i COATI NG METAL PARTICLES FIELD OF THE | NVENTI ON The

present invention relates to a nethod for preparing

particles including powders and |arger particles for

patterning by electrostatic or lel ectrokinetic neans,

such as patterning of netal particles in the

manuf acture of el ectronic devices. BACKGROUND OF THE

INVENTION In a variety of applications it is desirable

to apply organic or.dn j kl[lﬁf, mouch as

nmetal particles an&%ﬁ]g&gm&b Iggb% rates in a

predeterm ned pattern. One such application is in the

fleld of pri nted wiring boards, where solder paste

¢ EELD OB THEINVENEION has been applied to a

substrate through a stainless steel or electroforned

stencil which defines a pattern, or by screen

pr i nti The phdzayt inventidm reditess @ demethod fot peeparing glarticles including
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el ectrokinetic or electrostatic deposition in a

pattern on a substrate. Another aspect is to provide

nmetal particles which are resistant to oxidation and

B A GRONDROP TERIARVERTRIGIS Peri ods at room

tenperature. Brieily, therefore, the invention is

directed to a nethod for preparing particles to

retai a char that the partjcles are rendered.
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or electroformed stencil which defines a pattern, or by screen printing.

Many industrial solder and other metal powders are not stable at room

temperature for prolonged periods in that they are subject to oxidation.

SUMMARY OF THE INVENTION

Among the several aspects of the invention is to provide particles for
electrokinetic or electrostatic deposition in a pattern on a substrate. Another aspect is to
provide metal particles which are resistant to oxidation and stable over prolonged
storage periods at room temperature.

Briefly, therefore, the invention is directed to a method for preparing particles
to retain a charge such that the particles are rendered electrostatically or
electrokinetically mobile. The method comprise coating



speci es, non-ionic species, cationic species, acids,

bases, and m xtures thereof, to yield particles with

the coating medi umthereon; ang contacting the

particles with the coating nmediumthereon with a

charge director nediumto inpart a positive or

negati ve charge thereto and thereby render the

particles electrostatically or electrokinetically

Mihitides withad b Redfmt wfd&ﬁ faBYiERss Mhchentdbf §ChEde director
to electrostatically or electrokinetically nobile
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a charge director material, wherein the coating .
neRAtng mediyp dhereon withne charggrditeptor omsdivmi iy imgpart a positive or
apl oni ' nQn-i Qni.g specj es,, cati.onic i
keglve’ HeEe erstolaig oty afidr ” they Fatyiclis plfgstuitally or
deletekirietiomllyembobite, on t he coating nmedi um wherein the
charge director naterial has a positive or negative
charge and thereby renders the particle bodies
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SCR| PTION OF _THE I NVENTION I n accordance with this
FRASHanoprocess g Bhe particles pernpise the particle bedies; accaaing mpdium on
U pephiclEolits st foclial ARERAG b bF Fofligh o faterial,
wherdir the cobitieg meliuneksiselettelf fivin tHeqabip 6émistiag lof ynionic species,
nmobjle. In one , preferred enbodi nment, the particles
BONSIORICTRRAISE, CALIoBIS: SPECIES; dhidsnbasgs.tand mixtyres Hhergod) a4 charge

‘@Fb“}é’gn/ Pb, Sn/Ag/Cu, Sn/Ag, Cu, Sn/AgBi, Sn/Bi,
n/'PbBi or others. The particle size is typically

thaterisdem the euiti}, mediv@rwitgeia bl thatpe diréct@faterial has a positive or
negative charge and thereby renders the particle bodies electrostatically or

electrokinetically mobile.

 Other aspects and features of the invention will be in part apparent, and in part
described hereafier,

DETAILED DESCRIPTION OF THE INVENTION

In ‘accordance with this invention, organic or inorganic particles are coated in
order to render them amenable to treatment with a charge director, so that the particles
- can thereby be rendered electrokinetically or electrostatically mobile. In one
‘prefexred embodiment, the particles are a powder selected from among the



enbodi nent the particles are 5 powder particles having
an average di aneter between about 0.5 and about 50
mcrons. In another enbodinent ;they are powder
particles have an average dianeter between about 1
and about 100 microns. One preferred powder is a Type
6 powder with a size distribution primarily between
about 10 and about 20 m crons. The particles are

al metalsailioyeSy, Swrs chg/@a,rsximge@u IRYA 981, 8/Bi 8A/PAIBI or others.
particle size between about 50 and about 500 m crons.

In a further alternative, they are relatively |arger
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mat er | al ecte rom anong i onic surfactant
npowderak s, Typarﬁ ponder witit ers:mlchstshmﬂnna;a'lmarﬂylhemﬁnn about 10 and

pal S, .or ani ¢ aci ds, and/ or, bases, m_xt ur, .
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sol vent . If coating is acconplished
lai’tem&rve,rthejnala rslahmly Mgelsqphages of invirgdniamstsriat hmr,lg gn average
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AP, OF R éx%ﬁlﬁﬂa R¥ider RhAATEpHeRR! | Mar REAKIASSHplicatidit, biddometallic

no sol vent requi red.” Anong the surfactant

m!attwlesanwhﬂﬂscd; are suitable for coating particles
according to this invention are the follow ng cationic
mat eri al s: St earam dopropyl diethanol am ne avail abl e

fr om 15 @hedyinf NS Hrveifion 1HE Partlcl dré BciRed HRAIaMAeliBNsclocted

Lexam ne Z2.7 Cl16-Cl 8 nonoal kyl am nes such as
frptr agumgt éxhie aﬂurfaommymamaflss amommatﬁnalm syshiz 85 non-ionic

po )enlnell'Jsr,] %?gran}cha(?m g %9 or ﬁ gna%tdl %]xu'ﬁrres |_fl.-l—l)epe:ndlng on how the
coatmg is physically carried out, the coating medium may also contain a solvent. That
is, if coating is accomplished by immersion in a solution, spraying with a solution, or
exposure to a solution in a fluidized bed, a solvent is needed. On the other hand, if

the coating is accomplished by a plasma coating process or the like, no solvent is

required.

Among the surfactant materials which are suitable for coating particles

~ dccording to this invention are the following cationic materials:

Stearamidopropyl diethanolamine available from Inolex Chemical Co. under the trade

designation Lexamine 22.

'C16-C18 monoalkyl amines such as hydrogenated tallowalkylamine available from
'Akzo Noel under the trade designation Armeen HT.



N-Myri stoyl sarcosine avail able from Hanpshire
Chem cal Corporation under the trade designation
Hanposyl M N- Stearoyl sarcosime available from
Hanpshire Chenical Corporation under the trade
desi gnati on Hanposyl S. M xture of N Myri stoyl

SaW. sty afbobinStaRailabié fFori HSpIRire\Chelniddll €CdrpofRtion under the
Hanpshire Chem cal Corporation under the trade

ddeAdg dasignstionblapmesyI M5,  N- (1, 3- di net hyl butyl ) -

N - phenyl - P- phenyl enedi am ne avail abl e from Cronpt on
Corporation under the trade designati on Fl exzone 7F

( 2 BiearolyligunéosfHe2hilable from Hampshire Chemical Corporation under the trade
N .- hexane- |, 6-diyl bi s(3-(3,5-di-tert-butyl -4-hydroxyph
efssignagpn Bampead)S,  avail abl e from G ba under the

trade designation |Irganox 1098. Am no-based silicone

copol yol surfactant avail able from Lanbent under the .

t Miglare afd-Miyristoyd sarcosihe aid KirBterro R BarcBtina availabitepfiap Hampshire

diet hanol am ne avail able from I nol Chenj ¢ Co.
uﬁgfé?webféom?raegn uafé‘%iﬂgm%c{e&%&ga%m POy &ﬁ des,
Pol yam de and Pol yam de resins for exanple Versanid

940 pol yanm de resin available from Cognis. Also anong
t €1 3ulimathytbntyl jyaNepheh y1-Riplehyened sunina dvailgble from Crompton

e e e e e R b ont 1 (bbb S e
N- Lauryl et hyl enedi ami netriacetic acid avail able from

Hanpshire Chem cal Corporation under the trade . .
Mesi gnat NohekAERIAL-diyitds(3 €8 yedirtyrt-betyd4rhydeoxyphenylpropionamide))
cont ai ni n tassi ym an ree gl ycerol Beheni c

RO IBI0E e e e 550 b e o b 0% under

trade the designation Crodacid B. Fatty

al cohol / phosphat e ester/ethoxylate m xture [al cohal s-
@bGnd-basedlsiliconecenpatywll surfactant available from Lambent under the trade

designation Lambent Amine PD.

Stearamidopropy! diethanolamine available from Inolex Chemical Co. under the trade

designation Lexamine 22.

Amides, Polyamide and Polyamide resins for example Versamid 940 polyamide resin
available from Cognis.

‘Also among the surfactant materials which are suitable for coating particles

according to this invention are the 25 following anionic materials:

N-Laurylethylenediaminetriacetic acid available from Hampshire Chemical

Corporation under the trade designation LED3A Acid.

Glyceryl Stearate SE containing potassium and free glycerol.



hydr ogen phosphate / pol yoxyethylene (1) cetyl ether
phosphate] available from Croda under the trade
desi gnation Crodaphos CBS. Addptional suitable
materials include the follow ng polyneric materials:
Styrene acrylic acid copol yner avail abl e under the

das.i t . fr . L.
2o VfURE" AGH (4B0ic o' aNeifable HSHET R s GRE designation
5X30dmihB| abl e from Allied Signal Corporation.

Pal mtic acid, stearic acid and other fatty acids and

m xture thereof. Propylene acrylic acid copol yner.

REgit) %Ic?:ﬁgl/e[gﬁgﬁﬁe{téa @stél?&h&%{té’ rmig ﬁ@ﬁg{u@mﬁi@d 18S18" 1-hexadecanol

hydriogenat rosins, tumm an el c aci d adducts
ohydrogém phespbateTheohyoxpafyleng (atétyl etimt @hbsihste] cavdidable from
t oat.ed rticl es anepab tQ reatment with a
cﬁgﬂ(ﬁé‘n&ﬁt@g%a‘f g?ﬁﬁnfiﬁ%’f Ef‘ﬁ;@gb"irqg%l es can be treated

with a charge director to render them

el ectrokinetically or electrostatically nobile. This

coat i nfddifirnalisdisablameterialsdrcludrathe follrwing golymerit apaterials:
exanpl e, a very hydroxyl surface or a very acidic

surface 25 with which a subsequently applied charge

BtyRA¢ AbrydieNadi€ 6polymbh ab4la8! initier ahé€ GREigAdionalcnthdlfrom S.C.
if the particles are netal particles to be used as a

Jehmpen Co.t is preferable to sel ect one which provides
a fluxing function in the eventual powder when it is
used as a solder. 6 Anong the organic acids which are

Bl £rii aci@abolpulyiéstA-C) $40, 504! $80JS5120, 5186 available from
invention are aliphatic and aromatic acids, nono, di,
Alliesbyigaal\florporaiorls and al so amino acids, sul fonic,

sul fam c, phosphinic, phosphonic acids etc., including

the follow ng: nono and di carboxylic acids with a C

paaktiondd) gagichclibdndasier Gty Ridk £Aanixtute thaéofadi pi c

acid, citric acid, ascorbic acid, succinic acid, malic
acid, malonic acid.

Propylene acrylic acid copolymer.

Rosins and modified rosins for example Gum rosin, hydrogenated rosins, fumaric and

maleic acid adducts of rosins etc.

The foregoing coating materials render the coated particles amenable to
treatment with a charge director, so that the particles can be treated with a charge
director to render them electrokinetically or electrostatically mobile. This coating

‘provides a surface characterized as, for example, a very hydroxyl surface or a very
écidic surface 25 with which a subsequently applied charge director can react.
In selecting a coating material, if the particles are metal particles to be used as a
‘solder, it is preferable to select one which provides a fluxing function in the eventual

powder when it is used as a solder.



Anmong t he organi c bases which are suitable for coating
particles according to this invention are the

foll owi ng: saturated and unsaturated, aliphatic and
aromatic am nes for exanple prﬁi mary, secondary,
tertiary am nes, ethyl amne, tertiary butyl am ne,

propyl am nes, al kapol am nes, al kyl am nes, Ani si di pe, .

N- phen 2% Srsanis aqui?_ ‘rgwbr?éﬁ%'&%é”% ﬁg_rﬁw%s Rigticles ‘according to
DI RV ehtshi2sre HlipRatic2arf aBRIAAE 20445, fbk&' didicafofylicl Bélds and also
pol ar organi c solvent, when used, Is selected from .
aaming adids; eswonice rauifainie, phvsphinich ehosphionisg acids etc., including the

BIRaHe AR o4 ot acid HaR a0 hiciSpls L3t Hioen C1, and oo
ahEW APAdipis W6, Efid®Rid) akRibic atidagrtinid £RD hekkia a6id, malonic acid.

but anol , ot her al cohols, ketones, glycols, glycol
ethers, esters, toluene, benzene, and m xtures

sur t actasnd o FRRGS BisoR Rl A5 §tsn %ok sh e dalftos according to
it igpehtioRoatt e Oollawihga Baikatdd %nb Yunsetugdiéd, 4liphatis ahd yaromatic

bet ween about 0.1 and about 1 % by weight. The, )

amines for sxpmplet PEBATYe Secondanye toptiary apings. gbylbaming, defsiary butyl
- \ej f haut a 9%« _

Ryt bipytan i, SRR METuRARY AnSgfe bR bl thine, N

59 Phériyidiethtubetaraitie (D ipheiddgeaniding, @AA minvbensotri fludrind] etent

i s between about 0.05 and about 10% by wei ght,

preferably between about 0.5 and about 2% by wei ght.

The i, Sl v: ' s&% Seolvents i

to 90% I\%e?rgrntl?@%)lre é&‘g'g{lyls%étz%en a g.gltna%]g&fog %ﬁ% vian n

wiltiohl tth® &Yatily cempgditionsThie sulublec! FTheser solvents ambhwdedaromatic and
.the coating _m xture i n amount of_ up,t

a@%&mg%gﬂ%pf%m& alpobalsrh 2s fpthanel.t $ﬂe"flggoll§%’lémpm°¥
HPGYGALLIAE SR g PO, A S,

naRmings thefevfisoni cati on, fl uidi zed bed coati ng,
| ow-shear inpeller mxing, ball mlling, and bead

mlling.
In preparing a surfactant solution, the surfactant or polymer content in one
embodiment is between about 0.05 and about 10% by weight, preferably between about
0.1 and about 1% by weight. The organic solvent content is between about 99.95 to 90%

by weight, preferably between about 99.9 and about 99% by weight.

7 - In preparing an organic acid or base solution, the acid or base content in one
. embodiment is between about 0.05 and about 10% by weight, preferably between about

0.5 and about 2% by weight. The organic solvent content is



After coating the particles, the supernatant is
decanted off and the particles are washed at | east
once. I n one enbodinent the particles are washed
between two and five times wifh a neutral high

di el ectric organic liquid such as isoparaffin
distributed by Exxon Chem cal of Houston, Texas under
the trade nanme Isopar. This yields prepared sol der
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pdytwaiglds resi st oxi dation and are stable for

prol onged storage periods at roomtenperature. As an
alternative to inmersion coating of the particles as

descri

such agﬁ glpﬁﬁ%}égeaaé h@éﬁ coaﬁﬁ%ﬂﬁﬁﬁgﬁ‘gﬁ?ﬁ%%%ﬁt of up to
c gzt 9.9 witk. alnya prefetried gmbodilrient; diset panticlegdre smtrodnoed inray, amount
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charge. For sol powder coatin s capabl

resdtbeadymélling. at sol dering tenperatures, and in sone
i nstances the coating serves a fluxing function
during soldering. As noted above, the coating medium

My CfepicPattgth& patiieled] thb %peﬁiatﬂ@ idhnted BFr SR sﬁucles are
mentioned. | n one exanple, the primary coating nmedium

weaskod #ripast ence. dmpno modmenmthmpmdomteew cbc@seen two and

OREIER s oBBR B GeP Pl D LR SR B
E?MQQfCHehﬁéfﬂ e S&%W@@Q‘(ﬁdeﬁé%'tﬁi&% Re m‘o b€ This yields

several ionic speC|e anioni c or cationic) bound to a
paspared 9@1‘1@11 raréclesiead y for us irepattsming.shlec, dus th snoxlygen diffusion

h d h. h
b RO, 0 o e et g 5 il o
BoRAEEDRbAEE faidd¢ aPToddh Ralpepithreet i cal Iy nobile.

As an alternative to immersion coating of the
particles as described above, they may be coated by other methods such as fluidized
bed coating, spray coating, pan coating, rotary coating, roll coating, plasma coating,

or solution coating.

The foregoing process yields particles which have an electrically insulative
coating and which are capable of holding a static charge. For solder powder, the
coating is capable of melting away at soldering temperatures, and in some instances

the coating serves a fluxing function during soldering.

As noted above, the coating medium may contain a mixture of two or more of
the species mentioned. In one example, the primary coating medium is anionic or

‘cationic,



To use the particles in an electrostatic or

el ectrokinetic process such as that disclosed in the
U.S. Patent Application No. 2005/0106329 Al filed
July 9, 2004 entitled DEPCSITI AND PATTERNI NG
PROCESS, the entire disclosure of which is expressly

| BB Spet 3Tl dr o s fob R it B PG Braree.
or polyelectrolyte, also known as a charge director.

Exanpl es of suitable electrglytes/ polyelectro]ytes .
i ncl udé,ne sereclly prefered gmbedimient withim the peapg; af ghose described above

P . b0 ealat Lo : _
ok bEOLSBBSEL BB IO D By il
t suafiee. nfiheiohiRHpecieSizdielented aremmyplemantithe eharSOHrec8udvhich is to then

o S forBlciaess Ol qeRdsEng i EvAes IR RPGRAIY o clecrokinetcally
RasBileuor o carboxylic acids (perfluoro sebacic,

suberic, succinic acids) Sodiumand calciumfatty
acid salts Sulfates of ethoxylated al cohols Anmoni um

| auryl, sul fate Sodi u | 1y]. sul fates and sul fonates
Bar ke aacleS iy aneostin i 1 ad by per fusi on
WechoEihedd IphGsyVauBh asQiRE ideddsdd e 4.8! PatehplAppiisation No.

and pol yel ectrol ytes such as allyl nethyl ammoni um

28099106329 hak afiled yTula rAroHI0d nentiledr DEROSARION oMY PATTERNING
| I i hl Qri.de.. This thereby Vi )
BRORSH e, P Ayt of eih e Fabieatly FsSigsitp hétin by reforence,

B Paktd]@Sare Ghtrodied liflto A soRdtRAm! cfmdiﬁh'ﬁ GnWlectrolyte or polyelectrolyte,
el ectroki netic deposition process. The
also known as a charge director. Examples of suitable electrolytes/ polyelectrolytes

include, but are not limited to, the following:

Polyvinyl lecithin solution available from HP Compaq
Phosphated monoacid diglycerides available under the trade name NPHOS

" Sodium dodecyl sulfate (SDS)
Sodium lauryl sulfate
Cobalt nitrate
Perfluoro pentanoic, octanoic, decanoic acids and similar species
‘Perfluoro carboxylic acids (perfluoro sebacic, suberic, succinic acids)
Sodium and calcium fatty acid salts
Sulfates of ethoxylated alcohols

Ammonium lauryl sulfate



particles conprise the particle bodies; the
above-descri bed coating nmediumon the particle bodies
which facilitates attachnent thereto of a charge
director material, wherein the coating nmediumis
selected fromthe group consisting of anionic species,

non- |on35d,§,9%g5,p§,1fa&§%(p§mﬁn§@§m es, acids, bases, and
mi xtures theredf: and the above- descri bed char ge

di r ect oBarfrum petroniatepnptidnally smdifieg byeptirfusiontvethedistilled avater
charge director material has a positive or negative
charge and thereby renders the particle bodies

el ect r aptand 5{2' dn¥m6Hia AKREbIRS R pellybl¥ctioNAes Ssuch as allyl methyl

Thereafter, e particles are dried by pan dryi

spamsoru\up. rcglor@p chexadecyk (ammpnisnneehieriderh and uh&gqcbh trimethyl

0 g_@gyte or polyelectrolyte is to facilitate
mal n enance of el ectrical charge so the particles wll

respond in desired manner in the presence of an
electrical field, In preparation for printing,

parti ciBis themsb ¥ dfaldselectestatigally ax elgetrokinet) O?chwa;bﬂc particles for
h le of
B Blech B of fecilinelc BRRRIGh iSeest TR O P e

sopar 'pro
i prartdclpy odmptxseaﬂal partidle bbdies) the \bove{described moam@medium on the

trad name Fluorinert. The corrbl ned parti a
?a bedgcu bl sbobognt fire Hisregh o chitep dlogior paterial
const T ut%@ﬁ"%&ﬁ%%‘ﬁf‘ §é éct?%(ﬁ q out ggﬁpoéoﬁ%lﬁﬁnggg ﬁ?nelc species,

mnaomolspemedo astichic Sp@cich\Veeiils] basesdndimiytuzéstirercof; apd the above-
A e
hfh‘t&ﬁ‘i’%st SER: of HQ%atﬁQ Chr r@dog@,&;, {ERAgs Qhe bﬂﬁlcle bodies

enent s e terns udi ng" and

émwstgicaﬂy@remmidmhchﬁyhmbﬂacl usi ve and mean t hat
there may be additional elenments other than the
listed elenments. As various changes could be made in

the a n or other
[ nven?ﬁona‘f%II rméj I nt ende %q,ga? r con%al ne
sﬂﬁtabbbmeensiéﬂm Iﬁﬂtcthll] of the electrolyte or polyelectrolyte is to facﬂltate

maintenance of electrical charge so the particles will respond in desired manner in the

presence of an electrical field.

In preparation for printing, the particles are combined and wetted with a liquid
having suitable dielectric properties. One example of such a liquid is the Isopar
bmduct. Another example is a product available from 3-M Corporation pnder the
trade name Fluorinert. The combined particles and liquid ranges from about 2% by
weight particles up to about 90% by weight particles. The particles constitute from

rabout 2 to about 60% of the mixture on a volume basis.



and shown in the acconpanyi ng drawi ngs shall be

interpreted as illustrative and not in a limting
sense. The foregoing relates tooa |imted nunber of
enbodi nents that have been provided for illustration

purposes only. It is intended that the scope of
invention is defined by the appended claims and there

are nodj catl ons .of the above _enbodi nents that do
not depHiEnf {RivaiRg selepentss of Hbe | prowht |lewentlfm opihy preferred
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wherein the coating nmediumis a polyneric material, to

yield particles W|th t he coating nedi um thereon; and

cont act,i_n the der al rii wth the . co
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render the part| cles electrostatically
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of the follow ng: a) stearam dopropyl diethanol am ne,
b) C16-C18 nonoal kyl am nes, c¢) hydrogenated

tal |l owal kyl am ne, d) N Myristoyl sarcosine, e)

N- St ear oyl sarcosine, f) N (1, 3-

di met hyl butyl ) - N - phenyl - P- phenyl enedi am ne, g) N,

N - hexane-1|, 6-

di yl bi s(3-(3,5-di-tert-butylt#-hydroxyphenyl propi onam
de)), h) am no-based silicone copolyol surfactants,
and i) mxtures thereof, to yield particles with the

WHAE OB I dYhTIRE WB.t hereon; and 12 contacting the sol der
—Tetat partrcres with the coat i ng nediumthereon with a

charge director nedi umto i npart a p05|t|ve or

n@at | ve ch: rogieft her Il?lgt hSiS ¥ %fr %I B :l_es to

parti cl®ed ectr ostpat
retambid e:haasgeA smﬂha@afwthpr paatwgepaate ctesd¢ved et ai n

a char htha the particles_ are render
o1 et CATInIs SIEC P BAT PP ALEY CBPPS o Te, metRed
comp®tdwady conpri sing: coating the particles with a
coating mediumwhich facilitates attachment of a
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whi @0 d S8S: A B LR hmealeeked Eﬁgﬂbéhélgégﬂﬂr material,
consi sting of amdes, polyam des, and pol yan de

wheysi rigie tc@%ﬁl@lgd megddim dSes WPLWmehic coatentphediayield
pard 0N ANLEONUACL A0 LATRALKLELSS, vdd L he Coating

hereonr W th charge di'rectof nediumto
| rmatuacstm@|t1he\/e:oaﬁemegtath\‘zeparbacgesthetlsttohambating

t hereby render .the particl.es ectrqgstatjcall
med b AT R By RRBEEG T ecRORPRIRT oS oI 7
posAitd drehdddificdichadgehdhgeto and thereby render the

particles electrostatically or electrokinetically mobile.

2. A method for preparing solder metal particles to retain
a charge such that the particles are rendered electrostatically
or electrokinetically mobile, the method comprising:

coating the solder metal particles with a coating medium
which facilitates attachment of a charge director material,
wherein the coating medium is selected from the group consisting
of the following: a) stearamidopropyl diethanolamine, b) C16-Cl8
monoalkyl amines, c) hydrogenated tallowalkylamine, d) N-
Myristoyl sarcosine, e) N-Stearoyl sarcosine, f) N-(1,3-
dimethylbutyl) -N'-phenyl-P-phenylenediamine, g) N, N'-hexane-1,6-
diylbis(3-(3,5-di-tert-butyl-4-hydroxyphenylpropionamide)), h)
amino-based silicone copolyol surfactants, and i) mixtures

thereof, to yield particles with the coating medium thereon; and



such that the particles are rendered electrostatically
or electrokinetically nobile, the nethod conprising:
coating the particles with a coating medi um whi ch
facilitates attachnment of a charge director material,
wherein the coating nmedium il8 selected fromthe group
consisting of a) N-Laurylethyl enediam netri acetic
acid, b) Gyceryl Stearate SE containing potassium
andoﬂtamttﬂgmﬂheﬂsok@eﬁﬂmaim&wbdmpdcmyb with the coating

di et hanol am ne eheni ¢, .Aci doc sano c acid e) .
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or Raghtlvenctares iR andaktegeBlaethagrt bRe ppatt L BSs

with the coating nediumtheregn wth a, charge
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charge thereto and thereby render the particles

el ectrostatically or electrokinetically nobile, 13 5.
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faci):ﬁitt&tﬁé@%tﬂ:fa&:lfn%ﬁﬂfrdfda ehegyeodtigtteak| Maderial, ~wherein
electroklnetlcally nobi l e, the nmethod _conprising

the CRHTIRE (WAL FEMAFIERS BalPrEFes uPEhoat EBatFFg the group

con%F%ﬂi%@ d!“%ﬂldéﬁ”|§d¥¥dﬁid@%taﬁﬂﬁeﬁBlQQmﬁdéhﬁégﬁns, to yvield
lrector nateril a
particles with the coating medium thereon; and

contacting the particles with the coating medium thereon
with a charge director medium to impart a positive or negative
charge thereto and thereby render the particles

electrostatically or electrokinetically mobile.

4. A method for preparing particles to retain a charge
such that the particles are rendered electrostatically or
electrokinetically mobile, the method comprising:

c¢oating the particles with a coating medium which
facilitates attachment of a charge director material, wherein
the ccating medium is selected from the group consisting of a)
N-Laurylethylenediaminetriacetic acid, b) Glyceryl Stearate SE
containing potassium and free glycerocl, ¢} Stearamidopropyl
diethanolamine, d} Behenic Acid (docosanoic acid), e) a fatty
alcohol/phosphate ester/ethoxylate mixture, and f) mixtures
thereof; and

contacting the particles with the coating medium thereon
with a charge director medium to impart a positive or negative
charge thereto and thereby render the particles

electrostatically or electrokinetically mobile.




wherein the coating nediumis selected fromthe group
consisting of rosins and nodified rosins; and

contacting the solder nmetal particles with the coating
medi um thereon with a charge director mediumto inpart

a positive or negative charlge thereto and thereby

render the particles electrostatically or

el ectrokinetically nobile. 7. The nethod of claim®6
wherein: coating the particles with a coating nmedi um
CHIPri g8f% meediddngft beapar ti gheseiht tha pal@fdlmaterial is
sel ected fromthe group . consisting of gumrosin

selqfihchJdioht &S GLONE, CPORAFF&NGdaficEs DFYTFRR Y Wiy acid

copdBRIC, 881 & taGAUGES 20k 081 BEid8eoApBBIOEs f &F) propylene
preparing solder netal particles to retain a charge
acrglich adigt oome yaewiched & emishgegedgthereot.
el ectrostatically or electrokinetically nobile, the
met hod conprising: coating the solder netal particles
wid.h arcoetihog fedi prepaing Satdértaeesl apddcimisd wof

a charqe director erial erein_the coatin
retdnAiReSs Rgns tORt e PRET I et LAt AR, |
electaniantd da1Qf dhe egeeupokOA8t $&& DUy Oholadll ) ctleeimbthod

citric acid, ascorbic acid, succinic acid, malic acid,
COMBA NS acid, palmitic acid, stearic acid, and

ModdHiey W @R dednNfetant aatt Dg1Eh6y S0k deTedBi Alg medium
_particles with the coating nediumthereon with a
whighdragd lditeéesoptiaghmentoof npafharge pdsresher graterial,
whe E9ATINE R19Y TRAN BhO18NH 1 BELERYEFERUSe td¥up consisting
of rosins and modified rosins; and
contacting the solder metal particles with the coating
medium thereon with a charge director medium to impart a

positive or negative charge thereto and thereby render the

particles electrostatically or electrokinetically mobile.

7. The method of claim 6 wherein:
coating the particles with a coating medium comprises
coating the particles with a material selected from the group
consisting of gum rosin, hydrogenated rosins, fumaric adducts of

rosins, and maleic acid adducts of rosins.

8. A method for preparing solder metal particles to
retain a charge such that the particles are rendered
electrostatically or electrokinetically mobile, the methed
comprising:

coating the solder metal particles with a coating medium

which facilitates attachment of a charge director material,

wherein the coating medium is a mono- or di-carboxylic acid




particles electrostatically or electrokinetically
nmobile. 9. A nethod for preparing sol der netal
particles to retain a charge such that the particles
are rendered electrostatically or electrokinetically
nobil e, the nmethod conprisiyng: coating the sol der
nmetal particles with a coating nedium which
facilitates attachnment of a charge director material,
wherein the coating nediumis selected fromthe group
consisting of a) primary am nes, b) secondary am nes,
matayislerddlaresinifres, thendrdkpnitgnaiesithereoidipin acid,

... contacting the.solder .metal patticles wth, the, coatj .
R BT et oA A TGE Bl F Bt 50 Tt bt 15 il o
acidy, peasdiltice s@iidiegaknvrécchatge ahéreiotanss tftesmdyf; and

render the particles electrostatically or .
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selected fromthe group consisting of a) ethyl am ne,
posipiveqy Asgahiti charae, tbyereb@owga*#il%%l?y dgender the

i |amni £\ .anisidine ine.
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2- Ami nobenzotrifluoride, and k) m xtures thereof. 15

L5 YL byl ShaChEAARShER G 1o
reteirec rokirget isuchdepasi thenpprotesss ahe pandendds
eleé%%gggé¥f¥%lly or electrokinetically mobile, the method
comprising:

coating the solder metal particles with a coating medium
which facilitates attachment of a charge director material,
wherein the coating medium is selected from the group consisting
of a) primary amines, b) secondary amines, ¢) tertiary amines,
and d) mixtures thereof; and

contacting the solder metal particles with the coating
medium thereon with a charge director medium to impart a

positive or negative charge thereto and thereby render the

particles electrostatically or electrokinetically mobile.

10. The method of claim 9 wherein:

the coating medium comprises a material selected from the
group consisting of a) ethyl amine, b) tertiary butyl amine, <)
propylamines, d) alkanolamines, f) anisidine, g) N-
phenylbenzylamine, h) N-phenyldiethanolamine, i)

diphenylguanidine, j) 2-Amincbenzotrifluoride, and k) mixtures

thereof.




sol der netal particle bodies; a coating nmediumon the
sol der nmetal particle bodies which facilitates
attachnment thereto of a charge director naterial,
wherein the coating mediumis a polyneric material;
and a charge director materiigd on the coating nmedi um
wherein the charge director nmaterial has a positive
or negative charge and thereby renders the sol der

”Bltla' p%.rltéc%lr%s*%%@'1%§ll?e s¢t é?é&@%bﬁ%é&&@éll mobile solder

el ectrokinetically nobi El ectrostatically or
metal gutrtdkilest ifoal pemdbi ba stGbIOSh@ta¢ pareledtagoigretic

depé§¥%1ékz§1 Je%Ctr%%Faga%tg lgge88ﬁ8¥igf%%c depOS|t|on

I'OCESS, i'cl 88¢o I'sI ng
paaj]dénEMmmﬁle@aralcoatbnglaadlun1on t he solder netal

article bodies which facilitates attachme t.her
off FIAEe MR GR raearPy et GRERL AT TE to TS which

faciBHAHEL MElcIRent RRkeEetdl oseheehgdgé rotredhier gﬂmlal .
consi sting of the foll ow ng: a) stearam dopr

whexg gt HdifolRRtTi@9 BrdEys- £88anBR waywarﬁ%%%laﬁ) and
hydroganat %ﬁ.retc%loerW@ltEX“Eﬁm B8 tHe J:\bé’%/ﬂ@trﬁ’é’chlum wherein

sarcosine, e) N-Stearoyl sarcosine
the Hargs dilrmthﬂrbwgzerlwl ba&ng| PPsibhenydemelatl e, charge

andEQQJ% %§ g%%ﬂ' %h% gbihgks&gté§jééghiéfgtbod es

enyl propr onam am no- based
elecnﬂosnauacaddgobyoblsattakuaatscahhﬁ mybilt ures
thereof ; and a charge director material on the
coating nediumwherein the charge director materi al

hag a psddrsstaritagali ve ehatgeokandt ifel Bpyndieiltersolder
metéfn%é¥¥;¥¥é;n?g¥ u%%rghpgg gggégiostatlc or electrokinetic
deposition process, the particles comprising:

solder metal particle bodies;

a coating medium on the solder metal particle bodies which
facilitates attachment thereto of a charge director material,
wherein the coating medium comprises a material selected from
the group consisting of the following: a) stearamidopropyl
diethanolamine, k) C16-C18 monoalkyl amines, ¢} hydrogenated
tallowalkylamine, d) N-Myristoyl sarcosine, e) N-Stearoyl
garcosine, f) N-(1,3-dimethylbutyl)-N'-phenyl-P-
phenylenediamine, g) N, N'-hexane-1,6-diylbis(3-{3,5-di-tert-
butyl-4-hydroxyhenylpropionamide)), h) amino-based silicone
copolyol surfactants, and i) mixtures thereof ; and

a charge director material on the coating medium wherein
the charge director material has a positive or negative charge
and thereby renders the solder metal particle bodies

electrostatically or electrckinetically mobile.




el ectrostatically or electrokinetically nobile. 16
13. Electrostatically or electrokinetically nobile
particles for use in an electrostatic or
el ectrokinetic deposition process, the particles
conprising: particle bodies; a coating nmediumon the
particle bodies which facilitates attachnment thereto
of a charge director material, wherein the coating
medi um conprises a material pglected fromthe group
consi sting of am des, polyam des, and pol yam de
resins. 14. Electrostatically or electrokinetically
mop | e ]%(lpe%’i{focgt%}ifc%rllbl/.s%rl %1%%1:%%%%9%31@? fekile
electroKinetic eposit'i on process, e partfcles
parttihuipss siowg ugErin dre diedicesstatdoabrngleetrokinet idie
article bodies which fgcilitates attachnment thereto
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mesh i CTHdEieE;a material sel ected fromthe group
consi sting of a) N-Laurylethyl enedianm netriacetic _.
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att@&KhdAea 1t neaes s apkha%b%aBQEEQQBEOHXEerial, wherein the
di et hanol am ne, d) Behenic Acid (docosanoic acid), e)
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e coatli'n es’a nafer
sel ected fromthe group consisting of a) styrene
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particles for use in an electrostatic or electrokinetic
deposition process, the particles comprising:

particle bodies;

a coating medium on the particle bodies which facilitates
attachment thereto of a charge director material, wherein the
coating medium comprises a material selected from the group
consisting of a) N-Laurylethylenediaminetriacetic acid, b)
Glyceryl Stearate SE containing potassium and free glycerol, c)
Stearamidopropyl diethanclamine, d) Behenic Acid {(docosanoic
acid), e) a fatty alcohol/phosphate ester/ethoxylate mixture,

and f£) mixtures thereof.

15. The particles of claim 11 wherein the coating medium
comprises a material selected from the group consisting of a)
styrene acrylic acid copolymer, b) ethylene acrylic acid co-

polymers, c) propylene acrylic acid copolymer, and f) mixtures

thereof.




pol ymers, c¢) propylene acrylic acid copol yner, and f)
m xtures thereof. 17 16. Electrostatically or

el ectrokinetically nobile solder nmetal particles for
use in an electrostatic or electrokinetic deposition
process, the particles conprising: solder netal
particle bodies; a coating diumon the particle
bodi es which facilitates attachnment thereto of a
charge director material, wherein the coating nmedium
coh@rlsE%eatnaséﬂtaCaééVe@Feé1ﬁﬂ§ﬁpkhée§#§§ély mobile

f d d
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erein"the coatlngms um conprises a nateri al
attsehmenédthenﬁtohefgaoqpacgasdsrengoafmgunrlﬁésuwhereln the
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confiselingt bekirpstihsabhhy bl Feedsebdensnet ahdgparticl es
for use in an electrostatic_or electrokinetic _, _
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electrostatically or electrokinetically mobile.

17. The particles of claim 16 wherein the coating medium
comprises a material selected from the group consisting of gum
rosin, hydrogenated rosins, fumaric adducts of rosins, and

maleic acid adducts of rosins.

18. Electrostatically or electrokinetically mobile
solder metal particles for use in an electrostatic or
electrokinetic deposition process, the particles comprising:

solder metal particle bodies;

a coating medium on the solder metal particle bodies
which facilitates attachment thereto of a charge director
material, wherein the coating medium comprises a material
selected from the group consisting of adipic acid, citric
acid, ascorbic acid, succinic acid, malic acid, malonic acid,
palmitic acid, stearic acid, and mixtures thereof ; and

a charge director material on the coating medium wherein

the charge director material has a positive or negative charge



material, wherein the coating medi um conprises a
material selected fromthe group consisting of adipic
acid, citric acid, ascorbic acid, succinic acid,
malic acid, malonic acid, palmtic acid, stearic
acid, and m xtures thereof ; and a charge director
material on the coating nmeditfn wherein the char ge
director material has a positive or negative charge 18
and thereby renders the solder netal particle bodies
andekberebyt aendelsy the sldderokieneaili palrity ahebibosiier).
Electrostatical Ly or el ectrokineticall blle sol der
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electrokinetic deposition process, the particles
co rising: solder netal particle bodies; a_coating
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mat eri al wherein the coating nmedi um conprises a
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secon ary amines, ¢) tertiary amines, and d) mixtures thereof
; and

a charge director material on the coating medium wherein
the charge director material has a positive or negative charge
and thereby renders the solder metal particle bodies

electrostatically or electrokinetically mobile.

20. The particles of claim 19 wherein the coating medium
comprises a material selected from the group consisting cof a)
ethyl amine, b) tertiary butyl amine, c¢) propylamines, d)
alkanclamines, e) anisidine, £) N-phenylbenzylamine, g) N-
phenyldiethanolamine, h) diphenylguanidine, i} 2-

Aminobenzotrifluoride, and j) mixtures thereof.



ethyl amne, b) tertiary butyl am ne, c) propylam nes,

d) al kanol am nes, e) anisidine, f)

N- phenyl benzyl anmi ne, g) N phenyl di et hanol am ne, h)

di phenyl guani di ne, i) 2- Am nobenzotrifluoride, and j)

m xtures thereof. 19 21. The nethod of clains 3 or 4
wherein the particles are sblder netal particles. 22.
The net hod of any one of clains 1-10 wherein the
particles conprise a netal/alloy selected fromthe

grddép Cbesimethod of SAaille/ BborSH Mpe@einCihe particles

Sn/ Ag/ Bi n/ Bi nd. Sn/Pb/Bi. 23. The particles of
arecF8£ﬁ§r1§egﬁllgaﬁﬁéF&Fﬁ'the particle bodies conprise

sol der netal particle bodies. 24. The particles of any

one of clains 11-20 wherein the particles conprise a

mefdl/ afPeymsEheet e PPYNPIRe Ofr 6dp imgodsiidt Mg TS nsthe
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consisting of Sn, Sn/Pb, Sn/Ag/Cu, Cu, Sn/Ag/Bi, Sn/Bi, and
Sn/Pb/Bi.

23. The particles of claims 13 or 14 wherein the

particle bodies comprise solder metal particle bodies.

24. The particles of any one of claims 11-20 wherein the
particles comprise a metal/alloy selected from the group
consisting of Sn, Sn/Pb, Sn/Ag/Cu, Cu, Sn/Ag/Bi, Sn/Bi, and
Sn/Pb/Bi.



