Technical Note
Table 2

Copper Based Antifouling Coatings
on Aluminium Hulls
(Cuprous Oxide and Cuprous
Thiocyanate) were used in the
experimental work.

Traditionally copper based antifouling
coatings (mostly Cuprous Oxide)
have not been used on aluminium
hulls due the concern that corrosion
of the hull will occur due to the
electrochemical potential differences
between the cuprous oxide and the
aluminium hull. Recent laboratory
investigation and a review of field
experience has shown that there are
other factors that are important to be
properly controlled to avoid corrosion.

Although they provide excellent long
term antifouling efficacy tributyl tin
materials are no longer acceptable
under International Maritime
Organisation regulations and the
materials currently used on Steel
hulls were investigated to assess
suitability for aluminium hulls.
The use of Cuprous Oxide (Cu2O)
based antifouling coatings provide
significantly longer periods of fouling
control than the low copper option of
Cuprous Thiocyanate (CuSCN) and so
there were compelling commercial
and practical reasons for evaluating
Cuprous Oxide based products on
aluminium hulls.

Introduction
The use of copper based antifouling
coating (typically based on red
copper oxide) on steel-hulled
vessels has been widely used
and the traditional practice for
aluminium hulls was to use either
non-copper based active ingredients
(eg tributyl tin compounds) or low
copper content materials such as
Cuprous Thiocyanate.

Experimental
Samples of commonly used materials
for vessel construction – aluminium
plate (AA5083 - 4mm x 40 mm x 100
mm) and carbon steel (St 37 - 3mm
x 40 mm x 100 mm) – were obtained
and a series of tests were carried out
in quadruplicate.

The avoidance of Copper materials
on aluminium hulls is driven by the
action of the dissimilar metals and
the greater potential for aluminium
to corrode when coupled with copper.
The use of copper compounds rather
than metallic copper is a difference
that needed to be investigated.
Metallic copper as well as the two
most prominent copper compounds

A test solution of 3% Sodium
Chloride was inoculated with copper
compounds as per Table 1.

Table 1

Test No

1

Cu content
(ppm)

Amount of Cu containing
compound (mg/l)

Metal Sample Type

Cu 1

Cu2O

CuSCN

Aluminium

Steel

1

0

0

0

0

X

2

10

10

0

0

X

3

10

0

11.3

0

X

4

10

0

0

19.1

X

5

0

0

0

0

X

6

10

10

0

0

X

7

10

0

11.3

0

X

8

10

0

0

19.1

X

Test No

Cu content
(ppm)

1

0

The differing levels of the various
compounds were calculated to
provide the same final Copper
content in the test solution. All of
these levels are significantly in excess
of the solubility of the materials so a
saturated solution will occur.

2

The metal samples were fully
immersed in the different solutions
and all samples were tested as
duplicates with different containers
used for each Test and magnetic
stirrers fitted to provide uniform
exposure during the test. The
duplicate specimens were supported
by plastic clips to maintain separation
and vertical orientation in the liquid.

The test procedure was carried out at
20 – 23 °C and the duration of the test
was 28 days.

Results
Average corrosion rates were
determined from the calculated
weight loss. As would be expected
the corrosion rate for aluminum was
much lower than for steel and the
results are shown in Table 2.
corrosion rates and do not indicate
the susceptibility to pitting which
can be much more serious. This is
difficult to rank quantitatively and
descriptions of the observations are
shown in Table 3.

Cu

Metal Sample Type
Steel

Average Corrosion Rate
(µm/year)

Cu2O

CuSCN

Aluminium

0

0

0

X

1.29

10

10

0

0

X

35.70

3

10

0

11.3

0

X

43.91

4

10

0

0

19.1

X

29.50

5

0

0

0

0

X

240.7

6

10

10

0

0

X

191.3

7

10

0

11.3

0

X

272.7

8

10

0

0

19.1

X

302.3

1

Table 3

Prior to testing the edges of each
sample was abraded with SiC paper
to minimise any “edge effects”,
rinsed in fresh water, degreased in
acetone, dried and weighed. The test
panels were not blast cleaned or
specially prepared prior to test.

After the test period three of the
quadruplicate samples from each
solution were rinsed and dried
and stripped of corrosion product
according to ASTM G1.

Amount of Cu containing compound (mg/l)

1

Test No

Substrate

Largest pit depth (µm)

Comments

1

Aluminium

(90)1

2

Aluminium

65

Numerous pits all of similar depth – greater pit density than Test 4
but less than Test 3.

3

Aluminium

60

Moderate variation in pit density from different sample faces and
greatest number of pits in general on aluminium samples.

4

Aluminium

(100)1

5

Steel

-

6

Steel

80

Mostly shallow pits (< 50 µm) and also with variation between faces
of the samples. Less pits in total than Test 7 and Test 8.

7

Steel

110

Most pitting is below 50 µm and with some that appear to be
aggregated pits – also variation between the sample faces. Greatest
number of pits for steel Tests.

8

Steel

110

Similar to Test 7 but with less pits – although still more pitting than
Test 6.

3 pits in total identified – all deeper than 50 µ. Located close to
damage areas/edges.

Mostly shallow pits with very few deeper pits. Located close to
damage areas/edges.
Only very shallow – micro-pits.

Pits located in damage areas or near edges.

Discussion
Even though there is a larger potential
for galvanic corrosion of aluminium
than for steel in the presence of
copper the performance of the Test
samples shows that there is not a
significant difference in the average
corrosion rate for all three copper
compounds assessed on the different
substrates. The incidence of pitting
is also not significantly different
between the three compounds on
each of the substrates.

Even though the differences are not
significant there are some unusual
results in the values obtained.
CuSCN shows the highest average
corrosion rate on steel and the Cu
(metal) Test is the lowest result
for all steel samples (including the
“blank” sample).
The suitability of Cu2O based
antifouling coatings for aluminium
hulls is therefore dependent on
other factors which include sufficient

thickness of a non conductive
protective coating applied to
the hull and a suitably installed
cathodic protection system. There
is an increasing use of Cu2O based
antifouling coatings on aluminium
vessels on a global scale and the
over cautious approach of the past
is not valid.
By E.Riding
Jotun Australia

Metallic copper added as finely divided powder.
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