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Cathodic Protection installation

Scope

eGalvanic Table

*Alloys for Sacrificial Anodes

*Design, Manufacture and & Testing of Sacrificial Anodes
*Design of a CP system to protect a structure

eInstallation of Sacrificial Anode
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To Mitigate Corrosion by Cathodic Protection

*Means by imposing a current on the item of interest which will halt or
reduce the corrosion level to one which is insignificant
How?

*Either by:

e utilising the galvanic properties of 2 dissimilar metals when joined
together in a conductive medium (electrolyte) to create Anode/Cathode
or

eImposing a current using an electrical system (Impressed Current )

to achieve similar
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selection.
What makes the best anode material?

» Potential sufficiently electronegative —
Galvanic Table vs your coupled material
(driving potential)

» Base material can be alloyed with other
elements to make it more electronegative

» Reactivity in Media - Conductivity (salinity)
» Broad Active Temperature Range

» High current output per Kg consumed
 Low Metal Cost (Amps per Kg)
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* Chart From: DNV RPB401 Cathodic Protection Design 2010



(0.1t0 0.3 V)

(large addition rates)

e Cadmium

e Zinc
° Mg
e Barium
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Figure 1—Elements screened in tests to determine the effects of various additfions
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MNominal Alloy Composgition Ranges for Anodes Tested (%)

Al-Zn-Sn Al-Zn-Hg Al-Zn-In-Mg Zinc (MIL-A-
18001)

Zn 6.0 to 8.0 1.25t0 2.00 1.0 to 2.0 Remainder

Sn 0.10 to 0.20 — —_ —

Si —_ — —_ 0.125 max.

Hg —_ 0.030 to 0.08 —_ —

Fb —_ — —_ 0.006 max.

Mg —_ —_ 0.50tc 1.0 —

I —_ — 0.20 —

Fe 0.10 max. 0.10 max. 0.10 max. 0.005 max.

Cd —_ — —_ 0.025to 015

Cu 0.003 max. 0.003 max. 0.010 max. 0.005 max.

Al Remainder Remainder Remainder 0.10 to 0.50

Table 2
Range of Evaluation Results
Alloy Operating Hydrogen Evolution (% Impressed Current Capacity
Potential Efficiency) A-hi'kg A-hilb
(SCE™-mV)
Al-Zn-3n 940 to 1,176 70 to 94 1,014 to 2,711 48010 1,220
Al-Zn-Hg 830 to 1,114 96 2,623 10 2,945 1,190 to 1,338
Al-Zn-In-Mg 1.032 to 1,140 a0 2,354 10 2,742 1,065 fo 1,244
Zing 969 to 1,051 a8 754 1o 804 42 to 363

"™ Saturated calomel electrode.

* Chart From: NACE TMO0190-2012 Impressed Current Lab. Testing of Al &Zn Anodes
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Fe Si Cu 7n Ni Mn Al

0.02 max. 0.3 max 0.05 max. 2-4 0.003 0.2 min 5-7
max
Potential —1.5 Volts Ag/AgCl Capacity 1230Amp Hrs per Kg min. Density ~1725 kg/m?
High Potential, Low Life/High Consumption 7.3kg/A-Yr, Soil/ Fresh Water
Zinc Zn-Al-Cd Anode Alloy: US Military Spec. 18001
Fe Al Cu Cd Pb Others Zn

.005 max 0.1-0.5 .005 max 0.025-0.070 0.006 max. 0.1 max remainder

Potential —1.05 Volts Ag/AgCl Capacity 780 Amp Hrs per Kg min. Density 6900 Kg/m?®
Low Capacity, High Consumption 11.5 kg/A-Yr, = Temp<50°C Seawater/Seabed/ Brackish water

Aluminium Al-Zn-In-Si anode alloy (Galvalum III)

Fe Si Cu Zn In Others Al
0.12 0.08-0.21 0.006 max. 28-6.5 0.01 - 0.02 0.02 max remainder
max.
Potential —1.10* Volts Ag/AgCl Capacity (Amp Hrs) 2500 per Kg min Density 2750Kg/m?

Good Potential, Long Life/Low Consumption 4.2 kg/A-Yr, High Temp 80-100°C, Seawater /Seabed Mud
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« Magnesium

— High Potential, -1.5 to -1.7V, (1200Amp.Hr/kg), Fresh
water/Soil (5-100 ohm. m) , High cost/Kg., Low life.

— Short term deployment in seawater
o ZINC

— -1.05V, Low capacity/ Kg (800), Limited Temp (50 ° C),
Seawater to 30 ohm. M, Sea bed, Brackish water

— Boats and vessels.

e Aluminium

— -1.10V, High Capacity/Kg (2500), High Temp (80-100 ° C),
Seawater/Sea bed/ Mud to ~10 ohm. M

— Large long life installations
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*

Elements Alloy Al Alloy A2 Alloy A3 Alloy A4
Zn 2.0-6.0 3.0-5.5 4.75-5.75 0.15
In 0.010-0.030 | 0.016-0.040 | 0.016-0.020 0.005 max
Ga 0.092-0.110
Fe 0.12 max 0.09 max 0.06 max 0.08 max
Si 0.12 max 0.10 max 0.08-0.12 0.10 max
Cu 0.006 max 0.005 max 0.003 max 0.005 max
Cd 0.002 max 0.002 max 0.002 max
Other Impurities (each) 0.02 max 0.02 max 0.02 max 0.02 max
Other Impurities (Total) 0.1 max 0.1 max 0.05 max 0.05 max
Al Balance Balance Balance Balance
Notes: Al A2 A3 A4
Marine Offshore Deep/Cold Water Low Driving Voltage

From: BS EN 12496:2013 Galvanic anodes for cathodic protection in Seawater and saline mud
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* Al (99.85%min)
* Fe, SI, Cu, Ga,
* Ingot Spec: PO610-
(0.06%Si, 0.10%Fe)

* 2Zn (99.99%)
* Fe, Cu,
* Ingot SHG
(at ~ 5% addition)

e Indium
* 99.99%
» (ata0.010% addition)

o Si (Al-20% Si)-hardener
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Melting,
Pouring &
Finishing
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Melt Base Metal
Zinc Addition
Indium Addition
Silicon

Heat to Molten, (760-880°C)
stir, prepare

Sample (chilled disc)
Test - Spectrometry OES
Pour




Prepare and manufacture
steel insert

o Select & Assemble mould

e Cast into mould and top up

Fettle /tidy
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Composition

» Dimensions (body/insert)
» Cracks / sinks/ finish

* Integrity (porosity/Holes)*
* Insert position

» Shape (straightness/Fit)

» Electrical Continuity

SR

c _s
« Electrochemical test Conrges

B13+3%
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m

—1 test per 15 Tonnes production
Comparative Test
» Galvostatic Control Current (density), 4 x 1 day
« At set ambient temp (20° C)
» Accelerated at ~ x 20 field current density
Issues
e Sampling, cut/machine/as-cast bars
» Performance is preparation/rig dependant
» Accelerated parameters & High Capacities
* Not to be used as test of field condition
performance
* Anode Performance Composition dependant &
controlled by analysis of predetermined properties

» Alternative Production test method NACE, 14 Day
procedure
* Long Term 1 year Free Running Test (Type Approval)
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System Parameters

*Design Life : Years or months

» Exposed surface Areas of the materials (cathode)
*Bare, Painted, Plated & immersed in mud
*Type of materials. (Carbon Steel, Stainless, Duplex, Aluminium etc)
«All materials Conductive and have Continuity to the main unit

*Design Current Densities
eInitial mean and final (for bare surfaces)
affected by Geographic region and depth
*Coating Breakdown factors (discounts applied for coating integrity)

*Resistivity of Medium in which they are immersed: Seawater, Estuarine/River
waters soils & muds/ sediment
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P
Design Solution

» Select sacrificial anode material (Al, Zn or Mg base)
Material has properties of Amp Hr/ Kg and Potential

*Multiply areas of materials and Current density required with coating factors —
Calculate mean current Demand
Then calculate the Mean mass requirement for system design life

7.7 Anode Mass Caleulations

T.7.1 The total pet anode mass, M, (kg). required to maintain
cathodic protection throughout the design hife. ty(vs). is to be
calculated from I, (A) for each unit of the protection object
(including any cwrent drain):

Iem - t5 - 8760

n-g

M, = @

In (2}, 8760 refars to houwrs per vear. uw and £ (Ah kg) are to be
selected based on (6.8) and (6.5), respectively.

*Text From: DNV RPB401 Cathodic Protection Design 2017
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*Decide Type of anodes that can be fitted or will be most practical to fit (Flush fit,
Standoff Type , Long or Short, Bracelet?)

Estimate number, distribution of anodes (spacing/coverage) and anode mount type
(position/utilisation factor). Consider fit: 1 large vs several smaller

*Proceed with Design

«Calculate anode Current output area and resistance from shape & mount type
*Check the initial and final current output of the anode types meets the given required
current for polarisation and final life

400

T )
. == = =N-C, = I -t;-8760

40 o ca 1a] & In
Liteti =0 -Iu 2 Iy
MOTES: tl:ltl.
1. GROGS WEIGHT - 82 KG
2. MET WEIGHT - 5.4 K& I|1 _'_"l I
2 INSERT - BS BN 10025 5275, SHOTBLASTED TS S A 25 mtf - EE
3. EPOXY PAINT ON FLUSH AMCDE BACK TO ZO)pm DFT

Nigel Owen, Aberdeen Foundries . Sacrificial Anodes



Recommended Practice DNV-RP-B401, October 2d10

- Page 24

Anode Type

Long slender stand-off 12 2)
Lzd4r

a~< E (lIl‘I“L-—l)
2-mn-L r

Short slender stand-off 1) 2)
L<dr

a=‘ p ].11 & 1+ 1+(
2.-m-L r

g8
2L

Long flush mounted 2
L = 4 - width and
L = 4 - thickness

w

Short flush-mounted, bracelet and
other types

Ra=§f_3—
R =0.315-p

A

Table 10-7 Recommended Anode Resistance Formulae for CP Design Calculations.
Resistance Formula )
pri R

minimum 0.15 m the same equation may be applied with a correction factor of 1.3
2)  For non-cylindrical anodes: r = ¢/ 2 7 where ¢ (m) is the anode cross sectional periphery

Table 10-8 Recommended Anode Utilisation Factors for CP
Design Calculations.
Anode Type Anode Utilisation Factor
Long slender stand-off
L=>dr d 0.90
Short slender stand-off
L<dr 0.85
Long flush mounted
L = 4 width and 0.85
L = 4 thickness
Short flush-mounted, bracelet 0.80
and other types *
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1) The cquation is valid for anodes with minimum distance 0.30 m from protection object. For anode-to-object distance less than 0.30 m but l

*Text From: DNV RPB401 Cathodic Protection Design 2017



Anode type Anode surface Immersed in seawater Buried in seawater sedimentsd
a
— Potential Electrochemical Potential Electrochemical
capacity capacity
Ag/AgCl/ £ Ag/AgCl/ £
seawater seawater
°C mV Ah/kg mV Ah/kg
Aluminium <30 -1050 2000 -1000 1500
60 -1050 1500 -1000 800
8ob -1000 900 -1000 400
Zinc <30 - 980 750
-1030 780
>30to 50°¢ -980 580

Electrochemical capacity for a given alloy is a function of temperature and anode current density. Reference is
made to Annex A for guidance on CP design for variations in anode current densities.

For non-buried pipelines, the anode surface temperature should be taken as the external pipeline temperature

and not the internal fluid temperature. For buried pipelines, the anode surface temperature shall be taken as
the internal fluid temperature.

a2 For anode surface temperatures between the limits stated, the electrochemical capacity shall be interpolated.

b For aluminium anodes, the anode surface temperature shall not exceed 80 °C unless the performance has been
demonstrated in tests and has been documented.

¢ For zinc anodes, the anode surface temperature shall not exceed 50 *C unless satisfactory performance has been
demonstrated in tests and has been documented.

d  Pipelines which are rock-dumped shall be considered as buried in seawater sediments.

*Text From: BS EN 1SO 15589-2: 2012 Petroleum, Petrochemical & Natural Gas Ind. — C.P. of Pipeline Transportations Systems
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Example of a project to Design install a Sacrificial CP system

eHarbour wall CP protection system

+3.85m C.0. TOP OF CAPPING BEAM
W

+3.25m C.0. PILE CUT -EIFlF LEVEL
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Anocde to be positioned

with longest steel rod welded

100

5 INSTALL AT MLW3
+0.8m ACD

=

100

DIMENSION |5 FROM TOP
FACE OF BOTTOM BRACKETTO
UMDER FACE OF TOP BRACKET

&mm fillet tack weld
for continuity

to top bracket
smm fillet fack weld| \
for confinuity

100

BRACKET SPACING - OVERALL ANODE ROD LENGTH LESS 100mm

WELD OM SITE TO FILE
$mm FILLET WELD -
200mm LONG EACH SIDE
{BOTH BRACKETS- ITEM 1
&2
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D

The aim of the CP design is to polarise the structure ( period A) as quickly as possible and maintain

the protection (period B) for the design life.
When depolarisation (period C) starts the CP system has reached its design life and leads to under

protection (period D).



“DEFENDER”

SACRIFICIAL ANODES

Protecting
Your
Investments
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Zinc Hull Anodes
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Sacrificial anodes in Zinc for flush fit ( Hulls & steelwork)
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Slender Anodes for
Subsea Manifold Frame
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Manifold Anodes
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Frame E. . 1

Anodes
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Retrofit Anodes
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Retrofit Anodes
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Anode Skids for Remote Retrofit of Manifold
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Design Parameters may limit the use of Sacrificial Anodes or
make them impractical.

*Conductivity / Resistivity /Temperature of the environment
Size of the areas to be protected by the system

eLocation and water depth

*Design Life of the system 20-30+ year lifespan (retrofit)
*Ability to install...... and forget!

eImpressed Current Cathodic protection can be utilised to cover most other fields
of protection.

-Availability of Power sources or personnel (operation & monitoring)

- Additional maintenance /survey for functionality
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e THE END

* More Anodes
Please!
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