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FLAME- SPRAYED COPPER ALLOY COATI NG FOR
UNDERWATER SERVI CE:  CORROSI ON CONSI DERATI ONS

By

Louis M Riccio
Pr esi dent
Copper | ok, Inc.

ABSTRACT

The Copperl ok Coating is a new nethod of applying copper
and copper/nickel to a hulls surface for anti-foul i ng purposes.
The process involves the thernmal spraying of a copper nickel
alloy onto a specially nodified epoxy resin base coat. The
alloy in wwire tormis nelted by an oxyacetylene flane, atom zed
by conpressed air and the nolten particles are propelled to the
surface where they form a strong nechanical bond.

The coating can be built uwto Practical thicknesses of 10
to 12 ml|s which data shows should [ast 15 to 20 years on ships
where hull speed is in the range of 8 to 12 knots.

O her applications such as off shore struct ures,Wi Power

plants and heat transfer surfaces W !l be presented h slides.
-The process and econonic factors wll be discussed. Sanpl es of
the coating wll be available for inspection.
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COPPERLCK LONG TERM ANTI FOULI NG COATI NGS

LOUS M R COO_ PRESIDENT

SEPTEMBER 11, 1985

Hul I Bi of ouling has been a challenge to mariners throughout the
history of commercial transport. Early Mediterranean traders
covered their hull bottonms with |ead sheathing to ward off hard
fouling and wood borers.

The British Admralty in the early 1700's used copper sheathing
for the same purpose.

The China dippers with precious tea cargoes and the clippers
runni ng between Australia and Britain with cargoes of wool knew
the value of operating with a clean, non-fouling bottom Using
copper and various alloys |like Muntz metal which was used on the
Cutty-Sark, Fig. 1, consistantly helped this ship to break
running records between these trade routes.

The New Engl and Wal ers of which sanples can be seen today at
Mystic Seaport, still wear their copper sheathing. In 1893 the
Arerica's Cup defender, Vigilant; used copper alloys and |ater
in 1930 the Enterprise also utilized the benefits of copper
alloys. Fig. 2, Fig. 3, Fig. 4. Wth the comng of steel hulls,
copper sheathing gave way to copper based paints. The copper
al | oy devel opnent then centered on alloys with nickel content
which offered the best strength and good corrosion resistance.
90- 10 copper nickel (CA-706) and 70-30 copper nickel (CA-715)

were used in vessels wth good success.
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Wth the backing of Copper Devel opnent Association and the

I nternational N ckel Conpany, some of the nobst thorough research
to date is "the Copper Mariner's Experience and Econom cs" report
presented in Novenber 1976 SNAME neeti ng.

A note of particular inportance is that the Copper Mariner
average corrosion rate of copper nickel over a period of 52
months is less than .05 nmils per year [1]. dadding, sheathing
and sheet copper wth adhesives are all currently being used with
varying successes to reach the main goal: To maxim ze the anti-
fouling properties for longer periods than available now in anti-

fouling painted surfaces.

Meeting this goal wll benefit the Maritine Industry by |owering
mai nt enance costs and |owering fuel costs. Fuel costs are recog-
nized to account for no less than 50% of the total costs for
operating a ship. Marine fouling of a ship's hull can signifi-
cantly increase fuel consunption. Anti-fouling paints contro
fouling, but in general their effectiveness decreases with tine
and re-painting becones necessary, introducing another cost
factor. These factors produce an incentive for the inprovenent
of present anti-fouling paints and for the devel opnment of new

and innovative coating systens.

Because the previously nmentioned nethods of applying copper and
copper nickel to hulls depend on welding, fitting and tailoring
conpounds shapes, the idea of using the technique of flame spray-
ing the copper and copper nickel seemed to be a l|ogical solution
and this is the patented process enployed by the Copperl ok coa-

ting system -
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This process takes netal in the formof wire or powder, nelts it
by neans of a conbustion flame, such as oxygen and acetyl ene or
electric arc, and propels it to the substrate in an atom zed
condition, by nmeans of conpressed air or the velocity of expand-
ing gases as in the case of plasnma-type equipment. O the
various thermal spray processes évaluation, the conbustion pro-
cess, Wth the use of wire, was determned to be the best start-
ing point. Qher variations fell short because of cost, ex-
cessive heat, conplexity, weight and cunbersone aspects of the
equi pnent . Sone techniques are being devel oped further and may,

for certain applications, supplant the conbustion wire method.

Heretofore, the state-of-art of depositing a nmetallic coating

on a plastic surface consisted of sone sort of abrasion, such

as a grit-blasting, followed by a coat of an easily deposited
coating such as zinc or alumnium I f another higher nelting
coat was to be deposited, it would be sprayed over the alum nium
or zinc or a nickel alumnide coating. The dissimlar metal com
bi nations precluded this technique for marine use. Spraying
copper directly on to grit-blasted gel coats can be achieved,

but with very poor bond strengths. To build up any practica

thi ckness of 10 to 12 mls would cause a delamnation due to the
residual stresses of the netal shrinkage overcomng the bond
strength. The developnent of a nodified resin coating which
provi ded excellent strength to permt adequate build-up of the
flame spray copper nickel coating was achieved after experi-
menting wth various resins and fillers in the formof hollow
mcron sized silica spheres. Fig. 5 The aspects of water vapor

transm ssion, high tenperature excursions, adhesive properties,
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along with other constituents to inprove wettability, |eveling,
t hi xotropic and other properties were part of the epoxy fornu-

[ ation.

Test panels were introduced at the Ocean Gty Research New
Jersey facility*. Enersion tests were necessary to determ ne
if the nature of the oxides m ght change using flane spray
nmet hods and to verify that the anti-fouling properties would
remain. No fouling has occurred after the three-year period.
Fig. 6, Fig. 7.

Si x fiberglass pleasure boats use this Copperlok systemto date
and two wodden hulls, one of which is an entrant to the B. O C

1986/ 87 singl e- handed, around-the-world race. Fig.8.

The Copperl ok process can be used in GR P. new boat construc-
tion by applying our bond coat epoxy in the nold first and
masking at the water line afterwhich the use of standard

| am nates conpletes the hull ,layup. Fig. 9.

After curing and renoval of the hull fromthe nold, the copper
ni ckel thermal spray can be applied below the water line onto

t he bond coat.

Then appl yi ng Copperl ok on steel surfaces, the epoxy bond coat
with the anti-corrosion coatings, acts as a dielectric barrier
and serves to insulate the copper nickel coating fromthe steel.
Fig. 10. In tests at Ccean City Research, it was found that the
copper nickel coating had no significant effect on the rate at
whi ch the underlying steel corroded at intentional coating holi-

days when there was no netallic electrical connection between
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the copper nickel and the steel. Wen there was an electrica
connection between the copper nickel coating and steel, the stee
corroded at the expected rapid rate.[2] A sinple alarmsystem
was devel oped to warn if a short occurs during application of
Copper | ok. In this systema sinple continuity circuit is used
to insure that the coating is not shorted to the steel. An alarm

sounds to enable the repair or rework of the contact area.

The Copperl ok application to the Exxon "Spinel" offshore struc-
ture in the @Gulf of Mexico denonstrates the typical procedura
steps. The coating of a casing pipe is treated as foll ows:

The casing pipe is grit blasted; coated with a noisture barrier
epoxy; Copperlok bond coat is applied; after curing, the bond
coat is abraded and washed. Copper nickel is then flame sprayed

to the desired thickness. Fig. 11, Fig. 12.

The use of current automation techniques will enhance the pro-
ductivity of applying Copperlok onto piping. Fig. 13. The ad-
vantage of Copperlok to coat nodes of offshore structures can
readily be seen since the process can be sprayed onto varied

contours and shapes. Fig. 14, Fig. 15.

There is a need for anti-fouling coatings in power plant utili-
ties using coastal waters. Coating concrete intake basin walls,
concrete pipe, and steel pipe will aid to keep bio-fouling from
entering and clogging the condenser tubes. Currently used

met hods introduce chlorides and bromdes into the intake water to
keep bio-fouling under control, but chlorine and brom de effluent

| evel s nust be nonitored closely.
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Copperl ok coatings can be applied to a variety of substrates and

offers to reduce or elimnate the use of brom des.

The Copperl ok systemlends itself to automation and to the ad-
vances in robotic adaptive controls. | believe large hull sur-
face coatings are feasible wth relatively short devel opnent
time. Fig. .16 If our industry is to be conpetitive in world
marine markets, we should readily see the econom c benefits to

a fifteen year anti-fouling coating.
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J. L. Mnzolillo, EW Thiele, AH Tuthill, CA-706
Copper-Nickel Alloy Hulls: The Copper Mariner's

Experience and Econom cs

Dynam ¢ Corrosion Testing "COPPERLOK" Coating System
Nat i onal Shi pbui |l ding Research Program

U.S. Dept. of Transportation
Maritine Admnistration in cooperation wth

Avondal e Shi pyards
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Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-936-1081
E-mail: Doc.Center@umich.edu




