athodic  pro-

tection seems

to be some

thing of a
mystery to many readers,
so this months page has
been devoted to the sub-
ject.

Corrosion itself is an
electrochemical process,
which occurs when two
or more metals of diffe-
ing electrical potential
are immersed in a com-
mon conductive electro-
lyte such as sea water. If
the metals are connected
together, any difference
in potential will promote
a flow of electricity be-
tween them through the
electrolyte, forming a
gavanic (or corrosive)
cell. A supply of oxygen
is required to complete
the reaction, which in-
volves the formation of
metal oxides (such as
rust) and other products
which can help to accd-
erate the corrosion proc-
€ss.
Of course we usualy
associate corrosion with
the use of dissmilar met-
as such as copper and
aluminium, but it can just
as easily occur where
metals have been heated,
shaped or welded, as
these process dter the
crystalline structure of
metals leading to locd-
ised changes in €electrical
potential, and may aso
introduce other elements
such as oxygen and ca-
bon. Similarly, bronze
propellers and skin fit-
tings can suffer rapid loss
of strength and embrittle-
ment owing to a process
known as dezincification,

where zinc is eroded
away from the copper
aloy.

When it comes to

Making a Sacrifice
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protecting metals, paint-
ing is aimost always cho-
sen as the primary means
of preventing corrosion.
Anticorrosive paints
work by providing an
insulating barrier to pre-
vent the flow of electric-
ity, and by excluding
water and oxygen from
the face of the metal.
Epoxies are especialy
effective for this purpose,
as they have excellent
dielectric (or electrical
insulating)  properties
together with excellent
adhesion to most metallic
substrates.

Unfortunately
though, paint coatings are
comparatively thin, and
are prone to mechanical
damage, so they must be
supported by a secondary
protection system which
can take over if the need
arises. Moreover, fittings
like propellers and stern
tubes are next to impossi-
ble to paint effectively,
so these too must be pro-
tected by some aterna
tive means. Cathodic
protection offers asimple
and very effective solu-
tion to this problem, but
it must be installed cor-
rectly if it is to provide
optimum benefit.

The aim of Cathodic
protection is to prevent or
control corrosion by re-
versing the flow of elec-
tricity which powers the
corrosion process. On
North Sea oil platforms
and merchant ships thisis
sometimes achieved by
using so called
‘impressed current’ pro-
tection systems, in which
a carefully controlled
voltage is applied be
tween the metalwork and
special  platinum  elec-
trodes. But this requires a

constant power source
and regular supervision,
so for most leisure ves-
sels the familiar sacrifi-
cial anodes are used n-
stead.

eroded is governed by the
area of exposed metal,
the conductivity of the
water in which the boat is
kept, and of course the
type of anodes fitted.

The Corrosion Process
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A typical corrosion cell showing how the negative
electrode (or anode) is eroded, while the positive
electrode (or cathode) remains free from corro-

sion.

(Note that contrary to normal electrical engineer-
ing practice, the negative electrode in a corrosion
cell is called the ‘anode’, probably owing to the
original theory that electrons flowed from positive

to negative)

Sacrificial  systems
work on much the same
principle, except that the
eectricity is provided by
the anodes themselves,
which are chosen to @&-
sure that they are always
electrochemically nega
tive with respect to the
hull and all of it's fit-
tings. The effect is to
create an artificia corro-
sion cell, in which the
anodes are deliberately
sacrificed in order to pro-
tect the yachts hull. The
amount of current which
flows, and the rate at
which the anodes are

For most sea waer
applications, traditional
zinc anodes are suffi-
ciently active to protect
al commonly used boat-
building metals, includ-
ing steel, stainless steel,
aluminium, brass and
bronze. Zinc aso pro-
vides limited protection
in fresh water, but the
reduced current flow
tends to result in a thick
brown crust being
formed on the anodes,
which quickly renders
them ineffective. In mild
cases this can be re
moved by enthusiastic




wire brushing, although
replacement is often a
more satisfactory solution.

To overcome this
problem, magnesium an-
odes are usually specified
for long term use in fresh
water. These are margin-
ally more expensive than

corrosion doesn’'t affect
boats in fresh water,
which in some respectsis
true. But once corrosion
gains a foothold, it tends
to generate by-products
which accelerate the cor-
rosion process, and may
ultimately resulting in

Using Sacrificial Anodesto control corrosion
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This effect is put to good use in Cathodic protection sys-
tems, where an expendable zinc or magnesium anode is
employed to protect other more valuable metals on the

yachts bottom.

ZITC arnoades, out tney pro-
duce a dlightly higher
voltage which is helpful in
overcoming the higher
electrical resistance of
fresh water, so keeping
the anodes clean.
Magnesium anodes
can aso be used on sea
going vessels, although
their useful life is limited
to only six or eight weeks
in this medium. This
shouldn’t cause a problem
for boats which spend
only short periods at sea,
but with most anodes hav-
ing standard fittings, it is
fairly straightforward to
swap them over between
tides should you be plan-
ning alonger voyage.
However, there is a
commonly held belief that
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Severe  pruimg. ATnad o1
course fresh water is not
adways as pure as we
would like it to be, espe-
cially in canals and indus-
trial areas. With the high
cost of boat repairs and
underwater fittings, pre-
vention realy is better
than cure!

Installing Your Anodes

Whatever type of
anodes you choose, cor-
rect installation is a must
if they are to work effi-
ciently.

First of al, sacrificia
anodes should always be
located within line of
sight of the metalwork
which they are protecting.
Metal which is hidden
from the anodes will e-
ceive little or no protec-

tion, so you my need sev-
eral anodes for complete
coverage. And don't for-
get stern drives, bow
thrusters and other expen-
sive underwater fittings
which are especialy
prone to damage and cor-
rosion.

If you can, choose
locations with good inter-
nal access so that fitting
and wiring your anodes is
as straightforward as pos-
sible. If necessary, the
inside of the hull should
be reinforced behind the
anode in case the fasten-
ings should be torn out by
going aground, or by col-
liding with a submerged
object.

In wooden boats, the
anode fastenings must be
sleeved with PVC tubing
where they pass through
the hull to prevent them
from being corroded by
acids in the timber, and to
protect the timber itself
from rotting. You should
also keep an eye out for
any white, powdery mate-
rial forming inside the
hull on anode fastenings.
This material causes seri-
ous wood rot if it is not
dealt with promptly, and
should be washed off with
warm water to which a
small amount of vinegar
has been added. And
whatever the type of boat
you have, anode fasten-
ings should aways be
well sealed up using
plenty of silicone rubber
sealant to prevent leakage
or corrosion.

When fitting your
anodes, you may notice
that they have a small
‘lip’ around their base.
This mates with the gasket
to protect the rear of the
anode, and is designed to
prevent any large lumps
of metal from dropping
off prematurely, so it is

good policy to renew the
gasket whenever the a-
odes are removed.

Once the anodes have
been fitted, the job of
wiring them up can begin.
The voltages produced by
sacrificial protection sys-
tems are very low,
(typically less than one
volt), so even a small e-
sistance will significantly
reduce the effectiveness
of the system.

Bonding cables
should be of PVC insu-
lated stranded copper at
least 4 mnPincross sec-
tion, with crimped termi-
nals used wherever possi-
ble. And of course it goes
without saying that con-
nections should always be
kept clean and tight.

All underwater metal
fittings should be bonded
together, including
sterngear, rudder posts,
metal keels and keel
guards, and any trim tabs.
However, the old practice
of bonding metal skin
fittings is no longer ad-
vised, because Cathodic
protection does little to
protect the vulnerable
‘neck’ of the fitting, and
there is arisk that owners
can be lulled into a false
sense of security.

Specia arrangements
may be required for bond-
ing propellers and their
shafts, usually involving a
carbon brush assembly
like MG Duff’'s ‘Electro
Eliminator’. If necessary,
flexible couplings on the
shaft can be by-passed by
using special braided &
bles, although the engine
is usually better separated
from propellers to avoid
any problems caused by
stray currents.

Alternatively, small
disc or shaft anodes can
be wused to protect
sterngear, which avoids

Corrosion and Cathodic Protection
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Radio equipment should be earthed using
a separate copper earthing plate, and not
through the sacrficial protection system | ]

—

Comprehensive electrical bonding is
essential if a cathodic protection system
is to work effectively. Bond using at least
4mm pvc insulated copper cables,
terminated with crimped connectors
wherever possible.

Keep all terminals clean and tight.

n

Bond the propeller shaft using a
carbon brush arrangement such
as MG Duff's Electro Eliminator.
Keels should not be bonded.

Use zinc anodes for salt water, or magnesium
anodes for mainly fresh water. Zinc anodes
will form athick 'crust' if used in fresh water
for more than two or three weeks, and must
be replaced for continued protection.

With good bonding, two rear mounted anodes
are usually sufficient for glassfibre or timber
boats, while metal boats require roughly four
anodes for every 25m2 of wetted surface area
plus rudder anodes. Note that it is not possible
to 'over protect' a hull.

Disc, shaft and propeller anodes provide
easy and reliable protection, but weight

for weight they are more expensive than
ordinary hull anodes, and will be exhausted
more quickly.

Metal keels are not usually protected by
anodes, as thier bulk means that they are at
very little risk of corrosion. It is also best to
avoid bonding keels to the sacrificial anode
system, as this will reduce the protection given
to other, more vulnerable components.

Correct installation of a Cathodic protection system. Note that all metal surfaces must be within ‘line of sight’ of an
anodeif they are to be adequately protected.

In timber and ferro cement boats, the anode bolt holes
must always be sleeved with plastic tubing to protect
the hull and anode fastenings.

Anode Bonding
lead - should be

Avoid that sinking at least 4mm
feeling! Replace PVC insulated
Reinforce the anode fastenings as copper.

soon as they show
signs of wear or
corrosion

hull behind the
anode if
neccessary

Theanode gagket is designed to
protect the reaf of the anode,

i lumps of metal from
dropping off prematurely. These
should be replaced whenever the
anodes are removed.

the need for bonding, of two or possibly three or that you have a prob- However, Cathodic

although weight for
weight these are rather
more expensive than the
larger hull anodes, and
their lifespan is corre-
spondingly shorter. Don’t
rely on bonding through
the engine and gearbox
though, as lubricating oil
forms an insulating film
on gears and bearings
when they are turning.

A correctly specified
sacrificial protection sys-
tem should have alifespan

seasons, after which the
anodes will be reduced to
only 30 ~ 40% of their
original weight. While it
may be tempting to leave
them on for another sea-
son, their surface area and
protection afforded will
be much reduced. How-
ever, if  you find that
your anodes are in con-
stant need of renewal, it
may be that they are
working too hard and
need to be supplemented,

Corrosion and Cathodic Protection

lem with stray currents.
Remember that radio
equipment should be
earthed using a dedicated
copper earthing plate, and
not viathe anodes.

And while we are
about it, | should aso
mention that many marine
engines have a small
‘pencil’ anode fitted to
protect their cooling sys-
tems from corrosion, and
should be replaced annu-
aly.

protection is a complex
subject, anditis simply
not possible to cover
every gquestion in the
space available, although
aspecialist firmlike MG
Duff should be ableto
answer any more tricky
questions. Their technical
department is at Chiches-
ter, West Sussex, where
they can be contacted on
01243 533336.
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If they’re working properly, anodes should last for The MG Duff Electro Eliminator is a carbon

two full seasons. When lifted, they should appear clean brush arrangement, designed to ensure electrical
and lightly sandblasted without any deep pitting. continuity between your hull anodes, and propeller
shaft.

Do not rely on the gearbox for continuity, as lu-
bricating oil should form an insulating layer on
moving parts. Moreover, if the oil is contaminated
with water, trying to pass an electric current through
the gearbox may encourage corrosion.

However, anodes
will not prevent
corrosion  caused
by poor choice of
materials. This
aluminium alloy
drive leg and pro-
peller was badly
damaged by paint-
ing with copper
based antifouling.

Anodes should
always be within
‘line of sight’ of
the metal they are
protecting.

Correct choice of anodesis essential if you want opti-
mum protection for your hull. Zinc anodes are not suf-
ficiently active for long term use in fresh water, and
will quickly form a thick crust which prevents them
from working properly. Magnesium anodes work well
in fresh water, but have a rather limited life in the
briny.

Metal that cannot be ‘seen’ by wne anoues wiii re-
ceive about 75% less protection than in a ‘line of
sight’ installation.

to ensure continued protection. If your anodes look like
this after a seasons use they’re probably working too
hard, or you may have an electrical problem. Splashing
with antifoulings will also cause premature wear.
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