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INTRUDUCTION

In 1824, Gir Humphrey Davy cstablished the
principle of cathodic protection and demongstrated that
corrosion of copper sheathed hulls, could be prevented
by the attachment of zinc or steel anodes to the hull.

Because of improved underwater paint systems
from both the anti-fouling and anti-corrosive points of
view, the docking interval of ships has been extended
but because of the possibility of poor application,
defective areas or damage in service, cathodic protec-—
tion is used to supplement the protection vprovided by
‘the paint film.

PRINCIPLi OF QATHOQIC PROTLCTIION

When two metals are immersed in an electrolyte,
a potential difference will exist between them causing a
current to flow between them if they are electrically
connected. The magnitude of this potential depends upon
their separaition in the electrochemical series (shown
‘below), the further apart they are the greater the pot-
ential causing the current to flow from the ancde to the
~cathode. : : :

Galvanic Series of kietals and Alloys
Corroded end (ANODIC or least noble)

Maghesium'_
Hagnesium Alloys
Zine
Aluninium
Cadmium |
Steel or Iron
Cast Iron _
" Chromium Iron (active)
18/8 Chromium—NickelQIron (dctive)
18/8/3 Chromiun-Wickel-Hclybder urn Iron (Active)
Lead Tin Solders
Lead
- Tin
Nickel (active)
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Inconcl (Active) Nickel-Chromium-Iron Alloy
Brasses

Copper

Bronzes

Copper~Nickel 4Alloys

Konel (Nickel-Copper Alloys)

Silver solder

Nickel (passive)

Indohel (paésive) ‘Niokel—Chrcmium—Iron Alloy
Chroﬂiuﬁ Iron (péssive)

18/8 .Chromigm-Nickel—Iron (passive)
-18/8/3 Chromium-Nickel-kHolybdenum Iron (passive)
Silver | |
Graphite

Gold

FPlatimum

.E?otectgd‘ﬁnd (CATHODIC or most noble)

~ Even where one metal surface is exposed to an
electrolyte, because there will always be variations in
the surface, for instance, surface compogsition, grain
orientation, etc., one area of the exposed surface will
become ancodic to another.

At the anode, corrosion takes vlace by the
netal atoms leaving the crystal lattice and entering the
electrolyte as posilively charged ions. In doing so,
electrons are left behind on the metal.

H > M+ + e
While this is procéeding at the anodes, at the other
. areas called cathodes, electrons are being consumed by
the formation of hydroxyl ions.
0y 2H20 + 4 e = 401
This is the principle reaction at the cathode in neutral

- or near neutral conditions and involves the reduction of
dissolved oxygen to the hydroxyl ion. OSince electrons
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are being produced at the anodes and consumed at the
cathode, a stream of electrons will flow through the
metal from anodes to cathodes. HNotice since the
electrons are negatively charged, this infers a flow of
current from anode to cathode through the electrolyte,
not through the metal.

The corrosion at the anode can be stopped if
sufficient electrons are supplied from an external
source to satisfy the cathode readion. Thus the electrons
provided by the anodes are not consumed by the cathode
reaction and the anode reaction (ie) the corrosion, is
stifled. The external source of the electrons can be
provided by either a Galvanic or Impressed Current system.

- With an inpressed current systeum, electrons
are supplied by connecting the steel structure to the
negative side of a low voltage D.C. supply. The positive
side of the D.¢. supply is connected to an ancde which can
be made from a variety of materials.

- D.C. SUPPLY

CATHODE “~_ . | : O
(PROTECTED) - RETURN PATH THROUGH ANODE
SEA WATER DUE TO ( y ' VELY
MIGRATION OF IONS (USUALLY RELATIV
T INERT )
~a—— CATIONS (4 VE) ANIONS (—VE ) —w»
REACTICN AT CATIODE RuACTION AT ANODIS
O, + CH,0 + 4e =m- 40H OXIDATION REACTIONS
- DEPENDING CN ANODE
(REDUCTION) LATERIAL

‘ With a Galvanic system, a metal less noble in
the galvanic series than the steel surface to be protected
is Jjoined directly to the steel surface. Active metals
such as magnesium, alloys of zinc or alloys of aluminium
will provide a source of electrons by viztue of the ease
with which they corrode in electrolytes such as sea water.



ne ELECTRONS SUPPLIED BY

- CORRODING ANODE
CATHODE g,
o o o ANODE
(PROTECTED) | | (CORRODED )
RETURN PATH THROUGH
SEA WATER DUE TO THE
MIGRATION OF IONS
<~—— CATIONS (+ VE) ANIONS (— VE)
i{SACTION AT CAYHODE REAGTTUN AT ANODL
0, + 2H,0 + 4¢” —> 40H i —> " 4+ ne”
(REDUQT;LQN) | (OXIDATION)
o POt ALULIINTUI ALLOY ANODES
n = 3
POR LAGHLSIUNM ANODES
n = 2

Current Density Reduirements and the Cathode Reaction

Tho current density required to cathodically
nrotect a structure will depend on many factors including
oxygen content, velocity and temperature of the water,
the presence of deposits and the type and condition of
the paint. ‘These factors alter the current density req-
uirement by their‘effect;on the cathode reaction.

It has been shown that cathodic protection can
be achieved if sufficient electrons are sunplied to the
structure to satisfy the cathode reaction. ' If the avail-
ablllty of oxygen at the metal-liquid interface is increased
and the supply of electrons (ie) current dens1ty, from the
external source is not correspondingly increased, then the
electrons will be drawn from local anode sites and corrosion
will again proceed. The current density required for
complete cathodic protection is, therefore, dependent on
the avallability of oxygen at the metal interface. Since
oxygen only reaches the metal interface by diffusion’
through the electrolyte, any factor whici will vary the
- diffusion rate will alter the current density requirements
for protection. Thus the need for higher current densities
with increased water veloclty cun be appreciated. Conversely
lower current densities can be used when uhe metal 1s covered
by deposits or paint coatings. :

Cont'd/.. The following



-0

The following table shows the design current
dengities used for the various types of surfaces likely
to be encountered on ships at zero sveed and at 12 knoits.

Type of lietal Surface or Protective | Current Density ma/sq ft

Coating ,
Sstationary 12 Knots
Steel - Unpainted 4.0 ~ 30
Steel - Painted (Aluminium pig- 0.6 1.1
- “mented bituminous) New
Steel - Painted (Aluminium pig- 1.0 1.8
mented bituminous) 6 mths
old ' _ : ‘
Steel - Painted (Aluminium pig- 1.5 2.8
mented bituminous) 12 mths
old ' ‘ o
Steel - 0il base painted 6 mths old 1.5 2.7
Steel - 0il base painted 12 mths old] 2.0 | 3.6
Stainless Steel - Unpainted 4.0 ~ 30,0
Stainless Steel - Painted (Vinyl) 1.5 2.8
Copper Alloy - Unpainted | 4.0 ~ 40

These figures were arrived at empirically from practical
experience and laboratory work. . Designed systems based
on these values will provide full protection under normal
conditions, ‘but auditional allowance should be nade when
continuous operation at speeds greater than 12 knots is
envisaged,

A current density of 20 ma/sn £t may be initially
required to protect bare steel in sea water but with time
this value can be reduced to approximately 4 miA/sq ft. This
is due to. the cathode reaction producing hydroxyl ions (ie)
alkalinity, and under these alkaline conditions soluble
magnesium and calcium salts in sea water are precipitated on
the steel surfaces as magnesium hydroxide and calcium
carbonate and this calcareous deposit effectively decreases
the current density requirements.

In both fresh and brackish harbour waters where
oxygen content has been lowered by vollution etc., a lower
- current density may be required.

- While the increase in alkalinity at the protected
metal surface has been shown to produce some desired
effects, it does impose conditions which are unfavourable
to certain paint systems. Under alkaline conditions, oil
~ based paints may be deteriorated by sanonifiecation of the
oil and great care must be taken in such instances o
avoid over-protection of the structure.
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Although it is true that an underwater hull
devoid of paint can be successfully caULoulcally prot-
ected, this is only true if sufficient current is applied
in a unlform distribution. Thus in a nractical Shlp
application if extensive loss of palnt occurs, some
corrosion of the hull will be experienced.

With impressed current systems, a dielectric
shield (ie) a heavy duty coating of high electrical
resistance, is provided around each anode to improve
current distribution and reduce the posgsibility of
local paint damage due to over protection.

CONTRUL OF CASIODIC PRODECTION

The method of determining comulete cathodic
protection is by measurement of the potential difference
between the structure and some other elcctrode, the
potential of which is known. wlectrodes used for this
purpoge are for obvious reasons termed reference electrodes,
the commonly used ones being silver-silver chloride, copper-
copper sulphate and the calomel types.

~The. potentlalb of these referecnce electrodes
with respeot to a hyaroaen electrode as zero are shown
in thls table.-g"' v

‘vﬂkference wlectrode Potential (mV) at 25 C
ullver—ullver hlorlde * , + 248
-3 Lopper—@oppcr aulphate | + 310
{balomelv(satdrated) = - 4+ 245

*. The value for the silver-silver chloride electrode
is based on itz potential in seu waterw.

The busic desigun of w4 sinple nowtable tyve of

wilver-Silver Chloride reference electrode is shown in
the sketch.

[[le———corpER conpucToR

<— BAKELITE CASING

[~ - - =y

) E— SILVER SPIRAL

T

{5—— POROUS POT
0

1

SILVER CHLORIDE PASTE




_ It consists of a centrally locuted strip of
silver wound in a spiral worm coated with an intimate
‘mixture of gilver chloride and silver powder. This
assenbly ig pluaced inside o porous cerauic pot and the
ingide of the pot 1s filled with a silver-silver chloride
- paste. The pot is fitled inside a bulielite tube, and
',uakelltc ends close the tube. The bakelite tube has
several holes wround its circumference to vermit the
entry of the sea water electrolyte

dhen the electric cable from this electrode is
connected to one side of a meter and the shion's hull
electrically connected to the other, the potential dif-
ference hetween the two can be meagured.

wost painted stecel structures in sea wate
will have a “OueuhLal of 600 to 650 mV AC“'th@ to &
silver-siiver Chloride refevence electrode. It has been
well established that complete orotcecction of steel in sea
water is provided at a notential of aprroximately 000mV
and the recommended potentlal control Ldn ¢ for imA ships
is 800 to ©£20 mV negative to the Silver— silver Chloride
reference electirode. Potentials nmore ne utive than 8204V
(eg) 850uV are wasteful of current and May cause paint
damage while potentials more positive thain S00LV %eg) 750mv,
indicate 1ncounlete protection.

The llmlt of potential bejona which paint dancge
may ocecur are siven for various paint systens in the
folLow1n tdble '

ANtie Corwn 5ive Coating Type | lax. Pomnissaple Uil Fotermtial

) ) .-
anMLnlum “ifunindus 1000.%
Coal Tar dpoxy | 1000 *
Vinyl Lo ! 1000 *
Oleo vesinous. All oil vas- | 520
ed paints. - '

- . . " . -

* These matoLlals are inhereutly allali resistant.
Potential control is not critical. ©his figure can
be exceeded for short periods .ithout detriment.

2L CTRICAT I}()IEDI}.-IG

The comnlgtg undzrvater area of a ghip can be
dthdlCdllV vrotected only 1 all exposcd areas of the
hull are sccured to the mailn slruciture by a low resistance
connection.

AT / A1
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In the case of rropellors and shasts 1t 1s
likely that QDQPL stationary conditions there will be
a falrly low res tance contact to the hull through
the reduction guarv and metal bearings. Under movenent
however, a high resistance contact to the hull is likely
slnce gears and mearnn(u will be essentially insulated
by an oil film. becausc of this and because shafts are
generally wrapped Witk ilU“e "lass epoxy, the propellor
and shaft do not enter the calculations for the current
requlrement of the hull,

The guoeotlon to this i1s in the case of grease
sacked white metal bearings where intermitient electrical
contact between the rotating shaft and vearings can cause

gevere pitting of the shafts. To avoid this, the curceut
picked up by the propellors and hait iz shunted direct
to the hull by @ low resistancs brusih gear. In this case

the propellor area does enter the CquCﬂt reguiremnent
calculations. . ‘

: For simiiar reasons rudders arce bonded directly
to sans strugture by thtlné a flexible electrical cable
between the rudder post and hull.

o Jhen a cathodically protected uiarine structure
is in close proximity to an uaprotected structure, there
is a danger of corroding the latter by stray currents
originating from the anodes of the >roteo bed” structure
Ior example, a cathodically protected ghip lying alongulde
an unprotected ship and not bonded to it could cause
accelergted corcosion ol the unprotected snip.

STE EL | ROPE$'7 er :‘ELECTRICAL | ‘BOND

SHIP W | r, SHIP T

The- diagram shows The various possible cuaweent paths frou
the anode . the cathodically srotected siiln We  Survent
leaving tﬂlu,dﬂ@de will flow to the hwull of Dhip doand sume
nay flow to the nelghbouring sinip T and returin by various
patiis such as sew water, ‘o‘t;ool securing rones or anl electol-

P

cal bond., wcurrent returaing threougsh tie sea water path of
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ANODE OF
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resistance r_ will cause corrosion oif the ghip T at the
position the“currcnt leaves the hull.

SHIP W s .QN*ﬁJvﬁ—* X
N L
HULL OF SHIP T

Prom tne above electrical representation of the
previous sketch it can be appreciated that the current
flow through r_ will be small if either the resistance
in the steel riipe connection r or the resistance of
the electrical bond r, is smalf compared with r_.
ig the resistance of The sea water path from andde t% hull
W and Ty is the r651btance of the sea water path fron
anode tJ hull T.

Heasurements have shown that the resistance of a
steel rope connection is not sulfficiently low and it is
therefore necessury to fit an electricul bond between the
ships, the resistance of which nus?t not exceed 0.001 ohms.

By this means, corrosion of a nceighbouring
unprotected ship can be reduced. ‘hen such a bond is
applied, however, the potential of the protected ship
will fall below the protective limit and because the
cathodic protection is now being apnlied to two hulls
1t is necessary to increase the anode current considerably.

LATERTALS FOR GALVANIC SYSToli3

The most conmonly used materials for galvanic
or sacrificial anodes are alloys of zinc, magnesium and
aluminium. These alloys have been developed to give a
better performance than tlie base metal. The following
table lists the more important prooe ties of the galvanic
anode naterials.

; ; -— HULL OF SHIP w
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liaterial sol'n |Driv'g Cur. Anode Densitg
Pot'l {Voltage Dutput | Cons— lbs/in
Volts V (with resp |Amp umption
Ag/AsC1 yto prot'ctd| hrs/ {lbs per
ref structure 1ib. oy Y.
at 0.8.V
liagnesium AllOJ' 1.5 0.7 p00 @ {17 @ 505 0.063
6/ A1, 3% i4n, 50,9 effecy
lig remainder eflcy
Zinc Alloy (0.3 1.0 0.2 370 at 24 at 0 .26
/d A1, 0. O_) Cd 100/-) 100'/'0
0.003% l'e (mdx cLly leffcey
Zn remainder
Aluminium 4lloyl  1.05 0.25 1250 27 @ 95% | 0.1
(0. 4/0 n, 0.04y4 SEYS effey
‘g, A1 remain- cCTcy .
der

' The zinc alloy and aluminium aLloy compositions
quoted are the standard compositions used 1n the RAN.

ZINC ALLOYS

- The eaLWy use of commercial maxlytv zinc was
found to be quite unsatisfactory due to the formation of
surface films which severely limited the current outnut.
Inclusion of iron was the primary cause ol
and early specifications limited iron content to 0.0014;..
However, extensive research has shown that the effect of
~iron impurity can be overcome by additions of aluminium
with silicon or aluminium with cadmiwna,
standard zinc allay anodes used in the RN are de51gnaued
Types- 1, 2 and 3, the detdlls of which

to

the alloy

rilm formation

. The

are shown below.

‘ , liean Currnt |Nom Wt
Nom. Composition | Designation & Size {Output(amps) {1ife (1bs
| : ' : (yrs)
199. 6% Zino,o.s%» | Type 1 - 12" x 6 0.5 1 18.5
x 1" ’

Aluminium O. OBN Iype 2 - 12" x 6" 0.5 2 25.5
jCadmium x o

0.003%(ilax) Iron | Type 3 - &' x 24" 0.2 1 4.2
x 1"

— . - 7 .
cont'd/.. A zinc alloy



A zinc alloy anode in sea water has a
potential of approximately - 1000mV with reference to
a owilver-silver Chloride electrode and thus has a driv—
ing voltage of only 200mV over a cathodically protected
structure at -800mV. This makes it imperative to ensure
a low resistance connection between thie anode and the
hull, and for this reason, the earlier method of bolting
- through the anode material has been discontinued. The
anodes are now cast around galvanised straps which can
be welded or bolted to the structure. This ensures a
low resistance comvection between the zinc alloy and
the structure, for the complete life of the anode. An
advantage of -the low driving voltage 1s that it provides
useful self limitation of the current output which is
dependent on the potential of the structure. A4lso dielec—
tric shielding is unnecessary. This sletch shows the
crosg-gection of a Type 1 anode:

B /////////////A Fh

Lo /////////,«///umL

gl |

LAGNASTUN ATIOYS

Because of the higher driving voltage (700mV),
magnesium alloy anodes are the most lmbortant galvanic
anodes used industrially for the nrotectvoa of under-
ground pipelines where the resistivity of the soil is
much higher than that of sea water.

 Their main use in a marine environment is in
remote systems (ie) systems where the anode is placed
some distance from the structure tote nrotected but still
connected electrically to it. <This sketch shows the usual
method of rigging such anodes:



'ELECTRIC CABLE BOOM
BONDED TO HULL :
‘ (s - e > =0

SHIPS IN RESERVE ,

FLOATING DOCKS,
ETC‘

———

D MAGNESIUM ALLOY
+ ANODE

IO FT. MIN

: The details of the magnesium alloy anodes used
in the RAN are as follows:

. PR ' ilean Currcnt Nonminal Wt

Composition | orEe Output (amps) |[life(yrs) 1bs.
90% liagnesium (1l Wwith no resist- 1 )
' _ 'g ance - 5.0 J

6% Aluminium | 30" x o" With 0.25.n 2 ) 120
. 1 dia. {| resistance )
, | é - 3.0 )
30 Zinc (0 )

As 11Luou1ated the current output of the anode .
can be reduced (thcrefore increasing the life of the anode;
by 1nsert1n5 a registance in series with the anode.

Phey have not been adopted for the protection of
active ships for ‘the following reasons:- ‘

(a) their higher driving voltage does not permit

: effectlve self leltutlvq of current outnut
which makes it difficult to produce a deolvn
which will give complete ov)uectlon w1thour
overprotectlon ander both stationary and
moving conditious.

(b) it is necessary to fit small dielectric shields.
(c) these anodes are expensive.
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Because magnesium and its

~14-~

alloys

can produce

sparks on contact with bare or rusted stecl, the use of
these anodes in tanks or confined svaces a0“001ated with

combustable funey is

ALUMINIUL A LOY5

A very satisfactory-alumini
the main alloying
material

mercury and zinc as
available commercially and this

strictly forbidden.

alloy containing
elements is now
has been chosen

to replace the zinc alloy as the standard material in the
RAN for external hull ;alvanic anodes

wxtensive tests in australia and

overseas have

bhown that this material has a high celecvrochemical effi-
ciency and a much greater current outnut than the zinc

alloy.
zinc allo

alloy (ieX low
imperative- and
these anodes..

The driving voltage is

s0 the points mentioned

similaxr

to that of the
previcusly for the zinc
reslstance connection between anode and hull
no dielectric shieldin:
The details of these anodes are shown below: -~

necessary, apvly to

[ A = 1
e o ) O o | |s"
— — 3 '
! 22" *1' 20" #!
T i N 1
[ :::-.:'.—.:l[:'.:.:-_—z—: ::.-.;.;::;::.:\ \ LL ::l:—_-:.::—_—._‘-'.;"_—:: \ ’2
TYPE 4 A TYPE 4B
i 40"
[} [ ] I .I )
® = "'_‘:"r.: T =; 4: = = = :_“L.i'—_"_'—. :.‘.:"L'it_': o
TYPE 4C
Nominal | Uesiznation and Tean Jurcent |Nominal  Jei.
Composition | Size Output(amps) | life(yrs) (1%
99.5% Type 44 - 22" x 5" 0.9 2 17
Aluminium x 2" faired end
0.4 Zing. - Type 4L - 20" x 5" 0.9 2 16
‘ e x 2" sguare ends
0.05%0 , Pyve 4C 40" x 5" 1.3 3 32
Adlercury - x 2" square ends
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It should be noted that these current output
and nominal life figures quoted will be modified when
these anodes are used in butted in line arvays.

fhe Tollowing table illustrates how these
{igures are nodilied:

T - AN0AE ArTAY oLlLe
Anode Tyve 2-3 anodes I-5 anodes 10 or more anodes
Pype 44 0.64 0.45 0.36
Type 40 0.0 0.66 0.53

Phe considerable advantage ol theoe anodes when
compared to zinc anodes is with respect to thelr welght and
1ife. TFor a given electrical outpqt the uvse of aluminium
alloy anodes can result in a 60-70j weight saving and a long
lite systemn.

‘Decause aluminium and its alloys can produce
snarks on striking rusted steel at sufficiently high velocity,
when aluminium alloy anodes are mounted in lanks containing
petroleum nroducts, they must not be nlaced in a position
Where their potential energy excecds 200 It, lbsf,

TP gonD CURILSHL S¥uiing

The conponents of such a gsysten are a d.c. power
source, neans of controlling and measuring the current,
suitable ancdes and dielectric shieldlng (for hull mounted
systems). - '

rrent systems

There are 2 types of impressed cu
2d ones.

used, manually and automatically controll

Witl impressed current systens, both hull mounted
and portable reference electrodes are used to check the
potential of the hull.

With manually controlled systens, -the potential
of the hull is merely indicated on a mcicr which is checked
periodically and the current output Ifrom the d.c. supply
adjusted accordingly. With automatically controlled systens,
this bull potential signal is fed via a wmeter into an
anplifier and transformer rectifier and continuously controls
the current output by variation of the 4.C. input into the
rectifier.

ANODE WAl TALS

A wide variety of materials may be used as anodes
for inpressed current systems, including mild steel, silicon
iron, lead alloy, graphite, vlatinin and »latinum plated
titanium. E
Cont'd/.. liild Steel
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17ild otecl is an expendable anode material
while the remainder are generally classed as insoluble.
Mild steel anodes are generally cperated at low current
densities where the anode efficiency is 100, the anode
reaction being the formaticn of iron lons:

Fe —m——e Pett 4+ 2¢7

This means that the supply of clectrons to the
structure is accompanied by the equivalent clectrochenical
loss of iron from The anode. For the ingoluble anocdes,
however, the anode reactiocn is essentially the discharge
of oxygen and chlorine, in addition to which there may be
some swall Joss of anode material. This loss varies with
material and is virtually zero for platinim.

It is emphasised that whereas in galvanic systems
care must be taken to ensure a good electrical contact
between the anode and the hull, with impressed current
systems, the anode must be well insulated from the hull.

The following table 1ists the consumption rates
for the impressed current anodes operating in sea water
at the specified current densities. he consumption rate
varies markedly with current density.

s
(=9
m
AL

ia . linode Consumption Ty o oy DANE
lfaterial Tbs/amp. yT Density lbs/in
iild oteel |20 at 1 amp/ft° 0.28
silicon Iron | 1.5 ut 5-10 amps/£t° 0.25
Lead-Silver- | 0.2 at 5-10 amps/It° 0.4
Antimony

alloy - 3

Graphite 1.2 at 5-10 amps/ft° 0.08
Platinim pla-| Negligible 1.16

ted Titanium

STl ANODES

sarly atiempts to use steel ancdes for the prot-
cction of Hila active ohips were not entirely successful.
wnodes were mounted on wooden fairings on the bilge keels
but difficulty was experienced in obtaining a satisfactory
current distribution to the forward and aft areas. wWooden
nountings proved unsatisfactory due to the insulation dif-
ficulties and these fittings were cunmbersone and difficult
to maintain. 4 better current distribution could be achieved
using several small anodes placed around the hull but due
to their high consumption rate, thig was not possible.
Lild steel ancdes are, however, still used in some remote
systems.

Cont'd/.. SILICOH
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W LICUN TROKR

This ferrous alloy should contain at least 14.30
silicon sinec the consumption rate increases rapidly if
the silicon content is reduced below this value. although
this material is cheap and in rod form is used in some
remote systems, it is not used on fast ships since the
congumption rate at higher water speeds is too high.

LisAD-SILVER ALLOYS

This material was developed in the U.K. and is
essentially a lead alloy containing 1% silver and 6,
antimony. These anodes should not be operated at current
densities greater than 25 amps/sq £t due to the develop -
ment of passivity which severely restricts the flow of
current from the anode. This material is the standard
RalN impressed current anode material.

STANDARD LEAD SILVER ANTIMONY IMPRESSED CURRENT ANODE

ELECTRICAL
CONNECTION 1 ~— COFFERDAM

| |— INSULATION

eta— — —— —

e e i e,
e — ——

h
!
|
|
|l

k am—— — / RUBBER
DIELECTRIC ‘ MOUNTING PAD
SHIELD \_
. ANODE ' :

OTHuR MATSRIALS

Graphite has been uscd by the U.5. and Canadian
navies for both hull mounted and remote syutems but because
of their relative fragility, the RAll does not use these
anodes. Platinim plated Litanium snodes with a 00J01"
thick platinim coating have been tried in the RAN but
because of stripping of the coating alter 3 to 4 years,
the thickness has been increased to 00002". These anodes
have performed satisfactorily for several years but owing
to their high cost, they are not generally used. '

DInLwCTRIC SHISL waTERIALS

Dielectric shields are thick coatings of heavy
duty organic materials applied to the hull around impressed
current and magnesium galvanic anodes. For impressed current
systems, the shield must extend at least 5 £t from the anode
centre and have s minimum thickness of 0.040", 3ince the

Cont'd/.. ancde



anode reaction of the
discharge ol oxygen and chilorine,

~18-

insoluble
the

anodes involves the
snield materials

must be resictant to these gascs at quite moderate

concentrations.

Additionally, any defects in the shield

will be subject to a high current density with conseguent
development of highly alkaline conditions at the metal

interface.

Thus the bond between shield and the metal

interface must also be resistant to these conditions.
Other desirable features for these materials are low
water transmission rate, good adhesion to steel, resis-

tance to shock, vibration and flexing,
anti fouling paints and ease of application.

compatability with

Of the wide

range of materials tested under service conditions, the
epoxy resin - fibreglass layup has been selected by the

q

AN as the most sultable material for dielectric shields.

RushiOTis GROUND BisD oY STk

This system uses steel anodes located on the
sea bed in the vicinity of the structures to be protected.
It is used to protect ships fitting out, ships in reserve,
floating docks or other stationary vessels, and provided
there is a reasonable depth ol water, the system can provide
a uniform current distrivution.

COMrARTISUN vl CATHODIC FROTWCTION SYSTiiio

‘The advantages and disadvantages of the various
types of cathodic protection systems are shown in the

following table:-

Type of system

sdvantages

Disadvantages

Hull Mounted Gal-
vanic (Overall
Protection)

vimple to Tit. Low
initial cost. Little
maintenance required.
suitable for any paint
system. No power req-
uired.

High running cost.
Requires 1 or 2
yearly renewal.
Increased hull
resistance and
noise.

Hull Mounted Gal-~
vanic (Stern
aArea Protéction)

A8 above. Lower cost
for fitting and main-
tenance.

olight hull resis-
tance increase.

‘Requires 1 or 2

yearly renewal.
Only protects
Stern area.

Remote Galvanic

Uverall Protection

No power required.

Low initial cost. uxc-
ellent current distri-
bution.
out docking. HNo anode
shielding necessary.
Controllable, Little
Laintenance.

Henewal with-

High running cost.
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Table Cont'd.

Type of Lystem Advantages. Disadvantages
Hull ounted Im- Low running cost. Iow |High initial coss.
pressed Current. maintenance cosis. Yrs |Skilled control

Control effect on hull recist- |paints.
ance and nolise.

Uverall protection.|of life without reunewal.necessary. Unsuit-
lianual or Automatic|Controlluble. Iittle lable for oil based

tgemote Impressed
Current Uverall
protection. Lan-
ual Control.

liedium installation ot mobile.
costs. Low operatin.:
costs. Controllable
No anode shielding
necessary. sxcellent
current distribution.
Renewable without
docking.

In the initial introduction of cathodic protection
into the RAN it was F‘hought that small inpressed current
systems with anodes mounted well towards the stern area would
provide a relatively cheap systenm primarily concerned with
the providing complete stern avea protection only. However,
accunulated experience has shown that complete or almost
complete protection of all the underwater hull was being
achieved. Thus for impressed current systems, the distinc-
tion between overall and stern area protection is no longer
made. A convenient method of classilicuobtion now used is
that for ships with a wetted area of less than 15,000 sq ft,
the impressed current anodes should all e located in the
stern area whereas Tor larger ships, tie aunodes sheould be
cvenly distributed throughout the ships length.

The "throw" of protective currcat from a galvenic
system is’ less than that from an impressed current system
and hence the distinction between "overall" and "stern areal
protection is maintained.

Due to the better current distribution that cun
be obtained using remote systems, these systems will operate
on a lower total current than the equivalent hull mounted
system. ' :

The Rall policy for new construcltion is to fit
automatically controlled impressed current systems to
combatant ships and other ships where water silence is an
operational requirement (ey) Uceanographic ships.

DusIGN Ok CATHODIC PROTSCTION oYSTuis

Having determined the tyope of system to be used,
the amount of current needed to protect the hull is det-
ermined from the underwater area of +the hull including
rudders and bilge keels, the paint systew used and the likely

Cont'd/.. cruising
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crulsiag speve.  wiweticer o nut the sroscllor curvent
i1s included, dependson wihcther or nol tie sronelloy is
bonded to the null. srom the tobtal carront needeG¢, the
number of anodes necded is determined.

For gulvanic anodes the current output per anode
1s determined »rimarily on the sea water path which is
in turn dependent on the surface area oi Lhe anode and
not directly on its weight. womemodificuation of current
output can be caused by current crowding (ie) the effect
o' one ancde on another in the immediate vicinity.

nnowing the current output for the given shape
of anode, the effective life can be calculated from the
following exoression.

I

Y I ox i
lbs amps years

.
e i

wherc

il velght of metal consumed

I = .verage current output

T ceffective life ,
consuwuption rate in 1bg,/ang year

t-
o

For example, a Lyge 1 zinc alloy anode, with a
current output of 3 amp, will lose 12 1bs of metal in
one yeary and thereiorc, since it weighs 20 1bs, will
adequately maintuin this current for ] Jear. wimilarly,
a Type 2 anode¢ will have an effective life in excess of
< years. This is achieved by increasing the weight with
a minimum increase in surface area (ie) the current output
remains similar to « TLype 1 anode. woome cicess of wnode
material is regquired above the miniumun suantity to ensure
adequate current output towards the end of +the design life
since current output falls at an increasing rate as the
anode apnroaches complete consumption.

The distribution of salvanic ancdes is a con-
prowisc betwecn the curvent crowding efiect, overall
current distribution, increase in hull veuistance and
increawe in underwuter noise.

@

The nevw tyse of aluminium alloy anodes, TY.s5s 44,
4o and 4C now being specitied for overall hgll protection
of ships to be fitted with a zalvanic system, have been
designed ©to bult together to form in-line arrays thus
reducing the increase in hull resistance and noise. How-
ever, because of the current ciowding eflfect, the current
vutput per anode is reduced and therefore more anodes are
required so again a comprouise must be roeached.

With impressed curveut systems, the number of
hull venetrations for anodes and reference electrodes must
be minimised, but anodes must be provided in ralrs, port
and starboard (to ensure symuietry of oover&ge) and must be
situated to give satisfactory coverage to the hull. Ref-
erence electrodes should be placed mid-way between anodes

Cont'd/.. and both
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and both electrodes and anodes should be placed halfway
between the keel and the deep waterline. 4dnother factor

to be considered in the placing of anodes is the dielectric
shield which is a 12 £t square centred on the anode. This
should not be penetrated by hull openings or lie in way of
bilge keels or chines.

No matter whether the system chosen is an impres-
sed current system or a galvanic system, 1t is necessary
to provide extra protection to rudders, stern tubes and
eddy plates, inlets, discharges and recesses, by the fitting
of additional jalvanic anodes in these areas.

Because the corrosion pattern of gluminium alloy
anodes is very severe and it is possible for pieces of
anode material to become separated from the anode body,
aluminium alloy anodes are not used in inlets or recesses
where mechanisms might be interfered with by small pieces
of ‘anode material. In these areas, zinc alloy anocdes which
corrode in a much more even manner should be used.
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a8 an example consider a Guided uissile Destroyer

Underwater Jetted sirea is Deep Jondition
Propellor srea (Unbonded) = 4950 s
valnt System Used = aAluniniun pigmented Lituminous

H
P\J
—
>
~ Lo
O
> O
C:Q‘
Y
ct

For tiis type ol ship the desion is based on o 12 moot:
old paint sysiow al oilp soced of 12 uiobn.

- R

1, . ” " N PR [ - - 3 o ,
» o ovureent Ueusity ceguired by hall = 2.8 /sy

« o dHull vurceut necded = 21,300 x 2.
‘ 1000

|" SRR RS
20 amng

He
1

IZ tue propellors had been bonded, the ,
additional current required would have been
given by:

Current density required to protect copper
alloys = 40mi/sq ft.

. . Additional propellor current = 450 x 40 =13
o 1000

Iow consider an impressced current system 15 required.
Design Output Lrom one standard lead silver antimony
impressed current anode = 12 amps.

- .« Ho. of anodes needed = 60 = 5,
12

. . Hearest greater even number

i
N

<« System would comorise of 3 pairs of anodes distributed
evenly throughout the length of the ship.

additional palvanic anodes would have to be fitted to
bottoms of rudders, on the inside of eddy nlates, inlets,
discharges and sonar recesses.

liow consider a galvanic system using Lyne 4 aluminium alloy
anodes 1is required.
From belfore, hull curreat required = 60 amnps.

assume anode groups of 10 or more anodes will be needed.
Vutput per anode (Type 44 or 48) = 0.36 amps.

J. Ho. of anodes needed = 60 = 167.
0.36

This could be made up of a pair of anode arrays at the
forward end of the bilge keels, and another pair of arrays
at the alt end of the bilge keels. Lach array would consist
of 2 Type 4A anodes and 28 Type 4B anodecs (or 14 Type 4C).

A further pair of anode arrays should be sited in the stern area, each

stern array consisting of 24 enodes,2 TYPE 4A + 22 TYPE 4B(or 12 TYPE 4C).



additionally, extra anodes should be fitted
to the bobloms of rudders, on the inside of eddy plates,
inlets, discharges and sonar recesses. Hote that zine
anodes would have to be used in inlets and sonar recesses.



