CATALYST COWVPCSI TI ON AND DEPCSI TI ON METHOD Background of the Invention The
present invention is directed to an aqueous catal yst conposition and net hod
of depositing an ultra-thin nmetal or netal alloy |layer on a substrate. Mre
specifically, the present invention is directed to an aqueous catal yst
conposition and nethod of depositing an ultra-thin netal or netal alloy
|ayer on a substrate woanextyer [UMPBSIERIRIN DRFOSITFONME TR 2" 2
particles. Many industries ere workers desire to coat or Tormaone or nore
metal or nmetal alloy |ayers on subBathkegatumnd ofthsllumentiant al ysts. Such catal ysts
are enployed in e it of netal or nmetal .alloys.
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electroless plating are deposits which may be produced directly upon nonconductors, deposits in
which are often less porous than electrolytic plating, and also deposits which often have
unconventional chemical, mechanical or magnetic properties (such as higher hardness and wear
resistance).

L ( _ Another attribute of electroless plating is that the process is auto-catalytic and deposition
occurs on a catalytic surface. Accordingly, a catalyst is required. Catalysts employed in
electroless metal deposition vary widely in composition depending on the metal or metal alloy to
be deposited as well as the use of the article made. In addition to the manufacture of printed
wiring boards, electroless plating using catalysts are employed in the manufacture of various
decorative articles, and in numerous other electronic applications such as in the formation of

electromagnetic interference (EMI) and radio frequency interference (RFI) shielding.



1 EM radiation is created by operation of many diverse forns of electronic
equi pnent ranging from m crowave equi pnment to honme conputers. The radiation
occurs because electronic devices enmt "noise" in a frequency range of 60
Hz to nore than 1000 MHz, and is picked up by other devices or by
conduction through power |ines that act as antennas. EM radiation may
interfere with other devices and has been known to cause such diverse
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involves applying a metallic coating over a plastic housing for electronic devices. Such methods
include galvanic deposition, spray coating such as by arc-spraying or spraying the metal on as a
paint, cathode sputtering, chemical metallizing and vacuum metallizing, Metal coatings have
‘included copper, silver, chromium, nickel, gold and zinc. Such methods have suffered from a

: ( number of deficiencies such as macro or microscopic cracking, peeling of coatings, limited
shielding effectiveness, oxidafion of metals in the coatings, distortion of thermoplastic substrates,
and expensive application equipment.
A more suitable method of forming an EMI shield has been by electroless deposition of a

metal on the non-conductive housing materials. Electroless deposition of non-conductors such
as plastics involved immersing a part in a series of aqueous baths, which both prepare the surface
of the part for deposition and permit metallization. Following conventional pretreatment steps,

the part is then immersed into a catalyst containing noble metals, such as a colloidal



of the part for deposition and permit netallization. Follow ng conventional
pretreatnment steps, the part is then imersed into a catal yst containing
noble nmetals, such as a colloidal 2 tin/palladiumcatalyst, to render

non- conductive surfaces catalytic to deposition of the desired plating
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The catalyst of the ‘841 patent is a hydrous oxide of a noble metal such as silver oxide,
palladium oxide, and platinum oxide. A hydrous oxide of copper also may be employed. The
hydrous oxide of the metal is deposited as a colloid on inert, irregularly shaped, colloidal carrier

: ( - particles such as carbon, various types of silica_s including synthetic calcined silicas, synthetic
precipitated silicas, silicas of fossil origin (diatotﬁaceous), detritic natural silicas (powdered or
micronized sand); alumina; and pigments such as titanium dioxide. The colloidal particles are
irregularly shaped and have jagged edges to penetrate a substrate surface. Carrier particles range
from between about 0.1 and 500 microns and have a surface area range of between 100 and 900

m%/gm. The catalyst may be aqueous based or organic solvent based. Various film-forming

resins are included in the catalyst compositions.



from between about 0.1 and 500 m crons and have a surface area range of
between 100 and 900 nR/gm The catal yst may be aqueous based or organic
sol vent based. Various filmformng resins are included in the catalyst
conpositions. 3 In addition the catalytic conmpositions include an organic
solvent: to solvate or condition a substrate on which the catalyst is
applied to pronot atall %riichgﬁl,' e} ;
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substrate that includes applying a catalytic conposition to the substrate,
t he surface with a solvegtpsv%ll isg avoided whe¥1 using thcrE}?esent compositions, t%us r-ﬂlmmatmg

many potentially hazardous compounds from the compositions. The nano-sized carrier particles,

on which the catalysts are coated, increase the effective area of the catalysts, thus permitting a

continuous catalytic layer to be placed on a substrate. The catalytic layer permits electroless

metals to nucleate and grow through the catalytic layer to the substrate permitting the substrate to
{ come into electrical contact with deposited metal.

- In another embodiment the present invention is directed to a method of depositing a metal
or metal on a substrate that includes applying a catalytic composition to the substrate, the
catalytic composition includes a catalyst, one or more carriers having an average particle size of
from 5 nm to 900 nm, and one or more water-solubie or water-dispersible organic compounds;
and depositing a metal or metal alloy on the substrate with the catalytic composition.

In another embodiment the present invention is directed to an article comprising a

substrate having a metal or metal alloy layer with a thickness of 10 microns or less and a



catal ytic conposition includes a catalyst, one or nore carriers having an
average particle size of from5 nmto 900 nm and one or nore water-sol uble
or wat er-di spersible organic conmpounds; and depositing a netal or netal

all oy on the substrate with the catalytic conposition. |In another enbodi nent
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unl ess the cont exwigakERlslayeraghdifeapRs tHidkneys whé Qirface resiROELRS fLRRion@If pmer g =
gram nmg =mlligram L = liter; nL =mlliliter; A = anperes; in = neters;
dm = deci met dlmweight nillineters; m= nicron = mcroneter; cm= centineter;
Nm = nanonet ers; g,y {Fa;%-ﬂm}‘% of BickneSARY LRPICS RsistaNeaash! thRtRhof timeEM =
scanni ng el ectron crogr ; ter?‘ﬁs‘ “plating"” and "depositing" are used
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wat er - di s pern’?iilﬂxlle%ers; Jim = micron = micrometer; cm = centimeter; nm = nanometers; mC) = milliohms;

cps = centipoise; kV = kilovolts; SEM = scanning electron micrograph; terms “plating” and
“depositing” are used interchangeably throughout the specification; terms “printed wiring board”
and “printed circuit board” are used ihterchangeably throughout the specification; “film” and
“layer” are used interchangeably throughout the specification; “water-soluble” within the scope
of the present invention means that a compound or polymer swells or dissolves in water at

| ( normal temperatures (from above 0° C to 100° C at 1 atmosphere pressure); “water-dispersible”
within the scope of the present invention means that a compound or polymer forms an émuision,
micro-emulsion or suspension in water at normal temperatures. All numerical ranges are
inclusive and combinable in any order, except where it is logical that such numerical ranges are

constrained to add up to 100%.

Compositions of the present invention include catalysts in the form of hydrous oxides or
hydroxides of catalytic metals dispersed in an aqueous diluent with one or more inert carrier or

filler particles and one or more water-soluble or water-dispersable organic compounds. Inert



wi thin the scope of the present invention neans that a conpound or polyner
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properties with resp ct to the met be. deposi t ed b
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el ectrol ess deposition of a netal or nmetal alloy, the oxidation/reduction

potential of meahalloyipde gepasitefemay bg enpleyed t%préeteqecslaﬂr:&epvgw(nﬂﬁ&b| e') than
that of the netal Cﬂéosﬂﬁta%etﬁl claQszI &pptﬁis on the metal or metal alloy to be deposited on a

substrate. In electroless deposition of a metal or metal alloy, the oxidation/reduction potential of
the catalytic metal is more electropositive (‘noble”) than that of the metal or metal alloy to be
deposited. For example, the following metals are reported to be catalytic to the deposition of
(_ copper, copper alloy, lead, lead alloy, nickel, nickel alloy, and cobalt: silver, tellurium, _platinum,
thallium, vanadium, gold, germanium, selenium, iron, tin and palladium, with gold, palladium,
| platinum and silver typically employed. More typically silver or gold is employed to deposit
copper or an alloy of copper. Most typically silver is employed to deposit copper or a copper
alloy.
The catalyst in the form of a metal hydrous oxide or metal hydroxide is mixed with one
or more inert carriers to form an aqueous slurry. Inert carriers employed may be any suitable

water insoluble compound having an average particle diameter such as from 5 nm to 900 nm, or



deposited. For exanple, the followng netals are reported to be catalytic to
the deposition of copper, copper alloy, |lead, |ead alloy, nickel, nickel

all oy, and cobalt: silver, tellurium platinum thallium vanadium gold,
germani um selenium iron, tin and palladium wth gold, palladium
plati num and silver typically enployed. Mre typically silver or gold is
enpl oyed to deposit copper or an alloy of copper. Mst typically silver is
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or such as areas of ultra-fine inert carrier particles may range from 1000 m*gm to 8000 m%gm or such as

from 1100 m*/gm to 6000 m*/gm or such as from 15 00 m*/gm to 3000 m*/gm.
Examples of suitable compounds of multi-valent cation and anion pairs include, but are
not limited to, water-insoluble salts of barium, calcium, magnesium, and manganese such as
‘barium sulfate, calcium hydroxide, magnesium hydroxide, manganese hydroxide, or mixtures
thereof. Barium salts and calcium salts are more typically employed such as barium sulfate or
calcium hydroxide or mixtures thereof. Barium salts such as barium sulfate are most typically
employed.
Examples of suitable metal oxides include, but are not limited to, iron oxide, aluminum
oxide, titanium dioxide, calcium carbonate, zinc oxide, magnesiurn oxide cesium oxide,

chromium oxide, hafnium oxide, zirconium oxide, or mixfures thereof. Aluminum oxide,



from 1100 n2/gmto 6000 n2/gm or such as from15 00 n2lgmto 3000 nR2/gm
Exanpl es of suitable conmpounds of nmulti-valent cation and anion pairs
include, but are not limted to, water-insoluble salts of barium calcium
magnesi um and nmanganese such as barium sul fate, cal ci um hydroxi de,
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are not limited to, polyurethanes and epoxides or mixtures thereof. Other suitable water-soluble
or water-dispersible organic compounds include, but are not limited to, polymers such as acrylic
homopolymers or copolymers, lactic acid homopolymers or copolymers, polyamides, polyesters,
alkyd resins, ethylene copolymers with acrylates or vinyl acetate, chlorinated or unchlorinated
homopolymers or copolymers of vinyl chloride, vinyl acetate or vinyl proprionate, cyclisized or
(_ ~ chlorinated rubber, nitrocellulose, ethyl or ethylhydroxy cellulose, coumarine-indene resins,
terpene resins, polyvinyl acetal resins, cellulose esters such as cellulose acetobutyrate and
cellulose acetoproprionate, shellac, poly alkylglycols, starch, carbohydrates and other natural
resins singularly or in combination. Additionally, finc-sized ion exchange materials may be used
as dispersants. For example, suitable ion exchange resins include those with olefinic, styrenic,
acrylic and vinyl backbones, which contain quaternary amine groups, amino-acetic, carboxylic
and sulfonic functionality. Such organic compounds compose from 5 wt.% to 60 wt.% or such

as from 10 wt.% to 45 wt.% or such as from 20 wt.% to 35 wt.% of the catalytic composition.



or wat er-di spersible organic conpounds include, but are not limted to,

pol ynmers such as acrylic honopolyners or copol yners, lactic acid

honopol ynmers or copol yners, pol yanm des, polyesters, alkyd resins, ethylene
copolynmers with acrylates or vinyl acetate, chlorinated or unchlorinated
honopol ynmers or copolyners of vinyI chloride, vinyl acetate or vinyl
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Typi cal |y, pendent carboxylic or catjonic groups conpose fromO0.5 wt.%to

10 wt. % of ttheePr E}?Oéqamryﬁ@ﬁperweﬂrhwa‘gf Bith fhsraid ¢ dsrerringrigepfofFias enceranele pen-
known to thogfc Qfifastshd | in the art. Exanples of preparing such prepol yners
and aqueous based, polyurethane pol yol ef i n di spersions are disclosed in U S.
4,644,030. A teiaqayanafreﬂgrmm nebapeshangprepelyynasemaeboprdpaséd kaatyouytable or
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by any suitable . . .
y y matenal containing an average of at least 2 active hydrogen atoms per molecule, such as a diol or

a polyester polyol, with a stoichiometric excess of an organic diisocyanate. Many such organic
diisocyanates suitable for making isocyanate-terminated polyurethane prepolymers are well
known in the art and many are commercially available. The organic material may contain at
( least one unreactive pendent carboxylic group in salt form or neutralized with a suitable basic
material to salt form during or after prepolymer formation. An example of such carboxylic-
containing reactant is an alpha, alpha dimethylol (C; to C,) alkanoic acid, such as 2,2-
dimethylol propionic acid.
In addition to polyester polyols, other polyols or mixtures thereof may be employed and
ihclude, but are not limited to, poly-caprolactone, polycarbonate, polybutadiene resins (hydroxyl
_ terminated homopolymers of butadiene), polyethers based on ethylene oxide, propylene oxide

and tetrahydrofuran, or mixtures thereof.



met hod known in the art. Many nethods are disclosed in the literature. An
exanpl e of a nethod of preparing an isocyanate-term nated pol yuret hane
prepol yner involves reacting organic nmaterial containing an average of at
| east 2 active hydrogen atons per nol ecule, such as a diol or a polyester
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unsaturated group, such proportion is sufficient o include from 0.5 wt.% to 60 wt.% or more

units derived from such unsaturated group-containing reactants in the urethane polymer. Such
groups provide cross-linking capability when subj ectéd to subsequent in situ vinyl addition
polymerization conditions for polymerizing liquid inert monomer material in the polyurethane
dispersion. The organic reactant material for this purpose may be provided with these

. ( unsaturated groups in any suitable form or linkages, e.g. ether, ester, or carbon-to-carbon
linkages. Examples of such active hydrogen-containing materials include, but are not limited to,
glycerol mono ally! ether, glycerol methacrylate, N,N-dimethylol-1 butene, hydroxy terminated
poly (butadiene), hydroxethylacrylate, hydroxypropylacrylate, or mixtures thereof. Examples of
such isocyanate-containing reactants include, but are not limited to, 2-methyl-5-vinylbenzene-
1,4-diisocyanate and 1-(a-isocyanato-o-methyl) ethyl-3 (a-methyl) ethenyl benzene (m-TML,
Amer. Cyanamid). Ethylenic unsaturation may appear in pendent groups along the polyurethane

chain, in terminal groups, or internally as links in the chain or any combination thereof.
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Upj ohn). Optionally, a suitable proportion of the organic active

hydr ogen-contai ning reactant nmaterial or the organic isocyanate reactant
material contains at |east one ethylenically unsaturated group, such
proportion is sufficient to include fromO0.5 wt.%to 60 wt.% or nore units
derived from such unsaturated group-containing reactants in the urethane
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The foregoing illustrative examples of suitable monomeric material include both mono-
and poly-ethylenically unsaturated materials, the latter providing cross-linking capability under
vinyl addition polymerization conditions. Polyunsaturated materials, include, but are not limited
to, di-ethylenically unsaturated materials and when employed may be mixed in minor amounts

( with mono-ethylenically unsaturated materials, i.e. in amounts ranging from 1 to less than 50
wt.% of the polymerizable ethylenically unsaturated monomers. The monomer material may be
composed of one or a mixture of such mono-ethylenically unsaturated material.

In addition to the mclusion in the prepolymer chain of pendent anionic carboxylic salt
groups, a desired water-dispersibility may alternatively be f)rovided by the inclusion in the chain
of an equivalent proportion, i.e. an effective amount, of pendent water-dispersing cationic salt
groups. Such cationic salt groups include, but are not limited to, quaternary ammonium groups,

insertable, for example, by employing a suitable proportion of an active hydrogen-containing
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carboxylic acids, esters and ethers, such as free acids and esters of
acrylic and nethacrylic acid, esters and ethers of vinyl alcohol, and
styrene. Illustrative exanples include butadiene, isoprene, styrene and
substituted styrenes, the free acids and lower alky (C, to C6) esters of
acrylic, nethacrylic acid and naleic acid vinyI acetate but yr at e, )
acrylate and net hacryl at e,. hexanedi ol , X vin nethyl propyl and
Ut 1 et hor SR R0t Bhine gy amien drfie! Yaile finuh i puoss i ebiching
triacryl at e thede RtHup§iBy feadiofhi vith, eHispectiveift B, allg halld bk @stidrP8MaRT Orfiife or
foregoing illustrative exanpl es of suitable nononeric material include both
nono- and poPgredthynidsle af teftiamnammg gepupsiinthe prepelymer alspars effecave prtst-igpargng
cross- i nki ngicAPaidrinlpg. under  vinyl addition pol ymerization conditions.

Pol yunsaturated materials, include, but are not linmted to,

di -ethylenically Tlhﬁsmpulryal@emammbrgoaiosvmanmmn @ﬁpisaylefdllqu thevinghadditiom

m nor anount n | £ at urat mat er

anount s randJ% ng r%ﬁwﬁw 09‘11)8* hleeh%m‘c YHnsptuta %po Og}@maﬁeggi 0 ‘Polynierize

et hyl eni cal It maﬁcahdnmaiterdl xmnorrsml mﬂfh@ismﬁd‘hﬂﬂl?kndmtlﬁltheairt rmyem;;lecarmm&d of
one or a m Xxture of, such no eth %3 unsaturat ed materi al

addi tion to *P#H8 eﬁ‘?&‘?‘i‘j%‘isé?ﬂ PRIOER C olyape, wipchps Eféfﬂveawfbdﬁwamte

carboxyl i c gadips. Gf)ﬁﬂﬂﬁmn@fﬂ%&ﬁﬁhdﬁﬁg ﬁ{dﬂteam%scb@dtdﬂtwldmmahtra{gn@tﬂr&@w be
provided by the inclusion in the chain an equival ent proportion, i.e. an

ef fective arfumie, Odﬁ‘ybélﬁdéﬁ‘ﬂe%ﬂléﬁ’efw@ﬁ@%?nﬁoé pMoHio@-SSwhen angpnin gid frogy2 ke
cationic Sallb aﬁ‘dﬂ?on @%l%@:tlcf%g%ﬁ&nagﬁo ﬁdd%)rs gpﬁ&lﬂlS‘Dﬁf% % r‘tary ammoni um

groups, inser proportion of an
acti VE’ hydr ogen- @mmhplemﬁ'sgxt:iﬂle wmgamspemﬂaet araﬁer-@cﬂuiﬁlaepuxpgesmstlmmdeabm afdfdbe
or al kyl

reaction \r/]mallhjﬁgt%pg‘ré%g&y%g%i?%%giﬁg‘iﬁ%‘:‘Xiﬂﬁ 'Fﬂfgrfgé g":iﬂtgi%?'félﬁ rou Ol(f)iégani c or

i norgani ¢ agisph&dl §highetd? AD, A ¥rogihHiR, &éaﬁiﬂ,smhﬂaym@raﬁ Qﬁ@Jhyﬁmrte@Ans@hﬁr e
effective water-di S&@SI ng cationic sal t %r The prepol yner may under go

convent i onabirbgegldisydrexyaaphithalee) tsiRpbaomgbisy gl Aaddli}’tilioé}’filplﬁ@b’ ization with
pol ymeri Zab'd%yﬂ{&%%xﬁ@!z?@lénéﬁééﬂﬁg‘g}d%%@@ ?‘%ﬂ%‘ifer pHeR IR1 Bbbhic 1te mp&ks)é'i'ﬁ&\loﬁ the

nmononmer materira own I n e art An exarrpl e
of suitabl eresohbisphaset &mderlsk iesinptityrdopentedicmpinel gesa, ﬁqsmlpbelpxbre}anpmoi

whi ch are r %%yl Yesinh hthsoiﬁ C%)zakgr%sgl% elqlérgrlfllﬂl%fedﬁﬁr{?)r géﬁ’o rg%,(%(r)![\%nn%d pé?t Il ?)C?J Ies

i ndi cated by a cOnSt ant rangi
aqueous di spe;nﬁmmﬂSSltta\aEpademfphéﬁdbmsﬁ’ls bbta&edﬁby\b@ﬂemilmfﬁeactamdoﬂmQ to

10 when cat I o?s angvgggussla deﬁ?deg 6}.;?1 v hy(c)irox qd&x ge cP tona de[ly&) rErlg yogc:alt a?nd2 > C
epihalohydxin. Also, for example, epoxy resins produced from various amine compounds such
as diaminodiphenyl methane, aminophenol or xylene diamine, and epihalohydrin. Epoxy resins

_ produced from various carboxylic acids also may be employed such as '

( methylhexahydroxyphthalic acid or dimmer acid, and epihalohydrin. Mixtures of the various
epoxy resins may be employed. Many of the foregoing epoxy resins are commercially
obtainable or may be prepared by methods disclosed in the literature.

Typically, epoxy resins derived from bispheno! A, bisphenol S, bisphenol F or novolak
resins, or epoxy resins obtained by reaction of bisphenol A and epihalohydrin, or mixtures
thereof are employed. More typically, epoxy resins derived from bisphenol A, novolak resins or
epoxy resins obtained by reaction of bisphenol A and epihalobydrin are employed, or mixtures

thereof. Most typically, epoxy resins derived from bisphenol A are employed.
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Exanpl es of suitable water-dispersible or water-sol uble epoxy resins
include, but are not |imted to, epoxy resins produced fromvarious phenols
such as bi sphenol A, bisphenol F, bisphenol S, bisphenol AD, hydroqui none,
resorcin, methyl resorcin, bisphenol, tetranethyl biphenol,

di hydr oxynapht hal ene, tetrabronobi sphenol A, di hydroxydi phenyl et her,

di hydr oxydi benzophenone, di hydroxydi phenyl sul fone phenol novol ak resin,
cresol novol ak resin,. bisphenol A.novolak resjn,. dicyclopentadi ene phenol
resin, terpene pﬁ%ﬁgpﬂp%§F§FaﬂﬁgﬁgPeaé%?ﬁﬂypc %EWﬁFmﬂéﬁ%WﬁBP%ﬁ@PHF?E resin
or bromi nat dfivaatienplovided clatihey &6 hdt,inteifery KlithaktscapitRnal fridtl AepsamROBadshIs Uch
as pol yhydri c phenol si ns obt ai ned bK condensati on reactjons of various
phenol s and ¥ ?%‘nﬁ{“aféfﬁ"(?g’& QTG gD GBI TS i dhereqfo SuHa e e

or glyoxal, iRfifdedantbiakaibadr zidibunﬁl SEQang§ oEXARRL Bon-RRARM ANt Sre th%ﬂ:ﬁﬁed

from various am ne conpounds suc as di am nodi phenyl nethane, am nophenol

or xyl ene dicxidefpsopydang oais lsapadimyets soid bEBASY undeitisPlupma@®iaeld dooit®var i ous

car boxylic %%idgnsam%l so nmay be enpl oyed such as nethyl hexahydroxypht halic
acid or di meroacld, and epi hal ohydrin. M xtures of the various epoxy

resins may be emuiptigedly, datecing agehs riregdidigo @ROsIIIR ToMmPodfiéhsC ARYRAEILN | Y
obt ai nabl e or maY be ﬁre"g’g?rqeas fgjy net hods, di sclgsed in the literature.
Typi cal |y, EBYSSFneRerHdn deft tp thsratldisicamppsitons, ExypRlpne! saitable eosirseine F

or novol ak abefid MSluddbubRe XYt ikSdds, gHROR aﬂeglylem HRACE PR Rirshih @10Qfesdhand
epi hal ohydrin, or m xtures thereof are enployed. Mre typically, epoxy

resi ns der i #8ents 218 ginployprhErronvestiongh gPWNS.r esi ns or  epoxy resi ns obt ai ned by

reaction of bi Sphﬁﬁgﬁl@, AR ﬂﬁé&ﬁﬁéﬂg&@é oggq%ﬂpéo %Qn%%%{ﬂéﬁ‘{%éiﬁ&% in the

t hereof. Most typrc y, epoxy resin rom DI sphen are enployed.
12 QJKi' onal leytalystuotrgpositiossof heeyprisentaoebad o, OE tdngplasaif sl chtadbestmnpootingons of t he
present inventi on r.oxlilﬂdeé:ltt hat Ehe% do_not inﬁer erﬁ vm'dth t he catal ysis of
metal  deposiCPRBR MO HeRie UL affioL inlid ©, frigripes, phengls; Fdghydesapqryliy esters,

anphot eri ¢, imRazdley)aérylamidé, ¥éndbeiazdlé) efabidhtes Quéthactarti} dhicHnted ipBFLIERS 1N
conventional anounts, Exanples of suitable non-ionic surfactants are

ethyl ene oXFdRIEY Bish rehestnx Gemie) SR ls caNteRP, BixaHYLmetercryIne.
Pl uroni c(r) , gysﬁﬁﬁé pfb(lﬁas sulll %_Cbe-@aﬂgﬁ)xx fonenR Jbu?(ymféﬁl%kfs?ﬁhé‘g agents may

be added to t catal yt'i c conposi'tions. y sul‘t‘able  coal esci’ng agent may
be added t o bisfteimedioaysylylpeopydamog] -aminspropdaindtiesyaflamlint abfialkebiiks6nddg
agents include, bhut are not limted to, ,glycols and gl ycol ethers. or
m xt ur es t her eof Comganeats qt ﬁl& catalytic compositions of the present invention may be mixed together
by any suitable means known in the art. One method is to utilize high-shear dispersion to coat
the ultra-fine inert filler with a catalyst and then to add resin to the filler under low-shear
agitation. Suitable shear rates are well within the ability of a person of skill in the art and minor
‘experimentation may be performed to determine optimum shear rates for a given composition.
Mixing may be carried out at temperatures of, for example, such as from 15° C to 35° C, more
(~ typically from 18° C to 25° C. The mixture of components results in an aqueous slurry, which
* may be applied to a substrate by any suitable means known in the art. For example, the shurry
may be applied by immersing a substrate into the slurry or the slurry may be sprayed onto the
substrate using a suitable spray apparatus such as an air gun. Brushing is another example of a
method of applying the catalytic compositions. Optionally, a mask or a tool having a desired
pattern may be applied to the substrate prior to applying the catalytic composition such that the

catalytic composition is selectively deposited on the substrate, thus a metal or metal alloy film

may be selectively deposited on the substrate during the plating process.

13



agents are enployed in conventional anmounts. Optionally, additional adhesion
pronoti ng organi ¢c conpounds nmay be included in the catalyst conpositions of
the present invention. Exanples of such adhesion pronoting conpositions

i nclude, but are not limted to, triazines, phenols, aldehydes, acrylic
esters, imdazoles, acrylam de, benzotriazole, nalonates, acetoacetates,

chl orinated pol yqgl e ur e n such.as East man AP 440-
epoxybut ene, gl y% ‘Héﬁﬂrﬁe({fﬁgcr?rés? P micy (m?oxym ane® & (?%agﬁﬂifgacgl%ﬁu Sjﬂoml
a- (3, 4- epoxycy&hmhemsydr)smﬂidsyﬂdms&:trﬁamcsodsam‘ﬁe wet film i 1s then allowed to dry. Drying may

bis(trimeth Sil rop mno yItr| xy. sj | ape and

ani noal Kyl 391385{%%&5 byeﬁh%ﬂﬁhﬁﬁ%e i lw 161 B b b e o Vo ay take
present i nVardm DhmiYesie2 Kbxe ndre idARY frofYeMuty td R dube 2 R wWERQWIying t he
art. One method is to utilize high-shear dispersion to coat the uitra fine

i nert fill etimgmpy be sharten oy denggrdependitg ergthe gabieatsiopditipng ¢fdhd dryingroemd By film
| ow- shear %h@}ﬂa QRangetiohARS M0"e/&S, oREEh'E Fom %ﬂ)rﬁn th @%ﬂ@?{“ ity of a

person of skilT In’t art and mnor “experinmentation rmed to
det erm ne opti rrufﬁa@heacronmslggnﬁcdﬁheaprgeuenvmnpmytbe epphedm mmitably siisstrate.

i ed out 0,35 C,
Cypi cal Iy 1 FammpE B Eh SirSa @ ing bl ot FE Ry BHIG nBircn PRARE 4 sifesaucous
slhurry, WI;I &hichirayy Hiwthermmbh laletcb drohmwuﬁttgrrailﬁs IBkemiplars theinddpl &t BARNGS lex’dlkmw in
the art. or exa t.he slur a su strate
into the sl GPF3reaet t"h‘é"dé? LﬁCP‘ifalrévpoﬁé b‘?%ﬁ@g’ %ﬁ%c@?‘ﬁ%thy@%‘% Y99 ydprg a
suitabl e SpE&Mnéé)PﬁS BolBtyeie)) P@S(Fﬁpprapﬂe&ymaﬂdégmmw-%@m{et@ﬁeﬁesaml e of

a method of applying the catal ytic conposSitions tionally, a mask or a

t ool Etaw ng (asremirie-gtyranak Pwm}mghﬁpmth@wlw PMé (pobyzinybacetag)i YDE o
appl yhng th%pdﬁ%g Al Eort ?%‘Pb‘ (@&Prgl%bgl?lehﬁﬁéd@l @P%ﬁ%@gﬁ@iﬁﬁgﬁ}a&ﬁm S

sel ectively sited on € sub
may be sel egenevmp}aruﬂa@qamsgnteedng)mastﬂqeswbbs PAdp@ydnnﬂah@OMQmMaadztﬂm(j’Cbr ocess. 13

Awet filmeof .fraqmoO,. s ra

such as fromgaYeaes n?ﬁ)ls K i)ﬁr( d‘?‘g p(ﬂ Stﬁ’nglgn? tgeﬁf g% épilg ?e %gepﬁ%ﬁ%ﬁk(ﬁfl | m
ist th al | mlc{glrass fﬂfey;eu:mmed\golmd lerﬁ&e@glitﬁﬂﬁtﬂ)ﬁidbmmgmtsalmg}aﬁbacm\hﬁght An
exanple is to e filmair Air.-dr a m20 mnutes to
2 hours, noP@lYe %%N WSPP%rFPé‘BC‘?ﬁ/“ﬁuPPé‘B"StSB %P@@ﬁfmg drying tinme
may be shor t;%lye@der&u%ﬂ@rm@(@@@gh 1e@8 sﬁlh&e)almngfﬁlyzﬁﬁﬂté) tP'AESﬁol?meHEE%n&E))" ng
room Dry fil may range fromo0 or such as from
1 gmn2 to BEgﬁd(mlyethﬁp@P gqon@oﬂ&iegmmldﬁ)san fﬂttomcafhoes@ms iExgmplanon may be

applied to ﬁ@éﬂ&%&ﬁl@%ﬁxﬁ“&&&ﬁf fi’ﬁte‘ire not limited to, phenolic resins, urca resins, melamine resins,
alkyd resins, unsaturated polyesters, epoxy resins, diallyl phthalate polymers, polyurethanes and

silicone resins.

Other materials that may be employed as substrates in practicing the present invention

( include, buf are not limited to, rubbers, ceramics in general including ceramic fibers, silicates,

glass including non-silicate glass and glass fibers, wood, fiber-reinforced plastics, textiles, and
paper.

After the catalytic composition or primer has dried on the substrate, the dried primer is
cured using any suitable curing procedure. Many such procedures are known in the art. One
method is to pl-ace the substrate with the dried primer in a conventional oven and heat it to a

desired curing temperature for a suitable amount of time. For example, curing may be performed

at temperatures of from 50° C to 120° C or such as from 70° C to 100° C. The time period for
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Exanpl es of such substrates include, but are not limted to, nonconductors
such as plastics, which nmay be thernoplastic or thernosetting resins.
Exenpl ary thernoplastic resins include, but are not limted to,
gener al - purpose plastics such as PE (pol yethyl ene), PVC (polyvinyl
chloride), PS (polystyrene), PP (polypropylene), ABS
(acrylonitril e-butadi ene-styrene), AS (acrylonitrile-styrene), PMVA

(pol ynet hyl et hacryl at VA | yvinyl acetate PV ol yvi nyl i dene
Chrori ey EREE et e Fymer il S o Mities SRR Shpiniros ARELPIARY b ot o
gener al - pur RR&EPoEtiGtsN @a¥yisiigabid Asihk agens udk basmpPhyéh ol ysaiplae) suikOM curing agents
(pol yacetal ), PC (polycarbonate); PPE (no 'fiegéﬁolypheny ene §Lher), PBT
(pol ybut y| erfs® FBWESHRCFHAS gents@peh gsepmmpraially Fajidie pRvaRBre &R4dd Yudd)icene
t er epht hal atig)e Qg lwg&% , sublh A9 ARhG-ARESE U Iiﬂmiﬂ‘lﬁ%&é}tﬁn—lﬁg&%&ﬁﬁg’ b £ suckRRd

super - engi neeri ng pl astics such as PSF"(pol ysul fone),

(pol yet her sudifutyley dilemgte; dibniyliinansgrrantide.silyutylbisjdod@akhiojseanyaiieyand odhers, phich

(polyanideiqugguknéyﬁgiéBQIyetheretherketone), Pl (polyimde) and
fl uorocarbon resins. enplary thernosetting resins include, but are not

limted to, phendificccurem msetaliometaledionmayrbeldapasited oreik natalystaiokypdsities bnany

unsat ur at ed lyest er epoxy, I esi dj al ] vyl pht.hal at e pol rs .

o1 yur et handBREReEP FrGRER YR o e calaf st domaRLPE W T B Sbnris e s
substrat es ipau@hériobLorigasktBe MEQBGNhethMlIONTS RltctivelEidpdsitedDd Ulypirhidy, Rtetald drgi t ed
to, rubbers, ceramcs in general including ceramc _fiber i cates, = gl ass

il
i ncl udi ng né¥sPesited erythe pgmisd subshiate gy glestrelefianatal drpesfions i‘”b%%b-s‘i?"lé? iﬁ:‘g AcBEd

plastics, te4hidkEfim@sprfRRVith affelclrolb®afAdral ith&sGINRRNYat RP a SuffiRichiTer
has dried on the substrate, the dried primer is cured using any suitable

cur i ng pr oc agenet of visrpto derdsit g cortruanegetal or matgaHoy flm pethesudstratee Suglet hod i s
to place th i j Jern in a conventional oven and heat
it to a degFééga%%é%ﬁﬁm%%ﬁ%%pg?g&%ﬁﬁggﬂgggﬁy% bl e amount of tine. For
exanpl e, curing ey nixtal pieat fray e depoaited lionglentratess ésposifiorf meyrb&employel toP@actcor

such as from 70 Cto 100 The tidre. period for 14 curin ran foromb5
mnutes to I?FF‘??B{ ‘é‘g‘?“%eﬂ-rcﬁﬁﬂdﬂlﬁa‘e?ﬁ“#ﬁ?m t@lséga&é@ytbg e{eﬁ%&es%%ﬁl@lggﬁlgg m,&ny
sui tabl e curchAiyse@aiposiftivys iBClu@)Phicyesbt, lxndddb @8ppet, ridkiel, abliat, titoinign, QA IS
are am ne-tipe curing agents such as comerci ally avail abl e Aquami pg&r)
ARALY, i mmi dA¥E) HumingBe TRERGSHE, SRIOMIEMSRFEH YR, BogsteRy fellumpy thggsteng molybderum,
H-i m dazol e poldnNmRARRH vEiARRD radRM %e&%ﬂnﬂ%eleﬁhﬁ%iﬁé,tah@t@ﬁ'aﬁlﬁjﬂ. gh@mples of

el

di butyltin mercaptide, dibutyIbis(dodecylthio)stannane and ot hers, which
alloys that may be employed to practice the present invention include, but are not limited to,

copper/nickel, copper/silver, copper/tin, copper/bismuth, tin/silver, tin/lead, nickel/vanadium,
nickel/boron, nickel/phosphorous, cobalt/phosphorous, and nickel/cobalt/phosphorous. Other
metals that may be deposited using the catalyst compositions include, but are not limited to, gold,

_ silver, platinum, palladium, indium, rhodium, ruthenium, iridium, osmium, and their alloys.

- ( Typically, copper, nickel, cobalt, lead, gold, silver, platinum, palladium and their alloys are
deposited using the catalyst compositions, more typically copper, nickel, gold, platinum,
palladium and their alloys. Most typically copper and copper alloys are deposited using the

| catalyst compositions.
Electroless plating baths for depositing a metal or metal alloy on a substrate are well
known in the art and vary in coniposition. As an example electroless metal plating baths may
contain one or more diluent-soluble metal salts as a source of the metal or metal alioy to be

deposited, complexing agents, chelating agents, reducing agents, stabilizers, and brighteners.
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are well know in the art. After curing, a nmetal or netal alloy may be
deposited on the catal yst conposition by any suitable nethod known in the
art. If the catalyst conposition was applied to the substrate using a
patterned tool or mask, the nmetal or netal alloy is selectively deposited.
Typically, metals are deposited on the pri med substrate by el ectrol ess

nmet al depositjon. A substrate h catalyst priner is sprayed with
an el ect r ol SABENFYMRORRFAL ‘gaxal?ﬁfévrgé‘ﬂl Ip ﬁ“‘f e"H&{ePF faths a3 aeeel] noay to thasp ahtkilbf

time to depqgtde ag. CONtinuous netal or metal alloy filmon the substrate.
Such procedures are well known in the nmetal plating industry. Any netal

that may be depo&ionidenoyMstader méqab@@ya'é@éémqsmd ysing thecasghpiospmmposidopy mex i ce
the present S\ﬂmﬁ}’ !:181333 s%%lf‘gg)f‘r&ﬁ lgilnﬁﬂ'lb%k[%nm&dlzastfg&% 0 TBichs & ﬁﬁ&&llse&s' y

deposited u catal yst conpositions i1 nclu are not, |m ted t
copper, ni clse¢hascfmna05 mlcdmnﬁ)mﬂmncmnson tin, lead, alum num magne5| um

AT R T I N R T s N

Exanpl es of magltediomm 5¢1a1tyﬁiéyr s, &rﬁak@yﬁﬂom.q@r@mme 30 R/ esenth A WaRY i on
i ncl ude, but are2 not limted to, copper/nickel, copper/silver, copper/tin,

copper / bi smm@/m’ttp A7 §1§¥/v7er tin/lead, nickel/vanadium nickel/boron,

ni ckeUphosphor oupye, oDl PRPSPIAY Q1P cAREsR B hcBROLLBRORANGI G O e

netal s that ma osited usin corrp05| Pons 1Ne
are not i m'cblﬂﬂosﬁtmu cgf@lhd:brescﬁt 1|nvmtlpn phagulmummﬂahﬂaﬂmdmalon@dhml&ngth hﬁdlelSEM)

Cobal t | eagoorgait ABS e 3a it el cpitsr mefel Rt ol SR Phniates <

deposit ed UghiR@rt Bgkedshadeyml réwpiROFhdel Fénarﬁ‘@)rd%aﬁﬁ@thg adtﬁl?}st%@%%nloﬂ’"%a
gold, \platinum palladiumand their | y copper and

Mbst | Ca
copper al | oyétaléfﬁtéﬂﬂ’é‘ﬁfﬁé|“taéHY‘U§‘ilsrfgl"?WId‘-‘czﬁ/(a‘(l§4§le l@lﬁ’ﬁﬁgé?f?qtﬁ?@etfﬂ”@d? ths! ess
pl ating bat gﬁm%Pra Qﬁkﬁ)leng‘h@c%}eﬁia &rdegsst.@a b%‘lefe@&’ol&@ d@poiugﬁtfsa{ea are vel|

known in th& art and vary 1n co i on’ exanpl e ‘el ectrol ess netal
pl ati ng bat leentmayus laysmoz¢rhoratalyst prmee  di | uent sol ubl e rret al salts as a

source of the ne . 1) t deposi Xhhg, agent
chel ati ng agent shgu it ulélalﬁéﬁglgagtnzp g@fx Br%FS ngt?osn Otlgﬁgkﬂorl 0 ae?lg’rlag.k a%fg’ e@Wher
conponent s migmab@) withlathydgbus silver cidetadyst abmpssitimt df sheggesantinwetion knewn t o

those of skill éhe art. Conti nuoys Met aIh or Irn::t al al.]. oy filmns deP05| ted
using the ¢ éllllgmlag E 6%61&?1{8 CBH%CI’HW ayer on the catalyst compositiorf (most apparent as a

mound near the center of the SEM but extends along the length of the SEM under the copper
layer). The continuous copper metal layer was electrolessly deposited on the catalyst
composition. The continuous copper layer on opposite sides of the mound has nucleated through
the catalyst composition to the ABS substrate to form electrical contact with the substrate.

{ Surface hardness of the metal or metal alloy film may vary. Typically surface hardness,

' ( as measured by ASTM D3363, ranges from 6B to 6H, with higher hardness’s (3H or higher)
more typical in order to protect the integrity of metal or metal alloy layers during post-plating
assembly where damage to the continuity of the layers may occur. Such hardness is desirable as
for EMI shielding where holes or cracks in the metal may compromise the shielding performance

. of the metal layer. The ASTM D3363 procedure is well known in the art and hardness is tested
- with pencils having varying graphife hardness.
| Articles made with the catalyst compositions and methods may be employed in numerous

electronic devices, for example, such as in printed circuit or wiring boards including embedded
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vary in thickness such as from10 nmto 10 microns or such as fromO0.1
mcrons to 5 mcrons, or such as fromO0.5 mcrons to 2 mcrons. Surface
resi stance of the netal or netal alloy filns may vary. Such surface
resistance may be from50 nQ@ nR2 or less, or such as from0.05 n@n2 to 30
nmd m2, or such as from1l nD/nz to 15 MCI/nR. Figure 1 is an SEM at 2000X of
a cross section of an ABS subsirate with tal.ys canposition of the

o esent | eSS sy S SRbRte aare PR ls ket FHEERE i Feonke sem
coating the deBGess BRPbIyaice obdtthniic B fbraGIY clothinp) RREdecoltivd fehtuicd Bh Qhriddli N
filmin contrgit to prinmer's darker shade and rough surface appearance)
coating the?E.‘ﬁlyst conposi tion. The catalyst enployed was hydrous silver
oxi de. No visi bl ¢pfgh#, RbtaPslderiR aﬂ@f‘ﬁhﬁ@&épﬂﬂtcﬁ%y%ﬁ@lyst@_Ethd%@thbé’sb’(%cl&%@
visible. The copper |ayer deposited by electrol esS deposition forned a

cont i nuous |baspiy may/kq further roetaibipgdswitippioms morgpdfatianabmetgl errmegHNillay 13660 fudf a
Cross secti : l.ow | i ght ea) Wth. a

hydr ous. oi 1 SRRy FeRERy BN BERR 1t Rufiesnl Ftep B el B0 5L Afbonla e
substrat e ardswhasfivimifongras pp2l miredral Shetyeiditamal haalaa adtal atlolapge siay bon
(nost apparent as mound near .the center of the SEM but extends al ong the
ength of -t RGPSt B ElE e ME L SRS PE L el SoHRLYYE dRRTHOB LS EBR e M ek a

| ayer was eldggdsitRhnessliycheRp afintebn AibtiiRAcAhRtNAAE. S1eaABaablal 8iktall#a8on

conti nuous copper |ayer on gpposite sides of the nound has nucl eated through
t he cat al ysimeghadpawiyslidmors it e 28BS substrate to formel ectrical contact

Wi th the substragge siyhié a5Rsitah Hermiss OE (Gik&t BRial) pli 18] 198 (rdriafiRY
vary. Typically surfa é ﬁ%@gness, 52 néééured_b}gA§% 68@%3,6réﬁggs from 6B
to 6H, w t hahd reivesse)aamgtias plating Rlethods bhingeambinatipnsethergefl. Cairrenindensitiey mayvary
protect the.nteqri of tal  qr al .all I ri -platin
assenbl y vmgF%cngaﬁ‘é)é)e‘het%afl Oerntl:%éritaluﬁﬁ(lti ﬁSlgetd’ %@ear?é%lr%%gyn%tﬁ Q%%S?: §?;h§bn(a:élm al
har dness i s Fdesiamphd, @ saitablef carreitMensityi rehgdi they nvidyehe emiptilyed toodeposiankisy metalkshe

metal may coppraom.se the shieldin rforpance, of th tal _|ayer, The ASTM
D3363 proce&@?%‘ﬁmcaﬁél‘q ok S o T B St oS p By e d /S«

penci | s havipRgmpes ¥f Metal il fal 8e dafcdR@BdectOIykicAlyaaicli® Butiird Rotllingted s, bk,
conpositions and net hods nay be enpl oyed in numerous el ectronic devices,

for exanpl ehickelespba, tim bisprury arecions wglals ape thgirallays- boar ds i ncl udi ng enbedded
16 passives suc hfi?eéﬁ&l@s%!n%ét&ﬁ thafiidy GERG6kitA"iFoludeQbut T not itk ltd) BoppdE hickel,

shi el di ng, optoelectronic
cobalt, chromium, magnesium, aluminum, tungsten, tellurium, beryllium, bismuth, lead, boron,

thallium, vanadium, titanium, germanium, selenium, iron, tin and thetr alloys. Other metals
include, but are not limited to, gold, silver, palladium, platinum, rhodivm, ruthenium, osmium,
iridium, and their alloys. Examples of suitabie metals that may be plated by immerston

processes include, but are not limited to, gold and silver.

' ( The following examples are included for illustration of some embodiments of the
invention.
Example 1

A Catalytic Primer of the Invention
A stock solution of hydrated silver hydroxide was prepared by mixing 50 gm of silver
nitrate (AgNOs) with 10 gm of sodium hydroxide (NaOH) at room temperature (18° C to 20° C},
~ which formed a brown precipitate of hydrated silver oxide. The precipitate was allowed to settle

and was then washed with a sufficient amount of deionized water to bring the pH to 9.

17



devices, for polynmer or ceramc fibers for ESD cl othing, and decorative
features on various articles. Optionally, netal and netal alloy filns
deposited by catal ysts and net hods di sclosed herein nmay be further
nmetallized with one or nore additional nmetal or netal alloy layers. Such
additional netal layers or netal alloy |layers may range in thickness from

0.5 m crons and hi.gher r.such..as from1Q m ns to 20 mcrons. Such .
addi tional netal %&98%8{‘5‘? ga‘ﬂfﬁ%?@ silygg gxide Wﬁ@&a% a&ifg;s%fr 3OYs FOmPEY ipngaataning

met al deposizti g obbarhiyn ellfed (Bab®L)itaviEe AR SidridhartlclBsie F1B66 AmM® 2 8bm of iron
deposition al so | nﬁl udes i mersion netallization nmethods. Such additional
met al | i zat i GF9etEeRaeviean RReResRsHGle #i7e a0 am and® B of yatpre Thegokidsivan

i ncl udes DCg{lbk&fin tﬁé'ﬁrﬁtﬁpﬁﬂdcpﬁigﬁjsﬁgx andibilsife Qétﬁ'ﬁhé}%}pt g&!@g%@f?em

reverse) as well as plating nethods using conbinatio

densiti es ndysphangl-A epopemsimyits an evecegrmaécubyr weightdf 1300 oguivdq sictgbts, waanitknar e
wel I known . Ll .art .. . For exanpl a..sui t,abl e current
density ranégd%d%gtﬁ ?nr%g{/d egelr?f)vll-%f/;ergﬁ]tn agtel%gl iP paﬁ%ﬁgplﬁg? aft lsfonnefhéﬂ 7ot t;’{‘flgd; |y
is fromO0.5 A dn sotutibfOf A38 gR) ofan asiiehtypscuring apént AddiPa indledlarWweight. of 284

Exanpl es of netagls th y be.depqgsited electrolytically include, but are
mor 11 m t e A satis, O e g SroREn ol meyl achand: eplaseraips vzt g
their all oyshe shlrBCion0lifiss thabiddoss &ifvat oxXidyundie al8P@S LéRbents ktiRd aRHiford € not
limted to, copper, nickel, _cobalt, chromu magnesi um al um num
tungsten, t&vTyy ﬂhﬁfﬂtlBéﬁfy}cﬁfﬂ}?ftodP?ﬁkﬂaﬁ}ysF‘ééggo t9dron, thallium vanadi um
titanium germanium selenium iron, tin and their alloys. Oher netals

i nclude, but are not limted to, gold, silver, palladium platinum rhodium
ruthepium osmium iridium and their al [ExgmpleExanpl es of suitable netals

t hat y be plated by imersion p i are not limted to,
gold and silver. The follow ng exaAng?tgg'ﬁg?ghﬁgﬁJéﬁgglenggﬁ%P illustration of

sone enbodi nent s0.645 ghef thersuek thydmted Eiteempkide frof Baitrpleyl was FAdedreranaljuédue

| nvention A stock.solution hydrated si.lv ydr oxi de was prepared

o 50 QRTBRSSLIcR Faptaingth 25 e o ARG SHaaEgHeR og A atiaras iy St 200
(NaOH) at ra@p.1 e pResfalonoride [Be,051 avid@ abkveragipagiitld 9ra0rd sani 08 pnidieeikdkat e
of hydrated silver oxjde. The precipitate was al]owed to settle and was

t hen” washed8WPethbayLirer adcam ahweist Hie salidsorsre dapaieaddn thegvanriuage fred-shrart o
9. agitation. 0.8 gm of an aqueous-dispersed polyurethane resin containing hydrophobic segments
in its backbone and 0.01 gm of an alkoxysilane cross-linker were added to the slurry using low-

shear agitation. The ratio of inert filler to metal catalyst was 65 to 1.

Example 3
A Catalytic Primer of the Invention

( _ 0.045 gm of the stock hydrated silver oxide from Example 1 was added to an aqueous
composition containing 3.6 gm of barium sulfate (BaSQO,) having an average particle size of 300
nm, 0.25 gm of iron oxide (Fe;03) having an average particle size of 550 nm, 0.5 gm di{ethylene
glycol) butyl ether, and 6 gm of water. The solids were dispersed in the water using high-shear
agitation. 0.8 gm of an aqueous-dispersed polyurethane resin containing hydrophobic segments
in its backbone was added to the slurry using low-shear agitation. The ratio of inert filler to
metal catalyst was 94 to 1.
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17 0.1 gmof the hydrated silver oxide was then added to an aqueous
conposition containing 2.5 gmof bariumsulfate (BaSO4) havi ng an average
particle size of 300 nm 0.25 gmof iron oxide (Fe203) having an average
particle size of 550 run and 8.75 gmof water. The solids were dispersed in
t he wat er under high-shear agitation using a stirring apparatus. 1.2 gm of

Bi sphenol - A epoxy resin with an average nol ecul ar wei ght of 1300 equi val ent
wei ghts was then added and m xed under |°E!€ailﬁ?@4 using a stirring apparatus
until a uniformslurry was fornmed. A solution of 0.33 gmof an ani ne-type
curing agent having a mol ecul ar wefdhtalyic P2guer obailvugheet wei ghts, 0.1 gm of

propyl ene gl ycol lﬂgg -2, 0f t the slurry
cont ai ni ng the h%ﬁgt%l S|{l€§{)co |d% unt ?rlo t% %%ne‘n%or‘?‘%%\rll\%&npéoﬁ?%ﬁma

uni form sl uomposm'tbrecqnaﬂmmg &5 gxma‘rlronfuxhdee{FezO@) mmlan@aéragw@mmze&ﬁr 350 nin,
Example 2 A Gat al c, Primer the In nt|o of th stokhydrated
silver oxidd %%r#ﬁ‘;l&lr‘?ﬂ? glyqol 'é‘yla%i‘? P"lﬁﬁ%{oﬁg g@&%ﬁ 15RsFsed ghibsi ni ng
2.5 gm of baxrawmmiagnﬁg%t@e agﬁ%)l @awaaraq@w AGerRApblyateehank ;’&mo(fon?a@{?ng nm
0. 15 gm of |ron oxi de (Fe20 havi ng an average particlée size of 550 nm 0.5

gm di (et hyl ‘é‘OPBQ%%ﬂgyﬂeﬁiﬁtl%/ltS Eﬁcmcrne agth8.0h garaten alkaxsilanemiessdinkpriasgdded to
di spersed i pdd 1oWSdHB&L A3 iestibns %@Eatm%@'it{eﬁtﬂlﬁptgrrg%tﬁ chfﬂcﬁz w14 to 1.

aqueous-d|Sperse polyuret han€ resin containi ng segnments inits
backbone and 0.01 gm of an al koxysilane cross-linker were added to the
slurry using |l ow shear agitation. The Eath f inert filler to netal
catalyst was 65 to 1. Exanple 3 A Cata y#%@lgginer of the Invention 0.045 gm
of the stock hydrated silver OX|dEbhmﬁﬁhE%Gﬂﬂbﬁl%umws added to an aqueous

conposition cont m of bari sul fate (BaSO4) having an aver age
part i il e size of 3‘3(8%’11 ‘g’ﬁ’ﬁ{m@ osat spiKton ?’l}’ﬁf BPEéAENLDI0ess famradity distoliingthye
I

particle si z@vephit@@0in"100 mIOe SwAEP Wit @t PM! SR toglvma]cyohmmawox@dérﬁaorﬂn@h@ gm

of water. The solids were dispersed in the water using high-shear

agi tation. Gﬂaﬂﬂérﬂlf@frawd o rangesaf drogp fosig fpmn ?hY@@W&X@iCrCéQﬂWF oteaivitatei Ahe
hydr ophobi c % t@rehtaﬁ Q@%@Qg@@l&%ﬁ Z?(?iq,ggrto the slurry using
ti on o

| ow- shear e rati i nert er to netal catalyst was 94 to
1. 18 4 gm of the hydrous silver oxide were mixed with 19 gm of silica (Type OK 412) and

solvents with stirring. The solvents employed were 35 gm of isopropyl alcohol, 40 gm of ethyl
acetate and 23 gm of acetone. 346 mL of vamish (L123 polycarbonate varnish from Bee
chemicals) was then added with stirring and ultrasonic agitation to disperse any agglomerates.

The ratio of inert filler to metal catalyst was 5.2 to 1.

Example 6

_ Comparative Test
( Four catalyst formulations within the scope of the present invention (Examples 1 to 4)
were contrasted with a control catalyst formulation outside the scope of the invention (Example
5). Six coupons of ﬁ\-re different polymer substrates were tested. The types of polymers used
and the average performance of the catalysts for adhesion (Adh.) and hardness (Hard.) of copper

deposited on each substrate are disclosed in the table below.
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Exanple 4 A Catalytic Prinmer of the Invention 0.043 gmof the stock hydrated
silver oxide from Exanple 1 was added to an aqueous conposition containing
4.5 gmof iron oxide (FeZQ3) having an average particle size of 550 nm 0.5
gm di (et hyl ene glycol) butyl ether, and 6 gmof water. The solids were

di spersed in the water using high-shear agitation. 0.8 gmof an

aqueous-di spersed pol yuret hane resin containing hydrophobic segnents inits
backbone and 0.01 gm of an al koxysil ane cross-1linker was added to the
slurry using | oSwhsthmar agi tExdmpal ThéExsmeildé D Of Exngnd3 f | [ IREmflos N8t afxample 5
cat al yst s_114 to 1 FExanple 5 Conparative Catalyst|Priner A Q. 2&ontebght
percent sollution of silverAdhi Farde (AAbNCﬂ)‘de\ﬁs‘\df'-orﬁéﬂ- DyAdH| & Blatdy il bt fhdlard.
silver nit ratm?ﬂib“@ﬁmm_ ofewater W tHh [ hai pH smi 5€d T spWMTh SQdisgMm 48
hydr oxi de ({Na Haastt-hent ral-sed-tota—fange-offrom8-to 9. to fory
a hydrous dxit gpocfmuf"l'ver %ﬁem 1 hte Thi britipitate whs|filtérdd and
washed wi tH @€iComioz@dssial e?B K @in pf SR he #ydr ot sil-vel ®Ki e -werl esBi xedB
with 19 gm %uﬂhiﬂﬁdﬁ@%w ISFRON 46‘Hi) ag- TS VENfS i th- st ng—Thgsotvent s
enpl oyed war gm.of I sopr ohol , 40l gm of ethyl aretatée andj23 gm
of acetone. @%YWWI“% n?%ﬁ’p(@&ﬁ Pol ly cdf bpnt e| var n| shil f f om Bgefail -
chem cal s) was Then added with Stirring and ulftrasonic agitatiom to disperse
any agglonmerates. The ratio of inert filler to nmetal catalyst was 5.2 to 1.
Exanpl e 6 Conpaflh¢ farmuiptigns Wesapppliet & the codponsby &t dings tajatvit ﬁlmlﬂe'clercwff 16f

t he present ntr ontr ol

cat al yst forﬂll @Eﬁéﬁ{‘fﬂ &tls:)si Q(gg %etﬁ%(}:ogmé?w?s\,@ﬂgcdlctﬁ\?%e? ?lonﬂj(l g%pq%gﬁ BTN &
coupons of fIhe eowfiohif aernilloped yordr drs lﬂdi?rS)O b &ss W0eClaas Wtk thddh@uréd/ Re3° Offor 30
polym(rs used and the aver age performance of the catal ysts for adhesion
(Adh. ) and KHPYREES coppsdonal genvegificivendeposi t ed on each substrate are

di sclosed in the I Ie 3
Exanpl e 4 Exanpl g&g@fcﬁﬁggn@&%ﬁa %f%ﬁ%;ﬁﬁﬁé@k&g&e%ﬁéﬁ@&?ol% . Hard. Adh.

Har d. electroplating system (Coppermerse® 80 from Shipley Company, [..1..C.). The clectroless

copper deposition was done at 43° C for 45 minutes to deposit a 1.5 microns thick copper layer.
Surface conductivity was less than 10 m{/cm’ for all of the samples.

The adhesion test was conducted according to ASTM 3359 in which a 2 mm-spaced
cross-hatch pattern was scribed onto the coupons and Permacel® tape was adhered over the
scribe marks and then pulled off to see if any of the scribed-coating de-adheres. Depending on
the amount of material removed by the tape, a ranking is given from 5B to 1B with 5B showing

- 1o de-adhesion and 1B having from 35 to 65% de-adhesion. From the above table, it can be seen
that formulations 1 to 4 were equivalent to the control on ABS, ABS/PC and PC, and
(‘_ formulations 1 and 2 demonstrated adhesion to Nylon and IXEF® while the control (Example 5)
had no adhesion at all.

Hardness of the copper film on each substrate was tested according to ASTM 3363 in
which ranges of pencils of differing hardness from 6B (softest) to 6H (hardest) are drawn across
the electroplated surface at a fixed angle under a fixed load. The hardest péncil to not cause
rupture of the film is the ‘hardness’ of the coating. The test was an adhesion/abrasion test and

tested not only film hardness but also film adhesion and resistance to damage. As shown in the
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ABS Dow(r) 3490 5B 6H 5B 6H 5B - 513 - 5B 4B ABS/PC M xture 5B 3H 5B 3H 5B
- 5B - 5B 4B PC Cycol oy(r) 2850 5B 6H 5B 6H 5B - 5B - 5B 4B Du Pont

Nyl ou(r) 660 5B 6H 5B 4H 113 - IB - fail Solvay(r) |XEF 1032 5B 6H 5B 6H
fail - fail - fail - The fornulations were applied to the coupons by an air
gun to a wet filmthickness of 14 mcrons (Exanples | to 4) and the control

Co art ary. e GbEristiedh o NS o Sntr e v Bere S BERE Bt atychion "

mnutes in aipRPysifhiaodltly gedatee irdoss m/pancuﬁm&r):mhtme cvafol (B sit ed wi t h
copper using a comrercial electrol ess copper electroplating system
(Coppernerse(r) 80 from Shipley Conpany, L.L.C.). The el ectrol ess copper
deposition was done at 43 C for 45 m nugggnfi@7deposit a 1.5 mcrons thick
copper layer. Surface conductivity was Tess than 10 nD/cn2 for all of the
sanpl es. The adhesion test was c&omeefdm Suteee Besiyivits ASTM 3359 in which a 2

nmm spaced cross Hﬁzni
t ape was adhered@%ﬁp?lﬁgpggggwg@&n@idsag% 'R%wgrfl glmpﬁl@%qgee nggfnyz)
t he scri bedmanhhmgledenmthmleassufﬁBpﬂmnhowg ocﬁnodmthehydmmdato wingth¢ pHicéither enoved

by the t f th.5B sh
dg adﬁes?gﬁnﬁﬁ#ﬁ% \E/]cf &P}%’&%ﬁ{p{%&é’g%ﬁgm S&Il\l’,{m%“i'xb Isér gvn\: ?ge ggove t abl e,

it can be seen Thélhy(fr@tfsfﬁukréttdxﬁmaﬁals filtered a@then eﬂsheﬂ&h&%ldnﬁzeﬂ Ratce.0004HEmonN
ABS, ABS/ PC and PC, and fornulations, 1 and 2 denonstrated adhesion to Nyl on
and DF(r) wef fhs hydeous siyer gride mets apnsaddyd topgpqpenes PBRISHIPDLONFINING 33 Rilss of

the copper fikimh QNrRAGASBYPSIIRLS a‘ﬁﬁﬁ% AL LS00 RY0 fgmwo%%@?de (Fe,0:)

whi ch ranges of pencils of differin ardness from 6B (softest

(har dgst ) ahaving avevesage padicletsirg of IS@Q;lHrldbﬁ ameh(eﬁny}ehaglefc@ﬂ butyk e;tl;@@rg@r@ ofinder
a fixed | Oa%fate-[h%hygorllqg afterepcﬁ%%fslad frxﬁh@&&tcﬁ?s% %SI ca / ﬁ)c;n td@ Fxrn of Th 'a%leu{'se

" har dness' rasi on

tested not dispsrséd ﬂomydnahdmesssn butaigihg bydrophovbadhgsenninan dackdsns tvaneckert wlded
damage. As sho in the.20 table all the electroplated filnms devel oped by
the catal ysPS‘E%%gt?cﬁ%@t“g’f' the present invention displayed significantly

greater har dnesss{xAPSB&ipbas Were @64tdd iR thethferoaosiivePbxiddontdlt Bsibg an &iX gidloe 7
deposit the catalyst on the ABS to form dry catalytic layers of 1 gm/m?, 2.5 g/m’, 3.5 g/m’, 5.5
/m? 6.5 g/m® and 8 g/m>. Curing was done in a conventional convection oven at 65° C for 30
minutes. Each coupon was then plated with 1.5 microns thick copper film using Coppermerse®
80 copper electroless plating bath. Plating was done at 40° C for 40 minutes to form a 1.5
microns thick film on each coupon.
A second set of six ABS coupons were coated with the hydrous silver oxide catalyst
) using an air gun to deposit the catalyst on the ABS to form dry catalytic layers of 1 gm/m?, 2
( gm/rnz, 3 gm/m?, 4 gm/m?, 6.5 gm/m’ and 8.5 gm/m’. Curing was done in a conventional oven
at 65° C for 30 minutes. Each coupon was then plated with a copper film of 1.5 microns using
Coppermerse® 80 electroless copper plating bath. Plating was done for 40 minutes at 38° C.
Surface resistivity of the copper films was measured for each of the twelve coupons using
a Versatronic R-100 resistance meter with a 4-electrode probe system. Figure 3 shows a plot of
the copper thickness and surface resistance versus dry weight of the catalyst on the coupons. An
average surface resistivity of 4 mC¥cm” was obtained. The data, as shown in the graph of Figure

3, showed that coating weights above 3.5 gm/m” did not significantly improve surface resistivity
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Copper Film Surface Resistivity Hydrous silver oxide was prepared by
conbining 50 gmof silver nitrate in one liter of water and then m xed with
a sufficient anobunt of sodium hydroxide to bring the pH of the mxture to 9
to forma brown precipitate of hydrous silver oxide. The hydrous silver

oxi de was filtered and then washed with deionized water. 0.045 gm of this
hydrous silver oxide were then added to an aquoues conposition containing

2.5 f A | i i i 0

0. 15 gm of el bE bl B Sl AHEEAREUROUME s E el
0.5 gm di ( etsoyfheernd thyl spbsstaje. but yI ether, and 9 gmof water. The solids were

di dinth t sh tati f

FR R B L R A RS R W

were then addbfrateifisilattPWits BEper B@HgltAE taddlyst escribERbeRs RNBppRIRrse®Hoed W th
the hydrous silver oxide catalyst using an air gun to deposit the catalyst

on the ABS tedﬁCfrngSﬁh:tﬂy Hi@tmlvyasmmr @Eylér . e drygatakgst lagerswag/dgm/ng. Soppar2, 5.5
g/ n2, g/ng d, 8 cony on C
35 ror 3o npkeral ot ISR Be R SRR R, SRR R A E

copper fi I maualﬁﬂguﬁamoexmme@éeh froBOFigORASS suttheCresihves Bf P Inaichd wagbbained
Plating was done at 40 C for 40 mnutes to forma 1.5 mcrons thick filmon
each coupon.Vifl aepeefdhickiesypl Smcromte g sealysted the REESRiavaRion $¥ECRy dr ous
silver oxid 2 ABS
to formdr chsg %%i%(f:le é;@ggu@? FH rwn§ dngedq’ﬁﬁf%bcgfhﬁlnﬁ %%ﬁésyéﬁﬁ&ﬂng éa‘%r

gn n2 and St&r@mmn@ﬂim@mﬂs done in a conventi onal oven at 65 C for 30
m nut es. Each coupon was then plated with a copper filmof 1.5 mcrons using
Coppernerse(r) 80 electrol ess copper plating bath. Plating was done for 40
m nut at 38 C. Surface resistivity of gkiigplegpper filns was neasured for
each of the twelve coupons usin a Versatronic R-100 resistance nmeter with
a 4-el ectrode probe system Fi Testof Hpidiqus Gxide of Pelladivphe copper t hi ckness

and surface resi 9{ pGR, y&ﬁ:ﬁiﬁ%fﬁimadm ebridfis BRQIFRALA TV Inl VT wWall®. FRUPSRSre i\
average surface resistivity of "4 nQy cn2 was obtained. The data, as shown in

the graph ofstiftedjuntd thepalladiomestloridats disselveh g meffigiontamgyatief sgdigmdydrexideiisgl not
si gni ficant| é‘%ﬁ?r}% g l}lﬁi oagrgwdgﬁk)ﬁtdf\b”n’i Yonn%lbrb@ﬁ'hf tﬁsrlgclcieklﬂ%eﬁﬁon hgecoating

wei ght of 3. nt catal ySt was presen 0 cove surface of
t he subst r atdispersion is filtered and washed with deionized water.

0.1 gm of the hydrous oxide of palladium is mixed with 8 gm of barium sulfate having an
average particle diameter of 500 nm, and 2 gm of a cationic dispersion of a polyurethane
containing hydrophobic segments in its backbone using a sonic mixer. A sufficient amount of
water is added to the dispersion to bring the volume to 500 mL. The dispersion is mixed to form
a slurry. The catalyst primer may be applied to a polymer or ceramic substrate, which is to be
plated with a metal from an electroless metal bath. The metal plating on the completed article

(-- may function as an EMI or RFI shield.

Example 9
Catalyst of Hydrous Oxide of Platinum

A 1% wt. solution of platinous dichloride is formed by dissolving the salt in 100 mL of
dilute hydrochloric acid at 80° C. After cooling to room temperature, the pH of the solution is
raised to 3 with sodium hydroxide to form a precipitate of hydrous oxide of platinum. The
precipitate is filtered and washed with deionized water.
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Figure 4 shows a graph of copper thickness and surface resistivity versus
time. An ABS substrate was plated with copper using the catal yst descri bed
above and coppernerse(r) 80 electroless bath. Plating was done at 43 C. The
dry catal yst |layer was 4 gm n2. Copper thickness and surface resistivity
were neasured at tine intervals of 0, 9, 19, 25, 32, 40, 50, 55 and 65

m nutes. As can be seen fromFEigure 4 a surface resistiyvity of 5 nQcn2 was

obtained with a‘%oppef thFﬁF“ﬂ&‘fé@éS Gen moged Fithy &wPﬁlr?rh@ﬂé%wah%@ve&getpﬁ@cle
present invepkisPRe nmlls Eﬁﬁffbaﬁ@rﬁ Lsamte/w&h ﬁ?amagk%aﬁmten% of 19®8h ahld8 hBS1Gin
obtained with cop&er filmthickness of fromgreater than 1 mcron to 2.5
m crons. Examenes dispeestas quuaobmrwgp evdalmrg Hedrephobig podiilefin sagmnestain itsSol ut i on

of palladiu i Q

stirred unt %&{Bﬁgép doglpg%%ﬁgﬂ ori cfie ué% nlgﬂéoq% %ﬁﬁ%@g?}?ﬁg?ﬁeﬁﬂa%fu t of
sodi um hydr oxi de The catalgisiqpainteo ritah be sgplied tconpdlpmpracedmi@supbtrad, widhos foohrem a

br own hydrou e d| rS|on The dispersion is filtere shed wi

dei oni zed W&’ @1 Pﬂﬁq@l%g@?gd@a‘%g’f’@e ]g‘fmbe 1IfJ i Qnﬁﬁ‘exg S'Wtetrﬁa% gm
of barium smllﬂoﬁbﬁdgaﬂlﬁmqsama_average particle dianmeter of 500 nm and 2 gm
of a cationic dispersion of a polyurethane containing hydrophobic segnents
in its backbone using a sonic mxer. A sufficient amount of water is added
to the dispersion to bring the vol une tpg( @ 19-. The dispersion is mxed to

form a slurry. The catal yst priner e applied to a polyner or ceramc
substrate, which is to be pl at@@lwtpﬁﬂadrﬁ@t ¥id¢ pohomer el ectrol ess et al

or Ret shiotd o gifich SFBRUBNEHEESHHALS ol de ikt Blodf flob
sol ut i.on of nl aﬁwmausrhdlsallnhm lsdﬁ:nltﬁatf:d)form)d (undadifusted withgodithe hydiokideno 4pH

of | ute h}( chl gric aci C. After_cooling to roomtenperature, the
pH of the s&ff e‘i‘%‘tat"r%ﬁbé’ “fB’“ 0 ©RPL daiforme ydroxide to forma

precipitate of hﬁ@rg%(%ftﬁéhﬁﬁo&foxﬂiefﬁfbw is fiRed RIE ¢4 Pintodbaldi® ;Jahlcie%sqngnd
washed wi th dei oni zed water. 22 the preciprtate is then mxed with

5 gm of i r oAn BYAr¥RE Sigetoh 4&@1ma\ﬁémag'éthp’agm pf:at kisphenoleS-pipe spoxyFesitanga sffigienti um
sulfate wth, an,¥aad% m{ntdb ¢ hifer S Mifind fs dbsd wmpa%% s%eﬂmnqngquaratus.

The slurry may be employed as a catalyst primer for the deposition of metal films on

polymer or ceramic substrates using electroless metal plating baths. The metal films may

function as RFI shields for various electronic articles.

Example 11
Catalyst of a Hydrous Oxide of Gold

A 1% wt. solution of auric chloride is dissolved in 100 mL of water. The pH of the
' ( | solution is raised over a period of 2 days to 5 with a sufficient amount of sodium hydroxide.
During raising of the pH the solution is continuously stirred and heated to 40° C to form a brown
hydrous oxide of gold precipitate. The precipitate is filtered and washed.
0.3 gm of the precipitate are mixed with 15 gm of silicate particles having an average
- diameter of 100 nm, 5 gm of barium sulfate particles having an average size of 10 nm, and 3 gm
of a bisphenol F-type epoxy resin and enough water to bring the volume to one liter. Mixing is

down with a high shear stirring apparatus.
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ani oni ¢ di spersion of a pol yurethane contai ning hydrophobic polyolefin
segnents in its backbone. The conposition is m xed using a high shear

m xi ng apparatus to froma slurry. The catalyst prinmer nay be applied to a
pol ymer or ceram c substrate, which is to be plated with a netal from an

el ectroless netal bath. The netal filmformed on the substrate may

functioin as an EM shield. Exanple 10 Catalyst of Hydrous Oxide of per A
| % wt. solution &ke E‘lﬁ‘)‘ﬁté’“&ﬂ BRY be2prlied H’rmyfﬁ? eSS ulgfrate, avhighds Fbéﬂ
chloride in 100 wifla RltalBir®lising’ ﬂﬁel%oigsé ﬁ@tal{)ﬁlaﬁﬁk%hﬂ" ehleSRethFildUndy @iion as

adj ust ed mnth sodi um hydroxide to a . Aprecipitate of hydrous oxide
of copper |Qnﬁbﬂﬁhaﬂi@aaegﬁhwﬂcwﬁékhydrous oxi de of copper is mxed with 15
gmof analcite particles having an average size of 400 nmalong with 2 gm
of a bi sphenol S-type epoxy resin and a sufficient anount of water to
provide 1 liter. Mxing is done with a high shear stirring apparatus. The
slurry may be enployed as a catalyst priner for the deposition of netal
films on polymer or ceram c substrates using electroless netal plating
baths. The nmetal filnms may function as RFlI shields for various electronic
articles. Exanple 11 Catal yst of a Hydrous Oxide of Gold A 1% wt. solution
of auric chloride is dissolved in 100 nL of water. The pH of the solution
is raised over a period of 2 days to 5 with a sufficient anount of sodium
hydroxi de. During raising of the pH the solution is continuously stirred
and heated to 40 Cto forma brown hydrous oxide of gold precipitate. The
precipitate is filtered and washed. 0.3 gmof the precipitate are mxed with
15 gin of silicate particles having an average dianeter of 100 nut, 5 gm of
barium sulfate particles having an average size of 10 nm and 3 gm of a

bi sphénol F-type epoxy resin and enough water to bring the volune to one
liter. Mxing is down with a high shear stirring apparatus. 23 The catal yst
prinmer nmay be applied to a polyner or ceram c substrate, which is then
plated with a nmetal filmusing an electrol ess netal plating bath. The netal
filmmy function as an EM shield in an electronic article.
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CC24 CLAIMS: 1. A conposition conprising a catalyst, one or nore carriers
havi ng average particle sizes of from5 nmto 900 nm and surface areas of
1000 nm2/gmto 8000 nm2/gm the one or nore carriers are included in the
conposi tion i nCbAdMimts of 30 tines or greater than a weight of a catalytic
nmetal of the catalyst, and one or nore water-sol uble or water-dispersible
organi ¢ conpounds. 2. The conposition of claim1l1l, wherein the catal yst
conprises a hydrmeomtms'ajlonomhpﬂsmgra catalydt, ond ctenood cartiegs h:aarirglayeliage peeti@dé siz8.of The
conposition |_ai m t he cat ti,C rises si ol d,
o aE s num 5 SaRUmo00 Ritea ek P U 0 TG bo R X8 giink e PG U
copper, cobadr¢ incindediiethe c@npositivoin. améuntI$fS0 tiorpogrdatco thani wellghu afra gatalydvenadliof t he

carrier part rise multival cat i and.. ani on pairs,, netal

oxi des, sil |th%1‘fagaiysg rqo?néé’r O IS gfe t Wg g’fSper%ble e CB BaMon of claim
4, wherein the rruirhe eanqaloaﬁtm afaddian, ahdeiatieeatalyat aompnmsrpmiyd;eus metblexidensol ubl e
salts of bar,i m ne ium nmanganese, or mxtures thereof. 6. A
met hod conpr}iyléifoﬁbie 05 Etﬁlly{mﬁ'ﬁ catal ytic conposition to a substrate, the

catal ytic co3TpOSI The&ﬂmﬁ@iﬁ@h ioBE5ime, whatialthehtalyot) Redl compries giber, igelrisplhtmu'rmg
aver age part| 5|z s of from5 mMm to,900 nm and . surface ar

o] Gt o BOCRIHB I b Ror T B AP SaG iRy e ROpREckel of
conposi tion jidh, am)unts of 30 tinmes or greater than a weight of a catalytic
netal of the cat aI yst, and loﬁrle: or re water-sqluble or t%r-di ) g{fgi bl e

organi ¢ conpdunds? ea“r‘?ﬂ’pﬁb‘)}“"ﬂé aml; wieren the pager garticlescampriy mHVEIRPLEHQ strate

with the catahitphies, m@t@lrmfasg tili@kes, sTi0E onBixkes GeretBt al  al | oy deposit has a
surf ace re5|stance of 50 rﬁ%m&% The net hod of cl ai further.
t

conpri sing a-step Of CWFIH@“ qf whergiothe ligyalons cagign, aP‘P’hga‘rSf’W%t al or

nmetal alloy Qfiertii@uskRftsobbRiumealciunt hﬁﬁ)&@moﬁhﬂgh&@e of mxh@dsMelcof Wher ei n t he
one Oor nore carriers are |ncluded int conp05|t|on in anmounts of 55 to

330 times the weifymethof COHRIISHgE al ytic metal in the catalyst.
a) applying a catalytic composition to a substrate, the catalytic composition comprises a

catalyst, one or more carriers having average particle sizes of from 5 nm to 900 nm and
surface areas of 1000 m%gm to 8000 m’/gm, the one or more carriers are included in the
composition in amounts of 30 times or greater than a weight of a catalytic metal of the
catalyst, and one or more water-soluble or water-dispersible organic compounds; and
b) depositing a metal or metal alloy on the substrate with the catalytic
composition, the metal or metal alloy deposit has a surface resistance of 50 mSYenr’,
7. The method of claim 6, further comprising a step of curing the catalyst prior to depositing
the metal or metal alloy on the substrate.

& . The composition of claim 1, wherein the one or more carriers are included in the
composition in amounts of 55 to 330 times the weight of the catalytic metal in the

catalyst.
q.. The composition of ¢laim § , wherein the one or more carriers are included in the

composition in amounts of 60 to 300 times the weight of the catalytic metal in the

catalyst.
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g.. The conposition of claim8 , wherein the one or nore carriers are
included in the conposition in amounts of 60 to 300 tines the weight of the
catalytic netal in the catalyst. 25 CATALYST COWOSI TI ON AND DEPCSI TI ON
METHOD Abstract of the Disclosure Conpositions and nmet hods for depositing
one or nore netal or netal alloy filnms on substrates. The conpositions
contain a catalyst, one or nore carrier particles and one or nore

wat er - sol ubl e or wat er-di spersi bl e organic conmpounds. Metal or netal alloys
may be deposited on the substrates by electroless or electrolytic

deposition. Figure 1 CA&TALYZ? COMPOSITION AND DEPOSITION METHOD

Abstract of the Disclosure

Compositions and methods for depositing one or more metal or metal alloy films on
substrates. The compositions contain a catalyst, one or more carrier particles and one or more
water-soluble or water-dispersible organic compounds. Metal or metal alloys may be deposited

on the substrates by electroless or electrolytic deposition.

Figure 1

26



