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SUMMARY

Electroplating of a range of ABS plastics has been
studied with particular reference to aspects of metal
to polymer adhesion.

Certain acetylacetonate transition metal complexes
have been shown to promote adhesion of copper to ABS,
and mechanisms for their action have been postulated.

Alternative methods of plating ABS have been investigated.
Some success has been achieved using swelling techniques.

The mechanical properties of metal coated ABS and
polypropylene have been studied and it has been shown

that reinforcement theory can be applied to certain
ductile metal coated composites to predict tensile
strength. For low-level adhesion composites it was
necessary to modify the theory by including an interaction
factor.

The problem of brittleness encountered with copper plated
ABS composites has been overcome by careful design in

the use of selective area plating, whilst retaining
certain other desirable composite properties.

Ion bombardment of ABS by high energy species has

been found to prevent subsequent deposition of an adherent
electroless copper coating.

PLATING / PLASTICS / ADHESION / SELECTIVE AREA.
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CHAPTER ONE

Introduction to Plating on Plastics

1.1 History of Plating on Plastics.

Although commercial plating on plastics is a very recent
development, deposition of metal onto non-conductors was

achieved nearly 150 years ago.

In 1835 Liebig reduced silver salts to a metallic silver
mirror with an aldehyde and five years later Robert

Murray used graphite to render dieletric materials conduct-~
ive. As one might expect, the first application of

plating non-conductors was in the art world. Wood, glass,
flowers and insects were all plated to produce a variety

of ornaments. Alexander Jones and Alexander Parkes

were both granted patents in 1841 to this end. (1)

At this time adhesion of the metal to the non-conducting
substrate was nominal and it was therefore necessary

to totally encapsulate the form in metal. This was
achieved by roughening the surface of the article to be
plated, either mechanically by sand blasting etc. or
possibly by chemical means e.g. etching glass with
hydrofluoric acid. Next it was necessary to seal a porous
substrate with a coating of wax or varnish. A conductive
layer had now to be applied. Bronzing, graphiting and
metallic painting were common means of achieving this.
Chemical metallisation could be affected by spraying the
substrate from two adjacent nozzles with a stannous
chloride reducing solution and an unstable silver nitrate
solution. This redox couple readily deposited a layer

of metallic silver. Subsequently a substrate, thus
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rendered conducting, could be electroplated.

Around 1960, a series of developments evolved that led

to the plating of non-conductors with significant adhesion
between metal and substrate. By varying the composition
and moulding conditions of acrylonitrile - butadiene -
styrene complymers (ABS) it was found that this material

could be furnished with an adherent metal coating. (2,3)

It was also realised around this time that conventional
etchants could be used on plateable ABS grades to give
good adhesion, without the need for mechanical

(4,5)

roughening and complete encapsulation.

New electroless copper solutions were produced which did
not decompose rapidly, but rather were autocatalytic and

e)

could be replenished.

1.2 Reasons for Plating on Plastics.

Modern day applications of plated plastics cover a wide
range of both decorative and engineering products,
including radio and electronic components, clock and
camera parts, automobile accessories, bathroom taps,

lighting fixtures etc.

The multiplicity of uses results from the range of
properties that this type of composite can offer. The
base polymer, usually ABS has the advantages of easy
formability, low density and corrosion resistance. The

traditional disadvantages of polymers i.e. poor mechanical
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properties and heat resistance have been improved to
some extent by the production of a wide range of new
plastics. However, when plastics are plated these

properties are improved even further.

The application of nickel-chrome electrodeposits gives

an excellent appearance, good abrasion resistance of

the metal, high tensile strength and improved dimension-
al stability. The metal coating protects the plastic
substrate from solvent attack and prevents atmospheric
oxidation. It reduces build-up of static charge and

the accompanying fire hazard, whilst acting as a heat sink

where necessary.

Corrosion of the metal plate is reduced as no galvanic

couple can be set up with the substrate.

If a component conventionally produced in metal requires
a number of expensive machining operations, it may be
made more easily and cheaply by plating a plastic
moulding. For a component that is to be produced in
large numbers the initial capital cost of the mould may

well be less than the individual machining costs.

Goldie (7) has produced tables indicating the improvements
of plastics properties by electroplating, together with
examples of cost comparisons of metals and plated plastics.
Similar tables have been produced by Miller and

(8)

Baurand.
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1.3 Materials Used.

The most notable plastics which may be electroplated are
acrylonitrile - butadiene - styrene two-phase polymers
(ABS) and polypropylenes. lMore recently plateable grades
of polysulphones and polyacetals have been introduced.
Polysulphones, whilst more expensive than ABS or
polypropylene, can be used up to considerably higher
temperatures. Exceptional dimensional stability is the
chief asset of polyacetal.

1.3.1 ABS

ABS was first produced by U.S. Rubber in the late 1940's
from acrylonitrile, styrene and butadiene (9). Let us

now consider each constituent individually.

1. Acrylonitrile
This is a liquid with a boiling point of 77.3°C. It has
the molecular formula

CHp = CHCN or

Bl
| |
C = C
I |
E C= N

and polymerises to form chains with the following structure:

H HHH F H
g Lana gl [
C—C—C—C—C—C
R R R
H ONHE CNH CN|_

The regular structure of these chains gives rise to their
ability to pack closely and form a highly crystalline

material. Because of the electrophilic nature of the
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cyano - groups, polyacrylonitrile is a very polar

molecule and as such is resistant to hydrocarbon solvents.

2. Butadiene
This monomer is a gas at room temperature (b.p. - 4,4°C)
and possesses the chemical formula.

CH2 = CH - CH = CH2

It polymerises to produce polybutadiene with the structure

X B H B B B 8B B

T N M N R i
C— C== C—C—C—C=C—C

I 2 |
H H H H
m
It is a rubbery polymer at room temperature becoming hard

and brittle below -75°C.

Some 1,2 addition may also occur during polymerisation

resulting in pendant groups with accessible double bonds.

= CHa"-- ?H - CHE_ CH=CH-—CH

CH
I
CH,

o

The residual double bonds may take part in crosslinking
reactions in presence of a suitable catalyst. Saubestre (10)
and Jarrett (11) have suggested that the double bonds may
be capable of forming covalent bonds with metal atoms.

3. Styrene

The third monomer, styrene, is a liquid with a boiling
point of 145.2°C.

It has the formula

H H
| 1
C = ?

and polymerises readily to polystyrene :



()

H B H H
e T N

—(i':—c
i3 @H @ n = 1,000

Because of the steric hindrance of the bulky phenyl groups
these polymer chains cannot pack closely and this results
in polystyrene having a glassy, amorphous structure,

with good moulding properties.

In combination these monomers produce a terpolymer with
good fabrication characteristics, chemical resistance,
surface hardness and toughness, the level of properties

being dependent on the relative amounts of each.

ABS polymers are generally manufactured in one of two ways:
(A) By blending SAN copolymer with butadiene -
acrylonitrile rubber.
(B) By graft copolymerisation of polybutadiene with
styrene and acrylonitrile.
Type A
Production is achieved by either physically blending S/A
copolymer with B/A copolymer on a two rollmill or by blend-
ing the 1a€ices of these copolymers. In this type of
polymer no chemical combination occurs between the S/A and

B/A.

In order to achieve improved impact resistance of the
physical terpolymer, it is necessary to lightly crosslink
the rubber by the use of organic peroxides e.g. benzoyl

peroxide.



(7)

However, this increase in impact resistance is achieved

at the expense of compatibility of the two phases.

Davenport et al (12) have reported that a wide range of
polymers can be so0 produced by varying the ratios of
styrene to acrylonitrile and butadiene to acrylonitrile.
A typical blend is :

70 parts (70 : 30) S : A copolymer

40 parts (63 : 35) B : A rubber.
Properties such as processability, toughness, low temperature
toughness and heat resistance can be optimised in this way
e.g. increasing the amount of butadiene in the B/A rubber

improves low temperature toughness.

A further variable affecting the properties of the material
is the MW of each of the S/A and B/A copolymers. For

high impact resistance the S/A should have a high MW.

Type B.

The second type of terpolymer is produced by adding

styrene and acrylonitrile to a polybutadiene latex.

The mixture is warmed to absorb the monomers and an aqueous
catalyst e.g. potassium persulphate is added to polymerise
the styrene and acrylonitrile. Also the catalyst gives
rise to grafting of certain of these monomer units onto

the polybutadiene chains to produce a chemically bonded

copolymer. This grafting process proceeds as follows:

Catalyst —> 2R~ "Where R. is a free radical
fcnz - CH = OH - caz}af R—> {CH - CH = CH - CH,}
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The catalyst radical will abstract an allylic hydrogen

atom and give rise to a radical site on the polymer

backbone. {
C—CH =CH -C ES H C = H
CN
CH-CH=CH - CH
v SR )
CH2 - C
CN
+ CH = CH2
@ -ECH - 0B = CH = CHE}
—_>

CH2- C - CH - @B
CN <j

The radical on the polybutadiene chain then reacts with an
acrylonitrile molecule to produce a new radical, which
reacts with a molecule of styrene. In this way side

chains of S/A are grafted onto the rubber.

The final reaction mixture then contains

(i) polybutadiene

iy polybutadiene grafted with styrene and acrylonitrile
(iii) styrene and acrylonitrile copolymer.

The graft copolymer gives good compatibility between the
rubber and the S/A matrix.

The properties of this second type of material can vary
greatly from those of the physically blended ABS. The
impact strength is generally greater together with a higher

softening point and improved moulded surface appearance.

By varying the relative amounts of each constituent in
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the graft polymer a range of mechanical properties
can be achieved.
e.g. Tensile strength 17.23 to 62.05 MNm~

Impact strength 6.29 to 25.17 kJm ™2

2

Heat distortion temp 70 to 110°¢
Different levels of properties are suited to different
processes. High tensile strength ABS is required for

extrusion whilst calendering needs a high impact grade.

Molecular weight again is important in determining the

properties of the terpolymer.

During the graft process some crosslinking of the
polymer chain occurs.
€.8. H

C - CH = CH - CH,
l

CH2 - ?H - GH2- CH - CHQ- CH = CH - CH2 -
a O
The degree of crosslinking will further affect the proper-
ties of the terpolymer. An optimum amount of cross-

linking is required for maximum toughness.

Several transmission electron microscopy studies have
been carried out on ABS and they have revealed that the
material consists of rubber spheres up to 102 in
diameter, dispersed in a matrix of S/A. The size and
distribution of these rubber particles is also important
in determining the properties of the material. If they
are too large, toughness is reduced, whilst too small

a particle size means that the two phases become completely
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compatible and no toughening is brought about. An
optimum particle size is therefore essential. This
becomes particularly important in the case of plateable
ABS, as the size and distribution of the polybutadiene

spheres affects the anchoring of the metal coating.

A further variable affecting the properties of ABS

is the presence of compounding additives e.g. fillers,
plasticizers, stabilizers. As well as affecting the
mechanical properties of the plastic, they mey also change
the adhesive bond strength between the ABS and a metal

plate, by chemical interactions.

New grades of ABS have been produced by alloying with
other polymers e.g. polyurethane, polycarbonate, PVC,to
further extend the range of properties. Also fourth
monomer units have been incorporated (e.g. ¢ -methylstyrene)

which increase the heat distortion temperature.

Any variation in composition and structure etc, that affects
the mechanical properties of the ABS will also affect its
suitability for plating, since a weak surface layer will

fail under stress. ©Similarly any effect on the chemical
reactivity will be important e.g. the etching characteristics
of the surface may be influenced and this in turn will
control the surface topography. Alsc the degree of

oxidative attack on the polymer will affect the amount of

polar interpactions with a metal coating.
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1.3.2. Polypropylene

Polypropylene is an addition polymer of the propylene

monomer.
CH H CH. 'H  CE N
N o
= ¢ S R
2n T | | | | [
H H H H H H

It is prepared by the polymerisation of propylene at

60°C with a catalyst that is the reaction product of

TiClz and Al (Et)3 or Al (Bu)z or Al (Et), Cl, prepared in
naphtha and under nitrogen. These catalysts, developed

by Ziegler and Natta in the 1950's, produce so called
"stereoregular" polypropylene. Unstructured or atactic
polypropylene has a random distribution of methyl groups

either side of the carbon backbone.

CH H CH H H CH H
T éj el b R
D= (- Qe G ==ii Qo 0
WS e i o e e )
H H H H ql‘ij H

As a result it is impossible to get close packing of the
polymer chains and this material is soft and rubbery. It
does find a use, however, as a primer for isotactic poly-

propylene since it is slightly more reactive.

Stereoregular polypropylene may possess alternating methyl
groups in which case it is described as syndiotactic or it
may exhibit isotacticity, that is to say all methyl groups

lie on the same side of the carbon backbone.



R RN O N CH_ N G N GH: R
clm." ) | \ ‘]“3 ] | 3| fi s ] I
Q= — 0 —0 —~G—0— ~QE= 00— B0 =0 —
| (]: | | | | | | h | |
;‘I H Hjl ) | ¥ R, K H H
syndiotactic isotactic

In actual fact most commercial polypropylenes contain
90-95% isotactic material with some atactic and syndiotactic
polymer present in the isotactic chains or as separate

molecules.

The regularity of the isotactic polymer chains allows them
to pack closely and form crystalline regions. Commercially
the amount of crystalline material falls within the range of
65-75%. The relative amounts of crystalline and amorphous
polypropylene in part determines the properties of the
polymer. The crystallinity increases the tensile strength
of the material. Also the crystalline regions are

chemically more inert.

The situation is further complicated by the fact that the
crystalline regions are composed of spherulites, of which
four different types have been observed.(qa) The size and
type of these spherulites influence the properties obtained.
For example, smaller crystals give greater transparency and
flexural resistance.

Fitobum ot a1 S 14

have proposed that the differing

chemical reactivities of the amorphous and crystalline zones
are important in the metallising process of polypropylene.
These workers suggested that amorphous material is
preferentially dissolved from the surface producing

microroughness, capable of good adhesion to a metal coating.
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A further variable to be considered is the molecular weight
of the polymer. Generally an increase in molecular weight
produces an increase in melt viscosity and impact strength
together with a reduction in yield strength, hardness and
softening point. Number average molecular weights vary

from 38,000 to 60,000 whilst weight average values are from
220,00C to 700,000, This indicates that the polymer
possesses a large molecular weight distribution, which

again influences the properties of the material. Boenig (15)
has stated that for a small molecular weight distribution, the

tensile strength of polypropylene is more dependent on

molecular weight.

A wide variety of additives are used in polypropylene

to further modify the properties. These include pigments,
carbon black, glass fibres, rubbers, antioxidants, nucleating
agents. Glass fibres improve the stiffness, tensile strength
and creep resistance whilst butyl rubber, blended in, reduces
brittleness. Carbon black improves the weathering properties

of the polymer by absorbing U.V. radiation.

Unlike the completely nonpolar polyethylene, it is possible
for oxidation of the polypropylene molecules to occur in
the presence of strong oxidizing agents. The tertiary
hydrogen atom is subject to attack and following its

abstraction a peroxy radical will form :
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The peroxy radical will then abstract a further t-H atom

from an adjacent unit to form a hydroperoxide.

CH H CH H
L2 SR 2 )
—G~G— G —0
l | I

H 0 H

\Oﬂ

The new radical will be immediately oxidized.

From this series of reactions a large number of chemically
reactive sites may be produced on the polymer surface. The
decomposition of the hydroperoxide function, might permit
the formation of a covalent bond with a metal atom.

At the very least a van der Waal's type interaction should

occur between polymer substrate and metal coating.

1.4. Plating on Plastics

Commercially plating on plastics involves the following
general steps:

1. Cleaning

2. Etching

3. Neutralising

4, Sensitising

5. Catalysing

6. Accelerating

7. Electroless plating.

The cleaning solution may be a relatively dilute chromic/

sulphuric acid mix, formulated to remove dirt and grease from
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the polymer surface.

Prior to etching there may be a multipurpose organic
conditioner treatment. Etching itself takes place in a
strongly oxidising chromic/sulphuric acid solution, and
produces a plastics surface capable of good adhesion. In
addition to thorough rinsing it is necessary to neutralise

chromium residues remaining adsorbed to the polymer.

Catalysation of the surface is generally achieved by producing
a uniform distribution of palladium nuclei over the

plastics surface. These nuclei must be clearly exposed, by

an accelerating solution, to the final electroless metal

bath. Copper and nickel are the most commonly used metals

for electroless plating.

1.5 Nature and Role of Organic Conditioner

Organic conditioning treatments are typically applied to
a number of plastics in preplating systems e.g. ABS,
polypropylenes, polyacetals, polyimides, polycarbonates,

with or without subsequent chemical etching.

The choice of conditioning solvent depends on the plastic

to be treated. ©Some solvents need to be diluted with an
inert liquid if they attack the plastic too severely. Water
is used as the diluent where possible. Information on

solvents systems is available in the patent literature.(qs’q7‘18)

The solvent may act on the polymer in a number of ways to
improve its plateability. Petrow et al (19 have treated
ABS with a mixture of 15% CHCl;and 85% C,H50H.
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They concluded that a surface capable of mechanical

keying was produced. This resulted from the solvent

being adsorbed and diffusing through the two phases

at different-rates. It was thought that the polybutadiene
spheres swelled faster than the SAN matrix and the resultant
stresses on the spheres caused them to "pop" out of the

surface, leaving a microporous finish.

The organic conditioner is thought to enhance subsequent
etching by rendering the surface hydrophilic. In
addition the solvent may relieve moulding stresses in a
plastic component and by equalising surface stress,

permit uniform etching to take place. Kato (20)

has
obtained electron micrographs of as moulded ABS and

ABS treated with acetone. In the former case the poly-
butadiene regions were elongated in the direction of flow,
but after stress relieving the spherical form of these
rubber zones was returned. The shape of these rubber
particles is important in producing an adherent surface
on the ABS, so it is important to obtain the uniformity
of shape that stress relieving solvents provide. Dennis

(21) have shown that best adhesion is achieved

(22)

and Tipping
with spherical polybutadiene regions and Rempel

has observed low peel adhesion at highly stressed areas.

It is also necessary to remove stresses from the matrix,
for uniform adhesion. Otherwise thermally induced stress
relief may lead to differential shrinkage or expansion

and subsequent blistering of the metal plate.
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Organic conditioning is generally accomplished by simply
immersing the component in a solvent. However it is
possible that the surface rehardens to show the same poor
qualities. M&ller (23) has suggested that this might be

overcome by a combination of immersion and annealing.

Shipleys organic conditioner, to be used in the present
investigation consists of an aqueous emulsion of organic
solvent. GILC investigations indicated this solvent to be

CCYy-

1.6 Nature and Role of the Chemical Etch

The purpose of chemical etching is to provide a good

bond between a plastics substrate and a metal plate.

Most thermoplastic etchants contain chromic and sulphuric
acids. Saubestre () has suggested the following

compositions are broadly useful.

1. Cr03 75 g/1
HESO4 250 ml1/1

24 K20r207 90 g/1
H2804 600 ml/1

The action of such an etchant is hotly disputed. There are
two main mechanisms postulated. Firstly a number of
workers have suggested that the etchant serves to
chemically roughen the plastics surface in order to

produce anchoring points for a metal coating. Matsunaga

et al (24) believed that in the case of ABS, the etchant
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selectively dissolved away the rubber particles at or

near the surface leaving "dovetail" cavities which anchored
the metal plate. Transmission electron micrographs
substantiating this viewpoint have been presented by Kato£25)
However, his method for producing cross-sections of the
etched surface has not been reproduced by other workers.
Atkinson et al (26) have also suggested that etching of
ABS removes polybutadiene globules leaving a microporous
surface. They believe that the SAN matrix is also
attacked, permitting the rubber particles to be removed to

a considerable depth. The rate of attack on the matrix

is, however, much slower.

Similarly the etching of polypropylene produced a chemically
roughened surface according to Fitchum et al (14). It

was thought by these workers that the amorphous poly-
propylene surrounding the crystalline regions was
selectively attacked, and produced micro-cavities suitable

for anchoring the metal.

Armond and Atkinson's (27) original paper contradicted this
view. Using 6M chromic acid, their etchant attacked
amorphous and crystalline regions uniformly. Nor did I.R.
analysis of microtomed sections show any chemical change.
However, further work did indicate the formation of some

C=0 groups and the attack was slightly preferential. (28)

It is believed by other workers that the microroughening
role of the etchant giving rise to mechanical keying,
is not the only purpose of the etchant. Rather that oxidation

of the plastic takes place which results in chemical inter-
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actions with the metal coating. Chan and Hawkins (29)
have studied the surface oxidation of L.D.P.E. and ABS

using internal reflection infra-red spectroscopy. They

have demonstrated the development of C=0 groups on the ABS
surface. It is, however, only a qualitative technique

and is difficult to apply to a deeply etched surface, as
excellent contact between the radiation reflecting crystal and
the polymer is necessary. Atkinson et al (26) have shown

by radioactive tracer techniques that chromium remains on

the polymer surface after etching and rinsing. They have
suggested that it complexes with the -C=0 functions, and
affects the adhesion to metal. Emission spectroscopy studies
by Saubestre and Khera (30) also detected the presence

of chromium following etching and rinsing. They too
postulated the formation of a chromium carbonyl complex

as follows:

TR Tias A
> C’”?) C<O>0 carbon "p" atomic orbital
!
6 .‘-.__g,lf

chromium
ngn atomic back donation

orbital

Such a complex might be stabilised by back donation
electrons into vacant "d" orbitals of the chromium atom.
Saubestre and Khera suggested that such a compound may be
produced on the polymer surface at the base of crazes and

holes and may affect metal deposition and subsequent adhesion
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by complexing with tin or palladium catalyst.

On the other hand Logie and Rantell (31) have shown that

on polypropylene and TPX, an etched morphology alone will
produce only a poor bond between plastic and metal.

Beacom and Wedel (32) have demonstrated this with nylon -6
too. The former authors have suggested that good bonding
may be achieved if the chromic acid etch chemically modifies
the surface to promote atomic interactions. In the case

of ABS the etchant roughens the surface and in doing so
increases the surface area. lMore nitrile groups on the
polymer surface, are then available for chemical bonding
per unit area of metal coating. This observation conflicts
with the findings of Rempel (22) who showed that unroughened
SAN gave zero peel adhesion unless the etchant increased

the surface area available several fold.

(11)

Jarrett has suggested that the etchant opens up the
conjugated double bonds of the polybutadiene phase and

that the metal may then bond to the plastic.
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Saubestre agreed with this viewpoint. He also pointed

out that the disadvantages of the chemical etch which are
the

that its uniformity of attack depends on/nature of the

substrate, pigments, fillers etc. and moulding conditions.
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1.7 Nature and Role of Neutraliser

Any chromium residues which remain loosely attached to

the polymer surface may subsequently dissolve in the
catalyst solution and poison it. It is therefore necessary
to remove such residues in a neutralising solution to

ensure uniform adsorption of the catalyst.

Shipley's neutraliser solution contains NaOH which will
chemically combine with chromium compounds and carry them

into solution.

Bauer (33) has patented the use of several compounds
capable of complexing with trivalent chromium ions e.g.
NH,CH, NH2 CH? CH2 HH2, EDTA,glycine.

Phosphates have also been suggested for this purpose.

A 30% hydrochloric acid dip may be used,which would appear
to act as a drag out for the Cr (v1) rather than chemically

combining with it.

1.8 Nature and Role of the Catalyst

The catalyst is adsorbed onto the chemically roughened
plastic s%ﬁgace, where it will induce the electroless
deposition/metal on that surface. Adsorption of the catalyst
may be achieved in one or two stages. In the two-stage
process the first treatment is referred to as sensitisation.
This is followed by activation. The basis of the sensitising
step is the adsorption of stannous chloride onto the

polymer surface. Activation of the surface is then achieved



(22)

by immersion in a solution of palladium chloride.
When PdCl2 molecules come into contact with adsorbed
Sn012 molecules, the following thermodynamically
favourable redox reaction will occur:

Buct 4+ PARY 5 ga%t . LN peo

Metallic palladium is in this way deposited on the
surface of the plastics material. Each solution is
generally acidified with hydrochloric acid. Feldstein
andietner 3Hiilvel found that by vuiNike tie Pakic

of Sn012 to HC1 the polymer surface can be made more

or less acceptable to the activating solution. A
reduction of contact angle from 71° to 24° was achieved,
coinciding with more uniform metallisation. However,

the chemistry of the situation is not understood.

Feldstein et al (35) have shown that more uniform
metallisation of the plastics can be brought about by
the addition of aged stannic chloride to the stannous
chloride solution. The active ingredient of the aged
solution is thought to be a polymer of B-stannic acid.
It is believed by these workers to function by providing

o+

a mechanism for adsorption of Sn ions onto the

polymer via the formation of a snot / sn** complex.

Radiocactive tracer studies have been carried out to determine

2+ 4+ ions 