organosilanes, titanates, zirconates, and

zi rcoal um nat es. 34
35. The nethod of claim 34, wherein the encapsulant naterial is selected
fromthe group consisting of trinethylethoxysilane,

i sopropyl triisosedapbglii anne¥ganagidangeoal é‘k@/%??%ﬂe?oc?é@&ﬁ&%?v rdonate.
36. The nethod Qﬁr@b&lﬁihi—naﬁ@eraeld%r&iaﬁy&aeépséﬂﬁ]ﬂlfa{’dﬁ e al |s sel ect ed

from the group copsistjng car bax
sul fonates, and 5?#?%3?3%? saﬁlta"m"om'l%'l agg gTﬁ’Z{ feﬁocf ﬁ" é.l 36,
wherein t he encapbdbphenemt an | inidagclel, canegxazelem t%é@a@%e@oﬁm sting of

sodi um st ear at e, Qhamécea #yﬁ.éﬂ]fﬁ{e‘? a599h4611diﬂ§0FH iprigapehahene
sul fonate, and cé é’i’llt“ met h

yl a nlumbrom Is | at ed
ul trafine parti cP¥SIPEAHRY, R m Iy taotfﬁgzﬁ?’%te%stro’fa%ng 8 39.
| sol ated fine paderdvesives neeexemxfording to the process of claim 3.

27. The particles of claim 25, wherein the

encapsulant material is at least one compound
selected from triethanol amine, ethylénediamine,
oleic acid, malonic acid, hydroxyacetic acid,
dimethyl sulfoxide, propylene glycol, hexanetriol,
dioxane, diethylene glycol dimethyl ether,
dimethylformamide, 1-(2-cyanoethyl)-pyrrole,

3- (2-furyl)acrylonitrile, 3-thiophenemalonic acid,
mercaptobenzimidazole, 2-mercaptobenzoxazole, 6-
amincbenzothiazole, 3-(2-aminoethyl)pyrazole, 1-
pyrrolidinebutyronitrile, 3-pyridineacrylic acid,
4,6-dihydroxypyrimidine, 6-mercaptopurine, l-chloro-
benzotriazole, 2,4,6-triallyloxy-1,3,5~triazine,
undecanethiol, diundecyl disulfide, trimethyl-
ethoxysilane, isopropyltriisostearoyltitanate,
neocalkoxytrisneodecanoylzirconate, sodium stearate,
sodium cetyl sulfate, sodium diisopropylnapthalene
sulfonate, and cetyltrimethylammonium bromide, and
derivatives thereof.

28. The particles of claim 27, wherein the
encapsulant material is at least one compound
selected from malonic acid, oleic acid,
1,2,6—hexanetri61, and triethanolamine.

29. The particles of claim 26, wherein the
encapsulant material is at least one compound
selected from triethanol amine, ethylenediamine,
oleic acid, malonic acid, hydroxyacetic acid,
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40. Isolated particles formed according to the process of cl j

41. . I ndependent and discrete ultrafine particles having a dllglu" u"l“lum)"l"'
nm or |ess encapsulated with an encapsulant material, whereinmthhe + *
encapsul ant material is at |east one conpound selected froman am ne, an
ether, a thiowp9nzmsfide, a carboxylic acid, a hydroxy aciRCTABITEIONI C
acid, a polyhydroxy al cohol, an organosilane, a titanate, a zirconate, a
zircoalum nate, a carboxylate, a sulfate, sul fonate, an amoniumsalt, a
pyrrole, a furan, a thiophene, an im dazol"¢, an oxazole, a thiazole, a
pyrazole, a pyrroline, a pyrrolidine, a pyridine, a pyrimdine, a purine,
a triazole, a triazine, and derivatives thereof. 42. | ndependent
and discrete fine particles having a dianmeter greater than 100 nm and | ess
t han. 1500 nm encapsul ated with an encapsul ant terial, wherein

35 the encapsul aﬁt‘mﬁﬁ)ﬂg}l%ﬂ‘lﬁ%’“ﬁe .| BXSPYORRE %ﬁfﬁﬂhdbseéi &d°tr om an

am ne, an ether, diokhhe), dieﬁhyﬁén@eglgcoar6bmqthyizﬁnhhr a hydroxy acid, a

sulfonic acid, a B‘ih&é@ﬁgi%ﬁhﬂﬁ@o'p (ﬁggg%&é‘ﬂ&fif gmol% lslagate a

zirconate, a zircoa ate, a car ox%/3 sil fonate, an
ammoni um sal t, a VFYéPécrléi‘f%% ea entbpAehenenaloniciasdfe, an oxazol e,
a thiazole, a pyrazeteptéb@yzimidazelel pymedtashickansvxagole,ne. a

pyrim di ne, a pur Epﬁn?ﬁ%ﬁm%élﬁf%oﬁ\ﬁda tr(ba {elﬁ\oeagﬁgi r?t\é tll ves _ t her eof .

43. - The particles 0o enc material is at
| east one corrpouﬁUr%lé‘é%%%P‘ﬁfmntlltP‘éﬂﬁan%TPm‘iﬂéleaé—‘tlmllléné&Fém ne, oleic
af:i d, | malhonl c acid,6- bszﬂyw::mlgend g - et dyp t i, de,-hprOpyI ene
co exanetri t e t her
gl ?/ret hyl f or mam de%h}ogégéé@atﬁ%zélt%ﬁﬁ) yE 2 g&y&gh(éqr%} ri1y)3écr ylonitrile,
3-t hi ophenenal oni §raagéne nef a&?@ﬁzphd ¥e¢npdecyd dlSUlflde,
trimethylethoxysilane, isopropyltriisostearoyl-

titanate, neoalkoxytrisneodecanoylzirconate, sodium
stearate, sodium cetyl sulfate, sodium diisopropyl-
napthalene sulfonate, and cetyltrimethylammonium
bromide, and derivatives thereof.

30. The particles of claim 29, wherein the
encapsulant material is at least one compound
selectéd from malonic acid, oleic acid,

-1,2,6-hexanetriol, and triethanolamine.

31. The particles of claim 25, wherein the
ultrafine particles comprise at least one metal
having an atomic number ranging from 21 to 32, 39 to
50 oxr 72 to B2.

32. The particles of claim 26, wherein the
fine particles comprise at least one metal having an
atomic number ranging from 21 to 32, 39 to 50 or 72
to 82.

33. A method of coating a fiber, comprising
the step of:

applying to the fiber discrete ultrafine or
fine particles at least substantially coated with an
encapsulant material.
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mer capt obenzoxazol e, 6-am nobenzot hi azol e, 3-(2-am noet hyl) pyligg!
pyrrolidinebutyronitrile, 3-pyridineacrylic acid, 4,6-di hydrﬂlmr’m“’lmlum" IIII
6- mercaptopurine, 1-chloro-benzotriazole, o * C L M s
2,4,6-triallyloxy-1,3,5-triazine, undecanethiol, diundecyl disulfide,

trimethyl - ew@yysrisane, isopropyltriisostearoyltitanate, pCr/Us9703337
neoal koxytri sneodecanoyl zi rconate, sodium stearate, sodiumcetyl sulfate,

sodi um dii sopropyl napt hal ene sul f onat e, Aamd cetyltrinmethyl amoni um

brom de, and derivatives thereof. 3844, The particles of claim43,
wherein the encapsul ant material is at |east one conpound selected from
mal onic acid, oleic acid, 1,2,6-hexanetriol, and triethanol am ne.

36 45. The particles of claim42, wherein the encapsul ant nateri al
is at |east one conpound selected fromtriethanol am ne, ethylenedi am ne,
ol eic acid, malonic 3di-d, Thayuebhodcef iwladm 33, dvherein e f oxi de,

propyl ene gl ycolen nehti Ahtedifkaie at dieaisity bAsecahyanid di net hyl et her,

di et hyl f or mam de,, 1-(2-cyanoet hyl rrqlé - (2- I )acrylonitrile,
3-t hi ophenenal orﬁecle&&geé %kp‘cgét %‘B)étgz'l n%qggéz%’l &' 32 tf"}rﬂré%/'ca%t obenzoxazol e,
6- ami nobenzot hi aadifdde3- @2canbavel by | 3pid.azobydrexy acid, a

pyrrolidi nebut yrQpifdnilce ac3apyal fbIneddE adebliol4, &ndi hydr oxypyri m di ne,
6- mercaptopurine, 1-chl orob

Cé enéogrl%_gol e reonat
2,4,6-trial | yl RFIRNSEEAEPLA, Pkl S WYeTafb TGP 2 81 uAdecy! di sul fi de,
t ri met hyl et hoxysdiraralunioptepyat carisostleteoy - sl fatee,a

neoal koxytri sneqdpoan@ieri paOBAREn: SR HANR SteRyaLBIesodi tiRet W sul fate,
sodi um dii sopropyl - napt hal ene s opate, and cetyltrjnethyl amoni um
brom de, and deriiiaBhFRe. pRefiByfazole, dn oxazole) a thiazole,'a

pyrazole, a pyrroline, a pyrrolidine, a pyridine, a
pyrimidine, a purine, a triazole, a triazine, and
derivatives thereof.

35. The method of claim 34, wherein the
encapsulant material is at least one compound
selected from triethanol amine, ethylenediamine,
oleic acid, walonic acid, hydroxyacetic acid,
dimethyl sulfoxide, propylene glycol, hexanetriol,
dioxane, diethylene glycol dimethyl ether,
dimethylformamide, 1-(2-cyanoethyl)pyrrole, 3-(2-
furyl)acrylonitrile, 3-thiophenemalonic acid,
mercaptobenzimidazole, 2-mercaptobenzoxazole, 6-
aminobenzothiazole, 3-(2-aminoethyl)pyrazole, 1-
pyrrolidinebutyronitrile, 3-pyridineacrylic acid,
4,6-dihydroxypyrimidine, 6-mercaptopurine, 1-
chlorobenzotriazole, 2,4,6-triallyloxy-1,3,5-
triazine, undecanethiocl, diundecyl disulfide,
trimethyl-ethoxysilane, isopropyltriisostearoyl-
titanate, neoalkoxytrisneodecanoylzirconate, sodium
stearate, sodium cetyl sulfate, sodium diisopropyl-
napthalene sulfonate, and cetyltrimethylammonium
bromide, and derivatives thereof.

ARUA B
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| east one conpound selected frommalonic acid, oleic aC|d

1,2, 6-hexanetriol, and triethanol am ne. 47.

41, wherein the ultrafine particles conprise at Ieast one nmet al haV|ng an
atonmi ¢ nunber WO from 21 to 32, 39 to 50 or 72 to 82. PCIUSYIAMIT The
particles of claim42, wherein the fine particles conprise at |east one
met al having an atom c nunber ranging froms2l to 32, 39 to 50 or 72 to 82.
49. A nethod of coating a fiber, conprising the step of:

applying to the fiber discrete ultrafine or fine particles coated with an
encapsul ant material, wherein the encapsulant naterial is at |east one
conmpound 37 selected
froman am ne, an ethe h|oI ul fi ar hox i d, a hydroxy
acid, a sulfonic aC|d56 fi §I8 ﬁo?aagh‘%}d%ﬁgéFﬁéne a titanate,
a zirconate, a zperbatles rmr@rnasa:aatbé@lsat@nean%t&ﬁlf d@wing 8pl fonate, an
ammoni um sal t, a R¥bmekenumbed Waying ERbAPBENEs B, i3V dZ8leoranz 0xazol e,
a thiazole, a pyrazole a pyrroline, a pyrrolldlne a pyridine, a
pyrinidine, a puritRe’ 82, triazole, a triazine, and derivatives thereof.

50. The nethod of claBm 49 wdtdrcs] it lfermlimgpaud:@arttinmto@r mal is at |east

one conpound sel&ggggrgggn1é5 ARG tﬁg]g@epegbylenedlan1ne ol ei c acid,
mal oni ¢ aci d, roxyacetic aC|J dirne

sul f oxi de ene gl ycol
hexanetri ol , dloxane di *RPAYHE T B Isﬁkﬁﬁ¥ﬂ %t °Sd€ﬁ€Phylfornan1de
1-(2- cyanoethyl)pybmptéslﬂg(dhscﬁbﬂmyhﬁ&¢aﬁhne|orltxne:baMtucpbsnanalon|c

acid, mercapt Obenaegkéaé%&a&lalw cRateheRzeN a0 éncdidiTapebenzot hi azol e,
3-(2- amnoethyl)pyrazole1 -
38. The method of claim 37, wherein the

encapsulant material is at least one compound

46. The particles of claim45, wherein the encapSU| ant mater'”“l"l || "II"I'I"III'

selected from an amine, an ether, a thiol, a
sulfide, a carboxylic acid, a hydroxy acid, a
sulfonic acid, a polyhydroxy alcohol, an
organosilane, a titanate, a zirconate, a
zircoaluminate, a carboxylate, a sulfate, a
sulfonate, an ammonium salt, a pyrrole, a furan, a
thiophene, an imidazole, an oxazole, a thiazocle, a
pyrazole, a pyrroline, a pyrrolidine, a pyridine, a
pyrimidine, a purine, a triazole, a triazine, and
derivatives thereof.

39. The method of claim 38, wherein the
encapsulant material is at least one compound
selected from triethanol amine, ethylenediamine,
cleic acid, malonic acid, hydroxyacetic acid,
dimethyl sulfoxide, propylene glycol, hexanetriol,
dioxane, diethylene glycol dimethyl ether,
dimethyl formamide, 1-(2-cyanoethyl)pyrrole, 3-(2-
furyl)acrylonitrile, 3-thiophenemalonic acid,
mercaptobenzimidazole, 2-mercaptobenzoxazole, 6-
aminobenzothiazole, 3~ (2-aminoethyl)pyrazole, 1-
pyrrolidinebutyronitrile, 3-pyridineacrylic acid,
4,6-dihydroxypyrimidine, 6-mercaptopurine, 1-
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pyrrolidinebutyronitrile, 3-pyridineacrylic acid, 4,6-dihydr A Mk
6- arercaptopurine, 1-chlorobenzotriazole, jmml l"'!r“‘ lr"ill " I“l
2,4,6-triallyloxy-1,3,5-triazine, undecanethiol, diundecyl di dlrde, m s =
trimethyl - et hoxysilane, isopropyltriisostearoyl-titanate,

neoal koxyt r ivgoepssemanoyl zi rconat e, sodi um st earate, sodi umpcewgs7sagrf at e,
sodi um dii sopropyl - napt hal ene sul fonate, and cetyltrinethyl anmoni um

brom de, and derivatives thereof. 51. The nethod of claim 49,
wherein the particles conprise at |east 3%e nmetal having an atom c nunber
ranging from21 to 32, 39 to 50 or 72 to 82.

38 52. A nethod of formng a coating on a substrate, conprising
the step of: applying to the substrate a conposition
conprising discrete ultrafine or_ fine particles_coated with an encapsul ant

material, wher eifhliarohenzessiranle ned et ibaithiallylorgakt3 otie conpound |
sel ected from anrx@Ezige, anuatiBeanethidl Oldivndeulli desubfids boxylic acid, a

hyd id, I ' ' , h , . |
ianate . a 71 ety b dy B BRI E B0 pop BLBAN0S 210, 2
sul fonate, an arkihi@Enakesapecaliorytriinecdecrgeyhzirceriiephanrdiugm

i m dazg! e, an O&zéaz?ceq Ebdaan! eetyl mtn_&&leﬁ, s&diﬁﬁfdﬂiéd&oﬂ&pyrrm i di ne,
a pyridine, a pyri i-ne, a puri atri .a triazine . an
derivatives ther’?@frp.halene sugggpggﬁ'heanr‘r{et%oé lgF l@?éﬁ%ﬁ?ﬂm\if\ﬂ’é’f ein the
encapsul ant nmat dxawmides and dasivawives dihexend.sel ected fromtri et hanol
am ne, ethyl enedi am ng,. Ooh@eCmathéad &BlAHit a¢i, dwhehyih optyeiCeti c acid,
di met hyl sul f oxi_de, .pr,opyl ene_glycol ,, hexanetrio i oxane,__ di et hyl ene
Gl yool i ot hyt RIS cRRr bl R A R B ban MBI an U P YLETS.
furyl)acryl oni t radomicanumbephsanging from@ld tondecap? obeniyd mid2ol e, 2-

to B2.

41. A method of joining metal to a substrate,

compriging the steps of:

applying to the substrate discrete ultrafine
or fine particles at least substantially coated with
an encapsulant material; and

placing said metal to be joined in contact
with the discrete ultrafine or fine particles.

42. The method of claim 41, wherein the
encapsulant material is at least one compound
selected from an amine, an ether, a thiol, a
sulfide, a carboxylic acid, a hydroxy acid, a
sulfonic acid, a polyhydroxy alcohel, an
organosilane, a titanate, a zirconate, a
zircoaluminate, a carboxylate, a sulfate, a
sulfonate, an ammonium salt, a pyrrole, a furan, a
thiophene, an imidazole, an oxazole, a thiazole, a
pyrazole, a pyrroline, a pyrrolidine, a pyridine, a
pyrimidine, a purine, a triazole, a triazine, and
derivatives thereof.

43. The method of claim 42, wherein the
encapsulant material is at least one compound
selected from triethanol amine, ethylenediamine,
oleic acid, malonic acid, hydroxyacetic acid,

- This Sheet Has Been Replaced :

(T




nmer capt obenzoxazol e, 6-ani nobenzot hi azol e, 3-(2-am noet hyl) py
pyrr.ol i di nebutyronitrile, 3-pyridineacrylic acid, 4,6-di hydro><lmmﬁwn""eullll”“|
6- mercaptopurine, 1 -chlorobenzotriazole, 2,4,6-triall

, 3, 5-triazine, undecanethiol, diundecyl disulfrde trrnethyl et hoxysi | ane,

i sopropyltrii sweeERrdyl -titanate, neoal koxytri sneodecanoyl! zPCTAHS033I37

sodi um stearate, sodiumcetyl sulfate, sodium diisopropyl-napthal ene

sul fonate, and cetyltrinethylammoni um bror’% e, and derivatives thereof.

39 54. The method of claim52, wherein the particles conprise at
| east one netal having an atomc nunber ranging from21 to 32, 39 to 50 or
72 to 82. 55. A nethod of joining netal to a substrate, conpri si ng
the steps of: applying to the substrate di screte ultrafine

or fine particles coat encapsul_ant ter wher ei n t he
encapsul ant nat er .datrmatg*vét S}lggg%l%?,e ‘?:‘g?ﬁy ¥F8 tel&e’F?rtﬁ'ﬁrdr?lam ne, an
ether, a thiol, aduxanes, daethybeny|glyad dimethydlreklyerncid, a sulfonic

acid, a pol yhydromn@t%%@bmaﬂlaégatww@%oee pLIBpAGe 2 Zl pronal e,

Zi rcoal um nate, a car Bﬁ i ?1 ona an ammonium salt, a
pyrrole, a furan f3YiAASEK ﬂ%"tﬁﬁ‘?m%ﬁiﬁt@ eRRMBLaBEF aCid t hi azol e, a
pyrazol e, a pyrrolmer:e,apaobpmmiaalzm, 2 mericdphebenzewdzdligli 2, a purine,

atriazole, a tri aaquﬁ%’-béﬂgogﬁ%éi’é‘ié ves (zt-'&ﬁugi&fa{:lﬁgfg?%raz le,

pl aci ng sai d netal I n contact ctere ultrafine or
fine particles. P}'rr°11d56e byt ok tdd-Sof 3CPXFFr€15’3)eaWJé4 oide
encapsul ant mat er i43lé -iddhgtirbepspyrimeididmpGumersapespech e, 0t ri et hanol

am ne, ethyl enedi %ﬂl@?obghEEErfgégle ,mii ,qn,isgtg'(i.aglyloxy-l :3,5-
triazine, undecanethiol, diundecyl disulfide,
trimethylethoxysilane, isopropyltriisostearoyl-
titanate, neoalkoxy-trisneodecanoylzirconate, sodium
stearate, sodium cetyl sulfate, sodium diisopropyl-
napthalene sulfonate, and cetyltrimethylammonium
bromide, and derivatives thereof.

44. The method of c¢laim 41, wherein the
particles comprise at least one metal having an
atomic number ranging from 21 to 32, 35 to 50 or 72
to 82.
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(S57) Abstract

(54) Title: METHOD FOR ISOLATING ULTRAFINE AND FINE PARTICLES AND RESULTING PARTICLES

A method of making isolated particles including the step of at least substantially encapsulating particles present in a highly dispersed
colloidal suspension with an encapsulant material, such that the encapsulated particles remain independent and discrete upon separation
from the suspension, Also, independent and discrete particles at least substantially encapsulated with the encapsulant material,




