CATALYST COWMPCSI 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.
More specifically, the present invention is directed to an agueous
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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
- 1esistance).

Another attribute 6f 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 pnent to hone conputers. The

radi ati on occurs because electronic devices ent "noise" in a frequency
range of 60 Hz to nore than 1000 MHz, and is picked up by other devices or
by conducti on .0 nes that act as antennas.  EM radjation may
interfere wit Mrﬁ&gmﬂg‘t? F@é@d haPsrafonpd 8ROk Ay Rise %qsméaﬁ%lecf@a@wqmmse

probl ens @sgihgirehhEtRMac edeEﬂbn%'h'oﬁt% cBRbhkR. rrﬁdfaeﬁuoﬁemme%{sé OBctoRRL €S,
scientific test equipnent and cardiac g{gcerra ers. One approach to Iimting

el ect r oneies EniE s’ Anefieduracyiipree s 60 bl tamophans 108 MHz,@nd isaricksd Mp bhe
radi ati Orbth&‘aei'l@ésm?t:oﬂdﬁ&iﬂnrt&%ugclp&ﬁeﬂt &hi gl a@?nt'gmagr ERfISadifiR) ents,
and structures, which prevent generate energy fromescaping and acting as
a sour ce iaferfaiestitrasaon devicwmne basibeemksmwndd ceisesuqhdmgmpmhicmmtmmremue i s
determn nm,;} I tt ted as a
resul t ot“a"gll tﬁqulfggﬁogﬁg%rgggggor p &Qm;{k? Séﬁg Sg]t‘tagttﬁl;wc1t ¥ 5?18%63 Carglgf‘n el di ng
ef fici encpacémsakessl cul ated as a | ogarithmic function of the ratio of
unshi el ded EM,._trans ion t hi el ded EM. trans Si S expr essed
in decibels (B aPI§8%£I8§m6‘Pg "?%‘?“’t%‘&ﬁ? P‘Pﬂ"ﬁ“&'ﬂﬁﬁﬁf?%maﬂ% W%@ﬂé beld Bt 30 db
i n shi el diongirethé tadiaﬁacthfrﬁ:l’mtﬁetﬁIrétﬁﬁeﬂ@ﬁﬁhl&ﬂ&ldhélhateﬁdl@QH@B@ﬂén&f and

sents_.a 1000% i ncrease in the shieldi ng

el ectromagneti ¢ &H{atlon re
efficien 8'1‘"3 v bd PYRgt ge,&ergtygtepqu fipmrescepingiapfl a¢tig 28 powreefcdistgpanse. db,
for exanple, @ffetiveadssss agotl%%agﬁetf&: kentanRedt is BYbmlid t@lthé)«ﬁbgre% S Qpi drPat i ng

elimnates 99.9999% of the total radi ati on. A numiber of different

shi el di ndieibstragtt ivafirauatdas ageulf OEm%moapertm by thetshishling metetisles

aPp! Y1 NG ShidlBh LA En AR Rl BadfiflisncliBH St 1O &Bf&ﬁh&%ﬁ@%ﬁ devi ces.
Such met hods T ncludé gal vanic cii % tion, spray coatin E)

ar c- spr aﬂangm@?lo%@rshyldﬁg Et\ﬁérangmaﬂmnﬁndas eiairesmﬂt indeciloedy Gdb}i eBs:pusbtoém ng,

chemi cal coatin e _ included
copper, sg%%&gdtnlubﬁ%tr om u cr\é%s%%gg? Hﬁ&as#]{fhﬂrl% zl?l%&%grucﬁv%w e&%’ e suffered
froma reqbecyof eldmfontagmuuc|rmhatmu¢¢prasntsradﬁﬂﬂ%mcfaasfrmsmmemdtﬁg &iﬁkﬂeﬁkg( of

et he caPige A Brtee b b FiakidiBimtr sl & Srstprana mndfpodotrat e

appl i cat |taﬁ1mqmaﬁﬁam Aeoabmt@gbnmmaeswpm @Ethéwwrmqfaataﬁw shl el d has
been by el ectrol e on the non-conductive housing

d t f t al
materials. El &% @%@5@%&?’@&% rg?th‘?r% rli‘g\‘ﬁﬁf'@ﬁ Bgedcemugrgiallys Ope msthpd s
i nvol ved ihypiRE Shglfinga RALALd DdattngSiel £5laflc RAURPHS RatdHT deftes Rk uR/asPar

t he surface
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, oxidation 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
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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 silicas including synthetic calcined silicas, synthetic
precipitated silicas, silicas of fossil origin (diatoﬁaceous), detritic natural silicas (powdered or
micronized sand); alumina; and pigments such as titanium dioxide. The colloidal particles are
icregularly 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
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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 layér 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-soluble 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 m to 900 rim and one or nore
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"wat er - dicppeceitipbise; kV = kilovolts; SEM = scanmng 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 émulsibn,
micro-emulsion or suspension in water at normal temperatures. All numerical ranges are
inclusive and combinable in any order, except where it is logica! 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
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i nventi on. 0S] met catal yst. depends on the netal or netal alloy to
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el ectropositive_('noble") than that of the netal or_ netal alloy to be
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 deposiﬁon of
copper, copper alloy, lead, lead alloy, nickel, nickel alloy, and cobalt: silver, tellurium, platinum,
_ thalliurn, vanadium, gold, germanium, selenium, iron, tin and palladium, with gold, palladium,
platinum and silver typically employed. More typically silver or gol(i 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
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8000 n2/gm or such as )
“from 1100 m*/gm to 6000 m*/gm or such as from 15 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, magnesium oxide cesium oxide,

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



from 1100 n2/gmto 6000 n2/gm or such as from 15 n2/gmto 3000 n2/gm
Exanpl es of suitable conmpounds of nmulti-valent cation and anion pairs
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Exanpl es of s@xhapleCofiaitle wakiddlidledt wiirSlispeisbRAIEANN @npodady ifcleRRaunds
i nclude, but _are not |limted to, polyurethanes and epoxi des or m xtures

ol
t her eof @&t limited o pelyvingihanes and ¢ngiides 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
resiné singularly or in combination. Additionally, fine-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 conmpounds include, but are not limted to,

pol ynmers such as acrylic honopolyners or copolyners, lactic acid
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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 Cy¢) alkanoic acid, such as 2,2-
dimethylol propionic acid.
In addition to polyester polyols, other polyols or mixtures thereof may be employed and
include, 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 nmethods are disclosed in the literature. An
exanple of a nethod of preparing an isocyanate-term nated pol yuret hane
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groups provide cross-linking capability when subjectéd 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 allyl 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-(c-isocyanato-o-methyl) ethyl-3 (o-methyl) ethenyl benzene (m-TMI,
Amer. Cyanamid). Ethylenic unsaturation may appear in pendent groups along the polyurethane

chain, in terminal groups, or intemally 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 naterial or the organic isocyanate reactant
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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 matertals, 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 inclusion in the prepolymer chain of pendent anionic carboxylic salt
groups, a desired water-dispersibility may alternatively be Iarovided 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-
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mono and(ﬁﬁ&ﬁégﬂﬂyt ically unsaturated materials, the latter providing :
cross-linking capabi'lity under vinyl addition polynerization conditions.
Pol yunsat ur at ddie prepelyingt may wnistgodenveptionahclmimextensionifallosved by vinyl addition

di - et hyl epi : f | al empl oyed n be m xed in
i nor angieerzid R AR Lo AN B0 B Bl editlo Dbt
anmount s rthewgongndrmeataribl ineith.e Sechirhetnds @re wdll fowth id fhe ap.oAyirRimFa bl @sitable

et hyl eni cal | nsat ur at ed. nonoper s. , The nononer terial. may be conposed
of one. or AR GPYRHIN HORG: PRIy VHHC AP E R OP IR |
addi ti on dréupk h€ompltiosbfpdlynierizittons RARAABY a 6hiRtaft RiidPeReRnianginp GO0

carboxylic, salt groups, a desired water-dispersibility may alternatively
be. pr ovi dik Byporme Theisonn SERPens HEvieh PH OFOTRA 10 G h aNORSRBH P i0R,

. e. an efofyahickGor O Rositid raRS WISA b5 VPR cp Sk SR féorwtoc%%B oni ¢ salt

groups. Such cationic salt groups include, but are not Timted to,

quat er nary anksampies off suighle watendispersiliie er witersolublanqpory resins ewhideyhuhgre aot
sui t abl e ;pr. t] . an ' hydr n-eont.al ni.ng 11 .0 ni ¢, £ eact ant
cont ai ni Ag&g"ﬁﬁ ((Ea?rei) ?@r%&% rﬂ%%%é ﬁgﬁnlyéﬁoq%g’ i gs Sé‘%%%sp% lsa?%ﬁnoi tﬁ“oég’aueé'ﬂpf’y

quat er ni Ziispyenol Betsisphenad Wik hipgroqeinmie] @sorving hethyleaspeont, bisphanol, amanlethyl hal i de

or atertigry . amne. Organic or, .inorganic,.acid salts of tertiary am ne

gr oups ih’lﬁ‘r‘%‘ﬂp&h%%?'?%& leng; tﬁ?aé’“(‘—f??bgs@g?‘}%%mg‘g% 0 dzpﬁ‘ﬁ?féieﬁ'@r’ cationic salt
gr oups. 'Hﬂgrdﬁfx@mkmenﬁﬁydﬂ@&i@ﬁﬁﬁ%&ﬁﬂ\éﬁmﬂe%&iol ek resih RRGbbvbRak | owed by
vi nyl additi :B’?sapeprgi)xneri zation wth polynerizable ethylenically unsaturated

mononer  FERHSE] PeYSJaereriRediccippenaditnembennh ety krpepnpagnel resit pnetet hods
are wel | kmepMesin) niﬂﬁﬁ;o@ﬁ&vo_le&%s%‘Mbﬁin%&ﬁh%nb?ﬁﬁv@lak ¢8I, Br SaHoROHIRNS-tyPe
pol yam nes such as aliphatic nglﬁ)i/am ne, which are reactive wth isoCyanate
groups. Comppends siches pelghydssp resis pefainedibscesndensifiongeastinny aftyariens| i ds
content Ihdf Va2 ehWes / sudh 4% % 1dd ' ' ave a
ot of 1 r GHoipe fh8aRen s o bt hclbo) G GUEABC R BE LR Bl
Vi scosi t iepihalohydymn. fAlemfd Sxample,Gpogpssiag prodwad F8m@ations2mif compounds such

as diaminodipheny! 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 bisphenol A, bisphenol S, bispheno! 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 epihalohydrin 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
I ncl ude, but are not Ilimted to, epoxy resins produced from various
phenol s such as bi sphenol A, bisphenol F, bisphenol S, bisphenol AD,
hydr oqui none, resorcin, nethyl resorcin, bisphenol tetramet hyl bi phenol,

di hydr oxynaph | ene, t trabro phenol A, di hydr oxydi phenyl et her,

di hydr oxydi beﬁd%gi Wg o ?(?fﬁif’ ﬁ?/?at‘gﬂtl“’f‘iﬁ’ Oﬁﬁé‘?i‘d? thedrereak resin,
cresol ncimﬂna&n pmeﬁemtham@pdna{wimefewm fuls cﬁt@@slglofﬂb:ﬁy 8difsH. adiighe phenol
resin, &Ff hengl resin, phenol ar al kyl resin, nagl t hol novol ak resin
or brom I é‘ﬁa"ﬁﬁ‘é Fatle crEQRF-ARionICs APhofsitic, HANTIERIE ORMETHES thgrser. Sd’éﬁ?fﬁié%mé@_ such
as pol yhyiftided MR Ent 0Bl alDuiB! Ekdh?ﬁies%fsﬁ%ﬂ%ﬁ%dlé’flgf @f'&ﬁt& neVar ! ous
phenol s and vari ous al dehydes, such as hydroxybenzal de , onaldehyde
or gl yoxawxidepnepyleapiokide Wﬂmnens sol f&(ﬁASBEuncbxﬁntlteqme@@qucma@ produced
from var |u%g§ %ne conpounds such as di am nodi phenyl methane, am nophenol

or xylene diamne, and epihal ohydrin. Epoxy resins produced from vari ous
carboxylic ac leaomdllspcm;cumgemhmybdamdkb the catalptibiydnipsigioyd r oagysakhtial i c

acid or dimmer aci d hal oh M xtures_of the_varjous K epoxy
resins n’é’?gig %M% I@&ﬂ?ﬁ‘ t%fhelc yf‘%?‘ﬁwsﬁ‘ﬁn% pi%?fﬁgtagli"'é"@?ﬁ?’l%r cially
obt ai nablagerﬁ.f mmwe Ibet 26 eRAinaad By, fgI‘ijlB@ﬁthl tof 6dhers O mitule hictebt, Al ddbiRy

Typi cal |y, oxy reS| s derived from bi sphenol A, bisphenol S, bi sphenol F

or novol éﬁ‘m ue PRBloyest ingppReptionsbapAEht ai ned by reaction of bi sphenol A and

epi hal ohydri nop@bnalyXdddliBgal aHﬁlﬁfoﬁ‘ﬂfon?d’tﬁ eraahie X6:dpoddas ﬁlagﬁphﬁﬂ(ﬂ:&’ in i OXY

resins derived from bi sphenol A, novol aﬁ resins or epoxy resins obtained

by react ica@lysfcopipasitienioi tha psasent épieptinne ixamplas aﬁsgclen@eayenrommm xt ur es

t her eof . [

enpl oyed CNR§$ lrl&llglcl) g{dlgyb,ut%g?l %&%@%ttg%n%g& ﬁl Q%% gmi %’%EQ’% dat a?ter

conposi t |1mrdszqi¢s adlﬂaprdssmotnmlﬁenmloomqua@madeates, hhibnnetmypumalesﬁns | nterfere

with the | et Sui .t rfact i ncl ude
e% Leé’ ﬁwﬁ aé)lf:",ab T hemlc%?ﬁb @E' %)oyb %nx,tg.WCé 1 @}a }

cationic, anionic, npnot erl C, non-i ’Surfact ants

are i nClaH«dEﬁhllbﬁb Gbﬁfp@&lﬁﬂsls@dﬂs paBLepoycybsReXpl) @thyRficthbiykiddhlee NON-i oniC
surfactants are ethyl ene oxide/propyl ene oxide copolynmers sold by BASF

under t h&isrigmedRrEsyRmpyianing framponrenyifemsthesy silape peshaningalkod sioxases. ng
agents may be

coal escing ag g?\’?lg&rr%;} Isf)bg m&%ﬁ%@ ggé%ogu@g{gﬁ% Iigljg&g gmv%g'i% e} h;b@ %Egeéir}:ﬁ?eé%er of
sui t abl e byeay ssteblagneanganvs it tht hudOne bwthodiisdo ut)hzcl High-theakr digpersipntoobat and

gl ycol ett@c%fléa—%ﬁe et tfﬂg:re“sntl{ ah Cila (?ysft andqgen o aﬁtll in 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 slurry
fnay 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, 2 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.
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agents are enployed in conventional anmounts. Optionally, additional

adhesi on pronoting organi ¢ conpounds nmay be included in the catalyst
conpositions of the present invention. Exanples of such adhesi on pronoting
conposi tions include, but are not limted to, triazines, phenols,

al dehydes, acryl i c..esters | g dazol es,. acryl am benzotriazol e

mal onat es, ac é%/ gggfgfnao[fgxg’ni %%H)Qrol TRiSEoRg IS fBTmrdioarm si %atwgé??aﬂresé“"% efomd

East man Gheointietbnsi? sdeh(hs fibm £ROMSHRIEAS ETheOkat Gl Y4 theeilvaed\d diye Drying may

al koxysi | ane co unds such as P- (3, 4- epoxycycl ohexyl)) . .

ethyltri e‘t%ﬁ%‘?r@ any S‘B‘ia@ef‘ﬁﬂf?ét BheF ‘ﬁllsptPiism%lm fgdry. Air-drying may take

y- anmi noprggiy bo fidRdshe2 Yok, |nidie npRdil AR @ InkihteStol 00X RNRSs. IHWRRAGRLS: of the
catal ytic_conpositions of the present invention may be m xed together by

any sui t dBnemARbrdoReeRiPTRer dependineron toyambentiseritiens b thedrying wom. Jhry dilmar
di sper si %iﬁlﬁn&?%n%etﬁlaﬁdﬁ gmn-ﬁftbrieginﬂﬁ*,brédchbﬁﬁowlt&gﬁﬁ @% 2 and then to
| er under hear ul t ablFe

add resin to thé fi u | ow she agi tation. shear rates
are wel | wi t hiGatalysecamiriobitipns ajthezpresentdnventién iy be ariphied toeangustitadteckubstras:
experinme ' . d ) i hear rates for a
o e, menkhll TR i PRE AR il S0 OISR o Ayt o
exanpl e, whichmagbd thenmophsticOritierdbsettitg resise Exeyiplanahénnoplastio rkhs iaclude, 25" C.

The mi xt f : t lts_in. | ich be,

appi fed (a2 IRRARE Hegerk it plafieR B ER i Ntn ey AV IR cxanpl e,
tlhe sl ur I‘c}llobn'ﬂa)yPSﬁm&l_s,ggﬂrér?ﬂ Pby(pdl?ﬁfelﬁﬁetri&gt@Sﬂd_El?Idhﬁﬁ%Hu?idﬁn&@@rﬁﬂe}{WS}’ or :he
slturr e Sprayed o e. Su r e usi n a Sul t.abl e spray_appar at us -
such le ni%“@f’?‘“gﬁﬁ%“é%?% ?l?‘gy“é?? Iﬁ%ﬁtahaéwmi 6@‘&"%%%%9? %Fyi ng
the cat al @bl finPIRRROGIIride)) ?pﬁ@&lygﬁa&lleﬂe oxddd)BRH PRT (aoz?a&ﬁemweﬁahﬁacéfsi red

pattern may be applied to the substrate prior to applying the catalytic
conposi t i &SACTalcREPase eRginerang plagtiss spch as R4 ipdwimidonPOM (pelyecetaly BCy deposi t ed

on the sg@@kgﬂ&m}; pBg (ﬁo&‘iﬁ&ﬁé?l%he{?ﬂ%@ etidh), 9ﬁTE¢Al%utﬂ@r¥e tgx%glﬁﬁéllel?t% Ibﬁfr: gf

deposite the substrate d pl atT ng octess. 1
f rom 0. 5 REJ (8hswfiter tainfoiced palyatisdensierephthalate)rand &HAR (ulmbighenolewnbdn veegght r om 1

to 20 m gog{gﬁléghggﬁﬁ%gg%_e @f§55§§,&°§ Smhqs%%g?@%ﬁﬁ%d&%m Is then all owed

to dry. erfrorne any suita n exanple is to
| et the f(pblpetbdrsuldng), P8 polyphenynesmtfided/RAR {pobyar@fte)PAL{podyatride?mide)r s, nore

typicall 0, m putes t 0 .m nyt.es wever, dryi tinme may be

short er ﬁ’ﬁ%@a@ﬁhﬁéﬁs §io 8?%12("?1%“1 W@r{ﬂ‘%%f‘lrgf’? feéﬁ’g' gge“?m%rydryi ng room

Dry fil mihepogingeninsind@R, but@rd ot Bm@ed 16Pphe@olidregnd, Wea ré¥insSeRmafk rkdigyn 1

gmrn2 to 5 gmne. Catalyst conpositiaons of the E)resent i nventi on may be
a.

appl i ed YRGS nsaETated POlystterscpoxy resins, diallyl phthalate polymers, polyurethanes and

silicone resins.

Other materials that may be employed as substrates in practicing the present invention
include, but are not limited to, rubbers, ceramics in general including ceramic fibers, silicates,
glass including non-silicate glass and glass fibers, wood, fiber-reinforced pIastics, 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 fo place 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,

general - purpose pl astics such as PE (polyethylene) PVC ( pol yvi nyl

hlorid : I
O R A S d S B b e i,

| t hegin: i
Chrort dey” Sgﬁot 5{;:?*?% ﬁ‘é‘ﬁ’)y"feednaem%ﬁiﬁg*eﬁ‘“ Wémﬁﬁ“ama‘“%‘?ymé‘h‘imfi‘%‘éﬂp ??ﬁdé“fj 2te)
gener al - (¥ HB8eTEGHTRE3ECH sEhaas F?‘@E‘C@t?élﬁ aﬁ@IaP*A X

| P PBT
(pol yac ett?;‘)e) ouribgag &%%hmérﬁaﬂﬁt@ﬁ‘let%@ ﬁ(-l(—{ﬂg 9%%&' aﬂﬁ%yag%ggsfcflg r)

(pol ybut yl'ene terephthal ate rern yet hyl ene
t er epht h aiﬂamé;m dﬂlamm%b(tuﬂtm wmaghdﬂrdibeb'ihlﬁdOdQeylglm)stanm gmltdﬂgdre ndijch and
super-en | cs such as PSF (polysul fone), PES
(polyethg#gﬁﬁ'oneggl%%§{(polyphenylene sul fide), PAR (polyarylate), PAI
(pol yani dei m dder curl?EE&(m(etpbcbWtﬁeaﬂey ey kedepogijed oRithe( qacallgst comeyitian dy any

fl uorocar res he sett| .resins | are not
[t og b SR bR mans SR 1662 SIADR Sompid R oleiia e Supsple g e,
unsat ur at;ﬁdernai M&Bdrezizﬁk, tﬁd&ﬁ&}ﬂ dr@fetd) alloylis @élbdﬂve@%%?@hé& er ﬁﬁﬂaﬂ?’ﬁﬁ&als are
pol yur et hanes materj.al s that may be enpl oyed as

si.li e re her

subst r at P‘?Sﬁe‘g?’é@f’ll’EWﬁ s Eatf)f’%@@ﬁfo gshinehe ﬂ%msm%cﬁaeietra'ﬁmﬂheﬁer%
limted toalystiferss speReA Wit Sn ERCEAAS bath of RGMHIIB i BATh Forfal sRETcRont
silicates, glass including non-silicate glass and glass fibers, wood,
fi ber - r eidHOYRIE dinysita denosis a consipppysarctal o metapalinyyfilmxmithe subpieate a$lbzilyt ic
conposi t ipfhe@redrt Well Ididvon thEtle@piid}p ifdiRgLr ate, the dried priner is
cured using any suitable curing procedure. ny such procedures are known
in the art. Odaymptal Hetimay be deppsited by electrgletssiepasitionmaytbetemplajed eoprpaticeer i n
a conven bl . M ' re for, a
cui t bl o BeBRep A FERBR e Res dr B mélBE b b RS SIP N G ind
t enper at wallysicforpogitivibGndiidepbut a6k 116, dimited chicapperf niokal, Adbalt, cbroffiin Gron] tig, ti me
period faqr 1 curing may. ra e from5, mnutes to 90 m putes. rin agents
oy be adtdc BT e EREG PPBHES DAY ek Mgt tlih g Pigar:
enpl oyed botonattipllies, Gdnadivin} G@ahieme gerinagiuRgSlntum, 26, &1l thér zmb@@ Exdnph ofgent s

cially av bl e Aquam neg AR419, im dazole ?{pe curing

1

h |
Z; g nt 25 s %ﬁﬂysééat M3y by W‘PE’B’ Ff&oﬂ"}cm? the presept fnyertiontingludss g areaptlindted fant s such

as  di butcypgetMickdll éo%ﬁérﬁﬂ?er SHppattan &dpﬁeﬁﬁiﬁﬁlﬁﬁtthﬁs‘ﬁwr tin/lead, nickel/vanadium,
di butyl bi s dodecy1t | 0) st annane and ot hers, which
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, thodium, 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 combosition. As an example electroless metal plating baths may
contain one or more diluent-soluble metal salts as a source of the metal or metal alloy 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 netal or netal alloy is selectively deposited.

Typically, netals are deposited on the prined substrate by el ectrol ess

et al depf?)@?‘tcPﬁﬂRF’neﬂtséngrlﬁ%@i%w fpch e@aﬁféass bé'gf a3 are tvel knowgh to thosgef skibd wi t h
an el ectriphkiess, bath or is inmmersed in the bath for a sufficient anount of
tinme to deposit a continuous netal or nmetal alloy filmon the substrate.
Such pr ocedufC@Btingos Metal onmefalalloy fifmedepasigd uﬁma{heﬁgtalma gempspitiong pajet al

h : . | af _ .
that may ‘Jaeylﬂ@ma&iegsesqcméx ﬁ;ine;f@mt wm@&&gmmqs @)ﬁt @gﬁ%ﬁé@%&&%@c I ce

the present inventlion. es of suitable netals
el ect r ol &vell 35 fpapBSimiergnatoi2mgictane cat al yst conposi tions include, but are

ctrol . , sioas i lead
not, Iinited g&f&c%l}é’s%t%lcé‘bf’éﬁ%eg?é? +t£1 allsy ﬁgﬁ@g@{{% %%r&.?g?qhhspﬂ%cr%reﬁ?ﬁﬁaégt en.

al um num magnesium .chrom um berylTTum

mol ybdenumy betfamos) mEiaaf br lewy) onvsacteadiftom 0.05 i m 30eonah otisach aefiemilum
zinc, and their alloys. Exanples of alloys that may be enployed to
practice é“ﬁ?éggﬁf’“’i nvention include, but are not linmited to,

copper / ni ckel gigaQPPRLA SEM 2720000 BPLEbisisBotion OPREAARISTHLER witd Matdd¥ €' -

¢
tin/lead, nickel/vanadium nickel/boron, ni ckeﬁ?phosphorous,
cobal t/ piremperitianef theameseny i xastioe Giveguiar proyng st extends dohgthe longthadfshe SEMD) nay
be deposi | A LLl | ; t.are not limted
to, gold,CB&gllg:{;ﬁ/ée‘fQ,ﬂstB!F‘gF%ﬁhﬁ]A X%Eﬂ ]I%g%ﬁg?n&p&)f"ﬁ@?tﬁfr@ &l%tﬁrgtg{nufli%% i eaﬁfljta m
i ri di um poswi’sdekarstiaderanil rowgh lseyse appegphoa kbdating theppeiyst contgosition.cThal t |

l eid, gold i lver | ati pum ..pal | adi an eir | oys are deposited
using Sheteiblaniitved SaShidtoBsiba oxke, KB Ala holed & teoR bendefing B30T .
pl at i numprinpalayadirevisibled Thé esppedialed Yisposiaisty distaiolad deposi@pRimedyl copper

al l oys are deposited usjn he .catalyst compositions. Electroless plating
bat hs forco?f@b‘g‘éﬁ Y"‘r’i@"%{t]:lfe‘g’ﬁqsys&?“rﬁgt al alloy on a substrate are well known

in the art angigdayYishfl SERTRQE00N 6k crbs séiof ¥RAPABS ShiehieThBaSarBRleMw P! at i ng
bat hs ma){ contain one or nore diluent-soluble netal salts as a source of
[1g

the met alligBaren with adwiigys silyepexiderapbust easepositionpf &r Pregerd eveptéon aaribe at i ng
oy b | A Ry B eghous ok hi-EPSy ke QAT LAE fiop ko kPR AR 0 °
skil'l i moupénear the centat ¢fitboSiEMMut exitends alorg thie lenigthoof thie $EM uddgralsd dopperusi ng
the cat al]a}gefl‘).c Th® E%?lﬁh&ds %Q}?pcmtal 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 hﬁrdness is tested
with pencils having varying graphite 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 fromO.1
mcrons to 5 mcrons, or such as from0.5 mcrons to 2 mcrons. Surface
resi stance of the netal or netal alloy filns may vary. Such surface
resi stance mybe from50 mQ n2 or less, or such as fromO0.05 nS2/n2 to 30
m/ 2, or_such as from1l / to. 1 n2. Figure |. is an SEM at 2000X
of a cr ospsagss%eétﬁimilr?s 6?3{75}1053 %g%ag%ﬁg‘is’rfgf EN@%‘E%H‘%%?%%‘{‘“  OBIPEISE SN of the
present idevieed, f@polyider eittaatic bR thr BID @othidp dsd dAcuistive ke @ Varighs t he SEM
coating the ABS substrate and a thin |layer of copper netal (lighter thin
filmin &#ast to prinmer's darker shade and rough surface appearance)
coating the caipabily, SOEPRAAnidtAAlloy ks &ﬁsﬁkd@%ﬂ@ﬁpﬁﬁ%&ms lseiosuas si | ver
g to the

oxi de. No visible holes or_defects penetratin prinmer |ayer are

vi si bl e. befrén maypeturthenragtalliegdoveith ang o jnos additionslancial ge pstal allayrlayesy. fugh o

conti nuo ; I | ! of a
Cross se(L:hta P%lﬁﬂag?n e%g %%Ggﬁlgg% ?!ﬁé}r(egsllg K aggeggﬁg%lﬁggsv ﬂ(ﬁ? g'ﬁt“ﬁg‘?ﬂé%“d\}%dq @%2’;
hydr ous girisyadras deirdd migtaas (0520 misrmos Sudhaddisibnal etad oemetat alloy\tayetsimay ten t he

substr at ' A t.al | . on the catalyst c osition

( most apgigﬁ%ﬁf &%)gag&{)%ggﬁ' wﬁ%@?ﬁ{l n(rar& & netleé:r%@#'c ﬁ‘ﬁ’ S‘E%C%ﬁ%%?fgﬁ al ong t he

| engt h ofdepdwétioBiiEhdoundieles inmaersiop petallidatiyreimthodsh Sucloadditivnaliaetallipfin et al

| ayer was ectrol essly deposited on the catal yst conposition. The

cont i nuodggi&%%ﬁ%crwﬁ?g%%brh&Sﬁﬁbsi te sides of the nound has nucl eat ed

through the Giicablytié dgosHasintine DO (diket ABSnty Piﬁﬁﬁg @ldpulse plaahg(ehard ri cal

contact with the sub trafe. Sur face. hardness of the netal or netal alloy

film my J9F %sﬂﬁi“f? |2 plating methadsysing cembinations thasef, Fugen demsitoympy 387,

ranges T rg@pRnRglod titfnetdl dr kil GG ddpadidnSHa 'af el kidvnlth SRS of SRRA e cal in

order to protect the integrity of nmetal or metal alloy layers during

post - pl at*ﬁ%h@cal@é% a §Etaplequeent déwé(g@lgp dhat mey be pmplapedtp deffositmany metalss may

oceur - - Suglygh g 55 0451k aR] 03’ oiEMls B0 a8 BP0l €5 or
tg?ssﬂrray q ' %m’ e éﬁsng perfor mance

cracks in the ne conprom se the’s of the netal

| ayer. TheangEarDBGEIS ihat ey tieidepositcdwetsctrolyticaliy inaludehant aretnoahaitérbtoderpper, i s

tested ' Il s l,Lng _varyi raphite hardness. Articles made with

t he cat a%cg( ’gogogrr%’otksnl’nglﬁgl’grﬁé&n%l%l%agnﬁﬁuﬁgoyeshpl oyed i n nunerous

el ectroni ¢ deBlecealessimtalethainmpyehe depedited include [hut fe @t Idhitaltb] copperymickeng

boards i nclaxdi ng enbedded. 16 passi ves such ]ils. re%i s}prs and c?paci tors, for
urmm,

EMT shi e8P tgf’hr Uy, FAgResTunY alupuRupL, tangsieg, i eryllium, bismuth, lead, boron,

thallium, vanadium, titanium, germanium, selenium, iron, tin and their alloys, Other metals

€IS

include, but are not limited to, gold, silver, palladium, platinum, rhodium, futhenium, osmium,
iridium, and their alloys. Examples of suitable metals that may be plated by immersion
processes inclide, 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 (AgNO;) 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.
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devices, for polynmer or ceramc fibers for ESD cl othing, and decorative
features on various articles. Optionally, nmetal and netal alloy filns
deposited by catal ysts and net hods di sclosed herein nmay be further
metallized with one or nore additional nmetal or netal alloy |layers. Such

addi tional netal |ayer r al allo ayes.s.may range in thickness from
0.5 nicrons arL?call Wﬁ%@? ?‘yac}ﬁtfgglijvc‘?ﬁo’ﬁgc ?‘%‘h?‘%ll%{dﬁq @r%r‘i‘@“eto S SUMRSILPR fentalzipg b
addi ti ondl.5 gmbfibarivin sitattl (Bas O Yaviny &1 svefiy phtficle 2P o53d0ash, DY258e6tiFd eSS
nmet al deposjti oapor by el ectrolytic deposition. Electroless netal

deposi t i K9 EGOpHaV g &R 2y siagsmertisie sastod PP9 smend i 7emed akster.SThasolidaveteonal
net al | i zafid d BRI S a8 - p&\(yg-' B I.G.cdeposi tion
i ncl udes Dggi(a?ji rect currrenﬁlgi%lh%e%i ng té%ﬂ”‘ﬁ%ﬁ'se plggﬁﬁ%{l%'?ﬂd%’ggﬁé and
rever se) RHEPhRRAlA epoxy resin Widh sreavigrsge molecwlgr weightiof 4300mevivalent waights @ay themt
densitie : ] . . i and
aro vl | amant Bheq BR0A0M A Btnk 1SfEk Sonebins TRy Mol AERAS e
current densi #ysohdingef .83 gmmdyn bwinertpeopeing agentieyingiatmotenujar neight sf 284

| ectrol yti B ng 0 ne h f dn? t
307 A amy ctiEittreids b BuPotbebuRls hor el iRt il e PR oA IR 1 ©
i ncl ude, thatiney eontaiting thehydrdud sdlverangifeaintil alnofakedompoadntd forméd dunifomut h,
preci ous pet 9;“?}8?ﬁrﬁigtotftﬁ}%#\-rf}@l{#%?’ﬂéieg%Fygtﬁvg'a%hﬁiié-r?t al s that may be deposited

i ncl ude, "D cobalt, chrom um
magnesi um al um num tungsten, tellurium beryllium bisnmth, |ead, boron,
thallium vanadium titanium germanium selenium iron, tin and their
alloys. Other metals include, but areEx@mple2nited to, gold, silver,

pal I adi um platinum rhodium ratheRtidRimeSdFiid hvdniibgdi um and their alloys.
Exanpl es of suitable nmetals that nmay be plated by I nmersion processes

i ncl ude, but 8#45 gof theptack hydrated gidieg oxidelfram Bxample Tyeasfaddddgoamaquesesnp| es
are incl : ' [ ' . ; . ' '
Beanpl o PR coplabibig 23 LIS BB ETRACO TR By B 0ele pbUE b 8300, o0 o
si | ver hyy, 8P ¢m efaronprisip fe0: daving ai agprdge particlefsizeiof §8#ynm 0.3 gatdicthPgiNgg)
with 10 | oxi ge ai roomtenperature (18 Cta 20 C),
which f O%Wégﬁ g&%ﬂ%ﬂ\;’%ﬂ %%ceycgn'b Peve‘{%tér‘ oﬁe ﬁ?}b‘f’ ﬁeé?fﬁpgqef{?rg i tﬁ?( k" ﬁsﬂgehlél?gltﬁf’bl tate
was al | owgithtion. 8.8tghl & ananaousdispdresd pobatetithnwtdsin cantainidg HydRBhoba R tentd f
dei oni z egn %’t\slalga% bcntng aIl‘i)(i 689 grtnr}&ag al_lkE))?ysﬁéne 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 (BaSO4) having an average particle size of 300
nm, 0.25 gm of iron oxide (Fe;O3) 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 (Fe2Q3) havi nhg an average
particle size of 550 nmand 8.75 gm of water. The solids were dispersed in
t he wat er under hi gh-shear agitation UE ng 2 !sti rring apparatus. 1.2 gm of
Bi sphenol - A epoxy resin with an averag ul ar wei ght of 1300 equi val ent

wei ghts was then added and i xeGQauiyeePrimoversheiavensishng a stirring
apparatus unti| uniform sl urr s forned. A solution of 0.33 gmof an
am ne-type cu ioréfg gg'g‘gjr'ilfc ﬁﬁ%‘%ihﬁﬂm&d\lg@‘feéeﬁfi%\ o gmpleds wasgddeddq an agucent
vei ght's, ddmpogidrodonimiy4.6 86 dlink @kiﬁaﬁiﬁytg;) hefifes @@ﬁg&pﬁ'ﬁhl@fsiz%f &40 RS

e ny

mxed with the slurry containing t rous silver oxide until all ‘of the
conponentls &8 dxethylane Elysaby butyl efbar, pyd 6 gmef pater. oThsrsolidsewere tlispereed in ghenet al

cat al yst wi& uwdide hdhlshedRhaiRIE. 7 1 VEd G doll I ' . 045
gm of the st ockg_%f/gdrsa% ed%%bgefs %%%%g%gﬁﬁpﬁhﬁg&géﬁ%dﬁﬁg
aqueous bydiepbehic segments it ity backhpne aBl G0h oh obaw alkonysilang etoes-liBxE®4) addadtong an

aver age ' -Sige . : ' ' Fe2 ving an
aver age gggr%hi&ﬂ 'gmg Iég S%%aréglgmr?ﬁ]%géé%ﬁﬁg% gpé@?@%@ gag léség‘iafoﬂﬁj{a I et her,
and 9 gmof water. The solids were dispersed in the water using hi gh-shear
agitation. 0.8 gm of an aqueous-di sgrseg gol yur et hane resin containi ng
hydr ophobi ¢ segnents in its backbo .01 gmof an al koxysil ane
cross-linker were added to theCempirativelCatalgt Paer Shear agitation. The ratio

of inert filler met al cat a] yst s 65 to 1. Exanple 3 A Catalytic Prinmer
of the Invent %ﬁigwgg%tpgmegtfsoﬁﬁt@ng R e helNPx ey ormed byydissol g g anpl e |

was addedilved e UOO R of IR K hithOFH GRH &) Tyl siifin agaxeiidbaﬁicbﬁ‘j!. SpLfate
(BaS®™4) havi nghan average particle size of 300 run, 25 gm of ‘Iron oxide

(Fe2B) REWasghenfaisebioadanssHf fow Stodite formra ydmup pxideofsilyen Rieqipitatsy | Bwe

gl ycol) ?)%c)ﬂitat%t\%&iﬂteﬁﬂqﬂc@wﬂéﬁh@twitﬂ’ﬁ&iﬁﬁized% S0l ids vere dispersed in the
wat er using high-shear agitation. 0.8 gm o_? an aqueous- di spersed
pol yur et hane f &8 of teedrdegua silsr byide wpisaiked wighyHegin of silica (Type OKcKBpad was
added to LS| I Lon. .The ratio,of ,.ner ilJler to
etal o atsglpé'nstﬁvy\g E%BEE i 'g&lé-o%é Q%%foy&g\!vérggk %m of 1soprop§a'1 alcohof, ab gm otf eghyi

acetate and 23 gm of acetone. 346 mL of varnish {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 five 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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Example A Catalytic Primer of the Invention 0.043 gm of the stock hydrated
silver oxide from Exanple | was added to an aqueous conposition containing
4.5 gmof iron oxide (Fe2@3) having an average particle size of 550 nm

0.5 gmdi (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 yurethane resin containing hydrophobic segnents in

i ts backbonesaswhtd. 01 gm:kﬁfpleanolm EnanyRbl dNeEkmnpes- 1|l NER@mpNAS [a0gaapke |t he
slurry using |ow shealr agitation. The ratlio of inerft filler tlo n®h@dy

cat al yst| was 114 to 1| ABxkgnidréd SAdCqNpad. gt Adbe |Ghrdi| |yAdh. Prifandr| AJWQ.| Fmrdadi ght
percent [SOABE HW® RAbg S| | 3ECT] TeRL T[ats8 (AGHOTF) spag [ Or MEGRDY OT SSOtsET fg 7517
silver nitrate in 100l m._df watler wilth tHe pHiraised tol7 witlh sodium
hydr oxi de PFEGY e | FH we® theR rai’ed £8 a rande 5Bf |from|8 3Bo |9 %Bo |f
a hydr ous roxdychiry®f283i | V@ |pré8ici pisBat|e.6HTHe 5Bpriect pijt aBe |was f|i [sBeredBar|d
washed wttoderoni-zet vt er A orgofrthe thydrous—stiw t re—rixgd
with 19 g?dn?ogﬂ’g‘%ﬁﬁgd; (\%/ eg& 415?) ar% Sé vent s wi:l gtirriing. The
sol vent 5 Saway@IXEF Mgy £ 35 (grifof| i%Bopr 6Pyl| &icohot , |4ilgm of gt Hill | acetlate
and 23 gmof acetone.” 346 L of varni sin (L1233 potycarpborate varm st fTom
Bee chem cals) was then added with stirring and ultrasonic agitation to

di sperse any dégfamplationssyere Fppdied totthecapponsrbyran afrignh &y 2 wet fitet thickeess off Mst  was

5.2 to 1. I at. v E Lyst formul ations within the
scope of- ‘T%ﬁg%@%lesi nv ?ﬁn?téﬂr? C?Eé[(gﬁ’r&pals 3@‘“ %d?oﬁ% %fyﬁ%bgf%egsn%%)sl{"@ With a
control Chieabysins wereriilbaéd onircky for de mitgesHc 2(PeC add Wére then et o5 (Fasp! e

5). Six co.uh)ons of five different polynmer substrates were tested. The types
of pol ymdMEUEEEA coqyRptipnas COyEF OOV f or mance of the catal ysts for adhesion

(Adh.) and haEﬁélﬁ&ﬁg&d‘%thén ﬂitc&ﬁﬁﬁ’@éppeﬂ%ﬂ%xsd doBfinRal®ReRoRBbpGT € are
disclosed in the table below 19 SubstrateExanpl e 1Exanpl e 2Exanpl e

3Exanpl e clfciepiping system (EonvermseCH0 Gom§hiplexGompany, lak.€.) Adhe elaetehlosdh. Har d.

copper deposition was done at 43° C for 45 minutes to deposit a 1.5 microns thick copper layer.

orm

N/
LILILEIZAY

al

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

- no 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 p;ancil 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) 3490SB6H5B6HS5B- 5B- 5B4B ABSI PC M xt ur e5B3H5B3H5B- 5B- 5334B PC
Cycol oy(r) 28505B6H5B6H5B- 5B- 5B4B Du Pont Nyl on(r) 660SB6H5B4H B-1B-fail -
Sol vay(r) | XEF 10325B6H5B6Hf ai | -fail-fail- The formul ati ons were applied to
t he coupons by an air gun to a wet filmthickness of 14 mcrons (Exanples

1to 4) and the c S wet filmthickness of 90 m crons.
The cOupdﬁqﬂ 9@%@ clep %ﬁ%ﬁws ff)elwﬂabmﬂ cgtglys; Gpmpasitions o3 thedresspt iNEROHOR hen
cured at @bldyed gmﬁ&nﬂmgfwfeﬁﬁarms@(mmamudemﬂanqm%ﬂ @RaAye’B). Each

coupon was then plated with copper using a conmercial electrol ess copper

el ectropl ati ng system (Coppernerse(r) 80 from Shipley Conpany, L.L.C ). The
el ectrol ess copper deposition was %143 C for 45 mnutes to deposit a
1.5 mcrons thick copper layer. Sur conductivity was | ess than 10

mY cn2 for all of the sanpl esCOﬁm’eFﬁmMawRﬂSEtjviw/as conduct ed according to

ASTM 3359 in ﬂsijﬁ I D r to the
coupons and Pe ma(tgse l‘%%‘%&%\/\%ﬁ%’aﬁe ﬁj& gbﬂ;ﬁ& Stesrélg?r eau?]%lrin%wer E]t hen
pul | ed ofWatetr(and;ﬂen hﬁxﬁnyithﬁsufﬁrdamﬁ;embwhﬂzdf smiann Ingirakédestd being the pBegfeledi ng on
t he anount. m@nter I al renpved. nking is given from5B to

B o Bl R ot (iR e LR SRS ok 1 0 52 Fo 68o%

de- adhesi on. HhoBydrb siba\oride &k €iltered aRerd®@ashedWith télafizddowater. 049 | to 4
wer e equi Vﬁgeﬁlt to the control on ABS, ABS/PC and PC, and. fornulatjons 1
and 2 derfbHut o siyen axide wereshag adder ta3n aguepes sompgpifipR cqniaining AS1Ed of Exanpl e

5) had narigd @gﬁt@ma@bﬂawmﬁﬂ@aa%a&%m&&m%&% o 90P&h, 0.19 g eRir6RGhasS@R,f at e

was tested according to 3363 1n which ranges of pencils of di ferlng

har dness bRyisgasayerags padisieize of F19 momd: Tigm si)(etaylenecalmﬁ byl gther, andh® gm of
el ect r oplyak&d-TRUEHIRAS Freldi er@éci‘%%ﬁ@ﬁ%ﬁsiﬁ@%h- egrI hoa% gl Pﬁm%@ﬁ&%?t

penC| | to_not cause rupture o m-l s the ness coat i ng.
The t est dispsrsedpayietbingngsitbeaatiirong kyslsephabid segr@atsem:mmckmuewem then ddedness

but al so fﬁ%gﬁ gtgkg{seggg?&rd resi stance to damage. As shown in the 20 table

all the éer nms devel oped by the catal yst conpositions of the
present i nvenSDmnBS doupphayml cadtghwikh thahyd:yusg;uleatoardehanaljrmmg(aa ajrequaid S

harder) tclbaposxt the caga?ys e gﬁ;@éain?orm d?r} cataEIthlanyers of 1 gm/m?, 2.5 g/m?, 3.5 g/m?, 5.5
g/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
gin/mz, 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 m{X/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 anmount of sodi um hydroxide to bring the pH of the

m xture to 9 to forma brown precipitate of hydrous silver oxide. The
hydrous silver oxide was filtere d en_washed wi th deioni zed water.

0. 045 gm ngipating;that glhe Gopting WPW&?&S'%n %Jefﬂk?@vf@%eﬁwa%aw Rrgseghio £QVRS s
conposi t | efacOdTitiad dbsigte?. 5 gm of  barium sul fate (BaSO4) having an average
particle size of 300 nm 0.15 gmof iron oxide (Fe2Q3) having an average
particl e. si ze Taureshayiha gmaph of gonpey hickyess ard yripecoesistyify yersas tie. ABABS9 gm
of | WAl €T subdfifl WA gifted WS op LRl ibaldlst BRcil SboddSh doflelecsifsy
agitation. 0.8 gm'of an aqueous- “di spersed pol yurethane resin containing
hydr ophobdlectrslegnteatit. sPlatingivas dbmecdt B3hE. The drytchirlystdaybe tvas 4 ging®. | Coppshear

oot alyst eRiels 4 R RRSY W oarred AU e R0 0o A AES Lo 3Em dry
catal yti cand@gedigutey. As @ib8Feen from KEWE 4 a3urFac8/rffstivity 6F 5 mOY/EH? wh odraited? and 8

g/nm2. Curing was done in a conventional convection oven at 65 C for 30
m nut es. WEHERceppebickngssof Iaieron veithtlie odtalyst of the presens inyentinng ISurfagsper il m

! o 0 - N.. Rlati d
at 40 o Tep i ticts s RPBE By ELARTIR Bty I cfiodse ool BT on A

second sdhamnf midron 8BS mizopens were coated with the hydrous silver oxide
catalyst wusing an air gun to deposit the catalyst on the ABS to formdry
catalytic layers of 1 gminR2, 2 gmn2, 3 gmnk, 4 gmnk, 6.5 gmMrn2 and 8.5
gm n2. Curing was done in a conventipfmpi®yen at 65 C for 30 minutes. Each
coupon was then plated with_a copper filmof 1.5 mcrons using

Copper nerse(r) 80 el ectrol &%ﬁlﬁ‘iﬁﬁg@)’dfﬂmsﬁ’f‘%oﬂ?éﬂ?ﬂmpl ating was done for 40

mnutes at 38 AC1%SH! $A@Rno? phifkiuv dorR if B&cRRRREI00ThL FBwHRS THRASKhes T OF
each of the twelve coupons using a Versatronic R- 100 resistance neter

with a 4-Sreéuptd dee patlesiem shloridavs drpolvade Assutiiions amopntof sasiium hydroxidpiser
t hi ckness,jatik, 3ty ofifdn EERbREAD ﬁ.oyg!e&féﬁnq%;/wﬁﬁ&ﬁgg%% idb Hﬁpé}gi%)ﬁ‘.! Ygd, on the

coupons. An average surface resistivity was® obt ai ned. The
dat a, as dipowteniinfilidred apdaysshestfwikti dpionézed $rateshowed t hat coati ng wei ghts above

hat *at t he cOar g EihRddt of R kol FRuaF it e ekl 7,

cover t hevempe patice dibmbioeofS30D i, atd2 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 m1L. The dispersion is mixed to form
a shurry. 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.

22



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 |ayer was 4 gminR2. Copper thickness and surface

resistivity re neasured. gt ti intervals of .0, 9, 19, 25, 32, 40, 50, 55
and 85 i nut e9| 8 ORGA PisGiplae 5 heogRiked ik & e of it oxde M itbaBi P RAjicly 5
nb2/ cn? véige 050 @) & @m ofibhlund s RRNGEL AnivekBesatialk sike BT DOGH MdlTerh beaL at al yst

of the present invention. Surface resistivities of |less than 5 nS?/ cn®
ver e obt ANRNE dFReFINAY g @plypiethang eantaHagydimphobis polyplstR sesment§dmits i cron to

2.5 m Cr Ofgkbol 2T @mipoliBbibis ﬁﬁi@ﬁfsmﬂ%@%e%i% P pakithd t@‘ﬂoﬂ{ﬁw w.

Sol ution of palladiumchloride is _di'ssolved in 100 L. of water . e mxture
is stirred urfibgratelyg peiger may bewnphpdioiaelimer @ essohigsubstiateswhich tsitehe  anount
of sodiu | [ Uty ' to form
2 br own ThrdrorEa ffgh Ram bt gy Bl rhoReh PRl B EFoR B, g

wi t h dei dnictioih asan&MI sBield. gm of t he hydrous oxide of palladiumis m xed
with 8 gmof- barium sul fate having an average particle dianeter of 500 nm
and 2 gmof a cationic dispersion of a pol yurethane containing hydrophobic
segnents in its backbone using a so/Exampliex6r. A sufficient anount of water

ampileX 6
is added to the dispersion t ring.the vol 0 500nL. The dispersion is
mxed to form a slurry. Th&%@g’fsé?&¥ Wi%‘r‘a PBE applied to a pol yner or

cerani ¢ subst Aa19% wtVédlutibn bBcupfic Boridd) igf@Eledby Bisd RS bk chf-RBhARIdE R0 Ol ess
netal bath. The netal plating on the conpleted article may function as an

EM or R 8hyvaipr Thegalpfionds hepheatedtef700€ apg adjbiied with shivet hyrjrexideiompl 196 wt .
sol ution &f E&Lﬁ}fséi ‘t%f‘ﬂy&t%b%ﬂi&'&gﬁ&%@e?k%ﬂnéﬁy di ssolving the salt in 100 nL
r .

of dilute hydrochloric acid at fter cooling to roomtenperature,
t he pH of t he 02amuoef thehydousoaids @ficapperds wiixted veithdliSugm bf/oiakeie gatitles kaving a

precipit r i L platinum The. precipitate iis filtered and

heched wibR e sTon Siaftte Sl ok onetd s PRERaRY i Snt Semari <o

Wi th 5 gramintofovatenid ptevide 1 liteanMiniey @ dendaitit & bigk shea ABring agp@rai® 5 gm of

barium sul fat ﬁ'hé:M sl;[lrrlly ?nrally %c\al gr%;?lg)?cdpa% I:atc!at%{y(sat psrfrrfe(ra fo(%fthe::L e?)osritliomn (?fn lgetgi ﬁ(i’nqqs oor]: an
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 nrﬁ, 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 primer may be applied to a
pol ymer or ceranic substrate, which is to be plated with a netal from an

el ectrol ess ath The t al | mformed on the substrate may
function as a ¥ﬁ|p51n8rm§<n§‘?ﬁﬂp§“![@ YRS OF cegimigsuhsate. WEFyis ﬂéﬂ“ Copper A

1% Wt . sqllatéd with @ﬁleauﬁrm Gsid UnQldcllBlebSmétA IR R BYthd ITHE Aledl filln inlag filnedd &
chloride in_ 100 nL of water. The solution is-then heated to 70 C and

adj ust ed %EW%’HWH%‘FW%CFO a pH of 6. A precipitate of hydrous

oxi de of copper is fornmed. 0.2 gmof the hydrous oxide of copper is m xed
with 15 gmof analcite particles having an average size of 400 nm al ong
with 2 gmof a bisphenol S-type epoxy resin and a sufficient anmount of
water to provide 1 liter. Mxing is done with a high shear stirring
apparatus. The slurry nmay be enployed as a catalyst priner for the
deposition of netal filns on polyner or ceram c substrates using

el ectroless. netal plating baths. The netal filns may function as RF
shields for various electronic articles. Exanple 11 Catal yst of a Hydrous
Oxide of Gold A 1% w. 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 hydroxide. During raising of the pH the
solution is continuously stirred and heated to 40 Cto forma brown

hydr ous oxi de of gold precipitate. The precipitate is filtered and washed.
0.3 gmof the precipitate are m xed with 15 gmof silicate particles having
an average dianeter of 100 nm 5 gmof bariumsulfate particles having an
average size of 10 nm and 3 gm of a bisphenol'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 priner nmay be applied to a

pol ymer or ceram c substrate, which is then plated with a nmetal film using
an electroless netal plating bath. The netal filmmy function as an EM
shield in an electronic article.
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24 CLAIMS: 1. A conposition conprising a catalyst, one or nore carriers
havi ng average particle sizes of from5 nmto 900"nmm, and one or nore

wat er - sol ubl e or wat er-di spersi bl e organi c conmpounds. .2. The conposition
of claim1l, wherein the catal yst conprises a hydrous netal oxide or

hydr oxi de of a catalytic nmetal. 3. The conposition of claim2, wherein the
catalytic nmetal conprises silver, gold, platinum palladium indium

rubi di ut@LAMMS:heni um rhodi um osmum iridium copper, cobalt, nickel, or
iron. 4. The conposition of claim1 or claim2, wherein the carrier

particl ds codpedng®sitioh tomprisiigendatatyat, onorandke amiiers hpding sverapeipatticldisdes,

silicate sidic .mxtures thereof. 5 The copgposition of claimd4,
wher ei n Ot%ﬁrgmn% ?@ 3@%“@3?? TAR I a@?ﬁ'ﬁﬂﬁ"‘ﬁ&f yae "SIE‘)R?H‘@E OLERAIC SPIPRIEES-ub| e
sal ts of2. bar MagvorapdsitionsF claig De@icdih HhIRNGFRLSRprifk alydlous Bstal HaEH - 6. A
met hod %S(H@ri Si rg]g t@a}ﬁgl %li ng a catalytic conposition to a substrate, the
catal yt i 51.%8 e f3ti ses a catalyst, one or nore carriers having
aver age spar t mgk Sorfip&Rdn QF clhin?®) whebdithk QamI%QmEHPc@QQiSMVQLI §&§,re[ﬁ

wat er - sol ubl e or water-di spersible organic conpounds; and b p%tlsnl 'ng a
net al oPaladiym, ipdipgyrubidivmautherivmny thodium esmivthgridita boppes colmltpuiskdjan. 7
The met hpd of claim6, further conprising a step of curing the catalyst
prior to depositing the netal or netal alloy on the substrate. 8. The

met hod & cl dibthcempesitidngifplaim lvgvedladior?, whereivethe barder peticlds cambdse melfosi t has

8 surf 8eRnl @8hokAGSn Bl o ReIBENT HoatbESfica, Br mble@iddrle€ COTPTi $ing 2
substrate and a netal ngrushe%a 3ac%ﬁ’(§y c?}uéFle?a [ Iﬁg W ﬁﬁe{r 05' substrate. 10.
The artiScl e @he cdrapositidn ofbleited, wheten e iralti-odlereitih a8l bfiyn haitsBohpsisa
t hi ckness_ of. f{%[nl 1junto 10.m crons. 25 ) '
water-insoluble salis of barium, calcium, magnesium, manganese, or mixtures thereof.
6. A method comprising: '
‘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 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.
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. '
8. The method of claim 6 or claim 7, wherein the metal or metal alloy deposit has a

surface resistance of 50 m€Y/cm? of less.

9. An article comprising a substrate and a metal or metal alloy nucleating with the substrate.
10.  The article of claim 9, wherein the metal or metal alloy film has a thickness of from 10

. nm to 10 microns.
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