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FOREWORD

The Iranian Petroleum Standards (IPS) reflect
the views of the Iranian Ministry of Petroleum
and are intended for use in the oil and gas
production facilities, oil refineries, chemical and
petrochemical plants, gas handling and
processing installations and other such facilities.

IPS is based on internationally acceptable
standards and includes selections from the items
stipulated in the referenced standards. They are
also supplemented by additional requirements
and/or modifications based on the experience
acquired by the Iranian Petroleum Industry and
the local market availability. The options which
are not specified in the text of the standards are
itemized in data sheet/s, so that, the user can
select his appropriate preferences therein.

The IPS standards are therefore expected to be
sufficiently flexible so that the users can adapt
these standards to their requirements. However,
they may not cover every requirement of each
project. For such cases, an addendum to IPS
Standard shall be prepared by the user which
elaborates the particular requirements of the
user. This addendum together with the relevant
IPS shall form the job specification for the
specific project or work.

The IPS is reviewed and up-dated approximately
every five years. Each standards are subject to
amendment or withdrawal, if required, thus the
latest edition of IPS shall be applicable

The users of IPS are therefore requested to send
their views and comments, including any
addendum prepared for particular cases to the
following address. These comments and
recommendations will be reviewed by the
relevant technical committee and in case of
approval will be incorporated in the next revision
of the standard.

Standards and Research department
No.19, Street14, North kheradmand
Karimkhan Avenue, Tehran, Iran .
Postal Code- 1585886851

Tel: 88810459-60 & 66153055
Fax: 88810462

Email: Standards@nioc.org
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General Definitions:

Throughout this Standard the following
definitions shall apply.

Company :

Refers to one of the related and/or affiliated
companies of the Iranian Ministry of Petroleum
such as National Iranian Oil Company, National
Iranian  Gas  Company, and  National
Petrochemical Company etc.

Purchaser :

Means the “Company" Where this standard is
part of direct purchaser order by the “Company”,
and the “Contractor” where this Standard is a part
of contract documens.

Vendor And Supplier:

Refers to firm or person who will supply and/or
fabricate the equipment or material.

Contractor:

Refers to the persons, firm or company whose
tender has been accepted by the company,

Executor :

Executor is the party which carries out all or part
of construction and/or commissioning for the
project.

Inspector :

The Inspector referred to in this Standard is a
person/persons or a body appointed in writing by
the company for the inspection of fabrication and
installation work

Shall:

Is used where a provision is mandatory.

Should
Is used where a provision is advisory only.
Will:

Is normally used in connection with the action
by the “Company” rather than by a contractor,
supplier or vendor.

May:

Is used where a provision is completely
discretionary.
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1. SCOPE

This Engineering Standard provides the design
requirements for electrochemical protection of
metals against corrosion. The electrochemical
methods of preventing corrosion consist of
cathodic and anodic protection. Anodic
protection at this stage of development is
applicable to limited combinations of metal and
corrosive environment so there has been found
little applications for it in industries so far.
Economics and difficulty in application has
also limited its application to metal structures.
For this reason the standard has emphasized on
cathodic protection which had been used
widely and effectively in different industries as
well as in oil, gas and petrochemical industries.

Design requirements for cathodic protection
systems (impressed current and galvanic) for
buried and immersed metal structures such as
buried pipelines, distribution pipelines, in plant
facilities, vessels and tanks and marine
structures, are described in this engineering
standard.

The standard also provides general guidelines
for applying cathodic and anodic protection to
metal structures.

Note 1:

This standard specification is reviewed and
updated by the relevant technical committee on
Jan 2005, as amendment No. 1 by circular No.
254.

Note 2:

This bilingual standard is a revised version of
the standard specification by the relevant
technical committee on MAY 2010 which is
issued as revision (1). Revision (0) of the said
standard specification is withdrawn.

Note 3:

In case of conflict between Farsi and English
languages, English language shall govern.

2. REFERENCES

Throughout this Standard the following
standards and codes are referred to. The
editions of these standards and codes that are in
effect at the time of publication of this
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Standard shall, to the extent specified herein,
form a part of this Standard. The applicability
of changes in standards and codes that occur
after the date of this Standard shall be mutually
agreed upon by the Company and the
Vendor/Consultant/Contractor.

BSI (BRITISH STANDARDS INSTITUTE)

BS EN 12474 "Cathodic Protection of
Submarine Pipelines"

BS EN 60079-1  "Explosive
Atmospheres-Part 1:
Equipment  Protection
by Flameproof
Enclosures "D"

BS EN 62305-1  "Protection Against
Lightning-Part 1:
General Principles"

BS 7361 (1991)  "Cathodic Protection"

Part 1- "Code of Practice for
Land and Marine
Applications"

BS 7430 (1998) "Code of Practice for
Earthing"

BS CP1003-Part 2

"Specification for
Electrical Apparatus for
Explosive Atmospheres"

DIN (DEUTSCHES INSTITUT FUR
NORMUNG)

DIN 30676 (1985)

"Design and
Application of Cathodic
Protection of External
Surfaces"

IP (INSTITUTE OF PETROLEUM)

Model Code of Safe Practice in Petroleum
Industry.
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IPS-C-TP-274

IPS-C-TP-820

IPS-C-TP-352

IPS-D-TP-718

IPS-E-GN-100

IPS-E-TP-100

IPS-E-TP-270

IPS-E-TP-350

IPS-E-EL-100

IPS-E-EL-110

IPS-M-EL-155

IPS-M-TP-750

IPS-I-EL-215

IPS IRANIAN PETROLEUM STANDARDS)

"Construction Standard for
Protective Coatings"

"Construction Standard for
Cathodic Protection"

"Construction Standard for
Lining"

"Cathodic Protection
System Fencing &
Foundation Details for c.p.
Station Located at City
Limits"

"Engineering Standard for
Units"

"Engineering Standard for
Paints"

"Engineering Standard for
Protective Coatings for
Buried and Submerged
Steel Structures"

"Engineering Standard for
Linings"

"Engineering and
Equipment Standard for
Electrical System Design
(Industrial and Non -—
Industrial)"

"Engineering Standard for
Hazardous Area"

"Material and Equipment
Standard for Transformer-
Rectifier for Cathodic
Protection"

"Material and Equipment
Standard for Cathodic
Protection"

"Procedure for Initial and
Periodical Inspection in
Potentially Explosive
Atmospheres (Hazardous
Area)"
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IPS-I-TP-820

"Inspection Standard for
Monitoring Cathodic
Protection Systems"

NACE (NATIONAL ASSOCIATION OF

CORROSION ENGINEERS)

RP 0169 (83) "Control of External
Corrosion on
Underground or
Submerged Metallic
Piping Systems"

Manual-Volume I1
"Fundamentals,  Section

SP 0176 (2007)

RP 0196

RP 0388 (2001)

RP 0288 (1994)

410, Cathodic Protection,
Corrosion Prevention"

"Standard Practice
Corrosion  Control  of
Submerged area of
permanently installied

Steel Offshore Structures
Associated with Petroleum
Production”

"Recommended Practice
Galvanic Anode Cathodic
Protection of Internal
Submerged Surfaces of
Steel = Water  Storage
Tanks"

"Recommended Practice-

Impressed Current
Cathodic  Protection of
Internal Submerged

Surfaces of Carbon Steel
Water Storage Tanks"

"Standard Recommended
Practice  Inspection of
Linings on Steel and
Concrete"

3. DEFINITIONS AND TERMINOLOGY

Acidity

The presence of an excess of hydrogen ions
(H+) over hydroxyl ions.
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Aerobic

Presence of oxygen, in this Engineering
Standard, this refers to the state of electrolyte
adjacent to the metal structure, for instance sea
bottom mud.

Alkalinity
The presence of an excess of hydroxyl ions
(OH ) over hydrogen ions.

Anaerobic

Lack of oxygen in the electrolyte adjacent to
metallic structure. For instance normal sea
water.

Anode

The electrode of an electrolyte cell at where
oxidation occurs. Common anode reactions are:
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Mg —> Mg~ +2e¢ andFe — Fe" +2¢

Anode Cap

An electrical insulating system placed over the
lead wire connection of an anode preferably
consisting of an epoxy resin encapsulation
surrounded by a heat-shrinkable outer
covering.

Anode Depolarization

Removal of protective layers and complexing
ions resulting in increased corrosion current
and corrosion rate. Contrary to cathode
depolarization, the increased corrosion is
accompanied by a negative (-) shift in anode-
to-electrolyte potential.

Anode Polarization

Build-up of protective layers and complexing
ions on anodic electrode. Polarization of the
anode results in decreased corrosion and
positive (+) shift in anode-to-electrolyte
potential.

Anodic Area

That part of metal surface which acts as anode.

Anodic Protection

Anodic protection is the use of an impressed
current to induce passivity on the surface of the
metal by making the metal an anode. The
potential of the anode must be controlled
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within a very narrow range to retain the passive 0 S Jisl maw ooy ba> lp SO

surface condition, anodic protection is . X o
applicable to only limited combinations of 5 3 5l sagiome locaS 5 3590 )0 e sl wblix

metal and corrosive environment. Sl Jloe! L 00i 95 oo
Attenuation W1
The decrease in a potential and current density Aol L slael s gl anels il alS

along buried or immersed pipeline from the

drainage point. ks alads 5l Heabge b (y92ae

SN

Attenuation Constant "a" sy coli"a

The magnitude of the attenuation constant is

R yP D —PT o ) A 3
directly affected by the longitudinal resistance ’ ’

of the pipe and inversely affected by the P 5> Saglie il Coi ugSas sl a5 dlgl b
resistance across the coating. The attenuation JUUES SN KV PR G E 0 FOSPS SCHV SRV S )
constant describes how much the potential sl (e . .
abass 5l alold  iolisl b b oS L sty
change or current flow decreases with ? ORI GagE QT 0B R e
increasing distance from the drain point. Sl oo oo |y adss
Backfill ooy Sy
A low resistance moisture holding material 3345 1S Cuslie by Cugb, ouiylagS eole
immediately surrounding buried anode for the 1l ol L T ool
purpose of increasing the effective area of Fye gl Gl pglaie 4 0ad (ghie Wil pln
contact with soil. In impressed current anode Ol el s 0 0gd e sals I8 S L ules
bed this refers to coke breeze. ol S5 JEd 4 o)Ll )50 ol e
Blistering ooy Jdeb
The formatio.n of swellings on the surface of an Lgi oot ansls S5y Y mhauw (59 g g, obx]
unbroken paint film by moisture, gases or the P SN b lailS o
development of corrosion products between the Sy a5 5 oS> gz b lajlicush,

metal and the paint film.

Bond Resistance Qg Ceoglio
The ohmic. resistance of a bond including the Ll o oled Ceogliie ol igm K ool Cunglie
contact resistance at the points of attachment of e Tl Lo _
its extremities. ol Ll adl e 5o (Stogen
Cathode (opposite of anode) (5T Jolio 40) W58
Thej electrodg Whe¥e reduction occurs. A 208y Bgas S Sgiue Sl el a5 Ll s Sl
typical cathodic reaction.

'(543[5

4¢ + 0O, +2H, O > 40H

Cathode Depolarization GOyl 39 D (g0
Removal of protective layers and complexing bog U a5 cazily o5 slogys 5 Lidle slaay i
ions, often caused by high acidity, high oxygen b3l oS sl ool L oS osl: [l
content, accidental shorts to other structures, 2 Sl oligS Jlail ol o 3l ()5nST w0lyj (gl )08
results is increased corrosion current and S5 TP 9 S0 ol sl cel Ko slaojle

corrosion rate. Cathode depolarization is i . o <
L. . o howsly )0 (+) oo yuatd (1S (ygumnl o Db (60 00 Ko
indicated by a positive (+) shift in cathode-to- e 02 () St e 68 Ol & i

electrolyte potential. A2 oo lid 1y cudg xSy Wl
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Cathode Polarization

Build up of protective layers and complexing
ions on the cathode electrode. Polarization of
the cathode results in decreased corrosion and
negative (-) shift in cathode-to-electrolyte
potential.

Cathodic Area

That part of the metal surface which acts as a
cathode.

Cathodic Protection (CP)

A technique to reduce the corrosion of a metal
surface by making that surface the cathode of
an electrochemical cell.

Characteristic Resistance

The characteristic resistance of the pipe is the
electrical resistance between the pipe and
remote earth in one direction only from the
drain point in ohms.

Concentration Cell

A cell involving an electrolyte and two
identical electrodes, with potential resulting
from differences in the chemistry of the
environments adjacent to the two electrodes.

Continuity Bond

A metallic connection that provides electrical
continuity. Mechanical fasteners are not
reliable continuity bonds. Exothermal weld
process or brazing is required.

Copper/Copper Sulfate Reference Electrode

A referenceelectrode consisting of copper in a
saturated copper sulfate solution.

Corrosion

The deterionration of a metal that results from
a reaction with its environments.

Corrosion Product

The chemical compound or compounds
produced by the reaction of a corroding metal
with its environment.
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Current Density

The direct current per unit area, generally
expressed as milli amp. Per sq.m. Current
density required to achieve cathodic protection
varies depending on environment and metal
being protected.

Deep Anode Bed

Type of ground bed using a drilled vertical
hole to contain impressed current anodes.
Construction techniques vary widely but
objectives are low ground bed resistance,
uniform current distribution, less interference
and permanent moisture.

Typical depth range from 40-150 meters to
reach moist low resistivity strata.

Dielectric Union

Similar to insulated flange but typically
threaded to pipe and used on pipe diameters 2-
inch.

Drainage (Current Requirement) Tests

Tests with current applied for a short period,
usually with temporary anodes and power
sources in order to determine the current
needed to achieve cathodic protection.

Driving E.ML.F. (Galvanic Anode System)

The difference between the structure /
electrolyte potential and the anode \ electrolyte
potential.

Electrical Grounding

Provides a low resistance path to ground for
fault currents in electrical equipment and
distribution networks. Since bare copper is
commonly  used, current  requirement
calculations must include the copper as a
substantial link for cathodic protection current
to adequately size for cathodic protection
system.

Electrical Isolation

The condition of being electrically separated from
other metallic structures or the environment.

Electrochemical Cell

A system consisting of an anode and a cathode
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immersed in an electrolyte so as to create an
electrical circuit. The anode and cathode may be
different metals or dissimilar areas on the same
metal surface.

Electrolyte

The term "electrolyte" refers to the soil or
liquid adjacent to and in contact with a buried
or submerged metallic structure, including
moisture, salts and other chemicals contained
there in.

Electronegative

A qualification applied to a metallic electrode
to indicate that its potential is negative with
respect to another metallic electrode in the
system.

Electropositive

A qualification applied to a metallic electrode
to indicate that its potential is positive with
respect to another metallic electrode in the
system.

Electroosmosis

The passage of a liquid through a porous
medium under the influence of a potential
difference.

Environment

The surroundings or conditions (physical,
chemical , mechanical) in which a material
exists.

Exothermal (Cadweld/Thermit) Weld

Process of insuring electrical connection of
cable to piping or steel structures incendiary
mixture of fine aluminum powder with a
metallic oxide of iron or chromium which
when ignited yields an intense heat.

Finite Line

If the line terminates in an insulated flange or
dead ends, it is called a finite line.

Flow Line

Pipeline carrying product from wellhead to
Gas- Oil- Separator-Plant (GOSP), typically
100-250 DN, coated or uncoated usually above
ground on pipe supports with periodic road
crossings.
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Foreign Structure

A buried or immersed electrically isolated
structure that may be subjected to corrosion
interference arising from the cathodic
protection of another structure.

Galvanic Anode or Sacrificial

A metal which because of its relative position
in the electromotive force (e.m.f) series,
provides sacrificial protection to metals that are
less negative (lower) in the series, when the
two are electrically coupled in an electrolyte.
The voltage difference between the anode and
the structure causes a current flow in the
structure that opposes the corrosion current.
The common types of galvanic anodes are rod,
bracelet and ribbon.

Galvanic Corrosion

Accelerated corrosion of a metal because of an
electrical contact with a more noble metal or
nonmetallic couductor in a corrosive
electrolyte.

GOSP

Acronym for GAS-OIL-SEPARATOR-
PLANT. Usually located geographically
central to a group of oil wells and fed by
flowline from each wellhead, typically
incoming and outgoing pipelines electrically
isolated from in-plant (on-plant) facilities at the
GOSP perimeter.

On-plant cathodic protection is separately
installed and operated from off-plant cathodic
protection.

Ground (Anode) Bed

Commonly a group of manufactured electrodes
or scrap steel which serves as the anode for the
cathodic protection of pipelines, tanks or other
buried metallic structures. Types of ground
beds are surface and deep anode
configurations.

Holiday

A discontinuity (pinhole or flaw) in a coated
surface that exposes the metal substrate to the
environment.
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Impressed Current

An electric current supplied by a device
employing a power source that is external to
the electrode system. (an example is direct
current for cathodic protection.)

Infinite Line

It is relatively long finite line or a line directly
connected to a structure of quite different
electrical characteristics such as bare line or a
tank farm.

Insulated Flange

A flanged joint in which flange faces and
securing bolts are electrically insulated from
each other by insulating sleeves, washers and
gaskets. Pipe size and pressure rating must be
specified. Insulated flanges are wused to
electrically isolate pipelines and systems.

Insulated Joint

Performs similar function to an insulating but
does not incorporate flange gaskets or bolts.
Provides electrical isolation via epoxy sealed
gap in a section of pipe.

Insulated Spool

It is similar to insulated joint but incorporates
internal  non-conductive  lining  where
electrically conductive pipeline products are
involved.

Interference Bond

A welded metallic connection between two
sections of a structure or two or more different
structures to carry electrical current. Often used
to by pass current.

In known locations to avoid corrosive current
discharge (interference) in unknown or,
undesirable locations. Then resistance bonds are
used, the resistance value must be less than the
parallel structure -to- structure soil resistance.

Interference Test

A structure-to-electrolyte test to determine the
existence of corrosion interaction between two
buried or immersed structures where one or
both are cathodically protected.
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Ion

Ion of an atom, or group of atoms, carrying a
charge of positive or negative electricity.

IR Drop (or Voltage Drop)

The voltage across a resistance on accordance
with ohm's law, e.g. soil resistivity and contact
resistance, large cathodic protection current
levels, proximity to structure and coating and
wire resistance. Often the IR drop component
is negligible but must always be considered for
each environment.

Leakage or Coating Resistance

Leakage resistance of pipe or resistance of pipe
radially to remote earth. This resistance
includes the resistance of the coating (if any)
and is affected by the resistivity of the
environment. Unit is Ohm-Kilometer.

Linear Pipe Resistance

The longitudinal pipe resistance of the pipe is
the pipe resistance in Ohms per unit length,
which can be calculated from the specific
resistivity of steel or iron and by regarding the
pipeline as an annular cylinder.

The specific resistivity of steel pipe will
normally vary from 15 to 23 micro-ohm-cm
depending on its chemistry. In absence of
specific test results it is normal to use a value
of 18 micro- ohm-cm.

Open-circuit (off) Potential

The difference in voltage between a structure
and a reference electrode under a condition of
no current flow to the structure.

Note:

Interference current flow may exist and is
often detected by open circuit potential
measurement.

Oxygen Concentration Cell

An electrochemical cell, the electromotive
force of which is due to a difference in air
(oxygen) concentration at one electrode as
compared with that at another electrode of the
same material .
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Passive

The state of metal when its behavior is more
noble (resist corrosion) than its position in the
"EMF" series would predict. This is a surface
phenomena .

Protection Current

The current made to flow into a metallic
structure from its electrolytic environment in
order to affect cathodic protection of the
structure.

Protection Potential

A term used in cathodic protection to define
the minimum potential required to suppress
corrosion. Protective potential depends on the
structure metal and the environment.

Reference Electrode

An electrode used for measuring the potentials
of other electrodes. Examples of commonly
used and installed reference electrodes are
copper-copper sulfate (Cu/CuSoy),silver-silver
chloride (Ag/AgCl) and zinc (Zn). Permanent
reference electrodes are often required at

inaccessible locations such as long road
crossing and under large diameter tank
bottoms.

Remote Earth

The areas in which the structure-to-electrolyte
potential change is negligible with change in
reference electrode position away from the
structure.

Reverse Current Switch

The reverse current switch is installed in series
with interference bonds where stray current is
known to reverse direction. Prevents serious
corrosion, where reversed current can
discharge to the electrolyte, by interrupting the
reversed current. A failed switch becomes an
open circuit or a solid bond.

Silver/Silver Chloride Electrode (Ag/AgCl)

A reference electrode consisting of silver,
coated with silver chloride in an electrolyte
containing chloride ions.
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Stray Current Corrosion

Corrosion resulting from current through paths
other than the intended circuit, e.g. , by any
extraneous current in the earth .

Splash Zone

That part of external structure between a level
2 meters above Mean High Water Springs
(M.H.W.S) and a level 3 meters below the
Lowest Astronomical Tide (L.A.T).

Structure-to-Electrolyte Potential

The potential difference between a metallic
structure and the electrolyte surrounding it,
measured with a reference electrolyte. Typical
examples are pipe-to-seawater potentials.

Sulfate Reducing Bacteria (S.R.B.)

A group of bacteria found in most soils and
natural waters, but active only in anaerobic
conditions of near neutral pH. They reduce
their with the
production of sulfides. SRB increase cathodic
protection current requirements as a result of
cathodic depolarization by sulfides.

sulfates in environment,

Submerged Zone

That part of external structure below the splash zone.

Surface Anode Bed

Type of ground bed using impressed current or
galvanic anodes. This type of ground bed is
used in relatively low resistivity soils like marl
(low resistivity limestone and clay) with water
retaining capability.

Test Access Hole

Provides a means of contacting soil through
concrete or asphalt for measuring structure-to-
soil potentials. Contains no wires and is
usually capped but easily accessible.

Test Station

Permanent wires attached to the structure and
led to a convenient location for electrical
measurements. Used at points where the
structure or soil is otherwise inaccessible for
electrical testing (underground or underwater).
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Weight-Coat

Steel-Mesh reinforced concrete layer applied
over a primary coating system. Provides
negative buoyancy for submarine pipelines.

Zinc Reference Electrode

A 99.9% metallic zinc rod, with an iron
content not exceeding 0.0014%, which contact
directly with the electrolyte around the
structure for potential measurement purposes.
Some of the zinc alloys used for galvanic
anodes are also suitable. The metallic electrode
can be made in any convenient form.

4. UNITS

This Standard is based on International System
of Units (SI), as per IPS-E-GN-100, except
where otherwise specified.

5. PURPOSE OF
PROTECTION

CATHODIC

Cathodic protection provides an effective
method of mitigating the corrosion damage to
metal surfaces exposed to a conducting
(corrosive) electrolyte (see Appendix A).

6. GENERAL APPLICATION OF
CATHODIC PROTECTION

6.1 Cathodic protection shall be applied to metal
structures where they are in contact with corrosive
soils or water, whenever economically justified
(see also clause A.2.1). Materials other than steel
or iron shall be considered as separate cases. The
metal structures shall be coated whenever practical
for maximum cathodic protection efficiency.

6.2 Impressed current cathodic protection shall
be applicable to but not necessarily limited to:

a) Buried land pipes.

b) Submarine pipelines within the area of
influence of shore or offshore platforms
where ac power is available.
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¢) Offshore structures (where power is
available).

d) Piers.

e) Storage tank bottoms (where exposed to
soil).

f) Water tank interiors.

g) Ship hulls (unless galvanic protection is
used, (see 6.3).

h) Well casings.
i) Buried plant piping.
j) Seawater intake systems.

k) Desalination plants.

6.3 Galvanic cathodic protection shall be
applied to but not necessarily limited to:

a) Submarine pipelines (beyond the
influence of impressed current schemes).

b) Short sections of buried land pipes in
arecas where soil resistivities are less than
5000 ohms-cms and ac power is not
available or in special cases such as road
crossings.

¢) Offshore structures and piers where
power sources are not available also for all
offshore structures for temporary protection
during construction and for achieving rapid
polarization and maintaining protection in
conjunction  with  impressed current
systems.

d) Special electrical grounding facilities on
land pipelines.

e) Heat exchanger water boxes.
f) Water tank interiors.
g) Ship hulls.

h) Small boat piers where impressed current
systems are not economical.
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i) Process vessel interiors.

6.4 All buried land pipes and sea pipelines
shall be provided with an anticorrosive,
dielectric  coating in accordance with
IPS-E-TP-270 and IPS-C-TP-274.

6.5 Cathodic protection systems shall be so
located to prevent the possibility of
disturbance or damage to other structures.

7. CRITERIA
PROTECTION

7.1 General

FOR CATHODIC

Criteria for cathodic protection is in general
agreement with the current revision of NACE
RP-01-69-83 and in specific agreement with
paragraphs 6.2.2 and 6.2.1 which state that "the
selection of a particular criterion for achieving
the objective of using cathodic protection is to
control the corrosion of metallic surfaces in
contact with electrolytes, depends, in part,
upon past experience with similar structures
and environments where in the criterion has
been used successfully".

Because the conditions and environments
make it impractical to comply with Paragraph
6.2.4 of NACE RP-01-69 which states that "the
voltage measurements on all buried structures
are to be made with reference -electrode
positioned as close as feasible to the structure
surface being investigated" and "the corrosion
engineer shall consider voltage (IR) drops
other than those across the structure-electrolyte
boundary, (IR) drops the presence of dissimilar
metals, and the influence of other structures for
valid  interpretation of  his  voltage
measurements ", specific standard criterion
incorporates allowances for the intrinsic
inaccuracies of structure-to-electrolyte
potential measurements, the standard criterion
for steel structures in different environments is
stated in the following paragraphs (see also
Clause 3.2 of DIN 30676, 1985).

7.2 Buried Pipes

The criterion most widely used on buried pipes
is based on the measurement of potential
differences between the pipe and its
environment.
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Coated buried pipelines shall have a minimum
pipe-to-soil polarized potential of -1.0 (off)
Volts (see Clause 3.2 of DIN 30676, 1985)
with reference to copper/copper sulfate half
cell. The potential shall be measured
immediately after interrupting all the cathodic
protection systems influencing the pipeline
structure, where it is not practical to measure
the interrupted or polarized potential on a pipe,
the general guideline for the protection criteria
shall be as follows:

7.2.1 For buried pipelines in low resistivity
soils (less than 2000 ohm-cm), the protection
criteria shall be -1.3 (on) volts measured at the
1 km test stations or -1.1 (on) volts measured
at close interval spacing (15 meters or less)
with the cathodic protection currents applied.

7.2.2 For buried pipelines on high resistivity
soils, (greater than 2000 ohm-cm), the
protection criteria shall be -1.5 (on) volts
measured at the 1 km test stations or -1.2 (on)
volts measured at close interval spacing (15
meters or less) with the cathodic protection
currents applied.

7.2.3 Buried facilities in plant areas shall be
considered protected at a minimum of -0.85
(on) volt, measured at test holes over the
metallic structure with the current flowing.

Another criterion in use is potential change
from natural value to the value obtained after
application of cathodic protection. In this
method potential change is used as criterion
rather than an absolute value (say - 0.85 volts
to copper/copper sulfate electrode). In this
system, the intent is to change the pipe
potential by 0.25 or 0.3 volt in the negative
direction when the chatodic protection is
applied.

Note:

Special conditions (e.g. backfill, pipe coating
characteristics or other parameters) may
require further interpretation of voltage
readings), (see NACE RP 01-69-83 Paragraph
6.5).
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7.3 Tanks Exteriors

Tank undersides may be considered partially
coated due to contact with sand asphalt
padding. However, contact with the soil will
vary with flexing of the base. The potential
recorded at the periphery of the underside shall
be -1.10 -1.20 (on), volt with reference to a
copper/copper sulfate half cell; where
permanent reference electrodes have been
installed under the tank bottom, a minimum
potential of +0.25 (on) volt zinc to steel
indicates adequate protection.

7.4 Submerged Pipelines

Offshore submerged pipelines shall have a
minimum Pipe-to-water potential of -0.90 (on)
volt with reference to a silver/ silver chloride
half cell.

7.5 Offshore Structures and Ship Hulls

Steel structures, other than pipelines, shall
have a minimum structure -to-water potential
of -0.90 (on) volt with reference to a
silver/silver chloride half cell.

7.6 Tank, Pipe and Water Box Interiors

Structures storing or transporting conductive
waters or other conductive liquids shall have a
minimum electrolyte to internal surface
potential of -0.90 (on) volt with reference to
silver / silver chloride reference cell or +0.15
(on) volt with reference to an internal zinc
reference electrode.

7.7 Well Casings

shall be
considered adequately protected when a polarized
casing -to- soil potential of -1.0 (off) volt to a
copper/copper sulfate reference cell is measured
with the cell located close to the casing and the
cathodic current momentarily interrupted.

In general, onshore well casings

Alternatively, the potential measured with the
cathodic current shall be -1.2 (on) volts to the
copper/copper sulfate reference cell with the cell
located remotely a minimum of 75 meters from
the well and preferably 180 away from the anode
bed. Where it is impractical to obtain valid casing-

24

OB (2 b g Y-V
Lol s & el oSan e o gob
Oidigy slojlasl b ] @ aedl aule slo IRCEL
50 0l Eod Jumdly 05 dales s al ol o>

oo Dlalgas | oo a2 0 i o8 b () b (50l
S ol sl (b)) <l e cdy VY V) gl

Wloads ual (35 &S ;0 Sl a e slaog xSl
o (53 (rgy) Sl o g+ /YD Joily JSloo
s Hlas |y oewlie cblas oYe8 4

o ygabgé dlg) bohs F-Y

Jolas slls wul Lo 5o adly o ygabosé als) boglas
L (b)) <l o 2y 1% Jols T 4 Wyl Joily
2l oy IS o)k e o a2 e

b (SiS a9 by 50 Ry glo ojlw B-V
Bl shls b gl bshs 5l 18 4 (355 slaojl
(opbg,y) by cdg =/ Ol 4 s o5l Jumailis
il 0,8 w5 o)k e o 310 18 e e b

Gl aiize S0 glagicy 9 g (350 F-Y
o5 1, B, Slale 1500 b Ul sle] 45 oloojlo
Cedg xSl Jonily,. Blam il aiSie J&5 5 Jo b
L (o3 Sy ady 22 (b w4 cos

N0 L o wlS o) g S ol )R e
Sod S ol 18 azpe b () <y 2

il (3 (59, @2 0 395

ol ol alg) V-V

05 o Sy |y (FaS 0 ol ol (sl dlgl (IS sk
Ay Joily a5 <85 a0 s ol cblis canlis b o
[ e gy Jo 5l ool b S 4 i o Db 0o
ol 45 sl (Upeals) b o s Ve e lilyas
ol 5 ooz g LS o i L 5l eslial b 5t
S9d o S oyl G (b (labd

ST sl el gl b oads (5 Sl Jonily dbglize
Slager | e 2250 Jio 0 Sl (Oidg) Sl 0 2y

g ol> 5l e YO JBlas 90 d.l.al.é)ok}ﬁ)l,'o:;wllgw
Jsa> a3l 5wl o] jins ) e yie YA+ brzy

St S 0oz g 58 B Joilty sl S



I E May. 2010 / \Y AR caigms sl IPS-E-TP-820(1)

to-soil  potential  measurements, current
requirement and polarization test data may be used
in interpreting the protected status of well casings.
Offshore well casings shall be considered
protected when the casing-to-water potential is
-0.90 (on) volt to a silver chloride reference half
cell placed close to the casing.

Table 1 lists the observed protection potentials
i.e. potential without allowances for (IR) drop
error for full protection of various metals,
measured  against  difference  standard
electrodes.
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TABLE 1 - MINIMUM AND MAXIMUM POTENTIALS FOR CATHODIC PROTECTION OF BARE
METALS (VOLTS, WITHOUT IR DROP)

(IR <3l (g « b3LI) (iSg) gy wl3ld Wl cblis gl yiSlas g JSlas o Jouiliy ) Jgo

REFERENCE ELECTRODE

& y0 09 5
Copper/copper Silver/silver Silver/silver Zinc/(clean)
sulfate chloride chloride sea-water
- sea-water** saturated KCl
Metal or CONDITION L g/ o IRTY)
Alloy 0y 0 IS0y FYEHRVEN LY oo -
P Lyl o h (o)l yo &I
W 5L 5 08 O oads gLl KCl
Min. Max. Min. Max. Min. Max. Min. Max.

Blos @Sl | JBlos Slas | Sl Slos | Blos SSlos

At temp. below 40°C
arp Foony ke 1 .08 NA*| -080 NA | -075 NA | +025 NA

R ETW

Unalloyed and low e

alloy ferrous materials | At temp. higher than 60°C

oS 5 oo LTl olge | 4203 Fr 5l YL sles 51 L0095 NA -090 NA | -085 NA |+0.15 NA
5L o Kl

In anaerobic media with
high activity of sulfate
reducing bacteria and
Sulfate

bLosilsene slalame 5o
ol slaysl @V ol

-095 NA -090 NA -0.85 NA | +0.15 NA

In  aerobic and in
anaerobic media with low
activity of sulfate reducing
bacteria and sulfates

S5lsp 9 Siloa et lalamao
s>l glo iSh ol codlad

-085 NA -0.80 N.A -075 NA | +025 NA

In sandy soils with
resistivities greater than
50000 ohm.cm

el b oSy | -075 NA | 070 NA | -0.65 NA [+035 NA
— ol Br el iy Caglie

Stainless steels with a | At temp. below 40°C

chromium of at least | o s ¢ 0 o 5| _010 NA | -050 NA | -000 NA
16% by weight, for use . f100 NA
in soil and fresh water ol Kile . )
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TABLE 1 (continued)

(aolsl) =) Jgus

REFERENCE ELECTRODE

&2 y0 995l
Copper/copper Silver/silver Silver/silver Zinc/(clean)
sulfate chloride chloride sea-water
P sea-water** saturated KCl
Metal or CONDITION Sl oo | e
Alloy 05 g p U505 0y oy IS0 485 . <
AT L Lyl o - (500l 32 ]
SWTL 38 #5010 Ol oads gL KCl
Min. Max. Min. Max. Min. Max. Min. Max.
Bloas  gslos | Slae  Slas | Sl GSlas | Bl STos
Stainless steels with a -
chromium content of at
least 16% by weight,
for use in salt water
o . -030 NA -025 NA -020 NA | +080 N.A
pS Loy K slas¥sd
Slp g e Vo JBlos
Sos o 0 ool
Copper; -
copper/nickel alloys -0.50  -0.65 | -045 -0.55 | -045 0.56 | +0.6 +0.45
Lead -—-
-0.60 -NA -055 -NA | -050 -NA | +05-NA
ES
Aluminum In fresh water
- T -095 -130 | -09 -1.15 -0.85 -1.10 +0.15-0.10
poines]] LRI
Aluminum In salt water
- L -090 -1.10| -0.85 -1.05 -0.80 -1.00 +0.20 -0.00
PYVEOIN| Sas ol o
Aluminum In soil
- . -095 -1201| -090 -1.15 -0.85 -1.10 +0.15-0.10
iz S s
Steel in contact with
Concrete - -075 -130 | -0.70 -1.25 -0.65 -1.20 +0.35-0.20
B b obes o 2¥53
Galvanized steel
L e G - -1.20 N.A -1.15 N.A -1.1 N.A | +0.10 NA
0l 05ilgJl8 Y48

*  Not applicable

s Jlos] 5 ¥

**  Silver/silver chloride/sea water (salinity

32-38%) in brackish water (salinity <
32%), the potential reading from an open
electrolyte reference electrode must be
corrected for the lower chloride
concentration. For measurements in such
water a closed -electrolyte reference
electrode is advantageous.

Notes:

1)

All potentials have been rounded to the

nearest multiple of 0.05 V. The figures for

30 (Qo, 0 YA =YY (5,00) byo u._:]/o)ﬁ.i QS o83 *

OB oy YY Gl eS (ye8) ope jed O
@l b 5k Seds iSIl m pe 09 SN SG Sl iy
e S o3Il (sl 00,5 memmal Sl 28 chale
iy Sy i8Il g ye 098U Sy ol iz 0

Bl o e

g )sloly

*

35 Ly 100 Gy (SR 4 badeily ples ()

electrodes in which sea-water is the electrolyte Sy iUl Lye ol a5 alasg iSIl ol olasl ailoas

are valid only if the sea-water is clean, odds 2 lgp g oo 5.8, pued by O 51 Lads col
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undiluted and aerated.

2) Aluminum. It is not at present possible to
make firm recommendations for the protection
of aluminum since this metal may corrode if
made too strongly negative. There are
indications that corrosion can be prevented if
the potential is maintained between the limits
shown in the Table. Alternatively, it has been
recommended in the case of pipelines to make
the metal electrolyte potential more negative
than its original value by 0.15 V.

3) Lead. In alkaline environments lead may
occasionally be corroded at strongly negative
potentials.

4) Stainless steels. In many environments,
stainless steels will not require any form of
protection. In some cases anodic protection is
used.

Stainless steels are however, often susceptible
to crevice corrosion. A crevice may be
encountered between two metals, e.g. at a
riveted or bolted seam, or between a metal and
non-metal or at a gasketed joint. Crevice attack
is a particular from of a differential aeration
corrosion and is most often encountered in a
marine environment. It has been found that
cathodic protection will significantly reduce
the incidence and severity of this form of
corrosion; polarization to potentials given in
Table 1 is necessary.

Difficulty can, however, arise if the crevice
can seal itself off from the environment; the
protective current cannot flow to the seat of
the attack which may proceed unabated.

Polarization of stainless steels to excessively
negative potentials may result in hydrogen
evolution which can cause blistering and loss
of mechanical strength.

Experience has shown that random pitting of
stainless steel may not be influenced by
cathodic protection, despite the evidence from
certain laboratory studies.

5) Steel in concrete. If steel, whether buried or
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immersed, is only partially enclosed in
concrete, the protection potential is determined
by the exposed metal and is as indicated in
Table 1. Iron or steel fully enclosed in sound
concrete free from chlorides would not
normally require cathodic protection because
of the alkaline environment. For circumstances
where cathodic protection needs to be applied,
for example because there is doubt as to
adequacy of the concrete cover or to provide
very high reliability, it has been suggested that
potentials less negative than are normally
required for the protection of steel may be
suitable.

8. TYPES OF CATHODIC PROTECTION
SYSTEMS

8.1 Impressed Current Systems

In this type of system, an external source of dc
power, usually an ac/dc transformer-rectifier,
is used to provide the driving voltage between
the anode and the structure to be protected.
The negative terminal of the dc source is
connected to the structure by a suitable cable
and the positive terminal similarly connected
to the anode. The dc power source shall be
adjustable so that variations in cathodic
protection current and voltage are available.

Rectifiers are especially applicable where
electric power 1is available and current
requirements are large or soil resistivity is too
high for sacrificial anodes. They are very
flexible source since practically any
combination of current and voltage ratings is
available and the voltage of a rectifier is
normally adjustable over a wide range.

8.2 Galvanic Anode Systems

In a galvanic anode system, the driving voltage
between the structure to be protected and the
anodes is provided directly by the potential
difference between the materials involved, If
the galvanic anode is subject to possible
wetting by oil, Aluminum alloy or magnesium
anodes shall be used.

Galvanic anodes, either singly or in groups or
ribbon, are connected directly to the structure
to be protected and are consumed at a rate
proportional to the current output. Because of
the limited driving voltage their use is
generally in soil or water conditions of
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electrical resistivity less than 5000 ohm-cm.

This system is applicable where the soil
resistivity and current requirements are low
and also where a power supply does not exist
or can be provided only at uneconomical costs.

The use of magnesium anodes is usually not
feasible where the soil resistivity is above 5000
ohm-cm (although magnesium ribbon may be
used in soils of higher resistivity). A general
rule-of-thumb suggests that zinc anodes are
better used in the lower soil resistivities (below
1500 ohm-cm).

The construction of galvanic anode systems
shall be according to IPS-C-TP-820.

8.3 Galvanic Versus Impressed Current
System

In cases where either galvanic anode or
Impressed Current System can be used
successfully, the choice 1is dictated by
economics. A cost study is required to
determine which type of system is more
economical. (See also A.2.4).

9. EQUIPMENT AND FACILITIES FOR
IMPRESSED CURRENT SYSTEMS

9.1 Cathodic
Rectifiers

Protection Transformer-

A transformer-rectifier in conjunction with an
anode system offers the most reliable and
effective means for supplying cathodic
protection when an ac power supply is
available. Transformer-rectifiers for cathodic
protection use are generally rated in the range
of 10 to 400 amperes and from 10 to 100 volts.

Transformer rectifier construction may use
either air cooling or oil immersion. In the
latter, all carrying
immersed in oil filled tanks. Oil immersed
units are preferred for installation in severe
corrosive environments (see IPS-E-TP-100 for
definition). However, air cooled units may be
acceptable in less corrosive atmosphere or non

current circuits are
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classified areas (see IPS-M-EL-155). The air
cooled units are used in ambient temperature
below 40°C.

9.2 Alternative Cathodic Protection Power
Sources

Where there is no access to ac supplies, any of
other sources of power, as listed below which
technically and economically is justified may
be considered:

a) Diesel-alternator-rectifier set.

b) Gas engine-alternator-rectifier set.

¢)  Thermo-electric
operated).

generator  (gas

d) Closed circuit vapor turbine (gas or
kerosene operated).

e) Solar powered generator with battery
storage.

f) Wind generators with battery storage.

g) Alternating current turbine operating
from by pass pipeline flow.

h) Fuel cells consisting of two conducting
plates and electrolyte.

i) Petrol engine-alternator.

In case of Gas trunkline, gas from the pipeline
is used to power the gas engine. If the
trunkline carries a petroleum product which is
suitable for engine fuel, it may be taken
directly from the line as well. Otherwise, fuel
like gas, oil or petrol, depending on type of
engine selected, must be brought to the
generator station periodically to fill fuel
storage tank at site.

9.3 Impressed Current Anodes

9.3.1 Ferro Silicon (an iron alloy with a silicon
content of approximately about 14 W% and a
carbon content of approximately 1 W%),
graphite, scrap iron and magnetite (Fe;O4 plus
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additives) is to be considered a suitable
material for anodes in contact with soil.

9.3.2 Ferro silicon anode with 4W% chromium
is recommended for use in soils containing
chloride ions. For anodes in contact with salt
water, inert anodes of platinized titanium,
tantalum or niobium or lead/silver anodes are
commonly used.

9.3.3 Polymeric anodes are used for cathodic
protection of reinforcing steel in salt
contaminated concrete and can also be used for
cathodic protection of inplant facilities. The
system consists of a mesh of wirelike anodes,
which are made of a conductive polymer
electrode material coated onto copper
conductors. The conductive polymer not only
serves as an active anode material but also
shields the conductors from chemical attack.
These mesh anodes are designed and optimally
spaced to provide long term uniform protection
at low current densities. In case of protecting
steel in concrete, the anode mesh is placed on
the surface of a reinforced concrete structure,
covered with an overlay of portland cement or
polymer modified concrete and then connected
to a low voltage dc power source.

9.3.4 Ceramic anodes are the newest materials
available for cathodic protection anodes. These
anodes are supplied either as oxide coatings on
transition metal substrates or as bulk ceramics.
Their use as cathodic protection anodes for
protecting reinforcing steel in concrete is new
but the oxide coated transition metal anodes
have been used since the late 1960 in the chlor-
alkali
production and seawater electrolysis, and

industry as anodes for chlorine

cathodic protection of water tanks and bund

steel structures, among other industrial

processes. These anodes are produced in sheet,
mesh and wire form.

9.3.5 Following considerations shall be
considered when selecting the anode for an
impressed current system:

- The relative importance of cost and
consumption rate varies according to
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conditions. Thus, if the -electrolyte
resistivity is high, an extensive anode
installation will be needed. Cheap material
is therefore normally chosen and it will not
be excessively costly to provide an
additional amount to allow for its higher
consumption. For anodes in a low
resistivity environment, such as sea-water, a
large mass of material is not generally
required so that a compact anode of
material capable of working at high current
density may be more economical.
Compactness may often be essential, for
example to minimize interference with
water flow. In such applications, the
mechanical properties of the material and
ability to withstand abrasion by suspended
matter may also be important.

- Graphite used as an anode material can be
operated at a current density of 2.5 A m? to
10 A m% It is normally impregnated with
wax or a synthetic resin to fill the pores and
the consumption rate can then be
appreciably lower than that of iron and
steel. Chlorine which can be generated
electrolytically in saline waters is
particularly aggressive towards graphite
anodes.

- High silicon cast iron will operate at
current densities in the range 5 A/m? to 50
A/m? with consumption rates in the range
0.2 kg/A year to 1 kg/A year, according to
anode shape and conditions. It is suitable
for buried or immersed conditions.

- Magnetite (Fe;O,) is a natural mineral
which can be made into a cathodic
protection anode by proprietary methods.
Such anodes are available in the form of
cast hollow cylinders with an internal
metallic lining to which a cable is
connected and sealed. Magnetite has a low
consumption rate of less than 5 g/A year
and may be used in soils, fresh-water and
sea-water. This material is brittle and
requires careful handling.

- Lead alloys of various compositions are
used in sea-water applications but are
unsuitable for installations where deposits
may form. These anodes rely on the
formation of a lead dioxide (PbO,) surface
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film which constitutes a conducting
medium that does not deteriorate rapidly
and is self repairing. For example, lead
alloyed with antimony and silver can
operate at current densities up to 300 A/m?.
In another type, the lead is alloyed with
silver and tellurium. The performance may
be affected adversely in deep water or
waters of low oxygen content.

Thin platinum wire may be inserted into the
lead alloy surface to form a bi-electrode
which can be beneficial in the initial
formation of a film of lead dioxide. This
mechanism operates at a current density
greater than 250 A/m?. Such anodes can be
operated at current densities up to 2000
A/m?. Other lead alloys are available and
the operating conditions may be affected by
the type of alloy.

Platinum and platinum alloys e.g.
platinum/iridium are too expensive for use
as anodes except in special applications.
They are, however, frequently used in the
form of a thin layer of platinum or platinum
alloy about 0.0025 mm thick on a titanium,
niobium or tantalum substrate.

These metals are used as the substrate
because they are protected under anodic
conditions by an adherent, inert, non-
conducting surface oxide film, and
therefore resist corrosion at any gap in the
platinum. The application of platinum or
platinum alloy (Platinizing) can be confined
to those areas where current transfer is
required.

Anodes using these materials can operate
satisfactorily at current densities up to 1000
A/m? of Platonized surface but operating
voltages dictate that a lower figure is used
as a basis for design. In electrolytes
containing chlorides, the oxide film on
titanium may break down if the voltage
exceeds 8V; with niobium and tantalum 40
V is permissible. Higher voltages may be
permissible with fully Platinized anodes or
in non-saline environments. The life of the
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platinum film may be affected by the
magnitude and frequency of the ripple
present in the dc supply. Ripple frequencies
less than 100 Hz should be avoided.
Therefore, anode/electrolyte potential needs
to be suitably limited and full-wave, rather
than half - wave, rectification is preferable.
The life of the platinum film may also be
affected by the electrolyte resistivity, the
consumption rate increasing with resistivity.

Recent developments have included the use
of oxides of precious metals (e.g. ruthenium
and iridium), mixed with other oxides, on a
titanium substrate. These have operating
conditions similar to the Platonized anodes
described above and are said to withstand
current reversal (see Peabody's control of
pipeline corrosion second Edition 2001-
page 168). Another material available is a
conducting polymer extruded onto a copper
conductor.

Characteristics of the principal anode
materials are summarized in Table 2. These
are arranged in order of cost consumption
rate and are given only as examples. For
standard specification see IPS-M-TP-750
Part 5.

9.4 Cables

Cable conductors shall be sized such that the
conductor be capable of carrying maximum
designed current for the circuit without
excessive voltage drops except that bonding
cables shall be 16 mm? minimum. The cables
shall meet the requirements of [PS-M-TP-750
Part 7.

Anode cable insulation shall be compatible
with the anode environment which will include
generated chlorine gas. (See IPS-M-TP-750
Part 7 for Chlorine resistant cable).

9.5 Insulating Devices

The structure to be protected shall be isolated
from other structures or facilities by means of
applicable insulating devices such as insulating
flanges, insulating joints and insulating spools.
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In the case of pipelines, these include, for
example, pressure raising or reducing systems,
transfer systems and domestic service
installations.

In areas where there is a risk of explosion,
insulating devices shall be fitted with
explosion-proof spark gaps and shall be
equipped to prevent sparking such as may
occur by bridging caused, for example, by
contact with tools.

Insulating flange sets shall not be buried.
Insulating joints and spools may be installed
below grade and buried, provided they have a
suitable bond station. They shall be properly
identified by marker posts.
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TABLE 2 - CHARACTERISTICS OF PRINCIPAL ANODE MATERIALS
ol &1 3lgo LS9 -Y Jou

MAXIMUM MAXIMUM PROBABLE
OPERATING | CONSUMPTION | OpERATING | UTILIZATION
S %[]{:l;lgfg RATE VOLTAGE FACTOR
DENSITY
5Ly pStas ° le REMARKS
MATERIAL Sz | Al 5l NYIORION nted 29 0 Jo "
oslo glem? & bdos ©b > Mass/A year v o,
A/m* Jle e/ °
ol
&0 ol ypol s o
Steel 7.85 5 9kg 50 30 to 50 Used with carbonaceous backfill
oY Sgdro oolatwl (20,8 wiy
Impregnated 1.1 10 0.5kg 50 50
graphite
o 5, bl 5
High-silicon iron 7.0 50 0.2to 1.0kg 50 50 to 90 Higher consumption occurs in chloride
. containing environment unless
SR 0 chromium or molybdenum is added.
S99 4 .,\_,)JS 6')“) AT » ,:YL: s_é}m
29 Aol acdse b g S S il o0
Carbonaceous 0.7to0 1.1 5 1to2kg 50 50 Only used in conjunction with other
Backfill anode materials
S Ay ooliiwl uiT Ko Slge b Ojglme yo lads
RY%008
Magnetite 5.8 100 <5g 50 60
Lead alloys 11.3 300 25¢g 25 80
oy sl
Platinum on 21.5 1000 10 mg" gV 90 Cannot withstand current reversal.
titanium, 40? Operating current density under oxygen
niobium or evolution conditions should not exceed
tantalum 200 A/m?, Wear rates of platinized (and
osls o platinum/iridium) anodes increase with
R Sy o= decreasing chloride levels
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D Platinum on titanium.

2)

Platinum on niobium and