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(CONTROL OF PIPELINE CORROSION)

[ Y3 ] a
msnansaudsals

Nfaunanriui Corrosion Aams  Oxidation
usaufriuilu Chemical Attack Avaizauweri Cor-
rosion @ Electrical Phenomenon flu Electrolysis
namsléi  Corrosion Process fifinduiuauyia
(Pipeline Work) fiugiuan Electrochemical uazd
Oxygen Whsnifiendasdne

wwlgauls dssinsmay
Sensildneuazasniuustuy
CATHODIC PROTECTION
mstllasidesnuisdssndlng

nalnassnmsiangan
(THE BASIC CORROSION MECHANISM)

mafia Corrosion léviuasdiastsznaudny

1. & Anode uay Cathode

2. { Electrical potential s¢wiW Anode Lay
Cathode

3. fidalwiheadaslnansessning Anode uay
Cathode Wuisasiwihmeuan

CONVENTIONAL

CURRENT FLOW (+TO-) METALLIC
— CiRcUIT
—
ELECTRON
MIGRATION (e7) 9
* IONIZED SOLUTION -

OR ELECTROLYTE

- CONvenTioNAL”™ J- Ron. |-

- —— -
CATHODE 7CURRENT FLOW ~ _ }.:ANODE -
- o8 om .. .--‘ xn - ’

'.1- n',

<

ow_o"

Figure
iron

-~ Diagramatic representation, corrosion of
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-Polarization Film
~Au 9

4. § Electrolyte #nehuniissansasiiuieas
Iivhmelu wu i, Gu Wudu

Famshfenufiemalnazasmnsaudlnih

1. nszudlvann (+) W (=) mansaslwihme

Inaan cathode 14

POLARIZATION FILM AND CURRENT FLOW
Polarization Film vil#iie Insulating Layer 4w

i 9 a i .
ffn1a9 Cathode YhlwiAaeaenumumslwman - v
t 4 . a

1%mslnawas Corrosion Current amay wavdl Vol-

uanfiiflulansda
Anode

2. nzudlnaan Anode Uil Cathode Taamn
Electrolyte Fafwasasiwhmelu Cell

3. dhufliflu Anode danstudlnlvasang Elec-
trolyte Quamanansaninu

tage Drop # Polarization Film

——Electromotive Force Series of Metals("

TABLE

4 Cathode #esunssudlwan Anode law
k1w Electrolyte azligniiansaw | Metal
a , o , Magnesium —2.37
nssudlwiinasianisnansauatiels Aluminum 1.66
e o . . . Zinc —0.76
1. nazudlidudadiulasaseiumsiansau Iron —0.44
nszudlngs manansoutiaann Tin -0.14
2. nswud DC-Current 1 Ampere #aaae Lead —0.13
. | L0 Hydrogen 0.00
1s¢q (Discharge) mrs Electroly‘/te WA Copper 4034 to +0.52
iemsriansauradaman 20 Uaua  wiom 1 Silver +0.80
3 Platinum +1.20
a Y Gold +1.50 to +1.68
3. nseud 1 Milliampere %32 1 mA ¥lwvie °

@ X A a a
MANIWIa ¢ 2 U1 (TINANANWUNAME O From Handbook of Chemistry and Physics. 41st Edition, 1959-
1960, Chemical Rubber Publishing Co., Page 1733.
@ Half-cell potential in solution of own salts, measured with

respect to hydrogen reference electrode.

naIg) gniansaudugiwne ¢ 174 W
S 7 glemelunm 1 1

——Practical Galvanic Series

TABLE

emué’uﬁ'us‘sw’inm’luﬁ‘mmuuaz

nssudlw ‘ . .
Commercially pure magnesium|—1.75
lnsnpradavin (Ohm’s Law) Wasnaéhu  |Magnesium alloy (6% A1, 3%
s a v ' . 9 — 1.
mueh nssudlnarge famstansauge ZinZ:, 0-15% Mn) _1 ?
MNuMuIaNIRsH 2 dulng « fa Aluminum alloy (5% zinc) ~1.05
Y a o 2o X v . .
—anudumunindalniauldun Anode, |Commercially pure a aluminum|—0.8
& ild steel (clean and shiny) —-0.5t0 -0.8
Cathode, ®ellW, Connector {iugiuft 1 Mi
Lo P . o Mild steel (rusted) —0.2t0 0.5
—-AIUY 2 AAANNMUMUIIN Polarization Cast iron (not graphitized) —-0.5
. $ _ z d‘A
(Hydrogen) Film #ain2ufiivas Cathode  |Lead -0.5
Y ' A vo X i i —
AnuumMuee o Wausnueuzaanidesis Mild steel in concrete 0.2
v uugh . Copper, brass, bronze -0.2
-fmaenUIMWMEING Anode uay Cathode High silicon cast iron -0.2
£ ° a A Ga 2/ o
—shinaneinfisiaidean Allemaghumuituiv Mill scale on steel -0.2
-igmiaL%amm "] Carbon, graphite, coke +0.3
-Electrolyte @ Typical potential normally observed in neutral soils and water,
-Coating measured with respect to copper sulfate reference electrode.
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Juinuyrasmsiandan

(TYPES OF CORROSION CELLS ON PIPELINE)
1. Dissimilar Corrosion Cells
i Corrosion Cell fifinnnlansshartiariu
(93N Table Practical Galvanic Series)

f Potential (Volt) ﬁﬁmauqaauﬂu Anode

2. Dissimilar Soil
Falmannsuseriianu

(mniansau)
NN
75 f \\
/ N

FLOW

3. Differential Aeration Corrosion Cells

daflameunsnaglu Electrolyte anntlas
¢harin
SOIL ON EACH

SIDE OF ROAD
PERMITTING

O NS SN
e //%%\\Q\Q\X N

.

N\

-- Corrosion from dissimilar soils

— PAVED ROAD
PREVENTING FREE

RELATIVELY F'@EE ! ACCESS OF OXYGEN

OXYGENTO i
PIPE SURFACE. /

TO PIPELINE

ST NN A TN N

e

S——— -

ANODIC AREA
(CORRODING)

Figure

Pl
N . <7 N>

— =

|

-- Corrosion from ditferential aeration

(Arrows indicate direction of current flow)
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4 mMananTanmavalniiasyindndaTInNG
vialwalfl  Potential genhdammananseu
Tuseaeduaznnm

wr Z ~ 7
P —f
f OLDPIPE  —4e  NEW STEEL PIPE -t OLDPIPE 2
— / / N 7
' ANODIC AREA |
(CORRODING)
Figure -- Corrosion of new steel in contact with oid

steel

5. manensauifiasnan MILLSCALE
Milscale 283830381 (Hot Rolled Steel)
niasfiumanfidnaduuiovie  WaWsuiudviaud
Millscale azilu Cathode fvieaziilu Anode viaay
gniansauuazazuusdluififu Low Resistivity

Environment

SMALL ANODE-
GALVANIZED
PIPE CAP

AR,

¥
ANATUN WS VDITUIANWA? ANODE
A2 CATHODE

(RELATIVE SIZE OF ANODIC AND CATHODIC
AREA)

1. NIWY Anode HWuitiaundl Cathode snn
L ieMsrianIauguLssfl Anode

SMALL CATHODE
BRASS OR BRONZE

SERVICE COCK 7
sreet

seavice
(Awooic)

//E« 2N

e ]STEEL PIPE CATHODE

- - nL

- STEEL PIPE ANODE

SMALL ANODE-LARGE
.CATHODE (SEVERE
CORROSION AT ANODE

Figure
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-- Effect of unequal anode

SMALL CATHODE-LARGE
ANODE (RELATIVELY
MILD CORROSION ON
THE ANODE)

- cathode areas
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Az - 2 1
N5tk Cathode fiWuiRntiasnin Anode sn
WAAMINANTAUWNILNN Anode

2.

ABAwaNmsiansau

(CORROSION CONTROL METHODS)
andnmaay 3 dafe
14 Coating Tnfuinlsidaiariu Electrolyte
2 14 Insulated Joint tlaeriulailifimesiaidon
Aumalwihiuriadun
14 Cathodic Protection

| 4
ng1filiasdiuesy CATHODIC PROTECTION

///

CONDUCTORS
INTERCONNEC'HNG

PIPELINE, CURRENT

SOURCE, AND GROUND' ,

//\

msilasiunisnandan laeis
CATHODIC PROTECTION

Cathodic Protection #ivane &) autiunenn &u-

Y 1Y X ' K2 4 4 9
FOUUU ANANMINUTIUNL 9 NHU FNLennaay

9 47 a4 a € o -1 9

Fudaunu  Hasnfimsyszanenanmsnuguails
muqumanansauzadany wu vaman Tifnaate
< 4 -1 4 v o a
dugdsssn  sluidatavifendeiunnufees Ca-

. . A 69 2
thodic Protection lazaznaniiomadszendldnune
BT

BURIED
EARTH CONNECTION
(GROUND BED)

AN

2 SOURCE OF DIRECT
3 *"""‘“ CURRENT ELECTRICITY

—_—

|

!
i
& ~ Ad
Vs RAR Hr¥ v
by ! T | et | Gws oy { [ § o |
R U [/ NETET NI
PROTECTED
PIPELINE
DOTTED LINES
AL e
SHADED AREA ON PIPELINE DI
DENOTES ANODIC AREAS ANODIC AREAS WHICH
EXISTING PRIOR TO HAS BEEN ELIMINATED
APPLICATION BY CATHODIC
CATHODIC PROTECTION PROTECTION

Figure

-- Basic cathodic protection installation
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Anode uay Cathode atdinsfidhudaidanfiariu
malwiuaddassu Electrolyte Fafiuugnienluih
wil favifianstudlwilvaann Anode s Electro-
lyte lUela Cathode laemswanéuaas Driving Vol-

tage Pa9svULM AsudanAwaiaauazannnh Driv-

. . da X
ing Voltage 284 Corrosion viNa%24

N19%152UL CATHODIC PROTECTION Nﬂi’\ﬂ%

-

K \\

ffsemahenadilahiszuy CP dnbildmdn
Corrosion #ifla] usiflumstiasiu, 1ae wiangams
a . qy A X v & Y .
ifin Corrosion lallWiaau sadu lassasalanzehs
\u viamdnacéiaaada Corrosion (sfin) 7iflagida
ganidunan  eardldssnimwmsilesnunaan
svuy CP

= |,

*\_ PROTECTED
PIPELINE

Figure

1. CP Iﬁﬂ‘ti GALVANIC ANODE

ANNTN Pratical Galvanic Series ialany
sriadnianiasdariumadnih  uasiamwinedond
Basnelfifensaudinilvaldudy  Tovedisl Gal-
vanic Series gunazifiu Anode Hamariansauish
Anode (3138n¢h Anode %11 Galvanic Anode

2. szuy cP lasld
IMPRESSED CURRENT

- UN PROTECTED
= PIPELINE

——Cathodic protection with galvanic anodes

Galvanic Anode finszudlnuazusssulnih
Tuzoueita  SwsneiuySnmeuilalvgin dw
viathadu o laaduwusiu Coating fa 1y viaemy
e10 100 @3 7§ Coating 716 madadadammm
aeldsumsilasriumsriansaudnestuy CP lassensnt
mmiilaifl Coating fidhviaudr mstlostuaansau-
ARAlAAEY 1-2 waswhtiu

GROUND BED

fm

— e—

S TIT T

R AT AT RN 17 AT TRl

\\JjL\comrma

MATERIAL

-~ Cathodic protection of coated pipeline
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famsld Voltage mnnszudlwlmﬁuﬂuwﬁmu
meuan (Outside Direct Current Power Source) Tog
3 5 U
faasagluszuy CP 5w Anode uar Cathode

(magl) Feazenansndam Power Capacity Taeil

Driving Voltage ge-shenaiidfaamaler

loevhluudaeld Power Source 73EnT Rec-
tifier Zoazulasnszudlwasuifiogialudunseudlv
@39 (Direct Current) 7§l Voltage ¢h waraNN TN
DC Output Voltage lWmaneaariumsldnule ¢
N 10 Volts wIaannnd 100 Volts flé ualaavilyl
Azt dnusening 10-50 Volts nszualwdiledien
e 10 Amperes auflanae5oe Amperes

Power Source 8w« ffll4u Wu Battery, So-
lar Cell, Thermocouple Y11 Yiiilaedanadaaruammn
niidseme, annmanzaanazenudiin

CRITERIA FOR CATHODIC PROTECTION
a X P iV 2o
NNNnlasduni Cathode usiunlésy
Y v ' & 2 '
matfosiumsianseuiu oadidadeh “udimad
wiaulaloenals?  wnmarasmaldnuléufifanum
mhaulindimsldszuy cp lafimawanouileusinig
o ' A a a val A da
waninmMeieEe ) MnrafiiiannmaUiidludedine
: ~ o .
U ) 11U mTiausaculnih (Voltage or Potential)
(X A . . L
fudunevia (Cathode) Hefiuat auns Criteria
a P v o 9 v a 9 -
Awansannazilasiudvalalminemsiansauanle
. . 0 0 . { L} v L A
Potential Criteria ({lus Criteria ﬁmﬂtyauwuﬂu
° )\ A A U
suu CP lasfmuamdnau(-08s volt) w3aeméa
a -G - o
aufisnnni Yianlee Wiy Cu,SO, Electrode
(Copper Copper Sulfate Electrode)

VOLTMETER

(SEE CHAPTER 1) ~

- +

TO PIPELINE

CONTAINER !
OF INSULATING
METERIAL

OFTEN TRANSPARENT J

OR TRANSLUCENT

POROUS PLUG
(USUALLY WOOD),,

PURE
COPPER

ROD
(ELECTROLYTIC COPPER)

] INSULATING SEAL

SATURATED SOLUTION 1y
/ OF COPPER SULPHATE

SURPLUS CRYSTALS
OF COPPER SULPHATE

GROUND SURFACE
ﬁém

VOLTMETER
INDICATES

THE FULL CELL
POTENTIAL
BETWEEN COPPER . .1':1,,,

CROSS-SECTION

COPPER ROD IN
COPPER SULPHATE

ELECTRODE
EARTH PATH - ‘_l/

HALF CELL
TENTIAL - -+
BETWEEN /

POTENT

E}rl;TaN(\?ARIABLE)

EII.JECTHODE AND PINE
Figure

i . & X o
cel fnansviaaadunguduguzasmsna
nYaunarmstiasiumsiansau  laeldinen
M5 Cathodic Protection @wyitiulselem
dafGudnmuasdiindasiaiinnsims
o ' Ay + a o A
Aansauluadinitldatoindanms  alams

o o ' a A '
tlastiumsriansauleeds CP % lénani

L v 1 'z ~
matlastiumsriansaninuiolanemeuan

] ] (1 v X a
va leﬁ’azmmsnﬂ‘ssqnm‘l‘if'ﬂuwuwdmﬂ

EQUIVALENT CIRCUIT

\ HALF CELL POTENTIAL
BETWEEN COPPER ROD
AND EARTH (CONSTANT)

-- Copper sulfate electrode

lurian3a Vessels ualaseaalancau o
#fl Electrolyte lasmdumaiiamalfiian
ML e

theds  : enansgUsTneumsusssnadhaduldeiu-
394916191 Corrosion 6N ¢ iU fNYag
NACE (National Association of Corrosion
Engineer) Usznauriulsedumsmimavnam

v a
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