1 Photosensitive dispersion with adjustable viscosity
for the deposition of nmetal on an insulating substrate
and use thereof 5 The present invention relates to a
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us e(ﬁ’aﬁﬂg IR ony g’g"a rSybstrate surface and for the metallisation of these
surfaces. Although this type of polymeric resin with palladium has proved
advantageous in a large number of applications in the metallisation of
polymeric substrates and the like, in particular because of its stability over
20 time and the adjustability of its viscosity and pH, it does however have a
certain number of drawbacks, including the obligatory use of palladium,
which is a noble metal that is both expensive and whose price fluctuates
greatly on the market, and the obligatory passage through an autocataiytic
(electroless) bath for the metallisation of the non-conductive substrate and
25 also because of the fact that the photosensitivity of the resin is reduced to
a narrow range of wavelengths lying between 190 and 300 nm, thus
greatly limiting the type of application that can be envisaged and the
radiation source that can be used in this regard.

30 One of the essential aims of the present invention consequently consists of

remedying the aforementioned drawbacks and presenting a photosensitive
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the Ac%?cﬁrtlé 2 onk ha‘?ﬂvan’tageous embodiment of the invention, the pigment

is titanium dioxide and is in the form of a fine powder.

According to another advantageous embodiment, the metallic salt is a
20  transition metallic salt and in particular chosen from the group comprising
copper, gold, platinum, palladium, nickel, cobalt, silver, iron, zinc,
cadmium, ruthenium and rhodium, and is preferably copper (1) chloride,
copper (ll) sulphate, palladium (l1) chloride, nickel (Ii) chloride or a mixture
of at least two of these salts.
25
According to yet another advantageous embadiment of the invention, the
liquid film-forming polymeric formulation is in the form of a solution or
emulsion, and in particular a solution of the alkyl, acrylic, polyester or

epoxy type, an acrylic emuision or a mixture of these.
30



liquid filmformng polynmeric formulation is in the
formof a solution or enulsion, and in particular a
solution of the alkyl, acrylic, polyester or epoxy
type, an acrylic ermulsion or a mxture of these. 30 3
The present invention also concerns a nethod of
depositing netal on the surface on an insulating
substrate, by neans of a photosknsitive dispersion,
whi ch consi sts of applying the said dispersion in the
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fil 'Hsf glrrc%&)gstated previously, the aim of these photosensitive dispersions
with variable viscosity of the invention is to replace the polymeric resins
and solutions with pailadium known up to the present time, the main
drawbacks of which have been stated, and developing photosensitive
20  dispersions with adjustable viscosity and a much more extensive
applicability than the known resins, comprising, in combination, a pigment
conferring oxidation-reduction properties under light irradiation, a metallic
salt, a sequestering agent for the metallic salt, a liquid film-forming
polymeric formulation, a basic compound, an organic solvent and water.
25
The expression “pigment conferring properties of oxidation-reduction under
light irradiation” means any pigment capable of forming on the surface an
oxidising-reducing system under light irradiation. In fact, a particle of
pigment is a semiconductor and when this is subjected to a chosen
30  radiation the energy of this radiation will allow the formation of an oxidising-

reducing pigment particle. Thus the particle formed in this way will be able



pol yneric fornulation, a basic conpound, an organic
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formulation” means that the polymer is in the form of a solution or emulsion

or any similar composition and in fact serves as an agent for adjusting the
viscosity of the photosensitive dispersion so as to obtain in this way a

20 continuous homogeneous fifm on the surface of the substrate by means of
various coating means such as spraying, dipping, roller application, screen
printing, pad printing or the like. In addition, this polymer also participates

in the oxidation-reduction reaction. In fact, the pigment made
semiconducting under the light irradiation reduces the metallic cations of

25 the metallic salt but, for this reaction to be effective, the pigment must also
oxidise another compound, a role which is held in the present case by a

solid film from which all the solvents were evaporated during drying after
coating. Consequently the pigment on the one hand reduces the metallic
cations but on the other hand oxidises the substrate, for the pigment

30  particles which are in contact with it, thus ensuring good adhesion, as well

as the film-forming polymeric matrix for the particles which are not in
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are examples of bases that can be used. The use of a basic salt such as
sodium carbonate, potassium carbonate, calcium carbonate and mixtures
20  thereof could also be envisaged. Mixtures of a base and a basic salt can

also he envisaged.

The organic solvent and the water have an important role to play in the
context of the photosensitive dispersion of the invention. The organic
25  solvent will be chosen from amongst ethers, esters, ketones and alcohols,
alone or in a mixture. The role of the organic solvents is manifold. They
ensure in particular good adhesion of the film to the insulating substrate
and thus good attachment of the pigment to the substrate, good formation
of the films, rapid drying or again good dispersion of these various
30 components in the catalytic paint. The solvents are advantageously used

in a mixture so as to apportion the property relating to each one vis-a-vis
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mixtures of wetting and/or dispersing agents. The wetling agent is an
agent modifying the surface tension and its purpose is to reduce this by

20 forming an adsorbed layer having a surface tension intermediate between
the liquid/liquid or liquid/solid phases. Advantageous wetting agents are
silanes, fluoroaliphatic polymer esters or products with a high percentage

of 2-butoxyethanol.  Typical commercial products are Dapro U89
manufactured by Daniel Products and Schwego-wett (registered trade

25 marks). The dispersing agent is advantageously a dispersing agent for
pigments compatible with acrylic polymers, polyesters and epoxides. it
improves the dispersion of the solid pigment particles which may be
present in the catalytic paint. Examples of dispersing agents are Disperse-

AYD W-33 (a mixture of non-ionic and anionic surface-active agents in

30  solution in water) and Deuteron ND 953 (an aqueous solution of sodium
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the water in a concentration, as a percentage by weight, of 1% to 15%.

The concentration of wetting agent, as a percentage by weight, is 0.1% to

20 5% and preferably 0.25% to 1.0%, and the concentration of dispersing

agent, as a percentage by weight, is 0.1% to 15% and preferably 0.2% to
2%.

The preparation of the photosensitive dispersions of the invention is
25 carried out according to a simple process of mixing all the various
constituents which it contains. The order of addition of each of these
constituents is of no importance and has no consequence on the intrinsic
properties of the dispersion. In fact, all the components constituting the
photosensitive dispersion, namely the pigment, the metallic salt, the
30  sequestering agent, the liquid film-forming polymeric formulation, the basic

compound, the organic solvent and the water as well as any additions are
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di spersions of the invention are given below, as well
as techniques for their use. 10 Exanple 1 Catal ytic
paint wth palladiumfor the netallisation, selective
or not, of a polyneric substrate. 15 Conposition of

t he
di

di spersi on Concentration a® % by weight Titanium
de as finely divided powder 5 to 25 D oxane 10

to i@iomsa@wmmy-l- nmet hyl et hyl acethté¢o3s to 40

M x

thyl ether 1 to 15

i soners Disperse-AYD(r) WB3 1) 0.2 to 2 Joncryl (r)

537

e O’@) 5 d;ﬁ%%élnggérgéﬁ{f@aﬁﬁfaEEdrgﬂ %E%ﬁ%&%?ﬁ%{@g Mhon-ionic

Pal laadianior(ic k)irfebd-activeagemt ah Matersal t) 0.05 to 1
Tartaric acid (sequestering agent) 0.1 to 1 Ammonia
(base) 0.1 to 1 9 Deionised water 1 to 15 1)

non-
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Bi sper si Wnﬁﬂﬁﬁﬁn@%@%é‘?‘oﬂf{ﬁ&@%nﬁlﬁﬁﬁnltn'aﬁufe{Etl}rIeHrl‘t?y 95hnson

ionic and anionic ace-active agents

Polymer, registered trade mark.

3) Wetting agent manufactured by Daniel Products: silicon-free

interface tension modifier.

The catalytic dispersion or paint is applied to a polymer substrate, without
any prior treatment of the latter, by dipping, spraying, roller application or
pad printing, and is then dried in air for a few seconds. The film thus
obtained is irradiated using commonly used UV lamps and/or laser and
having a spectrum of between 250 and 450 nm, for the time necessary for
the film to receive a minimum energy of 25 mJicm2. If selective
metallisation is required, this irradiation will be performed through a mask.
The result is the deposition of a catalytic palladium layer, selective or not.
In the case of selective metallisation, the non-irradiated parts are
solubilised in water. A metallic overloading by electroplating is then made

possible, the substrate being made conductive.

Example 2

Catalytic paint with copper for the metallisation, selective or not, of a

polymer substrate.

Composition of the dispersion Congcentration as % by weight

Titanium dioxide as finely divided powder




52) Filmformng acrylic polyneric enul sion,

manuf act ured by Johnson Polyner, registered trade
mark. 3) Wetting agent manufactured by Dani el

Products: silicon-free interface tension nodifier. 10
The catal ytic dispersion or paint is applied to a

pol
| at

ymer substrate, without any prior treatnment of the
ter, by dipping, spraying, #@®ller application or

pad_printing, and is then dried in air for a few
seqonds. The filmthus obtained is|grsad ated using

ne
25
t hi

corre mps-and/or laserland 15 having a
speﬁ'P@ﬁfbf between 250 and 450 nm | fi@toBhAe tine

£
T

T mel el A S vo R a0 aeer rod ™0

Mixturadi atgropylehé biyesl pesthor smdr  Breugh a mask.

The result is the deposition of a catalytic palladium
| ayd¥OM8E ective or not. In the case of sel ectlve

net
sol

IIIIIaLJT.aLCUP Cl_u
ugli: [ sEeEdlillq 5@5&“ A netallic ove pl%@; ng by

el ecjbh@g,h@mmgg I's then made possiDbl g, BRE substrare

bei
Wi t

ng-made conductive. Exanple 2 25 Cat al vti c paint

Mléb{ﬁpe@ff diipropglemet gilyéalatretinyl 5éltedti ve or not,

of ‘%}o %frﬁﬁ?s substrate. Conposition of the dispersion

Concen °as % by wei ght Titan|um di oxi de as

fi n®aprdieyuge®)powder 10 510 25 D pxag 410 10 30

2- 1 apnw 1- m=t)hvl ethyl acetate 25 to 40 1§/I xture of

di pRedarame (4) shlotiderénbtdlliesdltr 1 t bODS foi Soner s
Citric acid (sequestering agent) 0.1to 1
Ammonia (base) 0.11t01
Deionised water 1t0 15
1) Dispersing agent manufactured by Elementis: mixture of non-ionic
and anionic surface-active agents in water.

5  2) Film-forming acrylic polymeric emulsion, manufactured by Johnson
Polymer, registered trade mark.
3} Wetting agent manufactured by Daniel Products: silicon-free
interface tension modifier.

10

15

The same procedure as in Example 1 is followed. The result is the
deposition of a catalytic palladium layer, selective or not. In the case of a
selective metallisation, the non-irradiated parts are solubilised in water. A

metallic overloading by electroplating is then made possible.



Di sperse-AYD(r) WB3 1) 0.2 to 2 Joncryl(r) 537 2) 5
to 25 Mxture of tripropylene glycol nethyl 1 to 5
ether isonmers Dapro (r) W99 3) 0.25 to 1 Palladium
(I'l') chloride (netallic salt) 0.05to 1 Gitric acid
(sequestering agent) 0.1 to 1 Amonia (base) 0.1 to 1
Dei oni sed water 1 to 15 1) Di spersing agent
manuf actured by Elenentis: nmixtlre of non-ionic and
anioni c surface-active agents in water. 5 2)
Fi | rim famt then gnetalliy baie couibybsiebiaceiuh $he Bond@ttHtaek Widlated by
by %@q son Pol yner, 2§§|stered trade mark. 3) Wetting
age mresdicar e ¢iteg sslini spmehoaaers: (18i sulpfate farsk palladium
i nt on. mdi fier. 10 The sanme procedure as
in %&gﬁ%ﬁ%g?“ﬁgmﬂg owed. The result is the
deposition of a catalytic palladiumlayer, selective
r t. In the case of a selectjye tallisation, the
ﬁonﬁ?‘ r%ﬁ%séf?g%s fﬁf?"?%”hp'@ SMtEKi P‘% ﬁ@da OReRgndenedyexamples are
met abkrh ' ¥ X ak ' ;
posar by o PRI e R AN B R pbIER RS, oertain
r eplPalyemides, tdpoxy onaterialsapolyoarbondiesaaetithmylikeal | t he
specifically cited salts, nanely copper (I1) sul phate
and palladium and nickel (I11) chlorides. 5 The
substrates tested in the context of the aforenentioned
xanples are nornmal plastics materials such as ABS,
18Bs- PC (pol ycar bonate), certain

Apart from the advantages clearly defined of the photosensitive dispersion

of the invention compared with the polymeric resins or other formulations
known, it should be noted that the dispersion is a formulation extremely
close to a paint, making it easy to apply in all circumstances. In addition,
15 apart from the fact that it is no longer necessary to have recourse to
chemical and/or mechanical pretreatment of the insulating substrate so as
to obtain good adhesion of the final metallic deposition through controlled
selective oxidation of the surface of the substrate by the pigment, the
photosensitive catalytic paint or dispersion of the invention presents no
20  corrosiveness, unlike the formulations of the prior art, which are all very

cofrosive.

Naturally the present invention is in no way limited to the embodiments
described above and many modifications can be made without departing

25  from the scope of the present patent.



pol yam des, epoxy materials, polycarbonates and the
like. 10 Apart fromthe advantages clearly defined of
t he photosensitive dispersion of the invention
conpared wi th the polymeric resins or other
formul ations known, it should be noted that the
di spersion is a fornulation extrenely close to a
paint, making it easy to applyl2n all circunstances.
In addition, 15 apart fromthe fact that it is no
| onger necessary to have recourse to chem cal and/or
nmechani cal pretreatnent of the insulating substrate so
as to obtain good adhesi on @EAIMB final netallic
deposition through controlled selective oxidation of
the surface of the substrate by the pignent, the
photloskensioseusitioa tiipgtdion p.aﬂwrﬂdmagtaﬂleswmcs;ltgrfoﬂfhd b@posmon of
nventlﬁn prese corrosi veness, unlike

gt ofnan ‘f‘SF'ﬁB”%r%Ug’PtréFec chaaeterigee 1Al nha@ét yomprnses in
COr IR bIfatidNat t [ [
ey N o PR 2R Propu el AL Rdlgion under
manyighbitiatiationi arrsetadlic dait, meskmuestdringt agptdot thegmeldlic salt, a
from.the.scope.of the ent tent. 12 CLAINS 1.
phot BB ERFRIEiS AsbFabish TauiBEYT. 4 it comadien; yan organic
f or sbhentapesidteon of 5 netal on an insul ati ng
substrate, characterised in that it conprises, in
1@on‘o| nation, a pignment conferring properties of

o P OBRRHELA N s PP kPP e pomen

sal tis tltanlLImqlwmi:Jél | mformng polymeric formul ation, a
basi ¢ conmpound, an organic solvent and water. 10 2.
Di spersion according to Claim1, characterised in that

t he 3sahidp@istAtcortifglth ISP EhaPseffised in that the titanium oxide
15 pigment is in the form of a powder with a particle size of 10 nanometres to

10 micrometres, advantageously from 15 nanometres to 1 micrometre.

4. Dispersion according to any one of Claims 1 to 3, characterised in that

the metallic salt is a transition metal salt.

20
5. Dispersion according to Claim 4, characterised in that the transition
metal is chosen from the group comprising copper, gold, platinum,
palladium, nickel, cobalt, silver, iron, zinc, cadmium, ruthenium and
rhodium.

25

6. Dispersion according to Claim 5, characterised in that the transition
metal salt is chosen from amongst copper (Il) chloride, copper (II)
sulphate, palladium (Il) chloride, nickel (l1) chloride and mixtures of at least
two of these.

30



3. Dispersion according to Claim2, characterised in
that the titaniumoxide 15 pignent is in the form of
a powder with a particle size of 10 nanonetres to 10
m cronetres,. advant ageously from 15 nanonetres to 1
m cronetre. 4. Di spersion according to any one of
Claims 1 to 3, characterised in that the netallic
salt is a transition nmetal salfl3 20 5. Dispersion
according to Claim4, characterised in that the

tr anki ais;uersmambom@tma@w oﬁe@umtbmgn QY B, EPBPAHEHSEH in that
cop&gr, q%ol d, EI atinum | adi, um nickel, cobalt,

si | Vaf seupgster grﬂge%é‘aﬁﬂf@nﬁﬂeﬁllﬂ%éﬂ” igroalee stipbeteinghloride or
25 Qar&%ﬁg%ﬁooﬁg@ccor ding to daimb5, characterised

in that rtion netal salt is chosen from
anongst copper (II) chl oride, copper (I1) sul phate,

e lﬁdg@p Slg apg%rgigl e I Ck?ﬁff@%éag g%shéolrr{ t%%t z?l"?ed sequestering
Di spefcpit @ tRe EQFHBXEI% éé’id%gp{ e M earkfrich @y rT@Itrl‘]c: %&g c{%nvat;ve of

characterised int sequest eri ng agen
met dheseosaimixiuse dferebe sul phate, chl oride or
carboxylic acid type. 5 8. Dispersion according to
Gaim7, characterised in that the sequestering agent
of tgueots@remrylab@o:@mgitot é{rﬁ)ﬁohé drasibmhs ¢ t8Y, %ha?éétéh§ed in that
a a derivative of these or a mxture thereof
sﬁb@ e fimderminggaymeny fasmallatiordsa selution or Bmulsmn
characterised in that 10 the liquid filmformng
polynmeric fornmulation is a solution or enul sion. 10.

Di spléx. stpemDadcm'glrfqu@laln‘ng%ch@l‘E&ft@ﬁeﬁf ingBgt it Rokipses, as
it co a filmformng polyneric

for ,ﬁ,'}ﬁ’{p @F{“m& SOIRerin Tormylggon, k’cw Sollét@rqufcthe alkyl, acrylic,
polyester or epoxy type, an acrylic emuision or a mixture of these.
15

11. Dispersion according to any one of Claims 1 to 10, characterised in

that the basic compound is a base, a basic salt or a mixture of these.

12.  Dispersion according to Claim 11, characterised in that the basic
20  compound is a base chosen from amongst potassium hydroxide, sodium
hydroxide and ammonia.

13. Dispersion according to any one of Claims 1 to 12, characterised in
that the organic solvent is chosen from a group comprising ethers, esters,

25 ketones, alcohols and mixtures thereof.

14.  Dispersion according to Claim 13, characterised in that the organic
solvent is chosen from amongst dioxane, cyclohexanone, 2-methoxy-1-
methylethy! acetate, a mixture of dipropylene glycol methyl ether isomers,

30  a mixture of tripropylene glycol methy! ether isomers and mixtures of at
least two of these.



pol yester or epoxy type, an acrylic enulsion or a

m xture of these. 15 11. Dispersion according to any

one of Clainms 1 to 10, characterised in that the

basi c conmpound is a base, a basic salt or a m xture of
these. 12. Dispersion according to O aim 11,

characterised in that the basic 20 conpound is a base
chosen from anongst potaSS|un1ﬁ9drOX|de sodi um

hydr oxi de and ammoni a. 13. Di spersion according to any

one of Claims 1 to 12, characterised in that the

DSOl vent is (ﬁ n froma Erqu.ﬁgﬁgn’pri si ng . .
et he CREPON acsRIqlRg ‘Hé’eﬂy A Ghtia tRi 14 (whegacterised in
t heriagf it cathoriBksBEIAISRA &g ding to O aim 13,
characterised in that the organic solvent is chosen

from anongst di oxane, cycl ohexanone, 2-nethoxy-1-

t ethyl acetate, .a m xture of I 0 Ien gl ycol, . .
8ot i i SR8 o o i St URIEY f P feiscterised i
gl yahbt ieb et hep a
two of thegﬂefj rIS14 1d§ﬁ%ﬁﬁgg?§?}?nﬂ@a§%g{n§ﬁg§qtoé g#y&i\ﬁhg agent

of @A féxtara @ thase.characterised in that it conprises
dei oni sed water. 5 16. Dispersion according to any one
of Clainms 1 to 15, characterised in that it conprises

i n atidi Oigperaibn| eestdingeo Wit ofg cigiaims 2 @i fhedtdradterised in
ge r a mxture of these. 17. D spersion accordi n
180" dhot 6

RecpPeTialoROtitegUTEickkis: ASEEPeIcertaGs byIeight, is 1%
thattotﬁﬁ)‘%%ﬂggﬁ z?r?}i/%t% fg%gcgt ani um di oxi de, as a
wel g

per cent age to 50% and preferably 5%
to 25% 18. Dispersion according to any one of C ains

1toJ7~.characterised in that t conc ntr on o
et o181 DGR s 18 arvgahe o1 G RE ' §ragterised in

15 ttRabffeastthcBhBESSRBI hekalie ¥ak Cad a ﬁercentage by weight, is 0.01%
15 to 5% and preferably 0.05% to 1%.

19. Dispersion according to any one of Claims 1 to 18, characterised in
that the concentration of sequestering agent, as a percentage by weight, is
0.01% to 10% and preferably 0.1% to 1%.

20
20. Dispersion according to any one of Claims 1 to 19, characterised in
that the concentration of film-forming polymeric formulation, as a
percentage by weight, is 1% to 50% and preferably 5% to 25%.

25 21. Dispersion according to any one of Claims 12 to 20, characterised in
that the concentration of base, as a percentage by weight, is 0.01% to 5%
and preferably 0.1% to 1%.

22. Dispersion according to any one of Claims 1 to 21, characterised in
30 that the concentration of organic solvent, as a percentage by weight, is
0.1% to 55% and preferably 1% to 40%.



19. Dispersion according to any one of Clains 1 to 18,
characterised in that the concentration of
sequestering agent, as a percentage by weight, is
0.01 %to 10% and preferably 0.1 %to 1 % 20 20.
Di spersion according to any one of Clainms 1 to 19,
characterised in that the concentration of
filmforming polynmeric fornmul atdon, as a percentage
by weight, is 1 %to 50% and preferably 5% to 25% 25
Di spersion according to any one of Clains 12 to
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any one o ainms 1 to 21, characteri 0t hat
the concentration of organic solvent, as a percentage

i i .1 %to 55% an referab 1 %to 40%
3 8, MindBot fedostile el 1 bR arG Ob i dnsiflpting Sstrate,
22, whmytaetiot ' ' ' '
s e el RO BhY BR P GIER 4 to 25,

of &bptrsteniseg imethal itmenprisesuihbazrplisatiom of tsailsatd digpersion in
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oo oL 4Tt B R ARRI B RE, Tidoing etipe fim
i n tepplied ttoc tprdaie SsubderagP iR akrbiationh by emsahd of ultraviolet
leper.sw IB the formof a filmon the substrate,

e ngfor
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wayv éhefalysalectied nerat, ID6btaird:ddaid thensutastchtan ener gy
between 25 mJ/cn2 and 100 mJ/cn® until a |ayer of
nmetal, selective or not, is obtained on the substrate.
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