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i Surface preparation methods

1- Pre-cleaning of the pipes prior to blast cleaning for :

- removal OJF suy‘éce contaminations ( salts, sol, grease, otls, organic matter

and contaminants )
- loosen ng mill scale

- removal _0/ moisture

Methods :
- H'Lgh Pressure Fresh Water fov removal of salts and soil

- Hydrocarbon solvent ( xy[en or mineral spirits ) fov removal of organic
contaminations

- Preheaﬁng of pipe suvface by ﬂame burners to 75 degree C fov loosening mill
scale, removing moisture, bwming of organic matter and condition'mg pipe

suvface for blast cleaning.
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Surface preparation methods

2- Shot/Grit Abrasive Blast Cleaning:

The purpose of cleaning is to obtain clean steel swface with the cleanliness degvee of Saz2 Ve
and an anchor pattern with the average proﬁle dep’ch of 25 — 80 microns.

Blast cleaning may also remove pipe defects ( slivers, burrs, laminations, scabs, gouges ). ]f

not, grind'mg can be also used for removal of such defec’cs on pipe swface.
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INDUCTION HEATING -

3- Heating of the Pipes:

The pipe suvface shall reach the temperature of 200-220 degree C prior to powder epoxy
app[ication. The pipe swface temperature shall not exceed 270 degvee C.

Metaﬂwgical or suvface defec’cs can occur at over 270 degree C. B[uing or darkening of the
pipe surface is an indication for over heaﬁng of pipes.

4- Surface Treatment

Chromate pretreatment ( 1% - 5% of concentrated solution )
Copyrightic) KANSAI BAINT CO_LTO. All right reserved.
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i Coatings and Cathodic Protection for Underground Pipelines

Barrier Corrosive ic:ns (CI'?] Oxygen, Water
effect

Barrier protection is obtained
by impeding the transport of
aggressive species into the
surface of the substrate by
application of a coating system
with low permeability for
liquids, gases, and ions.

The degree of protection oﬁfered on an organic coating system (s highly dependent on:
* The coating thickness

* The coating the generic type and

* Thenature of the binder system

* Pigmentation
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Coatings control corrosion by providing a barrier against
oxygen and water.

O All organic coatings are semi-permeable to O, and water.

( The water permeability coefficient of fusion bonded epoxies, one of the best
coating systems, is approximately 10-6 gms/mil/24 hours

(d The minimum concentration of oxygen and water that can start the corrosion
process is 10-28 M.
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i Coatings and Cathodic Protection for Underground Pipelines

A The critical properties of the coating that will work
with or against the CP system.

Adhesive strength and cohesive Adhesive — i“; Adherend
strength of the coating are two
important properties that are to
be understood properly in this Failure |

context. Wode

(a) (b) ()
Adhesive Failure Cohesive Failure Cohesive Failure
in the Adhesive Layer in the Adherend

L Adhesive streng’ch is the streng’ch needed to puu the coating ﬁrom the substrate without

tearing it.

(1 Cohesive streng‘ch is the force needed to tear the coating, meaning it is a measure of the
ﬁlm's s‘rrength.

ORI E) AR R L L P T L e a et



* Coatings and Cathodic Protection for Underground Pipznes

The adhesion property is an integral to
the coating's corrosion prevention
properties

Cohesive strength dictates the
coating's  ability to  resist
mechanical damages.

Both cohesive strength and adhesive strength are extremely important and the higher these
values, the better the system is.

TR O E AN U T



i Coatings and Cathodic Protection for Underground Pipelines

 Adhesion, Cohesion and CP

Adhesive strength is the sum of several components. The major portion comes
from mechanical adhesion, polar-polar adhesion and chemical adhesion.

L Mechanical adhesion is the gripping force of the coating onto the substrate.

L The polar-polar adhesion is the force of attraction between the vositive and negative
p p p g
poles of the substrate and the coating.
H H

| [
M —0O+H—0O — M —O "Dl—R
3 “H
M represents the metal substrate and R-O-H the coating.
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i Coatings and Cathodic Protection for Underground Pipelines

 Adhesion, Cohesion and CP

Chemical adhesion is due to the chemical bonds that are established between the substrate

and the coating through chemical reaction. This can be Vepvesented as fo“ows:

M—OH+R—O—H-H0 5 —0—R

H Mechanical, po[ar—po[ar and chemical adhesion all p[ay a sign'gcicant role in the total
adhesive strength

L 1t is claimed that a chemical bond is 20 to 1000 times stronger that a polar-polar bond.
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i Coatings and Cathodic Protection for Underground Pipelines

d Influence of surface preparation and coating application on
adhesive strength

L Most of the high pevformance powder coating systems require an extvemely clean

surface. For FBE, the minimum required cleanliness is Sa 2.5 per 1S0 8501-1/SIF or

NACE level-2.

 The two important components of adhesion, po[ar—polar and chemical, are d'urec‘dy linked
to the number of hydroxyls of the substrate smface.

.

The absence of these hydroxyl groups can adversely
affect the overall adhesive strength of the coating.
An improperly cleaned surface can limit the number
of hydroxyls available for bonding.
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i Coatings and Cathodic Protection for Underground Pipelines

d Influence of surface preparation and coating application on
adhesive strength

J Another timportant step (s the removal of water-soluble salts and organic contaminants. ]f
[eﬁ on the suvﬁtce, salts, especia“y chlorides and su[ﬁ;l‘ces, can initiate water a’osorption by

osmosis that lead to coating blisters.

L 1t has been Veported that chloride contamination will serious[y aﬂ%ct adhesion and
cathodic dishondment properties.
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i Coatings and Cathodic Protection for Underground Pipelines

International standards of NACE and CSA address
this issue in their FBE application specifications

The standard procedwe to remove soluble salts, (such as chloride), involves washing the
pipe with phosphoric acid fo“owed by deionized water. The maximum allowable chloride

concentration is 2.0 mg/mz, according to NACE standards.

ORI E) AR R L L P T L e a et



i Coatings and Cathodic Protection for Underground Pipelines

Adhesion of Coating In Wet Condition

The initial adhesive strength can diminish during the service life due to
several reasons mentioned below:

o Degradaﬁon of the organic components in the coating

L Permeation of water molecules which can destroy adhesion is another

reason.

] Water, once reaches the intelgface can destvoy polar-polar bonds between the coating
and the substrate by estab[ishing hydvogen bonds with them separate[y.
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i Coatings and Cathodic Protection for Underground Pipelines

Adhesion of Coating In Wet Condition

Destruction of the po[ar—polar bonds
by the presence of water molecules will

reduce the overall adhesive s’creng’ch of
the coating.

However, this is not a serious concern

since a reduction in adhesion does not

necessari[y means a loss of adhesion.

Fig. 1 Polar-Polar adhesion)
(A. Dry and B. Wet)
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i Coatings and Cathodic Protection for Underground Pipelines

Influence of Adhesive Strength and Cohesive Strength
on CP Performance for Underground Pipelines

A coating with better cohesive strength is

desirable to ensure minimal damage during
transportation and pipeline construction.

et

But in some cases, this highly desirable
property can be an obstacle in the
performance of the CP-Coating combination
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i Coatings and Cathodic Protection for Underground Pipelines

Comparing the CP performance on impact-damaged areas of two
coating systems; one with higher adhesive strength than cohesive
strength and the other vice versa.

In the CP—Coaﬁng combination system, the CP is des igned as a supp lementary system to
pvovide protection gC coating fa'ds.

]fcoaﬁng fai[s it becomes the primary protection system and its peyformance becomes

extreme ly critical.
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* Coatings and Cathodic Protection for Underground Pipelines

Impact damages can be minor bruises, damaging only the outer layer of the coating. But if
the impact is high enough, the coating can break or delaminate, depending on the
cohesive and adhesive strengths of the coating.

oating
-+——etal substrate

Ruptured Coating Delaminated Coating

-«+——Coating

-+ Metal substrate

L The coating with higher adhesive strength than cohesive streng’ch, will break Ioefore it
disbonds ﬁrom the pipe swface.

U The coating whose adhesive strength is lower than its cohesive strength, will delaminate
without any break.
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i Coatings and Cathodic Protection for Underground Pipelines

L n the ﬁrst case where coating has mptured due to impact, the electrical vesistance is

non-existent and the electrons ﬁrom the CP system can reach the pipe quCace.

[ But in the second case where the coating has only delaminated without any brak,
electrons cannot reach the suvface due to the high resistance of the coating. In this case,

the CP system cannot protect the area.

ORI E) AR R L L P T L e a et



i Coatings and Cathodic Protection for Underground Pipelines

Resistance to disbondment

(L Because most pipeﬁnes are cathodica“y protected, the coating must be
compaﬁlo le with CP.

I The amount of CP Vequ'wed (S dhrectly proportional to the quality and
integrity of the coating.

U The negative aspects of CP are that it may drive water t’mrough the coating

and that the 'm’ceUCace bond suwounding a ho(iday may have a ’cendency to
disbond.
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i Coatings and Cathodic Protection for Underground Pipelines

Following concepts regarding coatings have emerged

(i) Selection of the best coating and proper application are very important.

(if) CP must supplement the coating for 100% protection.

(iii) In-the-ground tests are more reliable than laboratory tests.

(iv) Results of adhesion tests do not correlate with those of cathodic disbondment
tests.

(v) Cathodic disbondment tests are the best tests to measure coating pelformance.
(vi) The current Vequhred for CP is the best measure of coating pevformance.

(vii) Optimum coating thickness is important.
(viii) Soil stress is one of the main problems.

(ix) Resistance to cathodic disbondment and soil stress are very important requirements of a

pipe coating.
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Coatings and Cathodic Protection for Underground Pipelines

Blistering: loss of adhesion

Blistering s a sign of fai[we of the coating—subs’crate system. B[istering occurs when
moisture penetrates through the ﬁlm and accumulates at the coaﬂng—subs’cm’ce in’cevface n

suﬁficient quantity so as to force the coating up ﬁ‘om the substrate.

Adquecous Erwvironment

onceniiaed
Solution
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i Coatings and Cathodic Protection for Underground Pipelines

The process of blister formation is as follows:

) A coating imbibes water ﬁrom the solution which may or may not contain

dissolved salts

(i) Sufficient amount of water containing chloride ions passes through to the

underlying metal and activates primary corrosion sites at the intelface.

(iii) While corrosion proceeds at anodic areas at the coating-substrate interface,

hydroxy[ ions build up at cathodic sites.
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i Coatings and Cathodic Protection for Underground Pipelines

The process of blister formation is as follows:

(iv) The alkaline environment at the cathodic sites seriously affects the
adhesion of coating with the substrate whilst produc'mg osmo‘cica”y active
substances at the

coa‘cing—substmte in‘cevface.

(v) These substances at the interface promote either osmotic or endosmotic

passage of water ’c’mfough the coating ﬁrom tts environment.
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i Coatings and Cathodic Protection for Underground Pipelines

Two types of blistering in organic coatings

(i) Alkaline blistering

d Alkaline blistering occurs when cations, such as sodium (Na+), migrate
along coating—su’os’cm’ce in‘cevface to cathodic areas t’mfough the pores
and/or defec‘cs like scratches in the coating.

L At the cathodic areas, the cations combine with the hydroxy[ anions
produced by corrosion to form sodium hydroxide (NaOH). This result is a
shrongly alkaline aqueous solution at the cathodic area.

L As osmotic fovces drive water t’mrough the coating to the alkaline solution,

the coating S deformed upwards Vesulﬂng into formation of a blister.
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i Coatings and Cathodic Protection for Underground Pipelines

Neutral blistering

Neutral blisters contain solution that is weakly acid to neutral with no involvement
of any alkali cations. The ﬁvs’c step is undoubtedly reduction of adhesion due to water

clustering at the coat'mg—substrate 'mtevface and diﬁ%rential aeration is respons ible for

neutral Ioﬁs‘cer'mg.

ORI E) AR R L L P T L e a et



Coatings and Cathodic Protection for Underground Pipelines

Blast Media: Choice Affects Coating Performance

Microscopic 'J_, 5

CDT: 28 days, 65°C, 1.5V, "ﬁ:fh‘;;s (et A
3% NaC(l electrolyte o ,
%5 profile

Blast Media Affects Performance
28 day, 65°C, -1.5 V, 3% NacCl

3o
g 20
i
&
yl I

] .
GH25-Grit |-|::ke|5lag Iﬁand 1 Sand 2
Media Type
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i Coatings and Cathodic Protection for Underground Pipelines

L Buried steel plpes are protected ﬁrom corrosion on covering the exterior
with an elechrica“y insulaﬁng organic coating.

d Oﬂen times an imposed current (cathodic protection, CP) applied to
prevent corrosion, initiates the reduction of water and oxygen around a
holiday or defec’c in the coating.

D Hydroxy[ ions are created, elevaﬁng the pH at the 'm’cevface. Such
increases in pH ayﬁcec‘c the adhesion between the coating and the metal
(eading to de-bond'mg.

 Cathodic disbondment is the loss of adhesion between the organic
coating and a metal substrate that results ﬁfom the cathodic reaction

under the coaﬁng.
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Cathodic disbondment mechanism

The ﬁrst stage is dissolution of the metal oxide fo“owing a logavithmic rate.

The second stage is due to the fa’dwre at the metal oxide/po[ymer intevface at a
linear rate.

A third stage Veported on Higgins suggests a change in the failwfe kinetics ﬁfom
metal oxide/ polymer degradaﬁon

The major driving force for cathodic delamination are electrochemical
processes in the presence of air (oxygen reduction):

H,0 + %40, + 2¢” — 20H" At a potential of -0.8V the dominant reaction

(S oxygen reduction

N ] At potentials more negative than -1.0V the
2H" + 2¢ — H»
dominant reaction is hydrogen evolution
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Factors affecting cathodic disbondment

 Electrolyte

The nature of the environment surrounding a buried pipeline has an
important effect on the rate of cathodic dishondment.

The effect of the cation which dissociates from the electrolyte had a
strong influence on the rate of cathodic dishondment.

The rate of CD was also found to increase with increasing oxygen
concentration
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Factors affecting cathodic disbondment

d pH

Disbondment of organic coatings of cathodically protected steel 1s
typically the result of high pH at the coating/metal interface
generated from oxygen reduction reactions.

(1) Cohesive fa'dwe within the po[ymer at the intevface as the result of hydro [ys S of
Ioond'mg groups

(2) Disp lacement of the coating loy ﬁ[m of a high pH water at the 'mtelface

(3) Disbondment on dissolution of the oxide ﬁlm beneath the coating
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Factors affecting cathodic disbondment

A Electron mobility

The concentration and supp [y of electrons at the delaminaﬁng front Is an important

variable.

Cover'mg the metal swg“ace with a non-conductive layer, such as a phospha’ce, reduces the

availabi[i’cy of electrons fov the cathodic reaction and can minimize the disbhondment of

organic coa’cings
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Factors affecting cathodic disbondment

d Chemical structure of coating

Alkaline degmdaﬁon on hydrolysis may also take place within the
polymev coating bulk which decreases the cohesive stvength of the
coating. This failwre ’cypica“y requires gross permeation of the coating

by hydroxyl ions and their metal counter ions.
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Factors affecting cathodic disbondment

Mechanical (internal and external) stresses experienced by an organic
coating will also play a role in its cathodic disbondment performance.
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i Relationship between ion transport and the failure behavior
of organic coating

Different stages of ions penetration into the coating:

(d Waterwas first absorbed by the coating, causing an increase in Cc and decrease in coating resistance. At this
point, the coating was plasticized and degraded to some extent.

d Clions were believed to migrate into the coating because the membrane potential of the pure epoxy resin
was positive and showed anionic selectivity.

([ The epoxy resin membrane was neutralized by the penetration of Cl ions such that the ionic selectivity of the
membrane disappeared

K+ ions then diffused into the coating in the form of hydrated ions, causing further decrease in the coating

resistance.

ORI E) AR R L L P T L e a et



s

' Conduction paths of random depths were formed on the coating surface.

[ Paths of complete penetration developed with time, thereby allowing the electrolyte to come into
contact with the metal oxide interface and corrosion cells were formed.

' Themechanism of ion transport into the coating thus changed from active diffusion to direct transmission

of the electrolyte
, & (] @) ﬁq =
® 9 e O OO D0 g
e e O O e
0 days 13 days 45 days 70 days
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i An EIS study of ion diffusion through organic
coatings

The diffusion process of ions, water and oxygen, can
occur essentially through two ways:

(1) tlfnfough the defec’c in the coating promoting the corrosion process and the

delamination as well as tl/ufough the delaminated in‘cevface;

(2) through the intact coating.
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i An EIS study of ion diffusion through organic
coatings

The cathodic delamination is one of the more important

processes promoting the degradation of a protective
organic coating. It can occur by:

1- In the case of coating on cathodically protected structures

Hz0, Oz, Na*, CI™

Fe®*

Calfode” o A5~ Calhode

OH~ Anade QH-

I
Y

HEO: DE, Na+1 CI_
{_—-———Cﬂrmsi{m products

R T;\\\_._\_
A
H gy
AL A N
il T
4 =

Hz‘?, 07

Delamination

EWH‘H Cathode
Anode NaCH
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i An EIS study of ion diffusion through organic
coatings

2- In the case of organic coated steel at the free
corrosion potential.

O,, H,O
Delamination Blistering
K Fe
j Q OH" Coating
: e- 4/\ Substrate

Cathodic dishonding of the coating from the substrate caused by

the local alkaline environment due to the reaction of oxygen
reduction producing OH- anions.
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iEIS evaluation of the samples coated by organic coatings

H.0, O Na CI Conductive
pathways

|
: HA @ . l d%k/ | Coating with defect

ﬁnﬂde ‘_'_.___,_..--"'? 6-_‘\ Cathode '
@Fe* (YOH™ -

HzC' Os Na cI-
Gorrosmn products

;#

./ “Anode Cathode
S Ee® r'-\'Na OH™
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Coatings, adhesion mechanisms
and chemical treatments
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i Coatings and Cathodic Protection for Underground Pipelines

Mechanical anchoring Contact Charging
— —— — " — —~— -+ + + <+ 4+
Dipole-dipole-interaction
Diffusiol
rJ < j / ‘ / Hydrogen bridging* bonds

W

OH OH OH

Oxide Layers

L < _jxf’bi._\J\-@ Mirror forces in metals

¢ -07N ¢ -0 E —o ERonthcincoll
{:_.'u ) a-r!. N g g 8
Physical/Chemical causes for adhesion of coatings to the substrate
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i Coatings and Cathodic Protection for Underground Pipelines

Adhesion theories:

1- Mechanical inter-locking theory
2- Adsorption theory

3- Electrostatic theory

4- Diffusion theory

5- Weak boundary layers
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The role of
conversion coating

>

—)
—)

" Removal of oxide layer and producing
more stable layer

[ Enhancement of the steel surface wetting
and adhesion properties

' Enhancement of the adhesion properties

.~

of the organic coati

ling
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Chromate based

Phosphate based

(
Cerium and Zirconium

based
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Application methods:

Immersion

Spray

Polarizing current Electrolytic

Application methods:

Absence of polarizing current
Chemical treatment

Phosphating

Chromating
Conversion coating: .
Passivation

Anodizing
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i Phosphate conversion coating

A.Acidic attack of the metal
Fe — Fe’* + 2e

2H* + 2e —H,

B. Coating deposition

2Zn?* + Me?* +2HPO4- +4H20 —Zn2Me(P0O4)2.4H20+4H+

3Zn2* + 2H2PO4-+4H20 —Zn4(PO,),.4H,0+4H"

C. Nitrate acceleration

NO,-+2H* +e -0 Fe?t ->Fe’* + e
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i Phosphate conversion coating

Phosphate conversion coating: Phosphating process can be defined as
the treatment of a metal surface so as to give a reasonably hard, electrically
non-conducting surface coating of insoluble phosphate which is contiguous
and highly adherent to the underlying metal

Step I: Hydrogen evolution occurs at the microcathodic
sites:

Fe + 2H,PO, ® Fe(H,PO,), + H, .

The formation of soluble primary
ferrous phosphate leads to a
concurrent local depletion of free acid
concentration in the solution resulting
in a rise in pH at the metal/solution
interface.
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i Phosphate conversion coating

Zn(H2P04)2 — ZnHPO4 + H3P0O4 Secondary phosphate
(Insoluble and unstable salt)

3ZnHPO4 — Zn3(P0O4)2 + H3PO4 tertiary phosphates
(Insoluble and stable salt)

Hopeite phase: Zn3(P04)2:4H20

Phosphophyllite phase: Zn2Fe(P0O4)2:4H20 and Zn4
Fe5(P04)6:4H20.

27n"" 4+ Fe'” + 2H,PO; + 4H,0 = Zn,Fe(PO,),-4H,0 + 4H".
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* Phosphate conversion coating

Zn”" +2H,P0,  + 4H,0—Zn,(P0,), - 4H,0 + 4H'
2Zn”" + Fe®' +2H,P0,” + 4H,0—Zn,Fe(P0,), - 4H,0 + 4H'

2Mn*" +Zn*" + 2H,P0,~ + 4H,0—Mn,Zn(PO,), - 4H,0 + 4H'

Amirkabir University ” B=56 150KV X40K Soum L mirkabirUniversity”  ajs3300c SEI WD =6.1 20.0 kV X 1.0K__50um

2Ni**+Zn2++ 2P0O,* + 4H,0 — Ni,Zn(PO,)2:4H20 (phosphonickolite)
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Phosphate conversion coating

Advantages of surface treatment by phosphate conversion coatings:

» Good adhesion to the metal surface

« Good adhesion to the subsequent organic paint

» Increasing the surface free energy

 Increasing the surface roughness and number of adhesion sites

« Zinc phosphate insulates the anodic and cathodic sites on the steel surface

Disadvantages of surface treatment by phosphate conversion
coatings:

 Zinc phosphate film is porous and permeable against electrolyte diffusion,
so the zinc phosphate film needs an additional step of surface preparation
by chromate solution which is toxic

« Zinc phosphate film do not show good stability at alkaline conditions and
loss of adhesion of coating occurs in wet conditions

« Zinc phosphate process needs high temperature
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Cerium conversion coating
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i Cerium conversion coating

Fe —» Fe?* + 2e- (anodic reaction)

2H+ + 2e- > H, (cathodic reactions)
4H*+0,+4e— 2H,0
4Ce3*+ + O, + 6H,0 — 4Ce(OH),%* + 4H*
Ce3* + 30H — Ce(OH);

H,O, + 2e—20H-

2Ce3* + 20H- + H,0, —2Ce(OH),2*
Ce(OH),2* + 20H* — CeO, + 2H,0
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The effects of conversion coatings on the adhesion of organic coating




The effects of conversion coatings on the adhesion of organic coating

EHT = 10.00 kv WD= 10mm Mag= 5.00 KX Signal A = SE1 EHT = 10.00 kV WD= 10 mm : Mag= 5.00KX Signal A = SE1
Institute of Color Science & Technology Institute of Color Science & Technology

Bare steel Acid washed

3um o WD= 10 mm Mag= 500KX  SignalA=SEl
Institute of Color Science & Technology




The effects of conversion coatings on the adhesion of organic coating

Untreated Conversion coating 1

Conversion coating 2 Conversion coating 3
160
" DOUntreated (b)
mCe-La-Add
120 + OCe treated
| mCe-La-Post
£
= 80 A
-
40 s
0

60 W, (mJ/m?) Ys (mJ/m?)
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The effects of conversion coatings on the adhesion of organic coating

113 nm ] 125 nm

WD= 8mm Mag= 10.00KX  Signal A= SE1 EHT = 10.00 kV WD= 8mm Mag = 40.00 KX  Signal A= SE1
Institute for Color Science & Technology Instifute for Color Sclence & Technology
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The effects of conversion coatings on the adhesion of organic coating

Untreated Conversion coating 1 Conversion coating 2 Conversion coating 3




The effects of conversion coatings on the adhesion of organic coating
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The effects of conversion coatings on the adhesion of organic coating
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The effects of conversion coatings on the adhesion of organic coating
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i The effects of conversion coatings on the adhesion of organic coating

Sl Ao (i)
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Coatings and corrosion resistance for Underground Pipelines

Forms of Corrosion

More
Maoble

Unitorm Corroslon Crevice Corroslon Galvanle Corroalon
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Cracking
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i Coatings and corrosion resistance for Underground Pipelines

Forms of Corrosion

General corrosion: General corrosion or rusting is the most
familiar form of steel corrosion. 1t can be considered a uniform

corrosion process in which numerous micro corrosion cells are
activated at the corroded area.

Pitting corrosion: A no uniform, highly localized form of corrosion
that occurs at distinct spots where deep pits form. (A pit is a small
electrochemical-corrosion cell, with the bottom of the pit acting as the anode.)
Chloride-induced corrosion is of this type and can be seen frequently in
structures exposed in coastal areas.
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i Coatings and Cathodic Protection for Underground Pipelines

Forms of Corrosion

Galvanic corrosion: When two metals of different electrochemical
potential are joined or coupled electrically in the presence of moisture

or an aqueous solution, one will act as the anode and corrode;

Stress-corrosion: Under stress, corrosion processes proceed much
faster and can lead to brittle failure as corrosion tends to be localized.

Crevice corrosion: This form occurs when moistwre and

contaminants retained in crevices accelerate corrosion.
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i Coatings and corrosion resistance for Underground Pipelines

Underground corrosion

J Most of the corrosion of undevgmund metal is as a result of an

electrochemical reaction.

L Corrosion occurs through the loss of the metal ions at anodic area to the

electro lyte.

L Cathodic areas are protec‘ced ﬁfom corrosion because of the deposiﬁon of
hydrogen or other ions that carry current
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Coatings and corrosion resistance for Underground Pipelines

The areas of anodes and cathodes are important. That includes the size of anode or
cathodes, the higher the contact resistance between it and the e[ec’cro[yte. For example,

coating of good quality can interpose a very high resistance into circuit.

i - _._‘a_ = -Fp.ﬂ" 'U,;__ 5 _U'I': 1" 1..' wd
Ao § SO Lo S S
RN TSRS RAC S vk ;

O R LR R S e A

The flow of direct current between anodic and cathodic areas on a section of buried pipe.



i Coatings and corrosion resistance for Underground Pipelines

Factor affecting underground corrosion

O Soil Resistivity

 Soil resistivity depends on the natural ingredien’c the amount of salt dissolved in the soil
and moisture content.

L For the cathodic protection appﬁcaﬁons , galvanic anodes are used genera”y in those cases
where Velaﬂve[y small increments of current are Vequhfed in areas where soil res stivity is
low that enough to permit o’ota'ming the desired current with a reasonable number of

ano dGS .
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i Coatings and corrosion resistance for Underground Pipelines

Factor affecting underground corrosion

d Soil pH Value

The main factor that aﬁfects undergvound corrosion process is the soil pH
value. The more acidic the soil is, the higher the corrosion rate. This pH ranges

genera”y ﬁfom 5 to 10 in soil pH for indicates value, where lower value

considered acidic and higher value is alkaline
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i Coatings and corrosion resistance for Underground Pipelines

Coating ability to resist development of holidays with time

H Aﬁer the coating (s buried, two areas that may des‘cvoy or degrade coatings are soil stress

and soil contaminants.

J Soil stress, brought about in certain soils that are al’terna‘cely wet and dry, creates fovces

that may spﬁt or cause thin areas.

L To minimize this pvo’olem, one must evaluate the coating’s abrasion resistance, tensile
strength, adhesion, and cohesion.

L The coaﬁng’s resistance to chemicals, hydrocavbons, and acidic or alkaline conditions

should be known fov evaluaﬁng their peﬁormance in contaminated soils.
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Ability to maintain substantially constant electrical resistivity with
i time

The effective electrical resistance of a coating per average square foot depends on
the following:

(i) Resistivity of the coating material
(if) Coating thickness

(iii) Resistance to moisture absorption
(iv) Resistance to water vapor hfansfer
v) Frequency and size of holidays

(vi) Resistivity of the electrolyte

(vii) Bond or adhesion of coating
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&EIS evaluation of the samples coated by organic coatings




&The mechanisms of loss of adhesion caused by the
alkaline pH

(1) oxide reduction

02, H20, CI-, Na+

-- -
\4
H- O Oxide layer

Steel substrate

d Every steel swface is covered by a thin swgface oxide. The reduction of the iron ﬁrom Fe3*
to Fe** leads to the produc’cion of oxides partia“y soluble in the local alkaline
environment causing the detachment of the coating.

L Such mechanism has been Veported in the case of epoxy coatings on ca’chodicaﬂy
protected structures
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i The mechanisms of loss of adhesion caused by the
alkaline pH

(2) alkaline hydrolysis of the polymer

In the case of alkaline hydrolysis of the polymer
there is a chemical degradation of the polymer
matrix of the coating because of very elevated

pH (saponification reaction).

(3) weakening of the interface (interfacial fracture).
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Salt spray test on coated substrates

= Blister formation around scribes

- = Blister formation at inscribed parts

= Corrosion product formation beneath the
. coating

= Corrosion products formation around

~ scribes

7 - " Coating delamination from scribes.




Salt spray test on coated substrates




Adhesion test on coated substrates

Dry pull-off adhesion test

Cohesive ]
Cohesive

failure /'r

S——

failure

Wet pull-off adhesion test

Cohesive
failure
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‘ The EIS evaluation of the organic coating pe?ormance

Epoxy coating on steel substrate exposed to 3.5 wt% NaCl solution
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Epoxy coating on steel substrate exposed to 3.5 wt% NaCl solution
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i The EIS evaluation of the organic coating performance
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iT he EIS evaluation of the organic coating performance
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The EIS evaluation of the organic coating pe?ormance
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The EIS evaluation of the organic coating pe?ormance
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IRSA Group.

Thanks for your attention.
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