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&9 Astable aqueous colloid for the activation of non-conductive substrates and the method of activating.

6D A stable colloidal solution useful for activating non-
conductive substrates for subsequent alectroless plating
containing colloidal copper and/or copper oxide particles
as the effective activating agent, said particles having a
zeta potential between about +3 and +13 miilivolts a particle
size between about 10 and 100 millimicrons and being
stable and capable of activating a non-conductive substrate
over practically the entire pH range and advantageously
between a pH of about 2 through 8. Also a method of acti-
vating a non-conductive substrate using the stable colloidal
solution is disclosed.
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A stable agueous colloid for.the activation of non-conductive

substrates and the method of activating

‘This invention relates to a stable aqueous colloid for the

activation of non-conductive substrates and the method of
activating. Namely the invention relates to a novel copper
colloid for the activation of non-conductive materials, parti-
cularly plastics, to prepare such materials for eubsequent me-
tal coatihg by.cdnventional electroless and electroplating. '

Numerous applications are found commerc1ally
today where it is desirable to have a plastlc, glass, or
other like non-conductive substrate provided with a

metal plating on its surface-éither as a continuous coat -

"or as a patterned. or discontinuous plating. Among the

applications for such metal plated articles are included
automobile hardware, various building and construction
hardware, toys, buttons, circuit boards and the like where .
the coating is generally, though not always, subStantially
continuous over one surface or more. '

In all such appllcatlons the process requlres

the actlvatlng of the non—conductlve substrate since electro—

less or electroplatlng cannot be carried out on such a

substrate. The activating is followed by an electroless
plating which will,cafryea current'for subsequent electro-
plating. 7 , ]

Commercial prior art activating systems geherally
rely upon one or more of the noble metals and most parti-
cularly palladium. For example, one of the earliest
methods of activating such substrates involved a two-step
operation involving first immersion of the substrate in
a stannous chloride solution followed by a second immersion
in an acid palladium chloride solution. Subsequently a

one-step process has been employed ecommercially, involving
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a colloidal dispersion of palladium and tin chloride
salts as disclosed in U.S. Patents Nos. 3,011,920 and
3,672,923, ‘

The noble metal_ of the activating solution,
such as palladium, serves to activate, catalyze, or seed
the non-conductive substrate for the subseéuent electroless
plating bath. After a few minutes in the electroless
metal plating bath, the article will have a very thin
coating of the selected metal of the bath thereon. It
is then rinsed and the.article may - then be further plated

with the same or another metal by well known electroplating
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processes. -
The U.S. Patent No. 3,011,920 to Shipley, re-
ferred to above, discloses the use of colloidal dispersions

of various metals in combination with reducing agents to

-achieve activation of insulative- substrates for subsequent

electroless plating. The working examplesrutilize noble
metals or hydrous oxides thereof as the colloidal pafticles
and stannous chloride or tannic acid as a reducing agent.
The specification in column 2 refers to the fact that other
metals, including numexous non-noble metals, may similarly
be emplayed to catalyze non-conductive substrates for
electroless deposition. ) ' )

The U.S. Patents Nos. 3,657,002, 3,783,005 and
3,950,570 to Kenney disclose processes for preparing hj—
drous oxide colloids of many different metals inciuding
both noble and non-noble metals for treating or coating
non~-conducting substrates for subsequent eleétroless
plating. . ' '

]

U.S. Patents Nos. 3,993,799 and 4,13

(#}

;216
issued to Feldstein also disclose the use of non-noble
hydrous oxide or metallic colloids for treating non-
conductive plastics followed by reduction of the hydrous
oxide coating on the plasti;rto achieve at least a degree

of activation for subsequent electroless plating.
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U.S. Patent No. 3,958,048 to Donovan discloses
a process for .the surface activation of non-conductive
substrates for electroless plating'by treating the surface
of the substrate with an aqueous composition containing
catalytically active water insoluble particles formed
by a reaction of a non-noble metal énd a water soluble
hydride in the presence of a water soluble organic sus-—
pending agent. In order to be operable, the suspension
is required to have a pH below 5 ox from 7.7 to 9.5. Copper
salts are disclosed as one of the non-noble metals, dimethyl-
aﬁine borane (DMAB) as one of the hydrides, and gelatin

as one of the many possible organic suspending agents.

" In addition to the inherent disadvantage of having to main-
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tain the composition of Donovan within the specific pH
ranges disclosed in order to maintain the compositions

in a catalytically active state, the compositions made

in accordance with the Donovan disclosure are not suf-
ficiently stable for practicable or commercial use. It
has been foﬁnd, for instance, that the compositions of the
examples break down during a period varying from a few
hours to a few days renderiﬁg the suspensions éommercially
impractical. ' '

Disclosure of The Invention

This invention relates to a novel stable copper
colloid having a particle size between about 10 and 100
millimicrons (mm), a particle zeté.potentiél between about
+3 and +13 millivolts (mv) and COﬁtaining a sufficient
number of particles to activate a ﬁon—conductive substrate
that it can accept an electroless deposition. The col-
loids of this invention are also stable and capable of
activating a non-conductive substrate over practically
the entire pH range, and advéntageously between a pH of
about 2 through 8. The ability to use these colloids

over a wide pH range lends more versatility to the colloids
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and permits continued operation under commercial conditions

where pH changes occur during operation.

Detailed Description

The colloids of this invention can be made by
using a stabilizer or suspending agent which will produce
or impart to the metallic and/or oxide copper particles
of the colloid a zeta potential of between about +3 and
+13 mv, advantageously between ébout +4 and +10 mv. The
suspendiﬁg agent shbuld have a zeta potential which, when
combined with the colloidal copper particles, will produce
particles having a zeta potential between about +3 and
+13 mv. If the copper particles have a negative zeta
potential, it may be necessary to use a suspending agent
having a high positive zeta potential such as +18 mv to
impart the desired zeta potential to the particles of the

colioids.

The use of certain types of gelatin are examples
of suspending agents that can be used to produce colloids
having the desired zeta potential. Typically an acid
washed Type A gelatin of sufficient purity can be used.

- Thus, the type of gelatin, the manner in which
it was produced or purified, and its purity also play :a
.role in the ability of the gelatin to impart the desired
zeta potential to the colloidal copper particles. The
suspending agent or gelatin shoﬁld be sufficiently free
of interfering ions, such as excess sodium ions, which
will interfere with imparting the desired zeta potential
to the particles of the colloid. Other suspending agents
could be used in place of gelatin so long as they possess
the desired zeta potential, or are capable of imparting
to the éarticles of the colloid a zeta potential between
about +3 and +13 mv, and do not highly disassociate and
migrate from the copper particles. A person skilled in

the art can measure zeta potentials and select the correct
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suSpending agent to produce a colloid with particles
having the desired zeta potential when given the teachings
of this application.

As can be observed from the prior art, non-noble
colloids can be prepared in many ways, but they all suffer
various deficiencies which prohibits their commercial use.
For practical commercial use the colloids, parficularly
on copper clad circuit boards, must have the properties
of stability, particle size and zeta potential. Ceolloidal

particles must deposit on a non-conductive surface in a

- sufficient amount and of sufficient uniformity so that sub-

15

sequent eleétroless plating will produce'a deposit of
sufficient uniformity to permit sﬁbsequent elgctroplating.
The colloidal particles must also adhere to the surface
to prevent peel-off after electroless and electroplating

during fabrication and use of the end product. In othex

" words the colloid cannot spot deposit on the substrate.
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Non-uniform or spotty deposits can be caused by aifferent
factors, such as an insufficient number of particles in

the colloid, a colloid which is too stable, agglomerated
colloidal particles,'due to the instability of the colloid,
too>manj of the particles are too small, etc. For example,
a colloid having particles of a zeta potential of less

than about +2 mv are not stable and do not adequateiy
adhere to or activate non-conductive surfaces, such as
glass. 7 . )

The particles of applicant's colloids not only
have a low positive zeta potential but a small particle
size which renders them'uniquely suitable for acti%ating
plastics and the plastic portions of circuit boards,
particularly where the plastic contains a glass filler.

The pribr art believed to be the closest and
known to the applicant is the Donovan patent No. 3,958,048,
Although Donovan does mention gelatin, there is no recog-

nition of its significance in producing stable colloids
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which can be used to activate a non-conductive substrate
at a pH above 5 and below 7.7. In fact, Donovan teaches
the colloids made according to his invention are inoperable
within the pH range. Further, the broad term "gelatin"

5 does not disclose or teach applicant's specific stabilizers
having a specific zeta potential capable of imparting the
desired zeta potential to the particles of the colloid.

As a comparison, the applicant repeated Examples
1l and 2 of the Donovan patent 3,958,048 and varied the pH.

10 With respect to Example 1, the particles had a zeta poten-
t&al of about -20 at a pH of 6, but the velocity of the

- particles varied during the test, that is, some particles
were much slower than the aVerage. At a pH of 4, the
particles had a zeta potential of about -25.

15 With respect to Example 2, at a pH of 2 the
particles had a zeta potential of about +l,'and,at a pH

of 4 a zeta potential of about -1l. .At a pH of 6, the zeta

potential was about -2. .
, However, when a relafively pure acid washed

20 Type A gelatin was subsﬁituted for. the Daxad 11, the colloid
had a zeta potehtial of about +9 mv at a pH of 4, and a '
zeta potential of +13 mv at a pH of 2. With respect to
Example 2, substituting thé same gelatin for the Daxad 11,
the particles had a zeta potential of about +3 mv at a

. 25 pH of 6 and a zefa potential of +4 mv at a pH of 2. At

a pH of 5 the particles had a zeta potential of +7 mv

and when dextrin was eliminated and only the gelatin used,

the particles had a zeta potentiai of +13 mv.

The copper colloids are unique and novel and

(4]
(@]

are particularly advantageous for the activation of copper
clad circuit boards employing glass filled plastics. In
such cases there are at least three different materials

to be dealt with, namely the copper clad, the plastic,

and the glass filler. The activating colloid must ade-

35quatcly adhere to all three of these materials or the
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subsequent electroless and electroplate will peel off

during subsequent fabrication or use. With regard to

the copper portion, it is advisable to remove excess
colloid particles using an agqueous stripping solution,
such as neutral hydrazine hydrate. The activation of such-
circuit boards can be accomplished by using applicant's
novel colloids which have a particle size of between about
10 and 100 millimicrons and a particle zeta potentiél of
between about +3 and +13, preferably between about 4 and
10. Part of the novelty of colloids of this invention
resides in the fact that the particles are not only small
but also have a low positive zeta potential. The colloids
are also stable, thqt is, the particle size does not
appear to grow causing the particle to precipitate out
leaving a few particles to effect activétion or to céuse
alteration of the zeta potential to a degree that the
particles will not adhere sufficiently to the substrate.
This stability of applicant's colloid is advantageously
maintained over a wide pH range. Stability over a narrow
pPH range would not be practicable in commercial production

since the pH would necessarily be altered during operation.
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Claimsg:

l. A stable aqueous colloid for the activation
of non-conductive substrates for electroless plating
which comprises particles of metallic copper and/or
copper oxide having a particle size of between about 10
and 100 millimicrons and having a Zeta‘potential between
about +3 and +13 millivolts, said colloid having an amount
of particles to activate the surface of a non-conductor.

2. A colloid according to-claim 1 in which

the colloid has a pH of about 7.

3. A colloid according to claim 1 in which

the colloid has a pH between about 4 and 8.

4. A colloid according to claim 1 in which

the colloid has a pH between about 2 and 8.

5. The method of activating a non-conductive
substrate for electroless metal deposition by means of
a colloid containing metallic copper and/or copper oxide
particles characterized in treating the metallic ofroxide
particles with a suspending agent haQing a sufficient
zeta potential to impart to the metallic or copper oxide
particles a zeta potential between about +3 and +13 milli-

volts.

6. The method of claim 1 in which the copper
and/or copper oxide particles after trcatment with the
suspending agent have a particle size between about 10

and 100 millimicrons,
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