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Process for the Application of a Metal filmon a Polyner Surface of a

Subj ect Field of the Invention The invention
relates to a process for the application of a netal filmon a pol yner
surface of a subject, to which, after nucleation with a

catalytically active platinumnetal and/or a pl ati num net al

conpound, a coating netal is precipitated autocatalytically from an agueous
solution w thout any external-current supply, before at |east one further

| ayer is applied, preferably electrolytically under externa
current supply, to this prelimnary coating. Description of the
Prior Art Pl asti ¢ conponents, which provide benefits with
respect to their specific gravity and in terns of sinple shaping
conpar ed Wrédesstirahe Sppiatiombsa Met filebR b Foheskr ISafass ef HEubjbgi r out er
appearance, on the one hand, and to influence their surtace properties,
particularly in terns of electric conductivity, nechanica
properti efFiegid ofthe Mvedtion esi st ance, on the ot her hand. However,
this is difficult in case of subjects with a polymer surface, as the

pol ymer surface of the subject to be coated nmust be pretreated by

conpl ex piTaedaeation keétes o & [pPoowes &dr th@appliddtion of a metal filiPon E%o%i&ris%ﬁ’?ce of t
mer_ surface to
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i . e. el emphatisumfmétabcdthpdund, a coating metal is precipitated autocatalytically from an aqueous
solution without any external current supply, before at least one further layer is applied,

preferably electrolytically under external current supply, to this preliminary coating.
Description of the Prior Art

Plastic components, which provide benefits with respect to their specific gravity and in terms
of simple shaping compared with metal components, are metallised because of their outer
appearance, on the one hand, and to influence their surface properties, particularly in terms
of electric conductivity, mechanical properties or chemical resistance, on the other hand.
However, this is difficult in case of subjects with a polymer surface, as the polymer surface of
the subject to be coated must be pretreated by complex processes, before the metal coating
can be applied electrolytically with sufficient adhesion. As it is, the polymer surface to be
Q coated is first nucleated with noble metals, in general platinum metals, i.e. elements of the 8"
sub-group of the period system (Ru, Rh, Pd, Os, Ir, Pt), and/or compounds thereof, to then
be able to realise premetallisation via an autocatalytic precipitation of a coating metal from an
aqueous solution without external current supply. Nucleation of the polymer surface with a
platinum metal requires a preliminary wet-chemical treatment in pickling and activation baths
consisting of solutions of strong and frequently concentrated acids and lyes as well as toxic
compounds. For example, in a conventional process the polymer surface is pre-pickled, after
cleaning with alcohol and/or an organic solvent, in a bath of chromic-sulfuric acid mixture at
increased temperature, to be then subjected to the pickling process proper in chromic-
sulfuric acid mixture at increased temperature. Next to the preliminary treatment with an acid,
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sub-group of the period system (Ru, Rh, Pd, Gs, Ir, Pt), and/or corrpounds

t herreof, to then be able to re%rlse prenetalllsatlon via an
autocatalytic precipitation of a coating netal from an aqueous
solution w thout external current supply. Nucl eation of the polymer surface
with a platinumnetal requires a prelimnary wet-chem ca
treatnent in pickling and activation baths consi sting of
solutions of strong and frequently concentrated acids and |yes as well as

t oxi c compounds. For exanple, in a conventional process the
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It is thefefore the objective of the invention to avoid these drawbacks and to design a
process for the application of a metal film on a polymer surface of a subject of the above
mentioned kind in such a way that a nucleation of the polymer surface with platinum metals
and/or compounds thereof can be ensured without pickling and activation baths in solvents of
strong acids and lyes, and without having to accept a reduction of adhesion between the
platinum metal nuclei and the polymer surface.

The objective of the invention is achieved in that centers of a Lewis acid or Lewis base are
first enriched with a plasma gas adapted to the polymer used in a vacuum treatment, before
the polymer surface is nucleated under vacuum , with the platinum metal and/or the platinum
metal compound via another plasma gas containing an evaporated platinum metal and/or a
platinum metal compound for the nucleophilic and/or electrophilic reaction on the Lewis acids
and/or Lewis bases.

By means of the suggested plasma treatment of the polymer surface not only the surface
tension of the polymer is reduced in a principally known way, and a good wettability of the
subject surface to b_e coated is achieved, but also a chemical reaction in the surface area is
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It is therefore the objective of the invegntion to avoid these drawbacks and
to design a process for the application™f a metal filmon a pol yner
surface of a subject of the above nentioned kind in such a way that a

nucl eation of the polymer surface with platinumnetals and/ or conpounds

t hereof can be ensured w thout pickling and activation baths in solvents of
strong acids and |yes, and w thout having to accept a reduction of adhesion
bet ween the platinum nmetal nuclei and the pol yner surface. The objective
of the invention is achieved in that centers of a Lews acid or Lew s base
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For the formation of the Lewis acids or Lewis bases on the polymer surface various gases
may be used depending on the polymer to be coated in each case. To obtain centers of
Lewis bases and/or Lewis acids on the polymer surface in a favorable way, the applied
plasma gas may contain oxygen or an oxygenous compound such as carbon oxides (CO,
CO,) or water vapor. By means of the oxygen of the plasma gas the polymer molecules at
the surface are partly oxygenated in such a way that new hydroxy, carbonyl and carboxy
groups are formed, which, due to their polarity, have a strong affinity to the metal ions
introduced by the subsequent plasma treatment.

\) Another favorable way to polarise the polymer surface is the use of a plasma gas with a
sulfurous compound for the formation of Lewis acids or Lewis bases. Such sulfurous
compounds like sulfur oxides (SO,, SO;), sulfur fluorides (SFs) or hydrosulfide (H.S) lead, in
case of a plasma excitation according to the kind of polymer, to a sulfonation of, e.g.,
aromatic compounds and thus to the desired polarisation of the polymer surface. Other
gases reacting on the polymer surface may be used as well, namely nitrogenous compounds
such as nitrogen oxides (NO, NO,, N,O) or ammonia (NH,), or halogens or hydrohalogens.

Due to the two-stage plasma treatment, which may be performed consecutively in the same
treatment tank, but also in treatment tanks independent from each other, the complex
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anot her step of conditioning, to a plas treatment with an evaporated
pl ati num netal and/or a plati num net al gghpound, with this plasma gas
constituting a corresponding Lewi s base and/or Lewis acid, so that

nucl eophilic and/or electrophilic reactions are achieved with the effect
that the platinumnmetal atons and/or the nol ecul es of the platinum netal
conpound are durably bound to the polyner surface without | osing their
catalytic efficiency for the subsequent electroless electrolytic
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Description of the Preferred Embodiments

In the following examples of embodiment a square flat piece of polymer with a side length of
80 mm and a thickness of 5 mm was put, after usual pre-cleaning, into a treatment tank
connected to a vacuum pump, from which the air was evacuated up to a negative pressure of
0.1 mbar, before plasma gas for polarising the polymer surface was passed into the
treatment tank, which, at a treatment pressure between 5 and 10 mbar, was excited to
ignation of the plasma by means of high frequency. During a preset treatment time the
polymer surface was partially chemically changed by the corresponding reaction on the
plasma gas, so that centers of Lewis acids and/or Lewis bases were generated. After this
treatment of the flat pieces of polymer the plasma gas was evacuated at a negative pressure
of 0.1 mbar, before another plasma gas was passed in under evaporation of a platinum metal
compound at a pressure of 1 mbar. At a treatment pressure set between 1 and 5 mbar the
plasma was ignited again by means of external excitement via radiofrequency, so that,
during the subsequent treatment period, the centers of Lewis acids and/or bases on the
polymer surface could react on the platinum metal compounds which in fact have some
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prelimnary met chem cal treatnents in pickling and activation baths are
avQi ded, so that the drawbacks related t0 these prelimnary wet-chem ca
treatnments are avoi ded, too. Neverthel ess, a good adhesion is achieved
between the platinumnetals and the polyner surface, which is indispensable
for ensuring a permanent netallisation of the polyner surface.

Prenetal lisation can be done in the conventional way in that the netal
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Example of Embodiment 2

Instead of the acrylonitrile-butadiene-styrene-copolymer of the above example of
embodiment a flat piece of plastic made of polybutyleneterephthalate was used, which was
first subjected to a plasma freatment with a plasma gas composed of half oxygen and half
sulfur dioxide for the formation of centers of strong Lewis acids on the piece surface during a
treatment period of 480 s. As the platinum metal compound forming a strong Lewis base
tetrakis-(-triphenylphosphine)-palladium was chosen, namely in connection with a carrier gas
of argon with 5 % by volume of hydrogen. The nucleation time was 480 s. Similar to the
example of embodiment 1, a layer of nickel with 2 % in weight phosporus was precipitated
without current supply from an electrolyte to the polymer surface nucleated with the chosen
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pol yner surface could react on the platlgun1netal conmpounds which in fact
have sone B -5-

properties of Lewis bases and/or Lewis acids. After ventilation of the
treatment tank the flat piece of polyner nucleated with a plati num net al
conpound on its surface was taken out of the treatnent tank and provi ded
with a prelimnary netal coat in an autocatalytically active electrolyte
wi t hout external current supply, with the thickness of the prelimnary
nmetal coat being approx. 1 [err]m Onto this prelimnary netal coat
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The flat piece of plastic to be coated consisted of an
acrylonitrile-butadi ene-styrene- copol yner, whose surface was treated with
ni t r ogen Bxanple oREmbeimendd t he pl asma gas for the formation of strong
Lewi s bases, for a treatnent period of 60 s. Palladiumnitrate was used as

the platinumnmetal conpound. The carrier gas used was argon. After a
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copper Offoﬁn%t"BrFKf‘ﬁﬁék ‘P.Ewéoaél&‘r b ﬁdﬁﬁédl&ﬁ' SHidtHdealas eddprated inNrdedrriéngay el
current supply 1n the princi Known Exanpl e of Enbodi nent
argon, to which ammonia was added and used for further plasma treatment of the piece of
_plastic for a treatment period of 120 s. This time, the preliminary coating was applied
electrolessly with copper. Metallisation proper was achieved by galvanic precipitation of
bright copper under external current supply at a layer of thickness of 50 um. Instead of such
a galvanically precipitated layer, a layer may also be applied physically in a vacuum, for

instance a hard material of titanium nitride (thickness of layer e.g. 1 pm).
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Instead of the acrylonitrile-butadi ene-styrene-copol yner of the above
exanpl e of enbodinent a flat piece of prastic made of
pDbeutyIeneterephthalate was used, which was first subjected to a plasm
treatment with a plasma gas conposed of half oxygen and hal f sul fur dioxide
for the formation of centers of strong Lewis acids on the piece surface
during a treatnent period of 480 s. As the platinumnetal conpound form ng
a strong Lewi s base tetrakis-(-triphenyl phosphine)-pall adi umwas chosen,
nanely in connection with a carrier gas of argon with 5 % by vol une of
hydrogen. The nucleation tinme was 480 s. Simlar to the exanple of

enbodi nent 1, a layer of nickel with 2 %in weight phosporus was
precipitated without current supply froman electrolyte to the pol yner
surface nucleated with the chosen

- 6- pl ati num netal conpound. The final gal vanic coat, however, was
repl aced by a coat of |acquer of a two-pot transparent |acquer with a

t hi ckness of |ayer of 5 pm Exanpl e of Enbodi ment 3 Finally, a flat

pi ece of polyetherim de was subjected, under approprl tions, to a
treatnment with a plasma gas of nitrog@rlavln"@ﬁ 20 % by Ww

hydrosul fide, which led to centers of weak Lew s bases*

surface (treatnent period 180 s). For the formation of weak Lemns ac1ds
allyl palladiumchloride was evaporated in a carrier gas of argon, to which
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plastlcfor a treatnent period ) prelimnary coatlng
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galVani ¢ gr g&itingt AktaPNs Yrecipitated autocatalytically from an aqueous solution without any
external current supply, before at least one more layer is applied, preferably electrolytically
under external current supply, to this preliminary coating, characterised in that centers of a
Lewis acid or Lewis base are enriched on the polymer surface to be coated by means of a
vacuum plasma treatment with a plasma gas adapted to the polymer used, before the
polymer surface is nucleated under vacuum with the platinum metal and/or the platinum
metal compound by means of a further plasma gas containing an evaporated platinum metal
and/or a platinum metal compound for nucleophilic and/or electrophilic reaction on the Lewis
acids and/or Lewis bases.

2. Process according to Claim 1, characterised in that the plasma gas used for the
Q formation of Lewis acids or Lewis bases on the polymer surface contains oxygen or an
oxygenous compound.

3. Process according to Claim 1 or 2, characterised in that the plasma gas used for the
formation of Lewis acids or Lewis bases on the polymer surface contains a sulfurous
compound.
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bri ght copper under external current supply at a |ayer of t hi ckness of 50
[err]m Instead of such a galvanically pPécipitated |layer, a |layer may al so
be applied physically in a vacuum for instance a hard nmaterial of titanium

?;tfide (thickness of layer e.g. 1 [err]m. ”llll;ljﬂllyrﬂlﬂl@!ﬂlg!ll

Process for the application of a netal filmon a polyner surfac

subj ect, to which, after nucleation with a catalytically active platinum
metal and/or a platinumnetal conpound, a coating nmetal is precipitated

aut ocat al yt | Cabltedd ABoRMIng:#!6AI81 B! i W 81\GHradilefiih Gl dhe HWishfz bas
supply, before at |east oné nore |ayer 1's applied, preterably

el ect r ol yisedaior yhe, fareratien of Lewis acids entlewisppasgs arpthenpelymee surfaceacgntains a
coati ng, ,ﬁﬂ?@%%{,gl&bﬁ@guﬁd’] that centers of a Lewis acid or Lewi s base are
enriched on the polynmer surface to be coated by neans of a vacuum pl asnma
treatnent wth a plasm gas adapted to the polyner used, before the polyner
surface is nucl eated under vacuumw th the plati numnetal and/or the

pl ati num metal conpound by neans of a further plasma gas containing an
evapor at ed pl JoResH Aetosding te/Gaimy 1picharasteriserk inathat dhe plastng gas rusetl Fopltie i ¢

and/ or  elsghatRiaNof ILdwis HRfds' GHL&Us baSed-EK'tRe polymer surface contains a halogen or a
hydrohalogen.



acl ds and/ or Lew s bases. 2. Procesg.according to Cai'm1,
characterised in that the plasma gas used for the formation of Lewis acids
or Lewi s bases on the polynmer surface contains oxygen or an oxygenous
conpound. 3. Process according to Claim1l or 2, characterised in that
the plasma gas used for the formation of Lewis acids or Lew s bases on the
pol ymer surface contains a sul furous conpound.

-8 - 4, Process according to one of the Clainms 1 to 3,
characterised in that the plasm gas used for the formation of Lewi s acids
or Lewi s bases on the polyner surface contains a nitrogenous conpound.

5. Process according to Claiml, characterised in that the plasna gas
used for the formation of Lewis acids or Lewis bases on the pol yner surface
contains a hal ogen or a hydrohal ogen.

Abstract of the Disclosure

Process for the Application of a Metal Layer on a Polymer Surface of a Subject

The description relates to a process for the applicatibn of a metal film on a polymer surface
of a subject, to which, after nucleation with a catalytically active platinum metal and/or a
{-) platinum metal compound, a coating metal is precipitated autocatalytically from an aqueous
- solution without any external current supply, before at least another layer is applied,
preferably electrolytically under external current supply, to this preliminary coating. To
achieve favorable construction features, it is suggested that centers of a Lewis acid or Lewis
base are enriched first on the polymer surface to be coated by means of a vacuum plasma
treatment via a plasma gas adapted to the polymer used, before the polymer surface is
nucleated under vacuum with the platinum metal and/or the platinum metal compound by
means of another plasma gas containing an evaporated platinum metal and/or a platinum
metal compound for nucleophilic and/or electrophilic reaction on the Lewis acids and/or

Lewis bases.
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