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(57) Abstract

Small, preferably micronsized hollow glass or ceramic or carbon spheres (12) (or a mix thereof) sprayed into an un-
cured or wet resin material which is formed into a layer and after curing of the resin layer, it is abraded, sand or grit blast-
ed so as to rupture the outermost layer of spheres or voids to provide a plurality of anchor sites undercuts or nooks and
crannies (13). A thermally sprayed metal (14), such as copper, becomes embedded into the undercuts, nooks and crannies,
such that the bond or adherent strength is greatly improved. This micronsized glass, ceramic carbon sphere and/or pore
greatly increases the bond strength by providing better undercuts in the surface to be sprayed by molten metal and provide
the capability of depositing thicker layers without jeopardizing the bond.
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METHOD - AND APPARATUS FOR ARPPLYING METAL CLADDING OM

SURFACES AND FPRODUCTS FORMED THEREBY

RELATED ARFLICATIONS

This application is a continuatiorn—in-part of our
application Serial No. S€3, 432, filed December 2@, 1383, now U.S.
Patent 4,521,473, and our divisional application Serial No.
726,383, filed February 28, 1385, baoth of which are
centinuation-in—-parts of ouwe application Serial No. 481,412,

filed April 1, 1983,

BACKGROUND AND EBRIEF DESCRIRTION OF THE INVENTION

The applicaticon af metal coatings to various surfaces by
means of thermally sprayed molten metal particle is well known in
the art. The application of anti-fouling metal coatings using
the thermal spraying technigque to marine structures, particularly
hulls of boats and ;hips, is krnown, see Japanese Patent Document
TE-32483 of April 1381. The process is alsg applicable generally
to such exenplary stiructures as underwater pilings, power plant
intake ducts, underwater energy conversiom systems, buoys,
off~-shore drill platforms and the like where the fouling by

marine growth interferes with or impedes the efficient operation
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of such apparatus.

Various systemé h;;evbeen devised for applying
arti-fouling substances, typically copper and copper alloys, to
marine surfaces, these include copper foils, panels or tiles
which are adhered to hull surfaces. The most modern of these are
paint and ccating technologies which depend on uniform
conmsumption of the binder and toxin and biocide and therafore 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
found acceptable by the marine trades. In Japanese Patent
Document 36-33483 of April 1981, copper and copper alloy are
thermally sprayed on a prepared resin bond coating, which may
incorporate talcumy, mica or fiberglass to provide antifouling
protection for hulls, etc.

The present invention pravides a distinct improvement
aver the art in that this inVentioﬁ includes, in a preferred
embodiment, applying a curable adhesive layer anto the surface to
be coated, spraying hollow glass, ceramic or carbon spheres or
beads (and even pherwlis beads o+ spheres) in the micronsize
range (these microspheres are marketed under various trademarks
such as Microballoonéﬁd) anto the urcured adhesive layer,
praferably so as to saturate theradhesive layer and then curing
the adhesive layer., In some cases, the microspheres can comprise
a mix af glass and ceramic, or glass and carbon, or ceramic and

carbon or glass, ceramic and carbon spheres, the ratiocs being
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tailored to the particular application. Thereafter the hollow
beads and adhesi¢e layer is abraded éo ;upture the hollow spheres
and thermally sprayed with malten metal particles in one or more
passes to form the metal layer. The adhesive laver can be a
resin, preferably an epoxy which serves as the sealing layer, and
firmly adheres the thermally sprayed metal cerating. The
mechanism is relatively simple in that the heavily filled resin
layer is abraded by sanding or grit blasting sufficient to
rupture, sheer and/or fracture the embedded hollow spheres.

After the abrading process is cocmpleted, the surface is vacuumed
or power-washed clean to remove the abraded material so that the
surface now represents a porous surface with a matrix of large
numbers of undercuts, nooks and crarmies. The thermal spray
pracess can employ either an oxygen/acetylene flame, electric arc
to melt copper/nickel wire or combinations of these well known
processes of spraying metal. The molten metal is atomized by
compressed air into fime particles and prepelled to the
substrate.. These particles are sufficiently hot and ductile ta
deform and embed themselves into the undercuts and recesses of
the modified epoxy layer forming a strang mechanical bond.
Sufficient passes build the deposit to a desired thickness. The
sprayed molten metal, such as copper or copper based alloys for
anti~-fouling purposes flows inta the undercuts, nooks and
crannies and now becomes embedded inteo and mechanically’locked to
these pores and in this marnner, the bond strength is mechanically

fixed. The anti-fouling system ircludes a resin layer which
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could be a polyurethane a polyester or epoxy resin which serves
three main functions: 1) provides an adhesive between the marine
surface and a spray deposited copper or copper cocating. 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 dielectric
layer in the case of a steel hull to prevent electrolytic
corrosion effects.

Sprayihg the hollow spheres or beads on the adhesive
resin coating =r layer provides a smooth uniforh coating with
less effort and process time, and the application of the resin
layer, spraying with hollow spheres or beads, abrading or grit
blasting and thermally spraying can all be easily automated.
Spraying the spheres according to the invention can be on
vertical as well as on averhead surfaces with equally

advantageous results.

BRIEF DESCRIPTION OF THE DRAWINGS:

Qther abjects, advantages and features of the invention
will become more apparent when considered in light of the
following specification and accompanying drawings wéerein:

Figure 1 is a blaock diagram illustrating the basic steps
af the metal clading process according to the invention, the
balloars 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,
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nooks and crannigs and the filling dF same with a copper/copper
alloy type metal for cladding marine surfaces and the like,

Figure é illustrates a portion of a hull of a marine
vessel incorporating the invention,

Figure 4 illustrates micronsized hollow beads or sphere
spray and recovery system incorporated in the invention,

Figure 5 is a top plan view of microspheres spray and
recovery nozzle incorporating the invention,

Figure € is an end view showing a row of microspheres
issuing orifices and the vacuum recovery entranceway,

Figure 7 is a side view of a substrate showing side and
top operational aspects of the microspheres spray énd recovery
nozzle of Fig. S,

Figure 8 is a view illustrating the microsphere blowing
and vacuumizing operation of the nozzle,

Figure 9 is an isometric view of a automated pipe coating
apparatus incorpcfating the invention,

Figure 12 illustrates an off-share structure, the balloon
enlargement being of a typical node construction,

* Figure 11 illustrates a typical conling water system for
a power plant, Figure 12a illustrates a room or Pulky structure
in which the walls, ceilings, and if necessary, floors have been
coated with a copper coating according to the invention for EMI
or RFI purposes,

Figure 1&8b illustrates a roof which has a metal coating,

such as copper, applied using this invention,
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Figure 12e¢ il}ustratas a cornice ipcorpcrating the
invention,

Figure 12d illustrates a sheet of plywood or component
structureg incorporating the invention which can be used for any
building purpose,

Figure 12e illustrates a sculpture, which may be a
plaster, concrete, cement, plasticrnr even foam casting which has
had a ceating of metal, such as braonze or copper, applied
according to the invention,

Figures 13a-13g illustrate ancther use of the invention
in the manufacture aof light weight heat exchanger apparatus,

Figures l4a arnd 14b illustrate a further application of
the iﬁvghtion to the manufacture of gromet type fins, and

Figure 15 is an enlarged section of a heat exchange tube

for a condenser incorporating the invenmtion,

-DETAILED DESCRIPTION OF THE INVENTICN

Applying metallic coatings on surfaces by thermal
spraying is rnot, per se, rew as is shown in the above noted
Japanese patert publication, Swingler et al Patent 3,144,349, and
in Miller patent 4,0Q078,2%97. The thermal spray processes include
melting powder in an electric or oxyacetylene arc and using
compressed air or irert gas to propel the molten particles toward
the substrate at a high velocity. Another form of thermal spray

is the plasma arc whereby the powder or wire introduced into a
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high-velocity plasma arc created by the rapid expansion of gas
subjected to electric arc heating in a confined volume. Anoather
thermal spray process that is used is the combustion of oxygen
and fuel in a confined volume and its expansion thréugh a nozzle
provide the high velocity flow inte which metal powder is
introduced coincidental with the projected gas stream. Rccording
to this invention, the mechanism of attachment is that molten
particles of copper which can be travelling at hypersonic speeds,
greater than 5 times the speed of sound or estimated at &6, 202
feet per second (with certain types of equipment) are hot and
ductile will flow ard deform and embed themselves inta and
mechanically lock with the undercuts, nooks and cranmnies and the
first layer forms the basis upeon which subsequent layers of metal
can be deposited to build-up te a desired thickness. The molten
particles of metal forced inta the nooks, crannies and undercuts
and roughness of the surface preduces a much stronger and more
dense flexible layer of cladded metal which, in the case of
copper or copper based alloys, are very useful in providing

very long term marine anti-fouling surfaces.

Marine piping made of concrete, steel, etc., which are
exposed ta fouling, can easily have the internal surfaces thereof
treated according to the process of this invenmtion to reduce and
eliminate flow impeding growths.

As shown in Figure 1, the initial ;tep of applying a
ceating of copper or copper alloy to a substrate surface such.as

a marine hull is surface preparation. After surface preparation,
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a curable resin coating, preferably on epoxy, is applied followed
by spraying the uncured resin with micronsized haollow spheres or
beads of glass or ceramic until the epoxy is saturated with the
spheres or beads; which is indicated by a dull matterfinish.

Then the bead or sphere Fille? resin is cured and then abraded or
grit-blasted to fracture or rupture the surface ones of said
beads or spheres to form the matrix of undercuts, nooks and
crannies to 51.1‘;:seq1.lerat1y receive the thermal spraying of copper
and/or copper allays.

Far the conventiconal gel coat of a fiberglass hull, for
example, the grit blasting is with No. 129-82 grit silicon oxide,
gsilicon carbide, or aluminum oxide to remove the high polish of
the finish sm that it has a matte appeararnce wherein microscopic
pits, pores and crevaces in the gel coat are exposed and
depending upon the character of the blast media, various forms of
undercuts are made in the surface. It will be appreciated that
surface preparation must not unintentionally alter the structural
integrity aﬁd hydradynamic surface of the hull or structure or
object being coated. Surface preparation consists of removing
mzxld release agents and ather foreign matter from the surface of
a new hull. The invenmtion can be ahplied to any properly
prepared metal, wooden o ferro—cement surface. For example,q
statuary or sculpture, such as the bust shown in Fig. l2e, can be
ramlded of a plaster of paris or even clay base, cocated with an:
epaxy resin, sprayed with glass or ceramic microspheres, abraded

by grit blasting and then thermally sprayed with a bronze metal.
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A resin aor gel'layer 11 is uniformly applied over the
prepared surface by brush, trowel, spray or roller. As noted
earlier, prior to curing the resin or gel layer is sprayed,
preferably to saturation with micronsized glass or ceramic
spheres 12. In one preferred practice, illustrated and described
in relation to Figs. 4 and S hereof, the spheres are applied by
uniform low pressure micronsized bead or sphere spray and
recovery equipment so as to not prematurely damage the spheres -
and not distort the uniform resin coating and substrate surface.
The micronsize spheres will be uniformly dispersed on the resin
layer so that when grit blasted or abraded to form the matrix of
undercuts, nooks and cranmies and.which is sprayed with molten
copper, superb mechanical adhesion was achieved. The resin is
cured and then abraded or grit-blasted sufficiently to shear and
fracture or rupture the surface arnes of the embedded spheres fo
provide numerous undercuts, corevices, nooks and crannies 13.

This forms a matrix of undercuts, noaks and crannies inteo which
the molten metal flows on impact, and, upon solidification,
mechanically interlock the metal layers to the surface to be
protected. This porous surface is then vacuumed or power cleaned
and the molten metal 14 sprayed thereupon.

In a préferred embodimént, the micronsized spheres, in
graded sizes range from about 12 to about 2202 microns and larger,
the larger size ranges being preferred.

A micro sphere spray and recovery system is disclosed in

Fig. 4 for uniformly applying the microspheres to a substrate
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surface SC which has been coated with a resin layer RL by

brush, raoller or spray. The apparatus of Fig.. 4 sprays aperates
while the resin layer RL is still -wet or uncured. The resin
layer RL is saturated with microspheres to produce a dull matte
or unshiny appearance. The surface is visually inspected after

a few minutes, wet or shiny surfaces are re-spbayed to a dull
matte surface. The apparatus includes a compressed air supply 6@
cannected by line 63 to a conventional pawder feed 61 at the
bottom or lower end of microsphere hopper g2. Air borne
microspheres leave the powder £i1l mechanism 61 via flexible hose
line 64 which conveys the air borne microspheres to coupling 65
for- pipe 66 cn microsphere spray and recovery nozzle 67. Air
carrying the microspheres is at relatively low pressure and
exits from a row of orifices 79 in sphere or bead manifold
distribution and spray tube 8@.

The lew pressure =f air carrying or impelling the
microspheres is gust sufficient to carry ﬁhe microspheres to
impinge on the still wet resin surface RL. Excess microsphere
recovery is achieved by a vacuum system 85 which includes having
conventional filters for recovery of the micronsized spheres.

The vacuum or negative air pressure is coupled to microsphere
spray and recovery nozzle or tonl 67 by a conventional flexible
vacuum hose 86. As sheown in Fig. 3, the microsphere recovery
nazzle includes a pair of short parallel side walls 87L and 87R
through which pass the lateral ends 8aL and 8@R of microsphere

spray tube 8@, which in turn are :onnected by tubes 88L and 88R
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to a Y Joint 63Y at the erd pipe 65 and the supply «f air borne
microsphereé. The ernds of sidewalls 87L and 87R are joined to
converging sidewalls 83L and 83R which converge to Join with
vacuum line 86. The vacuum nozzle is coupled by converging top
and bottom walls 9@T and S2R respectively, which likewise
converge to join vacuum lirne 86.

The rnozzle is held a distance of 3/4" to about 1 t/2"
from the surface still wet or uncured and moved at a relatively
uniform rate of speed to assure uniform dispersal of the
microspheres and until the resin has a dull matte finish. The
rasin surface is visually inspected after a few minutes and any
"shiny" or wet appearing surfaces are preferably resprayed to a
dull matte surface.

Any microspheres which fail to reach the resin surface or
which bounce off the surface either because the resin at a given
print is saturated with the beads or spheres or for any other
reason, are sucked up by the vacuum nozzle, recovered and if
desired, returned to microsphere hopper &2,

Small obgects which have intricate curves, indentations,
reintrant portions and the like, such as statuary and decorative
maldings, may be dipped in a resin and sprayed or otherwise
coated with the microspheres, the resin cured, grit-blasted and
then thermally sprayed with the molten metal particles.

A further methad o% applying the matrix of micronsized
spheres which maintaing surface fidelity and has a high

production rate is to apply a coat of conductive epaxy on the
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surface. While ﬁhis is still wet and sticky, apply the
micronsiﬁed'hmllcw beads =r spheres using an eléctrostatic
discharge gun. This type of equipment places a chargeeon each
micronsized sphere and it would be attracted to the surface of
the conductive epoxy layer that Forﬁs part of the electrical leoop
or graound as a vacuum recavery system may rot be needed.

The particles at first become engulfed and then'would
saturate the surface uniformnly 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 micronsized spheres. When the epoxy
sets up or cures (curing can be accellerated by U.V. or heat for
certain resins), the surface cam be given a light grit blast
with a firne abrasive. This will remove the particles that are
only marginally attached and break the ones on the sQrFace that
will provide the matrix of undercuts, nooks and crannies. After
the light grit blast, the surface is power waéhed, dried and then
sprayed with the copper-nickel alldy for antifouling or any other
metal. This will provide a smoother uniform coating with less
effaort and process time.

It will be appéeciated that surfaces which are rnot
desired to have a copper coating, such as aboze the water line of
a marine hull, can be pwofected by masking tape 39, =2tc. The
metal coating layer is preferably uniform but this is not
necessary. In fact, in areas where there may be heavy mechanical

wear or ernsion, such as on the keel, bow and rudder areas, the
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metal layer can easily be made slightly thicker just by spraying
additional layers in those areas. In some cases it may bé
desireable to add a second resin coating, spray with
microspheres, abrade and thermal spray again with metal so as to
produce two distinct metal layers separated by a resin layer.

Several different types of hollow glass and ceramic beads
or sheres have been utilized. These were from the 3IM Company,
Emerson Cuamings Corp., FQ@ Corporation, Micro-Mix Corporation,
and Rierce and Stevens Chemical Caorporation. Those varied in
size from § to 32@ microns. The crarser sizes are preferrable, it
was found that the sprayed copper deposits adheres vary well oﬁ
practically all sizes, even blends of various hollow spheres give
excellent results in proportions varying from about 20 percent to
202 percent by volume. It is desireable that at least a layer aof
the micronsized glass or ceramic spheres be at the surface. In
the preferred practice of this invention, the resin is heavily
filled or saturated, (in aone preferred embodiment, 152 to 25Q@
percent by volume of micronsized spheres relative to the amount
of resin with 200 percent or 2:1 range being most preferred) and
thus has thixotropic properties such that the spheres stay fixed,
which is advantagecus on vertical surfaces. A mixture of glass
and ceramic ﬁicr;nsized spheres can be used in practicing the
invention.

In a preferred practice of the invention, the
copper/copper alloy metal coating 12 is applied in at least two

passes of the thermal spray apparatus. In the first pass, the
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cepper particles travelling at:high speed splatter and flow inte
the undercuts, fco@s and ;rannies 13 and fill the surface.
porasity with molten metal te provide a firmly secured rough
layer that avoids detachment and delamination with the undercuts,
nooks and cramnies thereof providing strong mechanical adhesion
and a firm base to which sprayed molten metal applied on the
secand pass becomes firmly secured. In a preferred practice of
the invention, the metal is applied to a thickness of about 3 to
12 mils but it will be appreciated that greater or lesser
thicknesses can be applied. For a commercial oce2an going vessel,
12 to 15 mil (or more) thickness should last for about 15 years
ar longer, which would provide significant reduction in overall
cost of application relative to lower initial cost paint based
antifauling systems. After the final copper or copper alloy is
applied, the external surface can be smacthed by light wet
sanding to remove small progjecticns, edges and produce a smoother
hydrodyarnmic surface. It will be appreciated that a single pass
2f the thermal spray apparatus can be used in many instances,
arnd, further the rate of movement of the spray apparatus relative
to the surface can be varied to vary the thickness of applied
metal. Moreover, aé shown in Fig. 39, the thermal spray apparatus
can bermoved on a horizontal track and the sur?ace to be coated
with.metal moved relative thereto. : *
According to this invention, the resin, filled with
hollow ceramic or glass spheres is allowed te cure, and in some

cases, the curing is ernhanced by the use of a U.V. curable resin,
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Commercially pure copper and copper-nickel alloys are
prefarably-used irm the practice of the invention for antifouling
purposes. Depending on the thermal metal spraying apparatus
used, commercially pure copper and/or nickel-copper alloys (90-94
percent copper and 1@-6 percent rickel, with a 9@ percent copper,
12 percent nickel alloy CDE72€ 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 invention, the
copper base metal and antifouling layer is applied in at least
two passes. Orne would not go beyond the invermtion in using two
different types of thermal spray apparatus during each pass, it
hPeing appreciated that it is during the first that the molten
particles of copper, traveling at high speeds, will attach and
embed themselves in the urdercuts, rnooks and crarnies 13, seal
layer 11. During the second pass the molten particles are forced
into the undercuts and roughness of the surface left from the
pravious pass. Preferably the coating applied in the initial or
first pass is thinner than in the secand and succeeding passes.
This thin metal coating provides an excellent base for receiving
and securely bonding the thermally sprayed second pass.

In some cases, other constituerts, such as dyes, solid
state lubricarnts (to reduce frictiom) arnd =ther biocide; can be
blended into the copper and/or copper-nickel feed powders,

Copéer is saofter 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
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preferably will be copper-nickel alloy.

In the course of perfecting this invention, various
resins were tried and they all worked almost equally well from
the adherence standpoint. The final selection is dictated by the
type aof surface to be treated. For instance, polyester resin is
preferred for fiberglass hulls since it more closely matches the
polyester gel coats already present. However, more recent expert
mpinion indicates the use of epoxy resin for better underwater
service and strength. The final thermally sprayed metal coat can
he lightly wet sanded as is the practice with racing yachts to
produce a smaeather surface.

As shown in Fig. 3, the hull 56 of a marine vessel has
the end S8 of Qet cnat S2 masked by masking tape S53. RAn epoxy
layer 53 which has been sprayed with a microsphere 34 is being
grit—-blasted by grit-blast apparatgs 55 ta fracture the
microspheres and create a matrix of undercuts, rnooks and
crannies, which, after power washing is ready for the thermal
spray of the desired metal coating, which for antifouling
purposes is the copper or copper based alloys discussed above.

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

An automated pipe coating system is shown in Fig.'g. A
pipe 9@, which in this case is a large diameter structural tube
for constructing an of f-shore rig, such as shown in Fig. 1@, has

the lateral ends S@L and 92R supported by a pair of spaced
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rollers 31L, 91L2 and 31R, and F1R2 (31L2 and 92R 2 are not seen
in Fig. 9) which are journeled in clevice brackets 32L, 92L2 and
92R, 92RE, which in turn, are supported on spaced I-beams 93 and
34, respectively. Motor 95 is drivingly coupled to rear roller
92R2 to rotate same to thereby rotate pipe 9@. End stop rollers
36 on pedestals 37 at each erd of the pipe preclude lateral
shifting of the pipe.

‘The I-beams 33 and 34 may se-~ve as guide rails for (1)
automated spraying of the pipe with a resin layer 98 to a uniform
thickness and coverage, (2) spraying the uncured or wet resin
with haollow spheres or beads and (3) guiding a érit—blasting unit
for the cured, hollow sphere or beads saturated resin layer or
coating 28 to form the matrix of undercuts, nooks and crannies,
and (4) guiding the thermal metal spray apparatus as shown in
Fig. 9.

Carriage 122 has a small variable speed reversible motor
121 drivingly coupled by a reduction gear (not shown) to drive
wheel 122 which engages the web portion of I-beam 93. Fawer and
controls for motor 121 are coupled via cables 1283 fraom control
panel 124, Thus, spray gun 126 as well as the spacing from the
@ork surface can be controlled from a computer”in which the shape
has been stored sa as to assure uniform spacing of gun 126 (or
nther automated spray or surface treating apparatus) at all
paints of the work surface.

Alternatively, an inexpersive ultrasomic ranging system,

as is found on DolaroidTM type cameras can be used to monitor or
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gauge and control the distance of thermal spray gun 106 from the
work surface to.thereby assure a more uniform application of
metal at the desired areas, it being appreciated that ;n some
areas differentials in metal thickness is desired.

Carriage 102 can be moved back and forth along the guide
vails 93 or 94 at any desired or selected speed. The upper
surface 105 of carriage 122 serves as a platform on which a resin
apply=r such as a raller or sprayer, microsphere sprayed, such as
shawn in Figs. 2 and 4, a grit-blast or abrader, or a thermal
metal spray gun apparatus 126, as shown in Fig. 3 can be carried.
Cornventional thermal metal spray gun 106 is of the type in which
the heat of oxyacetylene gases (the two gases being supplied via
lines 127 and 1@8) melts copper or copper/nickel wires drawn from
reels 129 and 11@ by feed rolls 111 and 112 respectively. The
gun 126 is mounted on a standard 113 which has a base 114 which
includes a tcothed pinion (not shown) engagable with rack 115.
Rack 115 is secured to the upper surface 105 of carriage 100 so
gun 1@6 can be maved laterally of the direction of travel of
carriage 102 to thereby adjust the distance between spray gun 12e
arnd the surface =f pipe 98. Fower cables and gas hoses 116 lay in
open topped through 117 which runs parallel te guide rail 93.

Standard 113 can be made of two telescopirng members, or
include a rack and pinion arrangement for adjusting the height of
gun 126 relative to the work surface. If the work surface is
planar, rotation, of course, is not necessary. If the surface is

a complex surface, separately contraollable drives for adjusting
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the 1) aiming angles, 2) height, and 3) distance of gun 106 from
the work surface can'be used and controlled from a computer,

The off-shore tower 12@ shown in Fig. 1@ has been,
constructed using structural steel pipes 390' which have been
coated in the manner shown in Fig., 9 and described herein; The
ends 92R and 9@L have been left free so that they may be welded
at butt ends and rnodes, such as rode 122 which is shown enlarged
in the balloon. After welding o»f the ends of the structural pipes
at node 12@, the coating with resin, microsphere spraying, resin
curing, grit-blasting and thermal spraying are done, the small
corners and angles being easily reached by the spray coatings.
The strong mechanical bond achieved through the matrix of
undercuts, nooks and crarmies formed by the ruptured microspheres
assures many years free fouling by marine life. Portions of the
surface which may have been damaged in shipment or erection are
easy to touch-up and repair. Thus, the ihvegtion solves the
problem of sheathing complex structural weld configurations of
nodes faor years of antifouling protecticn.

The commen problems of coastal power plants are the
fouling of circulating water systems cordernser tube leading to
blackage as shown in Fig. 11, and reduced coxling water flow
through the system, resulting in lowered eff}ciEﬁcy and increased
maintenance cost. Fresent salutions to these problems are
clerination, thermal and hydraulic methads, conventicnal
antifouling pa{nts as well as the use of copper/nickel pipe. The

present invention is economical and ecologically acceptable for
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power plant areas such as intake basins, and intake and discharge
cdnduits. Thermally éprayed capber}niﬁkel coatings éccording to
the invention are mechanically locked to the surface apd hence
are strong and durable. Thick coatings reduce the problem of
long term ercsion of the material due to heavy water Flow.r
Electronic, radic and radar housirgs and other electronic
housings and structure require electromagnetic interference (EMI)
and radio frequency irnterference (RFI) shielding. Currently
paints, thermally sprayed zinc and aluminum, copper screen and
fine mesh have been and for reflection arnd/or absorption of these
radiations. Im Fig. 12a, a room o building 125 has had the
walls 125-1, 1&85-2, 185-3, 135-4, ceiling 126 and if required,
the floor 127 coated with copper. The initial layer 128 is an
epoxy resin layerj the second layer 123 is the epoxy layer which
has been sprayed with microspheres; the third 1ayer713ﬁ is the
abraded microspheres which provide the matrix of undercuts, ncoks
and cr#nnies; and the firnal element is the thermally sprayed
copper layer 131. One or more copper ground wires conductors 132
connects each surface to ground. In Fig. 12b, a roof 135 has had
a copper coating applied, the peel back. components having prime
members corresponding to the elements of Fig. 12a. Fig. 12¢c
shows one exawple af & coornice 136 or decorative érim which has
been treated according to the inventiaﬁ. Fig. 12e shows a sheet
of plywood and/or composite structures (fiberglass skin and
haneycomb or masonite, etc.) which has been treated according to

the inventionm. Fig. 122 shows a sculpturef which has been
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treated according to the invention.

The invention can be applied to concrete, brickwork, wood
plasters, masonry, fiberglass, polyurefhane foams, ete.

There has been recent work by the U.S. Navy at its David
Tayler U.S. Naval Ship Research and Development Center in
Armapnolis to metallize the surface of carbon fiber condenser
tubes in order to attach copper ceoling fins. Carbon fiber tubes
are light in weight and thus in certain applications reduce
weight above the water line and permits higher cooling water
velocities. Fins are required to improve heat transfer. The
present invention provides a soiution to the praoblem of securing
o forming fin radiating elements to heat exchange tubes.

In Figs. 13a-13g, the cooling fins are applied to a
carbon or other exotic material to a carbon fiber tube 1 by
applying and abrading the coat 141 and thermally spray with a
thin copper coating (L, Q@5") (Fig. 13b). The thin copper coating
is smoothed and/or ground and then plated with tin (Fig. 13c) and
thereafter, a series of tin plated copper grommets - fins 15@
(Fig. 14a and 14b) are assembled on the tin plated surface (Fige..
13d) and then fluxed and soldered (Fig. 13e). If necessary, &
close fitting copper manorel (Mot shown) is inserted into the
I.D. of the tube and the assembly is heated with an induction
coil 154 (Fig. 13f) or dipped in a hot oil bath 155 (Fig.” 13g) ta
flow the solder between the tin plated copper layer and the tin
plated copper fins. Enlarged secticnal views are shown in Fig.

15 with exemplary dimensicns shown in Fig. 15. In the case of
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Fig. 15, the fins are L-shaped (in cross-section) to achieve a

better heat transfer relation betwéen the copper cocating and the

fins.

ADVANTAGES OQVER THE FRESENT STATE OF THE ART ARE AS FOLLOWS:

1. The coating is a continuous coating of complete 100
percent antifouling material without the need af a binder as in
regular paints or coatings.

2. The coating, being mefal (copper and copper-nickel
alloys) is %trmnger than paints and will not wear or erode as
guickly, especially arouné bow and rudder sections.

3. The cmating is Qery'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 surfaces and powders and
wires are more econcmical than the adhesive coated copper-nickel
foils.

S. On copper—nickel hulls of two Gulf Coast shrimp
boats, the average erosion was approximately .25 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. Therefare, a coating of & to 8 mils should
conservatively last at least 12 years. FPresent intervals for
hauling, scraping, and painting depend on water temperature,

nsually averaging at least once a yéar.
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&. Repairs can be easily made by lightly grit-blasting

the damaged area, applying the resin and microspheres and

abrading and spraying an overlapping coat of copper/nickel alloy.
To speed up such repairs, the resin can be a U.V. resin which
cures mare rapidly under ultravioclet exposure.

7. The copper/copper—-nickel alloys osresent considerably
less toxicity and handling problems in comparison to the complex
organctin campounds.

8. Hydrnadynamic deéign of hull surfaces are rnot changed.

3. Since the copper/copper—-nickel coatings are
relatively thin, flexible, and strongly adherent to the outer
hull surfaces by the mechanical interlocking of the metal when it
asolidifies in the undercuts, nooks and crarmies 13, they flex
with flexture of the hull and strongly resist delamination forces
thereby assuring a longer life.

12. The unfractured or intact spheres provide an
insulating functicon, or conductive depending on the composition
of micronsphere chosen.

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

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
micrascopic surface area present in the form of cupurous oxide
per given area and hence will expose a more hostile surface to
marine organisms.

The basic improvement in this invention is the increased
strength of the bond between the metal coating and the substrate

surface and this comes about through the formation of the matrix
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of undercuts, rnooks and crarmnies for receiving the liguid

S

coating, preferabiy molten metal particlés, the unaercuts, nooks
and crannies being formed by fracturing or rupturing the
micermnsized glass or ceramic spheres which have been sprayed upon
thé auter surface of the cured resin carrier.

While the invention has been described with reference to
the antifguling treatment of copper and copper alloys or marine
surfaces, the inventionm in its most basic aspect is applicable to
cladding materials in gerneral, and particularly metals, and more
particularly copper, on any substrate surface.

While there has been shown and described the preferred
practice of the invention, it will be uncderstood that this
disclosure is for the purposse of illustration and various
omissions and charnges may he made thereto without departing from
the spirit and scope -:»F.the iriverition as set forth in the claims

appended hereto.
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CLAIMS

1. In a method of applying an antifouling coatiné to a
marine surface of a metal selected from the group comprising
copper and/or copper allays - such as copper—-nickel, the
improvement comprising the steps of:

1) coating said marine surface with a curable adhesive
resin,

2) spraying a layer of irnorganic hallow spheres in the
size range of greater than 12 microns onto said adhesive resin
prior to curing of same,

3) curing said curable layew,

4) after step 3), abrading said layer of hollow
inorganic spheres to fracture same and produce a matrix of anchaer
sites, undercuts, nocoks and crarmies irn the surface thereaf, and

9) thermally spraying molten metal particles mn said
matrix to fill said undercuts, nooks and crannies with said metal
in one or more passes thereaof.

2. The method and system of applying an antiféuiing
coating as defined in claim 1 wherein the step of 2) spraying
includes placing an electric charge on each inorganic hollow
sphere, and electrically attvacfing the charged hallow spheres to
the surface of said curable layer.

3. The invention defined in claim | wherein step 2)

spraying said resin adhesive with a layer of inorganic hollow
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spheres is carried out by spraying said spheres upon said
adh951ve'r951n ;n a size Pénge of about 12 to 30@ nmicrons to F111
said resin.

4, The invention defired in claim 3 wherein said
spraying of said hollow inmrgénic spheres is carried out at low
pressure.

5. The invention defired in claim 1 including spraying
said hellow spheres onto said curable adhesive resin until said
uncured adhesive has & dull matte like finish, and recycling of
sprayed hollow spheres which did rnot adhere to said adhesive
resin. -

6. The inventicn defined in claim 1 wherein in steb |
the adhesive is a U.V. sensitive Eesin ard including subjecting
same ta U.V. to cure prior to abradirng.

7. The invention defined in claim 1 wherein said hallow
spheres are in a pfopartion of 120-252 percernt by volume.

8. The invention defined in claim 1 wherein in step 1),
the hallow spheres are glass or ceramic and are in a size range
of about 1@ to 3V microns.

3. The invention defined in claim 8 wherein said hollow
spheres are of different sizes.

1@. A marine surface formed by any ore of the methods
defined in claims 1-3. .

ii. A method of rigidly securing a metal layer to a
substrate surface comprising,

1) aoplying a curable adhesive layer to said substrate
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surface,

2) spraying at least a layer of hollow beads in a
selected size range to said curable adhesive layer,

3) ther curing said curable adhesive laver,

4) fracturing at least the cnes of said hollow spheres
secured an the exposed surface by abrading away at least a
portion of the hollow bead surface to form an exposed matrix of
undercuts, rnooks and cranmnmies in said matrix,

3) spraying molten metal intoc said exposed undercuts,
nooks and cranmnies to form said metal layer.

12. The inventiow defined inm claim 11 wherein said hollow
beads range in size from about 12 to 228 microns.

13. The invention defirmed inm claim 128 wherein said
hallow beads comprise i@@—ESB percent by volume of said matrix
system when applied.

14, The invention defined in claim 11 wherein said
matrix comprises an epoxy resin and a plurality of ruptured
micronsized beads selected from the group consisting of hollow
glass or ceramic or ceramic beads ar a mix thereof.

13. A substrate surface having a metal layer formed
according to any one of the methods defined im claims 11-14.

16. A . method of impraving the mechanical adhererice
between two materials, comnprising:

1) sprayirg a plurality of small sized frangible hollow
beads in one of said materials, while said one of said materials

is in a liquid state,
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2) solidifying said one of said materials,
3) rupéuring tﬁe sur%éce ones of said Frangibie hclldw‘
beads to form undercuts, nooks and cranmies, ,

4) flowing the other of said materials in a molten state
into said undercuts, nooks and crannies, and

5) solidifying said other of said materials.

17. The method defined im claim 16 wherein the first one
of said materials is sprayed upon a forming surface, said
frangible hollow.beads are selected from the group consisting of
glass, ceramic or carbon and are ruptured by abraaing, and said
nther of said materials is a molten metal that is sprayed upon
said.one of said materials arnd said undercuts, nooks and
crannies.

18. A method of metal cladding a surface comprising,

1) applying an adhesive layer to said surface,

2) spraying a layer of hallow glass or ceramic or carbon
mitron size spheres or a mix thereaf to said adhesive layer,

2) curing said adhesive layer after spraying on of said
spheres,

4) rupturing at least the surface ones of said spheres
to produce a matrix of undercuts uniformly over said surface, and

< thermally'spraying metal inm moalten particle form
applying upon said matrix to fill said undercuts, nooks and
crannies with molten metal which flows into and conforms to the

surfaces of said undercuts.

19. The method defined in claim 18 wherein in step 2),
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said spheres are sprayed until said uncured adhesive has a dull
matte like and unshinny appearance.
2@. A building structure having a metal cladding. applied

aceording to the invention definmed in claim 18 or 13.

n

1. A sculpture having a metal cladding applied
according to orne of claim 18 ar 19,

22. A composite panel having a metal cladding applied
according to one of claims 18 or 19,

23. The method of metal cladding a surface as defimed in
claim 18 wherein the step of 2) spraying a layer of heollow glass
or ceramic o carbon micronsize spheres includes placing an
electric charge on each sphere and electrically attracting the
charged spheres to the surface of said adhesive layer prior to

step 3).
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