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(71) We, JOHN LOUIS RAYMOND
and ROBERT ZIMMERMAN REATH,
citizens of the United States of America, of
387 Birch Road, Fairfield, State of Connecti-
cut; and 275 West Road, Easton, State of
Connecticut, United States of America, respec-
tively, do hereby declare the invention, for
which we pray that a patent may be granted
to us, and the method by which it is to be
performed, to be particularly described in
and by the following statement : —

This invention relates to electroplating and,
in particular, to the electrodeposition of com-
posite coatings comprising a layer of electro-
deposited metal having small particles of a
non-metallic solid material uniformly dis-
persed throughout said layer.

The electrodeposition of a layer of metal
on to the surface of a substrate metal has
long been employed to enhance or modify
such properties of the surface of the substrate
as its corrosion resistance, wear resistance, co-
efficient of friction, appearance and the like.
The surface properties of the substrate can
be further modified by the electrodeposition
of composite layers comprising an electro-
deposited metal having discrete particles of
a non-metallic material incorporated therein.
For example, diamond particles have been
incorporated in an electrodeposited metal layer
to improve the abrasive or cutting properties
of a grinding wheel, particles of such materials
as silicon carbide and aluminum oxide have
been employed to improve the wear resistance
of the electrodeposited metal layer, and
particles of such materials as graphite and
molybdenum disulfide have been employed
to reduce the coefficient of friction of the
metal layer. The metal matrix of the com-
posite layer may be any of the metals that
are normally electrodeposited from aqueous
electrolyte solutions and include such metals
as copper, iron, nickel, cobalt, tin, zinc gold
and the like.

The classic procedure for incorporating
discrete particles of a non-metallic material
in a layer of electrodeposited metal involves
allowing the finely divided particles contained
in the electrolyte solution to settle onto the

generally horizontal surface of a substrate
metal onto which surface a layer of a metal
is simultaneously being electrodeposited. The
layer of electrodeposited metal forms a metal
matrix in which the nonmetallic particles are
entrapped and thereby physically bonded to
the surface of the substrate metal. This
general procedure is exemplified by the pro-
cess disclosed in U.S. Patent Specification No.
779,639 to Edson G. Case, and modifications
thereof are disclosed in U.S. Patent Specifica-
tion Nos. 3,061,525 to Alfred E. Grazen and
3,891,542 to Leonard G. Cordone et al. In
order to promote the co-deposition of non-
metallic particles in an electrodeposited metal
matrix it has heretofore been proposed that a
deposition promoter, usually a surface active
agent, be applied to the surface of the finely
divided particles of non-metallic material, or
be added to the electrolyte solution in which
the non-metallic particles are suspended, so
that the particles suspended in the electrolyte
solution will cling to the surface of the cathode
when brought into contact therewith while
the metal of the metal matrix is simultane-
ously being electrodeposited from the electro-
lyte solution onto the surface of the cathode.
This general procedure is exemplified by the
process disclosed in U.S. Patent Specification
No. 3,844,910 to Alfred Lipp and Gunter
Kratel.

In the Lipp et al process an amino-organo-
silicon compound, for example, gamma aminc-
propyl-triethoxy silane, is employed to pro-
mote the incorporation of non-metallic
particles, for example, silicon carbide, in a
layer of electrodeposited metal such as nickel.
The amino-organosilicon compound can be
added directly to the aqueous electrolyte solu-
tion or, preferably, it can be applied to the
surface of the non-metallic particles before
they are added to the electrolyte solution. In
either case the presence of the amino-organo-
silicon compound in the electrolyte solution
results in a substantial increase in the amount
of non-metallic particles incorporated in the
layer of electrodeposited metal over the
amount that is incorporated therein when no
such deposition promoter is present in the
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plating solution. Nonetheless, the Lipp et al
process is subject to several operational limita-
tions that limit the usefulness of the process,
and the composite coated products of the pro-
cess, for many purposes. Specifically, the total
amount of non-metallic particles (that is, the
total weight of the particles) that can be in-
corporated in the electrodeposited metal coat-
ing even under optimum conditions is less
than the amount of these particles required for
many applications, and in addition there is
a practical limit on the size of the particles
of non-metallic material that can be usefully
employed in the process. That is to say, when
the size of the non-metallic particles employed
in the Lipp et al process exceeds about 10
microns the amount (that is, the weight) of the
non-metallic particles incorporated in the layer
of electrodeposited metal tends to decrease
in rough proportion to the increase in the
average size of the particles.

There is an important and heretofore un-
filled need (for example, in the manufacture
of grinding wheels) for composite coatings
having a greater amount of larger size particles
of the non-metallic material in the electro-
deposited metal layer than can be produced
by any of the prior art processes known.
Accordingly, there has been carried out an
intensive investigation of the factors and the
problems affecting the production of such
coatings, and as a result of the investigation
it has been discovered that there is a sub-
stantial and surprising improvement in the
amount and particle size of the non-metallic
material in the composite coating when cer-
tain tertiary amine oxide surfactants are em-
ployed as deposition promoters in the process.
Specifically, it has been found that when these
tertiary amine oxides are employed as de-
position promoters in the process, it is possible
to incorporate particles of non-metallic
material of up to 150 microns or larger in size
in the electrodeposited metal matrix and also
to increase the amount and weight of the
particles incorporated therein.

According to the present invention there is
provided in the method of electrolytically de-
positing on the surface of a substrate metal a
layer of metal having a plurality of discrete
particles of a finely divided solid non-metallic
material uniformly dispersed throughout said
layer, said metal layer and said particles being
co-deposited from an aqueous electrolyte solu-
tion containing said metal in solution and
said particles in suspension therein, said
electrolyte solution containing a surface active
agent deposition promoter for the non-
metallic material and being agitated to main-
tain the particles uniformly in suspension
therein and wherein the amount of the surface
active deposition promoter employed com-
prises from 0.05 to 5.0 percent by weight
of the amount of the finely divided non-
metallic material, the finely divided non-

metallic material is physically and chemic-
ally inert with respect to the electrolyte solu-
tion and is electrolytically inert with respect
to the electrolyzing conditions prevailing within
the electrolyte solution, and the surface active
deposition promoter is inert with respect to
the electrolyte solution employed in the pro-
cess, the improvement which comprises em-
ploying as said deposition promoter a surface
active agent selected from the group having
the chemical structure:

R,
/
O:N—R,
N
R,
where

R, is an alkyl, alkene or alkyne radical hav-
ing from 6 to 22 carbon atoms, and

R. and R; are independently an alkyl or

hydroxyalkyl radical having from 1 to
4 carbon atoms.

The tertiary amine oxide surface active
agent may be introduced directly into the
electrolyte solution or it may be applied to
the surface of the particles of none-metallic
material before these particles are introduced
into the electrolyte solution. In the latter case,
the surface active agent and the particles
of non-metallic material are mixed together
with an approximately equal amount of water
in a blender or ball mill or the like before
being added to the electrolyte solution. The
amount of surface active agent employed is
advantageously in the range 0.5 to 0.75 per-
cent by weight of the amount of non-metallic
material present in the solution. Tertiary
amine oxide compounds that have been found
to be particularly useful in the practice of
the invention include: oleyl dimethyl amine
oxide, cetyl dimethy! amine oxide, muyristyl
dimethyl amine oxide, stearyl dimethyl amine
oxide, coco diethanol amine oxide, hexyl di-
methyl amine oxide, octyl diethyl amine oxide,
octyl dibutyl amine oxide and cetyl dipro-
panol amine oxide.

The use of surface active agents having a
tertiary amine oxide structure as the deposi-
tion promoter for the non-metallic material
in the known process for the electrodeposition
of composite coatings permits the production
of such coatings containing non-metallic
particles of up to 150 microns in size and in
amounts of about 45 percent by volume or
greater, based on the total volume of the
composite coating. Other advantages of the
improved process of the invention will be
apparent from the following detailed descrip-
tion.

As previously noted it has heretofore been
proposed to modify the properties or charac-
teristics, both physical and chemical, of the
surface of a metal object by electrodepositing
thereon a layer of another metal in which
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laver are incorporated discrete particles of
a finely divided, solid, non-metallic material
uniformly dispersed throughout the layer.
The electrodeposited composite coatings are
produced by introducing the finely divided
non-metallic particles into essentially conven-
tional electroplating baths and maintaining
the particles in suspension in the bath while
electrodepositing a layer of the metal from
the bath onto the surface of a substrate metal
in more or less conventional fashion. The
layer of electrodeposited metal forms a metal
matrix in which some of the non-metallic
particles are entrapped and thereby physically
bonded to the surface of the substrate metal.
The non-metallic particles may be formed
from any material that is inert with respect
to the electroplating bath (that is, any material
that does not react with or is not adversely
affected by the plating bath) and that will
impart the desired properties or character-
istics to the composite electrodeposited layer.
Similarly, the metal matrix of the composite
layer may be any of the metals that are norm-~
ally electrodeposited from aqueous electrolyte
solutions such as copper, iron, nickel, cobalt,
tin, zinc and the like.

It has heretofore been found that the
amount or total weight of the finely divided
non-metallic particles in the electrodeposited
composite coating can be substantially in-
creased by treating the particles with certain
surface active agents, and in particular certain
cationic surfactants of the type described in
U.S. Patent Specification No. 3,844,910 to
Lipp and Kratel. However, as previously
noted, these prior processes are limited in that
the optimum size of the non-metallic particles
that can be incorporated in the electrodeposited
composite coating is in the order of 1 to 2
microns, and when the size of the particles
exceeds about 10 microns the amount of
particles incorporated in the composite coat-
ing tends to fall off sharply.

It has now been found that when certain
tertiary amine oxide compounds are employed
as deposition promoters in the process it is

possible to incorporate particles of non-
metallic material of up to 150 microns or
larger in size in the electrodeposited metal
matrix of the coating. Specifically, it has been
found that if the non-metallic particles are
treated with a tertiary amine oxide surface
agent as previously defined there is a significant
increase in the average particle size and in
the total amount of the particles that can be
incorporated in the electrodeposited coating.

Tertiary amine oxides having the above
described chemical structure and that have
been found to be useful include but are not
limited to: oleyl dimethyl amine oxide, cetyl
dimethyl amine oxide, myristyl dimethyl amine
oxide, stearyl dimethyl amine oxide, coco di-
ethanol amine oxide, hexyl dimethyl amine
oxide, octyl diethyl amine oxide, myristyl di-

butyl amine oxide, n-decyl dimethyl amine
oxide, myristyl dipropyl amine oxide and
cetyl dipropyl amine oxide.

The tertiary amine oxide surface active
agents employed in the practice of the inven-
tion actively promote the incorporation of the
finely divided particles of non-metallic
material in the coating of the metal being
electrodeposited on the surface of the metal
substrate, and therefore are referred to herein
as “depostion promoters”. The mechanism by
which these compounds promote the inclusion
of the non-metallic particles in the electro-
deposited metal matrix is not clearly under-
stood, however, it is undoubtedly at least
partly dependent upon the surface active
properties of the deposition promoter which
enable those particles that chance to come
into contact with the surface being electro-
plated to cling to the surface with sufficient
tenacity and for a sufficient period of time to
be entrapped in the layer of metal being elec-
trodeposited thereon.

The tertiary amine oxide deposition pro-
moter may be incorporated directly in the
aqueous plating bath or it may first be applied
to the surface of the non-metallic particles
before these particles are introduced into the
bath. In the latter case, the deposition pro-
moter is thoroughly mixed or blended with
the particles, advantageously in a high shear
blender or in a ball mill, for a sufficient period
of time to insure thorough blending of the
mixture. The treated particles may then be
added directly to the electroplating bath or
they can be dried to remove extraneous
moisture therefrom before being added to
the bath, Both procedures achieve equally
satisfactory results. The amount of the tertiary
amine oxide surfactant employed in the pro-
cess depends to some extent on the nature
of the non metallic particles being incorpor-
ated in the electrodeposited metal matrix.
However, it has been found that the amount
of the deposition promoter should be at least
0.05% and not more than 5.0% by weight of
the amount of the non-metallic material being
treated; and preferably should be in the range
0.5% to 0.759% by weight of the non-metallic
material.

The specific non-metallic material and the
specific electrodeposited metal employed in
the production of a particular composite coat-
ing depends upon the surface properties re-
quired of the composite coating. In addition,
the non-metallic material must be physically
and chemically inert in respect to the electro-
plating bath in which the finely divided
particles of the material are suspended, and
it must be electrolytically inert with respect
to the electrolyzing conditions prevailing at
the anode and the cathode of the electroplating
bath. Apart from these requirements, almost
any finely divided solid non-metallic material
may be employed in the practice of the inven-
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tion. For example, but not by way of limita-
tion of the process, finely divided particles of
diamonds and of cubic boron nitride have
been employed in the production of composite
grinding or cutting wheels and other similar
tools, finely divided particles of silicon car-
bide, boron carbide, tungsten carbide, tung-
sten nitride, tungsten boride, aluminum oxide,
tantalum boride and tantalum carbide particles
have been employed in the production of both
abrasive and wear resistant composite coat-
ings, and finely divided particles of molyb-
denum disulfide, tungsten disulfide, tungsten
diselenide, niobjum diselenide, polyethylene
and polyvinylchloride have been used in the
production of self-lubricating or low friction
composite coatings.

The average particle size of the finely
divided non-metallic material in the com-
posite coating may, if desired, be smaller
than 1 micron in size. However, one of the
principal advantages in the use of the above
described tertiary amino oxide deposition
promoters in the practice of the invention is
that, contrary to previous experience, particles
of from about 5 microns to greater than 150
microns in size can readily be incorporated in
electrodeposited composite coatings. More
particularly, it has been found that when these
amine oxide surfactants are employed and
when the average particle size of the non -
metallic material is within the range of 5
microns to 50 microns there is a significant
increase in the total amount or weight of the
particles that can be incorporated in the
electrodeposited composite coating as com-
pared with the amount of similar size particles
that can be incorporated in the coating when
deposition promoters previously known in the
art are used.

The metal matrix of the composite coating
is electrodeposited onto the surface of the
substrate metal from a conventional electro-
plating bath {that is, an aqueous solution of
ionizable salts of the metal being electroplated)
by conventional - electroplating techniques,
the only important limitation being that the
bath should not react with nor render in-
effective the tertiary amine oxide deposition
promoter employed in the process. The elec-
troplating bath must be aqueous; fused salt
baths would destroy the organic deposition
promoter and organic (non-aqueous) baths
would render ineffective its surface active pro-
perties. Of the common commercially useful
aqueous electroplating baths, it has been found
that only the hexavalent chromium type of
plating bath is unsuitable because of the
strong oxidizing powers of the bath that
destroy the amine oxide deposition promoters
and because of the gas evolved at the cathode
that tends to scour the non-metallic particles
from the surface being electroplated. For ex-
ample, but not by way of limitation, con-
ventional aqueous electroplating baths of the

following metals and metal alloys may be
employed in the practice of the invention:
cadmium, cobalt and cobalt alloys, copper
and copper alloys, iron and iron alloys, nickel
and nickel alloys, zinc, tin, lead and lead

alloys, gold, indium and the platinum group .

metals.

In the preferred practice of the invention
the finely divided solid non-metallic material
(for example, silicon carbide) having a particle
size in the range 5 to 50 microns is thoroughly
blended with from about 0.5 to 0.75 percent
by weight (based on the weight of the non-
metallic material) of one or more of the
tertiary amine oxide deposition promoters des-
cribed herein. The treated particles of the
non-metallic material are then introduced into
a conventional aqueous -electroplating bath
(for example, a Watts-type nickel electroplat-
ing bath) in which are positioned a consum-
able anode (for example, a nickel anode) and
a metal cathode onto the surface of which
the composite coating is to be electrodeposited
(for example, a steel cathode onto the surface
of which a nickel and silicon carbide com-
posite coating is to be deposited). The electro-
plating bath must be stirred or otherwise
agitated to maintain the particles of non-
metallic material in suspension therein, but
the agitation of the bath cannot be so great
as to impede or prevent the lodgement and
incorporation of the non-metallic particles in
the layer of metal being electrodeposited on
the surface of the cathode. The optimum
degree of agitation will depend upon the rela-
tive densities of the electroplating bath and
the non metallic material in suspension there-
in, and also on the particle size and the con-
centration of the non-metallic particles in the
bath. For example, but not by way of limita-
tion, it has been found that silicon carbide
having a particle size within the range re-
ferred to above will remain uniformly sus-
pended in a Watts-type electroplating bath
without interference with the incorporation of
the particles in the electrodeposited metal coat-
ing when the agitation of the solution is
adjusted to provide a solution flow past the
surface of the cathode of between about 0.25
and 0.75 meters per second. The electroplat-
ing conditions employed (for example, the
bath temperature, current density, etc.) are
conventional. The composite coating electro-
deposited onto the surface of the cathode
comprises a coherent metal matrix through-
out which are uniformly distributed discrete
particles of the non-metallic material, the
coating being characterized by the incorpora-
tion therein of a significantly greater amount
of larger size particles than heretofore
achieved by any prior art process.

The following examples are illustrative but
not limitative of the practice of the present
invention :
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EXAMPLE 1

A nickel plating bath was prepared con-
taining 330 grams per liter (g/l) of nickel
sulfate (NiSO, . 6H.0), 45 g/l of nickel
chloride (NiCl, . 6H,0) and 25 g/l of boric
acid. The plating solution also contained up
to 0.5 g/1 sodium saccharin and up to 0.5 g/l
napthalene-1,3,4-trisulfonic acid sodium salt
to adjust the stress of the nickel plate deposit
to 5000 psi compressive and 5000 psi tensile
as measured by the Brenner Senderoff Spiral
Contractometer.

Three liters of the above nickel plating solu-
tion were introduced into a suitable vessel
together with 180 grams /60 g/l of untreated
silicon carbide having an average particle size
of 10 microns, the solution being agitated
to maintain the silicon carbide particles in
suspension therein. A consumable nickel anode
and a stainless steel cathode panel were then
placed in the plating solution and the solution
agitation was adjusted to provide a solution
flow past the cathode panel surface of between
0.25 and 0.75 meters per second. The cathode
was electroplated at a current density of about
16 amps per square decimeter (amp/dm?) for
a period of 15 minutes at a temperature of
50°C. The plated cathode was then removed
from the bath and the percent by volume of
silicon carbide in the electrodeposited coating
of nickel on the cathode was determined. The
coated panel was first weighed to ascertain
the total weight thereof, the nickel and silicon
carbide coating was then dissolved in nitric
acid and the stripped panel was weighed to
ascertain the weight of the coating. The acid
solution was then filtered to recover the sili-
con carbide content thereof. The silicon car-
bide content of the coating thus recovered was
then sintered and weighed to ascertain the
weight percent, and from that the volume per-
cent, of silicon carbide in the coating. In the
present example in which no deposition pro-
moter was employed in the electroplating pro-
cess the coating contained 8.15% by volume
silicon carbide.

EXAMPLE II

One hundred and fifty grams of silicon
carbide having an average particle size of 15
microns, 300 milliliters (ml) of water and 1.35
grams (0.759% by weight of the SiC) of cetyl
dimethyl amine oxide were mixed in a high
shear blender at high speed for five minutes.
The thus treated silicon carbide was then
added to 2.7 liters of the nickel plating bath
employed in Example I, and a stainless steel
cathode panel was electroplated for 15
minutes under the same conditions as in Ex-
ample 1. The silicon carbide content of the
electrodeposited nickel coating was then deter-
mined: and was found to comprise 17.81%
by volume of the coating.

The substantial increase in the amount of
silicon carbide present in the electrodeposited

nickel coating of Example II as compared
with the amount present in the coating of
Example I is attributable to the use of the
tertiary amine oxide deposition promoter in
the present example.

EXAMPLE III
One hundred and fifty grams of silicon car-
bide having an average particle size of 15
microns, 300 ml of water and 1.35 grams of
oleyl dimethyl amine oxide were mixed at
high speed for 5 minutes in a high shear
blender. The thus treated silicon carbide was

then added to 2.7 liters of the nickel plating
bath employed in Example I, and a stainless
steel cathode was electroplated for 15 minutes
under the same conditions as in Example L.
The silicon carbide ccotent of the electro-
deposited nickel coating was then determined
and was found to comprise 25.17%; by volume
of the coating.

EXAMPLE IV

One hundred and fifty grams of silicon
carbide having an average particle size of
15 microns, 300 ml of water and 1.35 grams
of n-decyl dimethyl amine oxide were blended
at high speed for 5 minutes. The thus treated
silicon carbide particles were then added to
2.7 liters of the nickel plating bath employed
in Example I, and a stainless steel cathode
was electroplated for 15 minutes as in Ex-
ample I. The silicon carbide content of the
electrodeposited nickel coating was then
determined and was found to comprise
24.329 by volume of the coating.

EXAMPLE V

One hundred and fifty grams of silicon
carbide having an average particle size of
15 microns, 300 ml of water and 1.35 grams
of myristyl dipropyl amine oxide were mixed
at high speed for 5 minutes in a high shear
blender. The thus treated silicon carbide was
then added to 2.7 liters of the nickel plating
bath employed in Example I, and a stainless
steel cathode was electroplated for 15 minutes
under the same conditions as in Example I.
The silicon carbide content of the electro-
deposited nickel coating was then determined
and was found to comprise 19.46°; by volume
of the coating.

EXAMPLE VI

Eighteen hundred grams of silicon carbide
having an average particle size of 15 microns
and 13.5 grams of oleyl dimethyl amine oxide
were added to 3.0 liters of the nickel plating
bath employed in Example I, and a stainless
steel cathode was electroplated for 15 minutes
as in Example 1. The silicon carbide content
of the electrodeposited nickel coating was
then determined and was found to comprise
48.129% by volume of the coating.
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EXAMPLE VI

Composite coatings were electrodeposited
on the surface of a substrate metal by the use
of, among others, cetyl diethyl amine oxide
and myristyl dibutyl amine oxide as deposi-
tion promoters in accordance with the pro-
cedure described in the preceding Examples.
In all cases, the particle size and the amount
of the non-metallic material incorporated in
the composite coating were consistently
greater than that obtained in the absence of

_these deposition promoters.

WHAT WE CLAIM IS:—

1. In the method of electrolytically deposit-
ing on the surface of a substrate metal a layer
of a metal having a plurality of discrete
particles of a finely divided solid non-metallic
material uniformly dispersed throughout said
layer, said metal layer and said particles being
co-deposited from an aqueous electrolyte solu~
tion containing said metal in solution and
said particles in suspension therein, said elec-
trolyte solution containing a surface active
agent deposition promoter for the non-metallic
material and being agitated to maintain the
particles uniformly in suspension therein
and wherein the amount of the surface active
deposition promoter employed comprises from
0.05 to 5.0 percent by weight of the amount
of the finely divided non-metallic material, the

~ finely divided non-metallic material is physic-

ally and chemically inert with respect to the
electrolyte solution and is electrolytically inert
with respect to the electrolyzing conditions
prevailing within the electrolyte solution, and
the surface active deposition promoter is inert
with respeet to the electrolyte solution em-
ployed in the process, the improvement which
comprises employing as said deposition pro-
moter a surface active agent selected from the
group having the chemical structure:

R,

/
O:N—‘Rg
AN
R,
where

R; is an alkyl, alkene or alkyne radical hav-

ing from 6 to 22 carbon atoms, and

R: and R; are independently an alkyl or

hydroxyalky! radical having from 1 to
4 carbon atoms.

2. The method according to claim 1 in
which the surface active agent employed as
the deposition promoter is cetyl dimethyl
amine oxide,

3. The method according to claim 1 in
which the surface active agent employed as
the deposition promoter is oleyl dimethyl
amine oxide.

4. The method according to claim 1 in
which the surface active agent employed as
the deposition promoter is n-decyl dimethyl
amine oxide. :

5. The method according to claim 1 in
which the surface active agent employed as
the deposition promoter is myristyl dipropyl
amine oxide.

6. The method according to claim 1 in
which the surface active agent employed as
the deposition promoter is cetyl diethyl amine
oxide.

7. The method according to claim 1 in
which the surface active deposition promoter
and the particles of non-metallic material are
vigorously mixed together with an approxi-
mately equal amount of water prior to being
introduced into the aqueous electrolyte solu-
tion.

8. The method according to claim 1 in which
the surface active deposition promoter and
the particles of non-metallic material are
introduced directly into the aqueous electro-
lyte solution.

9. The method according to claim 1 in

which the finely divided non-metallic material

has a particle size in the range 5 to 150
microns.

10. The method according to claim 1 in
which the amount of the surface active de-
position promoter employed is in the range
0.5 to 0.75% by weight of the finely divided
non-metallic material.

11. A method of electrolytically depositing
on the surface of a substrate metal a layer of
a metal having a plurality of discrete particles
of a finely divided solid non-metallic material
uniformly dispersed throughout said Ilayer,
said method being substantially as described
herein with reference to any one of the ex-
amples IT to VII given.

12. An article having a metal substrate on
which is formed a layer of a metal having
a plurality of discrete particles of a finely
divided solid non-metallic material uniformly
dispersed throughout said layer, said layer
being formed by a method according to any
one of the preceding claims.

CRUIKSHANK & FAIRWEATHER,
Agents,
19 Royal Exchange Square,
Glasgow G1 3AE.
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