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[57] ABSTRACT

This invention relates to methods of modifying a
hydrohalogen polymer surface which comprises contacting a
hydrohalogen poiymer surface with an alkali metal alkoxide
MOR wherein M is an alkali metal and R is an alkyl group
thereby forming an alkoxide-activated surface and contacting
said alkoxide-activated surface with an oxidizing agent
thereby forming an oxygen-activated alkoxide-activated sur-
face which is capable of accepting an electroless metal
deposit.

2 Claims, No Drawings
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PROCESS OF MODIFYING A HYDROHALOGEN
POLYMER SURFACE

This invention relates to the modification of plastic sur-
faces. More particularly, it relates to the modification of the
surface of a hydrohalogen-containing polymer to render it
receptive to a deposited metal plate.

It is known that various nonmetallic articles may be plated
with suitable metals. It has been particularly difficuit, how-
ever, to obtain satisfactory plated metal surfaces on many
plastics, particularly hydrohalogen polymers such as polyvinyl
chloride because of the tendency of the plated metal to peel,
blister, or otherwise separate from the plastic polymer sub-
strate. Better adhesion between a chemically deposited metal
plate and a plastic surface may be obtained by roughening the
surface of the plastic prior to deposition of the metal. How-
ever, this method of increasing adhesion has inherent deficien-
cies because the chemically deposited metal plate conforms to
the surface characteristics of the plastic substrate and
duplicates the same surface defects. A roughened plastic sur-
face may yield a better metal-plastic bond, but the plated sur-
face may ‘have an unsatisfactory dull or coarse appearance
corresponding to the finish of the roughened plastic surface.

it is an object of this invention to provide a method of modi-
fying a plastic surface of hydrohalogen polymer prior to plat-
ing the plastic material so as to render the surface more
adaptable for metal plating. A further object of the invention
is to provide hydrohalogen polymeric materials having a
coherent metal plated surface. Other objects will be apparent
to those skilled in the art from the following description.

In accordance with certain of its aspects, the process of the
present invention for modifying a hydrohalogen polymer sur-
face may comprise contacting the hydrohalogen polymer sur-
face with an alkali metal alkoxide MOR wherein M is an alkali
metal and R is an alkyl group thereby forming an alkoxide ac-
tivated surface.

The hydrohalogen polymer surfaces which may be treated
in practice of this invention may include those having, in the
nolymer, at least one

H X

_e-e-

group. In this group X may be a halogen atom selected from
the group consisting of fluorine, chlorine, bromine, and
iodine. Preferably, X may be an active halogen atom selected
from the group consisting of chlorine and bromine. Preferably
X may be chlorine.

The hydrohalogen polymer surfaces may preferably be
chlorine-containing polymers and preferably polymers of vinyl
chloride or vinylidene chloride. They may be homopolymers
of polyvinyl chloride, of polyvinylidene chloride, or of polyvi-
nyl dichloride. They may be copolymers of these compositions
with other ethylenically unsaturated monomers. Ethylenically
unsaturated monomers are compounds which contain
polymerizable carbon-to-carbon double bonds and may in-
clude acrylates such as acrylic acid, ethyl acrylate,
acrylonitrile, etc.; vinyls such as styrenes, vinyl acetate, etc;
maleates such as maleic acid, maleic anhydride, maleate
esters, etc.

The preferred hydrohalogen-containing polymer may be
polyvinyl chloride.

The polymer may be treated in practice of this invention in
the form of bodies, sheets, rods, etc., of polymer. It may also
be possible to treat surface layers of polymer on other basis
materials, e.g., a body of methyl methacrylate bearing a sur-
face layer of polyvinyl chloride, etc.

Thus, according to the invention, a hydrohalogen polymer
such as e.g., a polyvinyl chloride, polyvinylidene chloride,
polyvinyl dichloride, polychlorostyrene, etc., may be con-
tacted with an alkali metal alkoxide to give an alkoxide-ac-
tivated surface. The alkali metal alkoxides which may be em-
ployed may be those having the formula MOR wherein M is an
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alkali metal and R is an aikyl group. M may be potassium,
sodium, lithium, and preferably sodium. R may be methyl,
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, n-amyl, n-
hexyl, i-hexyl, n-heptyl, n-octyl, 2-cthy! hexyl, nonyls, decyls,
dodecyls, etc. In the preferred embodiment R may be an alkyl
group having one to 12 carbon atoms and most preferably one
to eight carbon atoms.

Typical illustrative alkoxides MOR which may be employed
may include:

lithium methoxide

lithium ethoxide

lithium n-propoxide

lithium i-propoxide

lithium 2-ethyl hexoxide

sodium methoxide

sodium ethoxide

sodium n-propoxide

sodium i-propoxide

sodium n-butoxide

sodium 2-ethyl hexoxide

sodium dodecoxide

potassium methoxide

potassium ethoxide

potassium n-propoxide

potassium i-propoxide

The preferred alkoxide may include the ethoxides and
propoxides and preferably sodium ethoxide and sodium i-
propoxide.

The alkoxides may be dissolved in alcohol ROH and
preferably the corresponding alcohol. Preferably sodium
ethoxide may be made by adding sodium: metal to an excess of
absolute ethanol and the resulting solution used as prepared—
containing an excess of ethanol in which the solid sodium
ethoxide is very soluble.

Contact between the hydrohalogen polymer surface and the
aikoxide may be effected preferably by dipping the polymer
surface into a body of the alkoxide in solution. Temperature
during contact may be 2°-106° C., preferably 55°-88° C.,
more preferably 60°-77° C. Contact time may be 3-5 minutes
to 70-80 hours, preferably 5-300 minutes, most preferably
10-45 minutes. The temperature and times may be varied. Ii-
lustrative temperatures and times may be as set forth in table I.

TABLEI
Alkali Metal Time Temp.
Alkoxide Solvent (min.)} “C)

Sodium isopropoxide isopropyl 5~20 15-109
alcohol

Sodium 2-cthylhexoxide 2-ethyl- 20-30 15106
hexanol

Potassium tert,-butoxide tert.-butyl 10-20 69-106
alcohol

Potassium isopropoxide isopropy! 5-20 83-306
alcohol

Temperatures up to the boiling point of the solution may be
used.

During contact between the surface and the alkoxide, the
surface may become activated. In some cases there may be no
apparent visual change in the surface although in other cases,
the surface may visually appear slightly modified. The surface
may be referred to as an alkoxide-activated surface.

It is a particular feature of this invention that the novel
product so prepared may comprise a basis material bearing a
hydrohalogen surface including at least one—CH—CX—
group, wherein X is a halogen, at least a portion of which has
been alkoxide activated. This novel product may be charac-
terized by the presence on the polymer surface of double
bonds formed by the splitting out of hydrohalogen acid HX to
form a polymer surface including at least one— C=C—group.
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This novel product may be particularly characterized by its
chemical reactivity, and particularly by its ready ability to be
oxidized, to accept donor atoms from other molecules, etc.

The alkoxide-activated surface of the hydrohalogen
polymer material may be contacted with an oxidizing agent of
sufficient strength to convert an olefinic double bond to the
corresponding aldehyde, ketone, or carboxyl group. Typical
oxidizing agents may include oxygen, potassium perman-
ganate (in aqueous solution) KMnO,, chromic acid (in aque-
ous solution), organic peracids (such as perbenzoic acid,
peracetic acid, etc.), inorganic peroxides (such as hydrogen
peroxide), etc. Oxidation may be carried out at temperatures
from ambient room temperature (typically 15°-20° C.) to the
melting point of the plastic. Preferably, temperatures of from
about 55°-77° C. are employed. The alkoxide-activated sur-
face is generally contacted with the oxidizing agent at tem-
peratures of from about 66°-77° C., for times 2-3 seconds to
2-3 hours. Longer contact times may be employed if desired
on certain hydrohalogen polymers {e.g., poly(vinylidene
chioride)], but it is preferable to use contact times of only a
few minutes, especially with hydrohalogen resins such as
polyvinyl chloride.

It is a particular feature of this invention that the product
so-prepared may comprise a basis material bearing a
hydrohalogen surface including at least one —CH—CX—
group, wherein X halogen, at least a portion of which has been
alkoxide activated and the oxygen activated e.g., oxidized.
This novel product may be characterized by the presence on
the polymer surface of polar (i.e., more strongly polar than be-
fore) groups including hydroxyl, aldehyde, ketone, carboxyl,
etc,

This novel product may be particularly characterized by its
chemical reactivity, and particularly by its ready ability to
receive a chemically deposited plate metal.

The oxygen-activated polymer surface (obtained by contact
with alkali metal alkoxide and subsequent treatment with an
oxidizing agent) may be electrolessly plated as by chemical
plating. Electroless plating includes maintaining the surface in
contact with a medium containing in solution the metal to be
electrolessly plated and a reducing agent capable of reducing
the metal to be plated to its zero-valent form. Metals which
may be chemically or electrolessly deposited on the activated
plastic substrate include e.g., nickel, silver, cobalt, copper,
gold, etc. Preferably, metallic nickel is deposited by chemical
reduction on the oxygen-activated polymer surface. In a typi-
cal nickel deposition, the oxygen-activated polymer surface
may be rinsed with water, contacted with aqueous solution of
stannous chloride (prepared by combining 50 g./1. of SnCly2H
,O and 100 g./1. of concentrated hydrochloric acid) at 20° C.
for about | minute., The polymer may then be rinsed with
water and contacted for one minute with aqueous palladium
dichloride PdCl, (0.2 g./l. of PdCl, and containing 5 g./l. of
concentrated hydrochloric acid). The polymer surface may
again be rinsed with water and then immersed for about 5-10
minutes (depending upon the thickness of nickel plate
desired) in a chemical plating bath (pH approximately 4.5,
temperature about 72° C.) containing 50 g./1. of NiCl,-6H,0,
10 g./1. of NaH,PO,H;0, and 10 g./1. of Na;CeH;0,2H;0. The
nickel-plated polymer surface may be removed from the bath
and rinsed.

The plated polymer surface may be subsequently elec-
troplated (e.g., with copper, nickel, chromium, etc.) or may
be used directly without further plating.

The following exampled (wherein all parts are by weight un-
less otherwise noted) are submitted for the purpose of illustra-
tion only and are not to be construed as limiting the scope of
the invention in any way.

EXAMPLE 1

A clean polyvinyl chloride polymer (PVC) panel (10
cm.X10 cm.X3 mm.) may be immersed for 20 minutes at 66°
C. in 785 parts of isopropy! alcohol containing 35 parts of
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sodium isopropoxide (prepared by dissolving 10 parts of sodi-
um in 785 parts of isopropyl alcohol). The alkoxide-activated
polyviny! chloride surface may be removed, rinsed in cold .
running water for a few seconds, and then placed in 1,000
parts of a chromic acid-sulfuric acid solution containing 100
g./1. of CrO; and 500 g./1. of H,SO, at about 66° C. for approxi-
mately 20 minutes. The surface of the polymer may become
wetted after being in the oxidizing bath for only about 30
seconds (indicating that the surface had been oxygen ac-
tivated upon contact). The polymer may be removed, rinsed,
immersed in stannous chloride solution (50 g./l. of SnCl,2H
20 and 100 g./1. of concentrated HCI for 1 minute, at room
temperature, removed, rinsed in H,O, immersed in palladium
dichloride PdCl, solution (0.2 g./l. of PdCl; and 5 g./1. of con-
centrated hydrochloric acid) at room temperature, removed
and placed in a chemical nickel plating bath at 71° C. (con-
taining 50 g./1. of NiCl,'6H,0, 10 g./1. of sodium citrate 2H,0,
and 10 g./1. of NaH,PO,'H,0) for about 5§ minutes. The nickel-
plated polymer may be removed, rinsed, and a 0.003 cm.
thickness of dull copper electrolytically deposited on the
nickel-plated surface. The polymer may then be removed
from the bath and plated with an additional 0.0075 mm. of
bright nickel.

The plated panel may be subjected to “‘a standard thermo-
cycle” rest which comprises heating the plated polymer for
60-70 minutes'at 96° C., then at room temperature (27°-32°
C.) for about 10 minutes, and then cooling to about —10° C.
for 60-70 minutes. This cycle, when repeated three times for
each plated article, may be termed a “standard thermocycle
test.” No blistering, peeling, or lifting of the metal from the
panel was observed after completion of the standard thermo-
cycle test.

EXAMPLES 2-21

Table Il summarizes the results obtained using the general
procedure of example 1, but with different alkali metal alkox-
ides and various hydrohalogen poiymers.

The following abbreviations are employed in table II:

PVC=Polyvinylchloride

PVDC=Polyvinyldichloride

S=Polyvinylidenechloride

The results of the standard thermocycle test were used to
measure adhesion quality and are rated as follows:

Good—No blistering or peeling of metal.

Fair—Some blistering or peeling, but no complete separa-

tion of metal.

Poor—Metal coating completely separated from the surface

of the plastic over the entire panel.

TABLEII

Summary of Adhesion Results Obtained
from Various Alkali Metal Alkoxides

Ex. Alkali metal
No.  Plastic alkoxide Solvent Adhesion
2 PVvC None* None (control) Poor
3 PVC None* ~ n-CqH;;OH Poor
4 PVC 0-CgH ;O0Na * n-CeH;0H Fair
5 PVC None* t-C ,H,OH Poor
6 PVC 1-C Hy,0K t-C,H,OH Fair
7 PVC None* CH;0H Poor?
8 PVC CH;ONa CH,;0H Fair
9 PVC None* iso-C;H,OH Poor
10 PVC iso-C3H,0K iso-C;H,OH Good
11 PVC iso-C;H;ONa is0-C3;H,OH Good
12 PVC None* C,H;OH Poor
i3 PVC C:H;ONa C,H;O0H Fair
14 PVDC None* C,;HOH Poor
15 PVDC C;H;ONa C.H;0H Good
16 -~ PVDC None* iso-C,H,0H Fair
17 PVDC iso-C3H,ONa iso-C,H,0OH Good
18 S C,H;ONa C,;H;OH Poor?
19 S C,;HOna C;H;OH Good
20 S None* iso-CyH,OH Poor
21 S is0-C;H,0K iso-CyH,OH Good
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*Control examples
‘No oxidizing agent was usad.

?No oxidizing agent was used: electroless Ni coating peeled away.

It will be apparent to those skilled in the art that control ex-
amples 2, 3, 5,7, 9, 12, 14 and 20 did not yield satisfactory
results. On the other hand, examples 4, 6, 8, 10, 11, 13, 15,17,
18, 19 and 21 permitted attainment of satisfactory resulis. By
comparison, for example, of examples 9 and 10, it will be ap-
parent that practice of this invention may permit attainment of
outstanding results where no satisfactory results may other-
wise be attained by other techniques. Further improvements
may be shown by comparing examples 16 and 17.

EXAMPLES 22-27

In the following examples, isopropyl alcohol was employed
as the solvent. The force required to separate metal from the
polymer surface was determined as follows: Each plated
polymer panel (10 em.Xi0 cm.X3 mm.) was cut in order to
obtain a portion about 2.5 cm. wide and 8- cm. long. The
metal coating was peeled back at one end by hand until a suffi-
cient grip on the metal could be obtained. The panel was
mounted on a fixed holder and fastened to a rod with a clamp.
The clamp was connected to a strain gage. A force was applied
and the plate was slowly pulled {from the polymer surface at a
rate of 1.8 cm./minute. The separation force required to puil
the metal away from the polymer surface at this uniform rate
was determined from the strain gage. Separation force was ex-
pressed in kilograms per centimeter of width and the max-
imum value was recorded. To give 2 comparison with results
obtained by the thermocycle test, values of about 0.13 to 0.27
are fair, values above 0.27 are good, and values below 0.13 are
poor.

The results are summarizedintable 1.
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TABLE III

. Adhesion (as Separation
Ex. Alkali metal measurcd by force
No., Polymer alkoxide thermocycle) (kg.fem.)

22 PVC None {control) Poor —
23 PVC -C3H,0ONa Good 0.32
24 PVDC None (control) Fair 0.18
25 PVDC i-CyH,ONa Good 0.36

26 s Mone (control) Poor —
27 S i-C;H,ONa Good 0.71

From table Iil it can be readily seen that the polymers of ex-
amples 23, 25, and 27 had significantly better adhesion pro-
perties after treatment with alkali metal alkoxide when com-
pared with the polymers of corresponding examples 22, 24,
and 26 which were not alkoxide activated. In examples 22 and
26 the nickel plate separated completely during the thermocy-
cle test.

Although this invention has been described by reference to
preferred illustrative examples, it will be apparent to those
skilled in the art that various modifications and changes may
be made thereto which fall within the scope of this invention.

We claim:

1. The method of modifying a hydrohalogen polymer sur-
face which comprises contacting the hydrohalogen polymer
surface with an alkali metal alkoxide MOR wherein M is an al-
kali metal and R is an alkyl group having one to 12 carbon
atoms thereby forming an alkoxide-activated surface with
chromic acid thereby forming an oxygen-activated alkoxide-
activated surface.

2. The method of modifying a hydrohalogen polymer sur-

face which comprises contacting the hydrohalogen polymer
surfzace with an alkali metal alkoxide MOR wherein M is an al-

kalt metal and R is an alkyl group having one to 12 carbon
atoms thereby forming an alkoxide-activated surface, and
contacting acid alkoxide-activated surface with potassium
permanganate thereby forming an oxygen-activated alkoxide-
activated surface.
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