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Small, preferably micronsized hollow glass or ceramic spheres (12) or foaming agents for making such micronsized
hollow spaces or voids are incorporated into a resin material (11) which is formed into a layer and after curing of the resin
layer, it is abraded, sand or grit blasted so as to rupture the outermost layer of spheres or voids to provide a plurality of
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METHOD AND APPARATUS FOR APPLYING METAL CLADDING ON

SURFACES AND PRODUCTS FORMED THEREBY

BACKGROUND AND BRIEF DESCRIPTION OF THE INVENTION

The application of metal coatings to various surfaces by
aeans of thermally sprayed molten metal particle is well known in
the art. The applicat}on of anti-fouling coatings using the
thermal spraying technique to marine structures, particularly
hulls of boats and ahips,.is known, but the process is also
applicable generally to such gxenplary structures as underwater
pilings, power plant intake ducts, underwater energy conversion
systems, bouys, drill platforms and the like where the fouling by
marine growth interferes with or impedes the efficient operation
of such apparatus.

Various systens h&ve been devised for applying
anti-fouling substances, typically copper and copper alloys, to
parine surfaces, these include copper foils, panels or tileg
which are adhered to hull surfaces. The most modern of these are
p&int énd coating technologies which depend on Qnifotl
consumption of the binder and toxin and biocide and therefore are
limited by the thickness or number of coatings applied. In the
tile or foil methods, painstaking tailoring of individual panels

or tiles to the complete hull surfaces has, in general, not been
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found acceptable by the marine trades. In Japanese Patent
Document S56-33485 of April 1981, copper and copper alloy are
thersally sprayed on a prepared resin bond coating, which may-
incorporate talcum, mica or fiberglass to provide antifouling
protection for hulls, etc. The present invention provides a
distinct improvement over the art in that this invention
includes, in a preferred embodiment, incorporating hollow glass
or ceramic spherés in the micronsize range (marketed under

various trademarks such as Hicroballooniﬂ“

, Microspheres'™ or
the deposition of a foaned resin surface ontec the resin layer
which can be an air, heat or UV cured resin. This layer serves
as the s;;ling layer and firmly adheras the thermally sprayed
anti-fouling coating. The mechaniam is relatively simple in that
the heavily filled layer is abraded by sanding or grit blasting
sufficient to rppture. sheer and/or fracture the embedded
aicronspheres, microballoons or foamed voida. After the sbrading
process is completed, the surface is vacuumed or washed clean to
remove the abraided material so that the surface now represents a
porous surface Qith large numbers of undercuts, nooks and
crannies. The aprayed amclten copper flows into the undercuts,
nooks and crannies and now becomes embedded into and mechanically
locked to these pores and in this manner, the bond strength is
nechanically fixed. The anti-fouling system includes a resin
layer which could be a polyurathane a polyester or epoxy resin

vhich serves three main functions: 1) provides an adhesive

between the marine surface and—a spray deposited copper or copper

2
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coating and 2) a seal layer to seal fine cracks in the gel coat
of a fiberglass hull, for example, and 3) to prevent osmosis and
a dieletric layer in the case of a steel hull to prevent

electrolytic corrosion effects.

BRIEF DESCRIPTION OF THE DRAWINGS:

Other objecéa, advantages and features of the invention
vill become more apparent when considered in light of the
following specification and accompanying drawings wherein:

Figure 1 is a close diagram illustrating the basic steps
of the metal clading proc¢ess according to the invention, the
balloons are enlargements of cross-sections of the product as it
emerges from each of the indicated steps of the process,

Figure 2 is an enlarged sectional view showing undercuts,
nooks and crannies and the filling of same with a copper/copper
alloy type metal for cladding marine surfaces and the like,

Figures 3;7 are photographic enlargements of the aurface
and metallographic cross-section of actual surfaces cladded using
the processes of this invention,

Figure 8a is a sectional view of a nol& for a fiberglass
hull of a boat apd,

Figure 8b is a sectional view of the hull removed from
the mold and being thermally sprayed with nolten copper,

Figure 9 is a scanning electron Ricroscope photograph'of

the interface of thermally sprayed copper and ceramic
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microballoon filled epoxy resin matrix and,
Figures iOa, 10b and 10c are scanning electron microscope

photographs of the metal surface at the magnifications shown.

DETAILED DESCRIPTION OF THE INVENTION

Applying metallic coatings on surfaces by thermal
spraying is not, per se, new as is shown in the above noted
Japanese patent publication and in Miller patent 4,078,097. The
thermal spray processes include melting powder in an electric or
oxyacetylene arc and using compressed air or inert gas to propel
the molten particles toward the substrate at a high velocity.
Another fora of thermal spray is the plasms arc whereby the
powder or wire introduced into a high-velocity plasaa arc
created by the rapid expansion of gas subjected to electric arc
heating in a confined volume. Anocther thersmal spray process that
is used, is the conbusﬁion of oxygen and fuel in a confined
volume and its expansion through a nozzle provide the high
velocity flow into which metal powder 1s_introduced coincidental
with the projected gas stream. According to this invention, the
rechanisn of attachment is that molten particles of copper which
can be travelling at hypersonic speeds, greater than S times the
speed of sound or estimated at 6,000 feet per second (with
certain types of equipment) will flow into and mechanically lock

with the undercuts, nooks and crannies and the first layer forms

the basis upon which subsequent layers of metal can be deposited

©
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to build-up to a desired thickness. The molten particles of
metal forced into the nooks, crannies and undercuts and roughness
of the surface produces a much stronger and norc.dense flexible
layer of cladded metal which, in the case of copper or copper
based alloys, are very useful in providing marine anti-fouling
surfaces., . .

Marine piping made of concrete, steel, etc., which are
exposed to fouling, can easily have the internal surfaces thereof
treated according to the proéeas gf this invention to reduce and
elininate flow impeding growths.

-As shown in Figure 1, the initial step of applying a
coating of copper or copper alloy to a substrate surface such as
a marine hull is surface preparation. After surface preparation,
a syntactic foam resin coating is applied followed by abrading
or grit-blasting the curéd syntactic resin layer to form the
matrix of undercuts, nooks and crannies to receive the thermal
spraying of copper and/or copper alloys. For the conventional
gel coat of a fiberglass hull, for exanple, the grit blasting is
vwith No. 20-80 grit silicon oxide, silicon carbide, or aluminum
oxide to remove the high polish of the finish so that it has a
aatte appearance wherein microscopic pits, pores and crevaces in
the gel coat are exposed and depnding upon the character of the
blast media, various forms of undercuts are made in the surface.
It will be appreciated that surface prsparation will not alter
the structural integrity and hydrodynamic surface of the hull.

Surface preparation consists of removing mold release agents and
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other foreign matter from the surface of a new hull. The
copper/copper alloy coating can be thermally sprayed onto a
properly prepared metal, wooden or ferro-cement hull.

A syntactic foam resin or gel layer 11 is uniforaly
applied over the prepared surfaco by brush, trowel, spray or
roller. As noted earlier, the resin gel layer has incorporated

therein 20-200 percent by volume of micronsized glass or ceramic

spheres 12. In one preferred practice, the glass sphere filled

resin is applied by commercial low pressure spray equipment so as
to not prematurely damage the spheres. In one example of the
spraf technique, several layers were applied, each tc a final
thickness of about ten thousandths of an inch, with the glass
sphere filled resin layer having a thickness of about thirty
thousandths of an inch. The micronsize glass spheres appeared to
Ee uniforaly disparsed in'the layer and when grit blasted or
abraided and sprayed with molten copper, superb mechanical
adhesion was achieved. The ;esin is cured and then abraided or
grit-blasted sufficiently toc shear and fracture or rupture the
enbadded spheres to provide numercus undercuts, crevices, nooka
and crannies 13. This forms a matrix of.undercuts, nooks and
crannies into which the molten metal flowg on inpéct,rand, upon
solidification, mechanically interiock the metal layers to the
surface to be protected. This porous surface is then vaéuuled
and the molten metal 14 sprayed thereupon.

In a preferred enbgdinent, the micronsizesd spheres, in

graded sizes from about 10 to about 300 microns, conbriae between
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about 100 to 200 percent by volume of the resin, the resin being
present in sufficient amount to “wet" the surfaces of the
spheres,

A further method of applying the matrix of nicronsized
apher;s which maintains surface fidelity and has & high
production rate is to apply a coat of conducti;e epoxy on thé
surface. While this is still wet and sticky, apply the
aicroballoons (hollow microspheres) using an electrostatic
discharge gun. This type of equipment places a charge on each
aicronsized sphere and it would be attracted to the surface of
the &onductlve epoxy layer that forms part of the electrical loop
or ground.

The particles at first become engulfed and then would
saturate the surface uniformily because by its very nature, when
an area is coated the particles will tend to be drawn to an area
that is not coated. After a couple of passes, the surface should
be saturated with the filler micronaized spheres. When the epoxy
sets up or cures, the surface can be given a light grit blast
with a fine abrasive. This will remove the particles that are

only marginally attached and break the ones on the surface that

will provide the matrix of undercuts, nooks and crannies. After

thQ light grit blast, the surface is power washed, dried and then
sprayed with the copper-nickel alloy for antifouling or any other
metal. This will provide a smoother uniform coating with less
effort and process time.

it will be appreciated that surfaces which are not
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desired to have a copper coating, such as above the watef line,
can be protected by masking tape, etc., as noted in our
above-identified application. The metal coating layer is
preferably unifora but this is not necessary. In fact, in areas
vhere there may be heavy mechanical wear or errcsion, such as on
the keel, bow and rudder areas, the metal layer can easily be
aade slightly thicker just by spraying additional layers in those
areas.

Several different types of hollow glass and ceramic
sheres have been utilized. These wers from the 34 Company,
E:ersbn Cnnlings Corp., PQ Corporation, Micro-Mix Corporation,
and P}erde and Stevens Chemical Corporation. Those varried in
size from 5 to 300 microns. While it was initially thought that
the coarser sizes would logicslly be preferrable, it was found
that the sprayed copper deposits adheres very well on practically
all sizes, even blends of varicus hollow spheres give excellent
results in proportions varying from about 20 percent to 200
percent by volume. It is desireable that at least a iayer of the
aicronsized glass or ceramic spheres be at the surface. In one
example, a layer of spheres floated to the surface with about 20
percent by volume of 3X Hicroballoongn“ and after grit-blasting
the cured resin, the sprayed copper flowed into the undercoats,
cavities and pores, nooks and crannies constituted by the voids
of the fractured spheres to effect a strong bond, as shown in the
retallographic photograph of Fig. 7. In the preferred practice

of this invention, the syntactic resin is heavily filled, (in one
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preferred embodiment, 100 to 200 percent by volume of micronsized
spheres relative to éhe amount of resin) and thus has thixotropic
properties such that the spheres stay fixed, which is
advantageous on vertical surfaces.

. Since the glass or ceramic spheres are intact, they can
be premixed in with cne or both components of a two component
resin, or they can more preferably be added and mixed with the
resin at the time of appplication to the substrate surface, or
they can be sprayed in the manner of the electrostatic spray
process described above, and a rixture of glass and ceramic
nicrohaizad spheres can be used in practicing the invention.

In a preferred practice of the invention, the

copper/copper alloy metal coating 12 is applied with a miniaum of
at least two passes of the thermal spray apparatua. In the firat
pass, the copper particles travelling at high speed splatter and
flow ints the undercuts, nooks and crannies 13 and fill the
surface porosity with molten metal to provide a firaly secured °
rough layer that avoidﬁ detachment and delamination with the
undercuts, nooks and crannies thereof providing strong mechanical
adhesion and a firm base to which sprayed molten metal applied on
the second pass bécongs firmly secqted. In a preferred practice
of the invention, the metal is aéplied to a thickneés of about 3
to 12 mils but it will be appreciated that‘greater or lesser
thicknesses can be applied. For a commercial ocean going vessel,

12 to 15 mil thickness should last for about 15 years, which

.would provide significant reduction in overall coat of
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application relative to lower initial cost paint based
antifouling systela.' After the final copper or copper alloy is
applied, the external surface can be smoothed by light wet
sanding to remove small projections, edges and produce a smoother

hydrodyanmic surface. It will be appreciated that a single pass

.of the thermal spray apparatus can be used in many instances,

and, further the rate of movement of the spray apparatus relative
to the surface cen be varied to vary the thickness of applied
metal. Hor;over, the thernal spiay apparstus can be aéationary
and the surface to be coated with metal moved relative thereto.
According to this invention, the resin, filled with

hollow ceramic or glass spheres is allowed to éure, and in some

cases, the curing is enhanced by the use of a U.V. curable resin.

Commercially pure copper and copper-nickel alloys are
preferably used in the practice of the invention for antifouling
purposes. Depending on the thermal metal spraying apparatus
used, commercially pure copper and/or nickel-copper alloys (S0-94
percent copper- and 10-6 percent nickel, with a S0 percent copper,
10 percent nickel alloy being preferred) in the form of wires or
powders are used in the practice of the invention. As noted
above, in the preferred practice of the inventi;n, the copper
base metal and antifouling layer is applied in at l;ast two
passes. One would not go beyond the invention in using two

different types of thermal spray apparatus during each pass, it

being appreciated that it is during the first that the molten

particles of copper, traveling at high speeds, will attach and
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enbed themselves in the undercuts, nooks and crannies 13, aeql
layer 11. During the second pass the molten particles are forced
into the undercuts and roﬁghneus of the surface left from the
previous pass. Preferably the coating applied in the initial or
first pass is thinner than in the second and succeeding passes.
This thin neiéi coating provides an excellent base for receiving
and securely bonding the thermally sprayed second pass.

In some cases, other constituents, such as dyes, solid
state lubricants (to reduce friction) and other biocides can be
blended into the copper and/or copper-nickel feed powders.

éopper is softer than copper-nickel alloy, if the use of
the area of the boat or ship is such that high abrasion
resistance is required, the final thermally sprayed metal layer
preferably will be copper-nickel alloy.

In the course of perfecting this invention, various

resins were tried and they all worked almoat equally well from

the adherance standpoint. The final selection is dictated by the

type of surface to be treated. For inatance, polyester resin is
preferred for fiberglass hulls since it more closely matches the
polyester gelcoats already present. . However, more recent expert
opinion indictates the use of epoxy resin for better underwater
service and strength. The final thermally sprayed metal coat can
be lightly Qet sanded as is the practice with racing yachts to
produce a smoother surface.
In a further embodiment, as described later herein with

regard to Figs. 8a and 8b, the substrate may be formed subsequent
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to. the void containing layer. For example, in a new fiberq}asa
hulled boat construction, hollow spherical micronsized bead
filled resin is applied to the inside of the mold prior to, or in
place of, the gel coat in those areas which are to have
antifouling treatment according to this invention. Thereafter,
the hull is formed by layeriﬂg up the resiﬁ impregnated
fiberglass mats roving, in the normal manner. After removal from
the mold, the sphere filled resin surfae; is abraided and/or
grit-blasted to fora the undercuts, nooks and crennies and then
sprayed with molten metal particles.

As shown in Fig. 8(a), & boat hull mold SO has a release
coating 51 on the inner sutfacewthereof and a conventional gel
coat 52 to fora the shove the water line finish (end of gel coat
58) is applied to the release coat 51, masking (not shown in Fig.
8(a)) being used to assure a straight line for sesthetic reasons.
Then, a layer of resin (an epoxy or polyester) layar 53 filled
with the spheras 54 is applied to the remaining portions of the
»old SO and then the resin is cured. Then, fiberglass and resin
56 is layered in the mold in a conventional fashion to form the
basic pull structure of the vessel. It will be appreciatad that
éhe interior surface of the cured resin layer 53 can be abraded
or grit blasted to form undercuts, pores, nooks and crannies
before the layering of the fiberglass structures to form the
hull. After curing the resin and fiberglass matrix, the
structure is removed from mold 50, the gel coat S8 masked by

nasking material 59 and the external surface is abraided or grit

»
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blasted as indicated in Fig. 8(b) and then the step of thermal
spraying of molten copper is carried out on this prepared surface
in the manner described above.

Instead of metal coating, the fractured or crushed voids
bound in a resin matrix may be used as an adherent surface for
eﬁy other coating or lamina.

Finally, instead of spheres for producing the voids, air
bubbles can be formed in the resin, by a foaming agent, for
example, after curing of the resin, the voids are fractured by
abraiding or grit blasting to produce the desired undercuts,
nooka.and crannies which then provide the mechanical iocking for
ghe coating material.

Figure 9 is a scanning electron microscope (SEM)
photograph of the interfaces of the thermally sprayed copper 80,
and abraded surfaces of the micro balloon filled resin 81. These
are hollow ceramic balloons (=zold by Enersan Cummings Corporattod
and P.Q. Corporation) and are larger, stronger and cheaper than
the glass type and provide a more receptive surface for the
1n1tiai £irst layer of thermally sprayed copper coating. In this
preferred embodiment, the resin was an epoxy and phe largest
ricroballoon was aboﬁt 100 micron. The coppetr was about .005"
and applied in two passes of the thermally sprayed copper.

Figures 10a, 10b and 10c are SEM’s of the sprayed surface

of Figure 9 e.g. copper on U.V. epoxy.

ADVANTAGES OVER THE PRESENT STATE OF THE ART ARE AS FOLLOWS:




WO 85/02815. PCT/US84/02076

10

15

20

25

- 14 -

1. The coating is a continuous coetiné'of complete 100
percent antifouling material without the need of a binder és in
regular péints or coatings.

2. The coating, being metal (copper and;copper-nickel
alloys) is stronger than paints and will not wear or erode as
quickly, especially around bow and rudder sections.

3. The coating is very ductile from the very nature of
the material, i.e., copper, and will not degrade or become
brittle with age as in the case of degradation of organic
binders.

4, It is easy to apply, since it is sprayed and does not
require careful tailoring for curved surface and powders and
wires are more economical than the adhesive coated copper-nickel
foils.

S. On copper-nickel hulls of two Gulf Coast shrimp
boats, the average srosion was approximately .05 mil/yr. These
are fast moving commercial fishing craft. Slower moving sailing
and pleasure craft hulls are conservatively expected to erode at
less than 1/2 mil/yr. Therefore, a coating of 6 to 8 mils should
éonservatively last at least 12 years. - Pregsent intervals for
hauling, scraping, and painting depend on water temperture,
usually averaging at least once a year.

6. Repairs can be easily made by lightly grit-blasting

the damaged area, applying the syntactic foam adhesive and

ébraiding and spraying an overlaping coat of copper/copper alloy.

]
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To speed up such repairs, the resin carries for the spheres can
be a U.V. resin which cures more rapidly under ultraviolet
exposures.

7. The copper/copper-nickel alloys present considerably
lass toxicity and handling problems in comparison to the complex
organotin compounds.

8. Hydrodynamic properties of hull surfaces are not
changed.

9, Since the copper/copper-nickel coatings are
relatively thin, flexible} and uttongiy adherent to the outer
hull aﬁrfaces by the mechanical interlocking of the metal when it
solidifies in the undercuts, nooks and crannies 13, they flex
with flexture of the hull and strongly resist delamination forces
thereby assuring a longer life.

10. The unfractured or intact apheres provide an
insulating function.

11. The coating has high "scrubability" as compared to
paints since it is metal and not an organic material.

Samples with thermal spray coatings according to this
invention were tested in the Chesapeake Bay waters during the
summer of 1983. The results showed no biomarine growth on the
copper sprayed surfaces, while there was considerable growth and
barnacles and otﬁer marine organisms on the uncoated portion of
the test specinmens.

Samples tested by Ocean City Research Corportion in Ocean

City, Maryland during the summer of 1983 and 1984, also showed no
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marine growth and the coatings stayed intact.

The density of the spray deposits are not as dense as a
wrought material such as a foil or plate, so there is a larger
nicioacopic surface arearpresent in the form of cupurous oxide
per given area and hence will expose a more hostile surface to
asrine organisas.

The basic improvement in this invention is the increased

"strength of the bond between the metal coating and the substrate

surface and this comes sbout through the formation of the matrix
of undercuts, nooks and crannies for receiving the liquid
coatihg. preferably molten metal particles, the undercuts, nooks
and crannies being formed by fracturing or rupturing the
rironsized glass or ceramic spheres in the outer surface of the
cured resin carrier.

While the invention ﬁas been described with reference to
the antifouling treatment of copper and copper alloys or marine
surfaces, the invention in its most basic aspect is applicable to
cladding materials in general, and particularly metals, ena nore
particularly copper, on any substrate surface.

¥hile there has been shown and described the preferred

. practice of he invention, it will be understood that this

disclosure is for the purposes of illustration and vafious
onissions and changes may be made thereto without departing from
the spirit and scope of the invention as set forth in the claims
appended hereto.

WHAT IS CLAIMED IS:

o

«



WO 85/02815. PCT/US84/02076

10

- 17 -

CLAINS

1. In a marine surface protected from marine growth by
an external layer of & thermally apra*ed netal selectte& from
copper and copper based alloys, the improvement wherein a layer
of aﬁ adhesive resin is between said surface and said external
layer of metal, a plurality of fractured inorganic hollow qpheres
in the interface between said resin and said external metal layer
forming undercuts, nooks and crannies, said external layer of
netal being constituted by a layer of solidified thermally
sprayed metal particles sprayed in a molten state and filling and
interlocking with said undercuts, nooks and crannies.

2. The invention defined in claim 1 wherein said
adhesive resin layer is a syntactic foam coating having an
abraded surface to form said fractured inorganic hollow spheres,
and said thermally sprayed ietal particles are embedded in said
fractured inorganié hollow spheres of said syntactic foam
coating.

3. The invention defined in claim 1 including a first
metal layer with metal particles selected from copper and

copper-nickel alloys embedded in said adhesive layer and said
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layer of thermally sprayed metal particles is sprayed in a nolten
gtate at a high velocity on said first metal lgyer.

4. The invention defined in claim 3 wherein said first
metal layer is copper metal and said thermally asprayed metal
layer is copper-nickle alloy wherein the copper constitute 90-94
percent and the remainder is nickel.

S. The invention defined in claim 3 wherein said first
metal layer is copper-nickle alloy and said thermally sprayed
retal layer is copper.

6. The invention defined in claim 1 wherein said aarine
aurfaée is a hull and said thermally applied metal layer is
thicker in areas of possible mechanical abrasion and -erosion,
including the'keel, bow and rudder areas.

7. The invention defined in claim 3 wherein said first
metal layer and said thermally aprayed layer have a combined
thickness of at least 3 mils.

8. The invention defined in claim 7 wherein said first
metal layer is thinner than said thermally sprayed metal layer.

9. In a system of applying an antifouling coating to a
narine surface of a metal seleqted from the group comprising
coépet and/or copper alloys - such as copper-nigkel, the
improvement comprising the steps 1) of grit-Slasting said marine
surface, 2) coating said blasted surface with a curable adhesive
syntactic foam layer, 3) curing said curable layer, 4)-
grit-blasting said cured syntactic foam layer to produce

undercuts, nocoks and crannies in the surface thereof, and 3)

m
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thermally spraying the undercuts, nooks and crannies in said

- syntactic foam layer with molten particles of said metal in one

or more passes thereof.

10. The method and system of applying an antifouling
coating as defined in claim 14 wherein the step of S5) thermally
spraying is selected from plasma arc or thernal spraying using
alectric arc or o;yacetylene with compressed air or gas and
feeding power or wire into the arc to deposit said molten
particles on the said grit blasted surface.

11. The invention defined in claim 10 wherein step 2)
coatiﬁg said blasted surface with a curable adhesive syntactic
foam layer is carried out‘by spraying a resin filled with 20 to
70 percent by volume of small sized hollow spheres.

12. The invention defined in claim 11 wherein said
spraying of resin filled with gmall sized spheres is carried out
at low pressure.

13. The invention defined in claim 11 wherein said
curable layer is appliéd by spraying a plurality of layers of
said resin filled with said small sized spheres.

14. A system of applying a metal layer to a surface
cbnprising:

1) adhesively securing at least a layer of ricronaized
hollow glass or ceramic spheres to said surface,

2) rupturing a surface layer of said spheres, and

3) applying molten metal to the ruptured layer of said

spheres.
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15. The invention defined in Claim 14 vwherein said
adhesive is a syntactic foam.

16. The invention defined in claim 14 wherein in step 1)
the adhesive is a syntactic U.V. sensitive resiﬁ foam and
including subjecting same toc U.V. to cure.

17. The invention defined in claim 14 wherein said
hollow spheres are mixed with the adhesive in a preparation of 5
to 30 percent by weight.

18. The invention defined in claim 17 wherein said
hollow spheres are in a proportion of 50-200 percent by volume.

19. The invention defined in claim 14 wherein in step
1), the glass or ceramic hollow spheres are in a size range of 10
to 300 microns and are in a resin carrier in an amcunt up about
80 percent by volume.

20, The invention défined in claim 19 wherein said
hollow spheres are of different sizes,

21. The invention defined in claim 14 wherein in step
1), the hollow glass or ceramic spheres are in a size range
greater than about 10 microns and are in & reain carrier in an
anopnt up to about 80 percent by volume.

22. The invention defined in claim 21 wherein in step

1), the hollow glass or ceramic spheres are in a selected size

oy

range in an amount between about 20 percent to about 200 percent

»

by volume of & resin carrier.
23. A syatem for rigidly securing a protecting layer to

a substrate surface comprising,
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1) securing at least a layep of voids in a select size
range in a hard resin matrix to said substrate surface, said>
voids being closed on all sides,

2) fracturing at least the voids in said matrix by
abrading away at least a portion of the surfaces bounding said
voids to form exposed undercuts, noocks and crannies in said
natrix, |

3) flowing said metal protecting layer into said exposed
undercuts nooks and crannies.

‘'24. The invention derfined in claia 23 wherein said
layef of voids in step 1), is formed by incorporating a foaming
agent in a resin base., .

25. The invention defined in claim 15 wherein said
syntactic foam layer includes a foaming agent and said undercuts,
nocks and cranniéa are formed by said grit blast rupturing at
leaast the surface ones of the air spaces formed by said foaming
agent.

26. A matrix ays£en for making a first surface for
adherent reception of at least thé surface of a second material
comrpising an adhesive resin layer and at least a layer of
ruptured speherical voids in said first surface.

27. The matrix system defined in claim 26 wherein said
matrix is molded and consists of resin and a plurality of
ruptured small sized hollow bead means, said hollow bead means
being selected from the group comprising glass or ceramic

sphersas,
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28. The matrix system defined in claim 27 wherein said
2 snmall sized hollow beads range in size from about 10 to 300
3 microns. ’ %

29. The matrix system defined in claim 28 wherein said

7}

2 hollow beads comprise 20 to 200 percent by volume of said matrix
3 system when applied.-
30. The matrix systén defined in claim 29 wherein said
2 nrmatrix system is formed by spraying said adhesive resin with said
3 beads therein upon a-surface, curing the r;sih, and then
4 rupturing at least the outer surface layer of said glass beads to
5 form ﬁndercuts, nooks and crannies.
31. The matrix system defined in claim 26 whergin said.
2 natrix matrix comprises a resin and a plurality of ruptured
3 micronsized spheres selected from the group consisting of glass
4 or ceramic spheres,
32. A method of improving the mechanical adherance
2 Dbetween two materials, comprising:
3 1) embedding a plﬁrality of small sized frangible hollow
4 Dbeads in one of said materials,
5 2{_ rupturing the surface ones of said frangible beads to
6 <fora underéuta, nooks and crannies, and

7 3) flowing the other of said materials into said

8 undercuts, nooks and crannies.

w

33. The method defined in claim 32 wherin the first one
2 of said materials is sprayed upon a forming surface, said

3 frangible holliow beads are glass and-are ruptured by abraiding,
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4 and said other of said materials is a molten metal that is
5 sprayed upon said one of said materials and said undercuts, nooks
¢ and crannies. |
34. A method of metal cladding'a surface comprising,
2 1) adhesively attaching a layer of holloQ glass or ceramic
3 spheres ranging in size to about 300 microns to said surface,
4 2) rupturing at least some of said spheres to produce a
5 matrix of undercuts uniforamly over said surface, and
6 . 3) applying a molten metal upon said spheres to £ill
7 said undercuts, nooks and crannies with molten metal which flows
3 into.and conforas to the surfaces of said undercuts.
35. The method of metal cladding defined in claim 34
2 wherein step 1) includes incorporating said hollow ceramic
.3 spheres as the fill in an U.V. curable epoxy resin as a aixture
4 spraying said mixture updn said surface and then curing said
5 epoxy using U.V.
36. A method clad surface coaprising in combination,
2 a layer of the remains of a plurality of ruptured hollow
3 beads, said hollow beads being selected from the group consisting
4 of glass and/or ceramic beads and ranging in size to about 300
5 microns forming a layer of undercuts,
6 ' an adhesive matrix securing said remains of aplurality of
7 ruptured hollow beads to said surface, and
8 a solidified metal layer filling said layer of undercuts,
9 to mechanically lock said metal layer to said surface.

37. The metal clad surface defined in lcaim 36 wherein
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said adhesive matrix is a U.V. cured epoxy.

38. The metal clad surface defined in claim 36 wherein
said metal layer is copper metal including alloys thereof.

39. The metal clad surface defined in claim 38 wherein
said surface is a marine surface and said copper metal inhibits
incrustation of said surface.

40. In a marine surface protected from marine growth by
an external layer of a thernélly sprayed molten metal selected
from copper and copper based alloys, the improvement comprising,
a matrix layer of undercuts, nooks and crannies constituted by a
layef of fractured, inorganic hollow spherical bodies, an
adhesiv; iayer securing said matrix layer to said marine surface
and said layer of metal is ;onstituted by a solidified layer of
said molten metal filling and interlocking with said undercuts,
noocks and crannies.

41. The invention defined in claim 40 wherein said
fractured hollow bodieg are the remains of hollow micronsized
glass spheres.

42. The invention defined in claim 40 wherein said
fractured hollow bodies are the remains of nicrongized ceraric
spheres,

43. The invention defined in claim 40 wherein said
adhesive layer is an epoxy resin.

44. The invention defined in claim 43 wherein said
hollow bodies are selected from the group consisting of

ricronsized glass or éeranic‘hollou'apheres.‘

A%
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45. The invention defined in claim 44 wherein said
spheres range in size from about 10 to about 300 microns.

46. The invention defined in claim 45 wherein said
spheraes comprise from at least about 20 percent by volume of said
epoxy resin. |

47. The invention defined in claim 46 wherein said

hollow spheres are in a proportion greater than 50 perceant by

volume relative to said adhesive.

48, The invention defined in claim 45 wherein said
hollow spheres are in different sizes.

49. The invention defined in claim 44 wherein said
aicronsized spheres range in size from 10 to about 300 microns
and comprise at least 20 percent by volume of said resin.

50. The metal clad surface defined in claim 36 wherein

said metal layer is greater than 3 mils thick.

S1. The invention defined in claim 40 wherein said
sarine surface is a portion of the hull of a vessel.

52. The .invention defined in claim 44 wherein said
micronsized spheres range from about 100 percent to about 200
percent by volume of said resin.

53. The invention defined in claim 44 wherein s§1¢
mricronsized spheres consist of a mix of glass and ceramic

spheres.
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FIG. 4

(Enlargement of Blocked
Section of Fig. 3)
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FIG.5
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- FIG.7

20% by volume of 3M Microballoons floated to top
~during slow curing cycle illustrates the mechanism
by which the sprayed copper flows into the porous
surface to effect a strong bond heavily filled (50
to 80%) are very thixotropic (the spheres stay fixed)
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FIG.10 b

FIG.10¢

SEM- As sprayed surface - copper on UV epoxy
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