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The Wilson Walton Intl. The Wilson Walton International in one of the largest in the world
concerned with corrosion control, with subsidiaries, associated companies,
offices and agents in all principal shipping centers. The WWI undertakes
the design, engineering, manufacture, commissioning and servicing of
cathodic protection and monitoring equipment worldwide for all
applications — marine, offshore and onshore. The WW!I also designs and
sells many other marine engineering products such as WWS PrRAICOMATIC®
anti-fouling & anti-corrosion (MGPS/ICAF) systems, WWS AQUAMATIC®
impressed current (ICCP) systems. Installation, supervision and
engineering services are provides on a worldwide basis.

Sacrificial Anode Systems WWI is the world leader in the technical development of sacrificial anode
materials and systems for all types of vessels. From its own manufacturing
facilities and stock-points strategically located throughout the world. The
WWI supplies over 10.000 tons of anodes annually. Standardization of
materials and design criteria throughout the WW!I means that ship owners
can fit WWI cathodic protection systems anywhere in the world, confident
in the knowledge that the same high quality standards will apply.

Protection against corrosion in the full range of marine environments —
temperatures ranging from tropical to arctic, in salt, brackish or fresh
waters, all combinations of which occur throughout the oceans on the
world — is an exacting science. Sophisticated metallurgical skills are
required to formulate anode alloys and much experience — both practical
and theoretical — is necessary to design system which will successfully
combat the corrosive conditions. WW!I offers these skills as the result of
extensive experience gained worldwide.

Corrosion When two dissimilar metals are connected in an electrolyte, such as
seawater, a corrosion cell is formed where one metal becomes the anode
and suffers corrosion while the other becomes the cathode and is
preserved. In this context, two dissimilar metals can mean two separate
areas within a single, seemingly homogeneous, steel plate or structural
member. This occurs due to slight variations in chemical analysis or
metallurgical micro structure such as those always present in commercially
produced steel. A ship is built of a considerable tonnage of steel
manufactured from numerous ‘casts’, possibly from several producers, so it
can be appreciated that the uncoated structure of a ship will encompass a
host of corrosion cells.
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These corrosion cells can be insulated and suppressed by the application
of coatings. However, while there is no doubt that modern marine coatings
are of an extremely high standard, they cannot offer complete protection.
Inadequate surface preparation, incorrect application techniques and poor
climatic conditions during application all contribute towards weakening the
effectiveness of coating. Even the best of coatings, fulfilling all the criteria
for application to the highest standards, will always be prone to
mechanical damage in service from contact with floating objects,
groundings, abrasion by tugs and jetties and even the vessel’s own anchor
cable. Within a vessel, tank coatings can suffer from internal impact and
contacts or welding operations outside the tank.

When steel is submerged in seawater, corrosion inevitably occurs — unless
cathodic protection has been applied. This corrosion takes place over all
bare steel surfaces but, if steel has been coated, the corrosion attack is
concentrated at points of paint breakdown and takes the form of deep pits
or ever complete penetration of the plate.

Corrosion on hulls means a loss of metal and a consequent roughening of
the surface which causes increased drag and leads to excessive fuel
consumption. It can also lead to weld grooving, which is expensive and
time consuming to repair in dry-dock. Corrosion of structural members in
tanks can seriously weaken a ship’s structure which is highly dangerous if
unrectified.

Ships without cathodic protection will corrode, causing damage which is
expensive to repair, involving substantial steel renewal and extended,
costly periods in dry-dock. The consequent delays, keeping vessels out of
commission, add further to the costs of corrosion. By comparison, the cost
of prevention is modest.
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Cathodic Protection

Aluminum or Zinc?

The principle of cathodic protection is to suppress or override the naturally
occurring corrosion cells found within a steel structure by utilizing galvanic
anodes made from a metal which is more electro-negative than the steel
itself. These galvanic anodes will corrode and in so doing generate current
which renders the structure cathodic, preserving it from corrosion. As the
anode is consumed to protect the cathode it is referred to as a ‘sacrificial
anode'.

When the structure is a ship, the sacrificial anodes are generally of
aluminum or zinc alloys, or sometimes magnesium when the vessel
operates in fresh water.

Both aluminum and zinc alloys have been successfully used in cathodic
protection Systems for many years. Because zinc was the first material to
be used it is seen by some engineers as the traditional anode material.
However, aluminum has now been in widespread use long enough for its
effectiveness to have been proved beyond doubt.

Aluminum has a much greater electrical capacity than zinc — 2700 ampere
hours per kilogram as against 780 ampere hours per kilogram for zinc,
approx. — and therefore offers considerable economies of price, anode
numbers, total system weight and cost of installation.

In oil carrying cargo tanks, aluminum anodes can be used at the lower
levels (meeting Classification Society Regulations) where their economical
performance and ability to slough off oily residues are invaluable. Zinc
anodes may be used at higher levels and the mixture of aluminum and zinc
achieves good levels of cathodic protection throughout.

Zinc and aluminum anodes may also be mixed in hull systems without
causing problems should it be necessary or desirable to do so.
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Wilson Walton International’s standard range of alloys is detailed in the
table below. Other alloy formulations or modifications to the standard
alloys, e.g. in respect of limits on residual elements such as iron, can be
manufactured to customer specification.

. WWIALOLINE®  WWI ZINCOLINE®
Composition

BA 778 S® US Military
Zinc 3.5-5.0 Balance
Aluminum Balance 0.1-0.5
Copper 0.005 max. 0.005 max.
Silicon 0.10 max. -
Iron 0.09 max. 0.005 max.
Titanium 0.01-0.005 -
Bismuth 0.05-0.15 -
Indium 0.02-0.05 -
Lead - 0.006 max.
Cadmium - 0.025-0.07

Electrochemical Data
Nominal Electromechanical Capacity (AH/Kg) 2700 780
Nominal Solution Potential (mV) -1100 -1050
Density (Kg/m?3) 2710 7000
WW!I ALOLINE® Aluminum Anodes WWI has developed in conjunction with British Aluminum (BACO) the

BA778S® known as WW!I ALOLINE® aluminum alloys and is equivalent to
GALVALUM Il & NOSRSOK M503, over a long period during which their
excellent performance characteristics have been widely recognized.

Evidence of this can be found in the number of WWI! ALOLINE® based
systems installed on North Sea offshore structure and on many vessels
around the world with a wide variety of type of anodes.
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WWI ALOLINE® is protected by worldwide patents and is characterized by:

e light weight

e high electrical capacity — 2700 ampere hours per kilogram

e high solution potential — 1100 mV negative to a Ag/AgCl seawater
reference cell

e even corrosion pattern without fissuring

e stability of composition and performance during storage and
service

These features allow substantial savings to be made, both in the cost of
materials and in the cost of installing cathodic protection systems using
anodes cast in WW!/| ALOLINE® aluminum alloy.

WWI ALOLINE® is a self-cleaning material. When used in the cargo/ballast
tanks of tankers, it has the ability to slough off the oily residues left upon it
by the carriage of cargo. This happens when ballast is introduced to the
tank, whereupon WW!| ALOLINE® anodes start to work. Anodes
manufactured from other materials, which do not have this property, must
always be located where tank washing equipment can directly impinge
upon them, otherwise remaining oil residues insulate them and do not
allow cathodic protection to work.

WWI ZINCOLINE® Zinc Anodes WWI ZINCOLINE® anodes comply with US Military Specification A-18001K-
J-K (Mil-Spec), the trade standard in general use by quality anode founders
worldwide. It is a reliable material which has demonstrated good service
over many years of experience. It is suitable for the full range of marine
cathodic protection applications.
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Quality Control

System Design

The characteristics of WW/[ ZINCOLINE® are:

e electrical capacity — 780 ampere hours per kilogram

e solution potential — 1050 mV negative to a Ag/AgCl seawater
reference cell

e complete safety. Zinc anodes may be fitted in the upper levels of
cargo or cargo/ballast tanks as the material is inherently safe and
considered within the industry as incapable of generating
incendive sparks.

WWI| anodes, both WW/ ALOLINE® and WW!I ZINCOLINE®are manufactured by
WW!I companies under conditions of a stringent quality control conforming

to ISO9001 - 2015. All alloy casts are made from high purity virgin ingots of
aluminium or zinc.

Before any metal is cast into anodes, a sample in drawn from the furnace
to check the chemical analysis of the melt on an emission spectrograph
which gives an instant read-out of the composition of the alloy. This must
comply precisely with the requirements of the relevant specification before
casting may commence. Detailed records are maintained at each foundry,
recording the details of every melt to ensure full material traceability and
reliability, and consistency of anode performance.

All anodes supplied for marine application can be supplied with material
test & compliance certificates.

Cathodic protection systems can be designed either by experienced
Wilson Walton International service engineers visiting a vessel or in the
company’s design and estimating offices. When necessary, Classification
Society approval can be obtained on an owner’s behalf.

0119_msa
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Anode Requirements — Full Hull

In order

to design cathodic protection systems,

Wilson Walton

International requires the following information.

Actual Wetted Surface Area (WSA) which can be calculated from

Ships” Hulls

Ships” Tanks

Principal dimensions, ie length between
perpendiculars, breadth moulded and
maximum draught (if protection is required
to stern frame and rudder system only the
maximum draught and or dwt tonnage are
required)

Owner’s drawings, ie mid-ship section and
GA or capacity plan, steelworks/structural
drawings for peak tanks.

Block coefficient

Type and extent of coatings with

estimated of percentage breakdown

Type of coatings

Desired system life and percentage time in
ballast

Desired System life

Cargoes to be carried, type of tank (ballast
only or cargo/ballast)

Nature of service

Any heating coils, their material and
whether they are insulated from the

structure

Is propeller bonded with slip-ring?

Classification Society approval required

Number of propeller, rudders, thrusters,
sea chest

The number and type of sacrificial anodes required to protect the external
hull of a specific vessel are calculated by taking into account several
factors — size, the type of vessel, service conditions and the condition of
the hull — whether it is new or in service.

Current density requirements vary for each vessel but the following table
gives a general indication of recommendations for a broad range of vessel

types.

New Building In Service

mA/m? mA/m?
Ocean-going ships (SCP Coated) 10 15
Others ocean-going ships 12 15
Coasters 14 20
Ro-Ro ferries 14 20
Trawlers 22 24
Kort nozzles tugs 22 24
Dredgers 24 27
Ice Vessels 25 30
Tugs 18 22
Military 20 25

©2019 Wilson Walton International, S.A. A/ rights reserved
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Having determined the number of anodes required it is important to
ensure that the current distribution is effective and with the propeller
located at the stern of the vessel — an area of major turbulence — it is
necessary to fit a higher proportion of the anodes in the after part of the
vessel, particularly close to the propeller.

See diagram below for
arrangement of anodes on
I stern frame and rudder

W-17Z  W-24Z

The diagram above shows a typical anodes distribution for a large vessel. Typical External Hull Anode Arrangement

As a guide, it is recommended that 60% of the anodes are mounted in the
after half and the balance in the forward section. Due to the possibility of
the anchor chain abrading the forward quarters and removing the paint,
more anodes should be fitted in this part than at amidships but positions
where the anchor chain actually contacts the hull should be avoided.
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Anode Requirements For stern frame and rudder protection, WW!I has devised the following
tables of typical quantities and types of anode required for various size of
vessel.

Stern Frame Protection
Qty. of Anodes

Draft (m) DWT (Tn)
W-17 or W-24 or W-14Z

45-7 2000 12 14
7-8 5000 14 18
8-9 8000 16 20
9-10 10000 18 22
10-11 20000 20 26
11-12 30000 24 30
12-13 40000 30 38
13-14 60000 36 44
14-15 80000 40 24 50
15-17 115000 52 30 64
17-19 200000 66 38 82
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The diagram above shows typical systems.
Once the quantity of anodes required has been assessed distribution,
particularly in this area, is critical. For vessels of 40.000 dwt or more, the
distance between anodes on the rudder should not exceed 4 m.
With all stern frame systems, anodes should be positioned to avoid areas
of the hull lying directly ahead of the propeller blade tips and in the area
within the outer half of the propeller radius. Anodes placed in these
positions can cause cavitation and a consequent reduction in the efficiency
of the propeller.
If the propeller is bonded to the hull by a slip ring the number of anodes
required, as shown in the table, page 7, will increase by 30%.
Installation Drawings Plans showing anode layout, traced from owners’ drawings, are provided

free of charge when anodes are supplied. Bilge keels are not usually
shown on a GA drawing so it is important that Wilson Walton
International -Spain- is always advised of the extent and location of the
bilge keels.
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The type of cargo to be carried and the time that the tank is in ballast
affect the current density which must be made available for protection.

Anode Requirements

Cargo Ballast Tanks However, the following table gives general recommended current
densities for various types of tanks with bare steel.

Recommended
Type of Tank Cargo to be Carried Current Density
(mA/n?)
Upper wing tanks Salt water 130

Peak tanks

Salt water
Segregated ballast tanks

Deep tanks (Petroleum products/salt 110
Cargo ballast tanks (Spirit tankers) P
water)
Double bottom tanks Salt water
Cargo ballast Crude oil/sat water

90

Where tanks are painted, additional protection should be provided against
paint breakdown: An initial current density of 5mA/m? should be
considered, then 10mA/m? should be added for every 10% of anticipated
breakdown over the life of the cathodic protection system. Therefore, for a
system with 20% paint breakdown the current density should be
25mA/m2.

Once the number of anodes required has been calculated, their distribution
in the tanks must be determined. The following table gives the rules which
should be observed for effective protection against corrosion.

Recommended

Current Requirement X
Anode Material

Type of Tanks

2/3 in the bottom of the

Aluminium and/or
Centre tanks tank

Zinc
1/3 in the upper areas
% in the bottom of the
) tank Aluminium and/or
Wing tanks % throughout the Zinc

remainder of the tank
Anode Distribution

Permanent ballast tanks

Even distribution over
surface area

Aluminium and/or
Zinc

Double bottom tanks

At least one anode in
each membrane box

Aluminium and/or
Zinc

Special note should be taken of the positioning of aluminium anodes in
tanks carrying crude oil or petroleum, or other inflammable products.
Certain Classification Societies have restrictions on the height at which
these may be placed because of the potential for a spark to be produced
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Pit-Guard Anode

Installation Drawings

WWI ALOLINE® & WW!I ZINCOLINE®,

should an anode fall from a defined height. The Lloyds Register of
Shipping, for example, rules that the potential energy of an aluminum or
aluminum alloy anode should not exceed 275) (28kg f m).

Wilson Walton International Pit-Guard anodes are specially designed to
prevent pitting attacks on the bottom shell plating of cargo and ballast
tanks. Lying flat on the bottom shell plating, they provide cathodic
protection against corrosion in what are often deemed to be ‘empty’ tanks,
but which in fact contain residual ballast water that has not been stripped
from the tank. They also provide protection when brine settles out of oil
cargo.

WWI ALOLINE® W-151 type with "E" type stud support in ballast tank. Real photo

Because residual water remaining in cargo/ballast tanks will be oily, the
self-cleaning property of WW/I ALOLINE® aluminum alloys is advantageous
in this application.

Pit-Guards are provided with an integral clamp for easy attachment to the
scallop holes in the bottom longitudinal. This means they can be quickly
fitted without the need to gas-free for hot work.

Bearing in mind that these anodes are small and may be permanently
submerged (while ballast may only be carried for 40 or 50% of the time),
Pit-Guards should be inspected regularly and replaced promptly when
necessary.

Drawing showing anode layout, traced from owners’ drawings are
provided free of charge when anodes are supplied.

See Catalog (Technical catalog of SA). The lengths given in this table are
standard lengths but can be supplied to order.

0119_msa ©2019 Wilson Walton International, S.A. A/ rights reserved 12117



Wilson Walton
International

Sacrificial Anodes
for Marine Application

Vessels, Oil tanks, Refinery,

Onshore & Offshore industry, ports and others

Methods of Attaching Anodes

Tank Anodes

o

Tank welding

/i

-

M clamp ‘E’ type stud

Hull Anodes

Ve

Hull anode welded

Pit-Quard Anodes

Installation

The Operation of Tank CP System

Anodes are normally welded or clamped into position using the steel core
which is an integral part of the casting. Cathodic protection is measured in
millivolts and milliamps, so a low resistance current path is highly desirable
making welding the preferred method of attachment. However, they are
circumstances where a bolted or clamped anode has to be fitted. When
anodes are attached with bolts, hardened star washers should be inserted
between the fixings to ensure good metal-to-metal contact and to counter
vibration. Similarly, clamps must be provided with bolts with hardened
points that can penetrate the surface of steel member to which they are
attached. The clamp itself must be sufficiently robust to withstand the
force needed to ensure metal-to-metal contact. Wherever bolts or clamps
are used it is essential that materials such as paint, scale or rust, which
could act as insulators, are removed as they will not pass currents
measured in millivolts and milliamps. Diagrams illustrating methods of
attachment to both hulls and tanks are shown above.

To operate a Cathodic Protection scheme effectively, it is essential that
certain basic procedures are adopted to ensure maximum effectiveness of
the installed system of aluminum or zinc anodes. These are as follows:
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Cathodic Protection is depended on clean salt water being use as
ballast in the tank. If during the ballast period and for operational

reasons brackish or river water has to be put in the tanks, this
should be change for clean salt water as soon as practical.

If anodes has been fitted in the tanks where previous operating
procedures have shown the ballast tank is sufficient for and
effective system, it is essential that this ballast tank is
maintenance, otherwise the effectiveness is reduced and, unless
operational reasons dictate, ballast should be carried in the tanks
where cathodic protections has been fitted.

When unballasting tanks, it is important to ensure that all the
ballast has been removed, especially the bottom 3" — 4” which
tends to become residual water. This residual ballast water can
promote severe corrosion in areas which may not be protected by
the cathodic protection system because, being a residual amount,
it is probably at a point lower than the anodes. At the same time,
by maintaining a few feet of water in a ballast or cargo ballast
tank, this could well reduce the design life of the cathodic
protection scheme by a substantial amount, so al tanks should be
completely unballasted as soon as possible.

Unless the vessel has a defined ullage level, the tanks should be
maintained to a ballast level as high as practical during the
ballasting period so that all the steelwork receives cathodic
protection. Failure to ballast to the correct level could cause
atmospheric corrosion in the space between the ballast level and
any coating applied to the underdeck area.

Whenever the opportunity exists to enter a ballast or cargo ballast
tank, the personnel doing so should be instructed to inspect the
mounting attachments and generally records the condition of the
anodes for future maintenance. If a clamping arrangement has
been used, the high tensile steel bolts and locknuts should be
checked to ensure that none have come loose.

0119_msa
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WW/I ALOLINE® Anode W-151 series with “E” type stud support

o When inspecting the anodes, check that each is functioning
correctly. Any active anode will be covered with hydroxide which
is a white deposit, normally loosely adhering to the metal anode.
A hard anode surface indicates that the anode is not working
and should be recorded on the inspection form. The steelwork in
the vicinity of any anode may also be covered with a white salt
deposit, which is normal.

o For oil tankers carrying crude oil, it is recommended that the
washing programme is delayed as long as possible because the
wax deposits found on the steelwork assist the cathodic
protection system to protect the steelwork. If the operation
demands cleaning as soon as leaving the discharging port, the
cathodic protection process should be designed with this
prospect in mind.
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Area reserved for your Local Wilson Walton International Agent/Office is:

WILSON WALTON INTERNATIONAL, S.A. and its collaborators incorporate companies established in the
main shipping centers of the world. This structure facilitates the range of international products and the
availability of local experience and system design. The company WILSON WALTON INTERNATIONAL, S.A.
It is service oriented and oriented mainly to the Maritime, Military, Offshore, Onshore and Port Facilities
with the support of a consolidated. Engineering and Consulting department.

SYSTEMS & PRODUCTS (Marine, Military, Port Facility, Onshore & Offshore Applications)
Sacrificial Anode Systems. WW/I ALONINE® & WW!/| ZINCOLINE®.

Impressed Current Cathodic Protection Systems, WWS AQUAMATIC® System.

Marine Growth Prevention System, WWS PRAICOMATIC® System.

WWS ALUMINASA®, WWS ALOLINE®, WWS FERROLINE® & WWS CUPROLINE®.

This publication is one of a series of Technical Product Information brochures on aspects of cathodic protection for Offshore,
Onshore, Marine and Port Facilities applications. Further information about the series is available on request through
sales@wilsonwaltoninternational.com

Certain items shown on this publication are subject to worldwide patent applications and are trademarks of WILSON WALTON INTERNATIONAL, S.A.
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