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Corrosion and Protection of Underground Structures
VII. Cathodic Protection by Impressed Current(I)

Y. T. Kho
Korea Gas Corporation/R& D Center 277-1 Il-dong, Ansan Kyunggi-do, 425-150, Korea

Cathodic protection utilizing impressed current(IC) is reviewed. Most of large-
scale metallic structures need corrosion protection are protected by IC due to its
reliability and efficiency compared to sacrificial anode protection. It is particular-
ly suitable for structures which requires a considerable amount of protection cur-
rent. Uniform distribution of current, therefore, becomes essential in IC method in
order to avoid problems like under- or over-protection and interference. It is an
appropriate selection and installation of anode and power supply unit that deter-
mines the reliability of IC system. Details on various types and shapes of IC an-
odes are described emphasizing those for underground application. The effects of
backfill on current output and anode consumption are also described.

Keywords : impressed current, cathodic protection, insoluble anode, backfill material.
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Fig. 1. Cathodic protection by impressed current.

2M JF4e FE3 R Aolojel 3y
ghgd dad® FEHLE JRAM FEH
g} o FdA AVtHE FEHA J3 FFH
oA Myt YAHEE weol WPHIL, 44
g A 8 BysnA s FEEL EF
38tA 5 Rolth

ARrAAY L hd FxEo|Y FIYE
Bl 73 dutdeoz HEHT Ue WYL
24 g EAEY Aspf oy HAAA, v
A e Ttadeldt F4 %, ¥ ARE2 T
of of ol Hegsyw bl 53 Svtate
Ay IYUE FEEY FHo] A HA EA
251 ded dFAdd 4% 584
72 g A 2aYE PHrles d4H
Aot

il

Sy

fu

Koo

2. R HAYe] BHY F

gAY vinyd o drAddPe] Hoe
FHe SAAFE FAYNIE FEHA A
Aol givtes Holth oA A AP IITH
o FEHE 437 AU He F&5 A
AAH AAolBRA # volt o]dte] =7, YF
AYY M= 758 A E 60volt o3l H
Aol A delz 238 + UA 0. weA ¢
BEA9Y M A%d met 2¥xHo] 7153

o oHagIozt WNERE w4 YE
sAge] & A BYAAE H o] sl
. o Bt ohig, AARANNE B4e H
AHHHAE FUG AFLEI} o] Fo] A 4
AEE F3e gAg 248 + WA "o
GRAAEE AT W Fstedol ¥ AR

e Ay e AdEd 9% WA £ 9
t odolth A¥ILE FT F& PHE T
ZB(&F) FHo AYRE Py wa A

T AIEEY A4V %S BE F U, &
FEA Ade FHel #AE FE Urh
A dAides dxe A A 3
gF2A g Rolth T3 RN FFHE W
AHF7 € dE oEe] v} ae] &4
7b 2RAE & Atk 53 Zelddd oleje o
BolAes gy gy g B4yt BIiH
I gdenz Fosdol #rh.? o] Wi R
HEHE FR87] AsiMe v=A R A
do] "Hgsdiw, A dA Hod wdEye=
ZYojolof Bl T AL T HAA Y =
g7} ¥t= Al E g 3o

i g HAg s SIHAE AYIFaA
g de JgPIFFEIY dRALE FA
g Ay o dde JEL B AeH
" gojth vl g FAAgHE Auwl(FF)e F
B 2wy, +H vE, FARSE v L T
nHEA "o dwHow qRAdYLe HA
Gl ¥E 7] FAHLLE AAY FHo]
A W FHolN FAESF HEL FA:
g & Uk BHAEFe] EWAgAE dad W
A FeFo] AL o =(100m F 1.5A o|3}) 3
AFFHel FEdtn, B Bgoz P
8% BAAFH] ALY, 100m F 1.5A ©]%
ojlrigtm A|zte] wal Wslsle Afde ¥
HAhPol fKElsicty & # Uk £ HAspA
o] v o] AXN YT ol AYPHE BS
de w=Al RAdd o3 3] ¥4
Hojof jich A1 fEEHA ¢S FH, A&

ok

c)



)& e g

#4354 L 92 4 F §3PA(D) 565

Table 1. Current requirements for cathodic pro-
tection of bare steel in various environments

mA/m*(mA/ft?)
64.6(6.0)~269.0(25.0)

Environment
Soil(resistivity <1,0002-cm)

Soil(resistivity 1,000 - 10,000 £-cm) 32.3(3.0)~64.6(6.0)
Soil(resistivity 10,000 - 30,000 2-cm) 21.5(2.0)~32.3(3.0)
Soil(resistivity >30,000 £-cm) 10.8(1.0)~21.5(2.0)
Highly aggressive soil with canaerobic 161.4(15.0) ~430.6(40.0)
bacteria

Still fresh water 21.5(2.0)~43.0(4.0)
Moving fresh water 43.1(4.0)~64.6(6.0)
Turbulent fresh water 53.8(5.0)~161.5(15.0)
Hot fresh water 53.8(5.0)~161.5(15.0)
Sull sea water 10.8(1.0)~32.3(3.0)
Moving sea water 32.3(3.0)~269.0(25.0)
Concrete 5.4(0.5)~16.1(1.5)

Table 2. Current Requirements for cathodic pro-
tection of coated steel

Environment 1A /em?
Pipeline, epoxy or other high performance coating 0.001~0.005
Pipeline, reinforced coal tar coating 0.005~0.025
Pipeline, grease coating with wrapper 0.05~0.161
Pipeline, asphalt mastic 1/2” thick 0.001~0.005
Pipeline, old asphalt or other deteriorated coating 0.05~0.377
Pipeline, old painting coating 0.10~0.322
Tank bottoms 0.05~2.15
Tanks for cold portable water 0.05~2.15
Tanks for cold sea water 0.05~4.30
Tubulenr cold water or hot portable water tanks 0.322~3.22
Steel sheet piling, fresh water side 0.10~1.614
Steel sheet piling, sea water side 0.10~2.152
Steel sheet piling, soil side 0.05~1.076
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Table 3. Standard potential and conversion fac-
tors for electrochemical redox reactions

EH (257C) fv
(Volt) (Lm?h'/mAcm™?)
2H* + 2~ =H, 0.00 4.18
0,+2H,0+4e" =40H~  +0.40 2.09
Cly+2e~ =2C1 +1.36 1.18
Fe¥* +e~ =Fe?t +0.77
Cu?* +e =Cu* +0.16
Cr¥t+e~=Cr* -0.41
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Table 4. Composition and properties of impressed
current anodes

. ] i
Composition  Density Anode current density e

T 3 (Am? conumption
wt .
(%) (gem?) mn.  (gAlyr?)
Graphite 16~21 51~150 10~50 300~1000
1480, 1C,
G
HghSiton OOl 7072 30 10~50  90~250
Mnor 1
0.3 Mo)
. Fe0,+
Mgeite ol 52 - 0~100 15~25

Lead-siver 1 Ag, 6Sb
alloyl  remainder Pb

Lead-siver 1 Ag,5Sb
alloy 2 remainder Pb

Lead Ledt 112 30 10~250  2~80
platinum Pt pins

110~112 300 50~200  45~90

11.0~112 300  100~250 30~80
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No. 8 AWG, 7-Strand HMWPF.
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Fig. 2. Example of anode-to-cable connection.
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Fig. 3. Impressed current cathodic protection an-
odes. left : HSCBCI, cable connection, right : Pb-
Ag, plug-in type.
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Table 5. Recommended maximum current density
for graphite anodes

Table 8. Specifications for commercially available
graphite anodes

Sea water Fresh water Soil

Maximum current

density (A/m?) 404 2.69 10.8
Equivalent current®

on 3" X60” anode(A) 15 1 4
Equivalent current 36.6 17 71

on 4” x80” anode(A)
‘AEEHIL = 945% EEYT A7 (AExZ).
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Composition
Impregrant(§4 =4, oil, wax) 6.5wt% max

Ash 1.5wt% max
Moisture and volatile matter 0.5wt% max
Water soluble matter 1.0wt% max
Graphite remainder

Physical properties
Density 1.60g cm™® max
Resistivity 0.0011 2-cm max

Mechanical requirement
Leadwire connection strength ~ 238kg minimum

Table 7. Specifications for commercially avilable
high silicon cast iron anode{ASTM Specification
A518-GR.2)

Composition

Silicon 145%
Carbon 0.95%
Iron remainder

Chromium 4.50%
Manganese 0.75%

Mechanical /Physical properties

Tensile strength 15,000psi
Compressive strength 100,000psi
Hardness 520 Brinell
Specific gravity 7.0g cm™3
Melting point 2,300°F
Specific resistance 72u2/cm™3

Coefficient of expansion 7.33uin/in/°F
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Table 8. Composition and properties of noble metals with metai oxide coatings

. . Coating  Anode current Allowable Consumption
Substrate Density . Density . density(Am-2) ) o
metal  (gem3) Coating (gem™%) thickness ensity maximum driving raﬁte
(1) max. avg. voltage(Volt) (mgAlyr)
Platinum 21.45 platinum 21.45 solid >10* <2
Titanium 4.5 - -
Niobium 8.4 . . 12 to 14
Tantalum 16.6 - - about 50(<100)
Ti, Nb, Ta platinum 2145 25t010 >10% 600~800 >100 4~10
Ti, Nb, Ta lithium ferrite 6~12 <25 >10% 100~600 1~6
29 Atde 234 Yo ARALRIAE izt Al ot A sl AMFHL Ag

AR g8 nFE A{R2 JENA 59
TFZE Atold HAFE AVEA Hed, i
HE ¥gd AR ZF 53 (residual ripple)
o] dAERLY dxdad osd oY AF
e UE FFd9c A %L FA Fgou,
WEHE G5 diiMe #3e &dE 29
grtn #oh 53 xive Fusrt HEFE
A2R&E7 FrlHe Aoz €A demz
AR7] Aol MF3lefof it}

Titanium 4t3tejgte] P AAFH(6V)
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o] ulg@ it olal@ 7= Pt diild
iridium(Ir)& &% dJolu}, Ti thAld Tist
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(Nb)o]y} tantalum(Ta)g& 3EAFHe 2 3
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drh. o] AIFEL B3 E(fluoride) EH7I%

[
¥+ e $48 A3l
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Mo o
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Fig. 4. Costruction of deep-well anode bed.

th o] ¥F& e dHMFoly A %
Fo] dZFmeld FAE chaing ¥efz A g
o F£A8E AE YFL JIEr] d &9
deep well dF oz HFFch o] PT G4
backfill Al#o] BAHIT om backfil =
A 8933 0.1~0.52me petroleum coker}
®ol Arg®ch Deep well AFAME 53
backfill A o] ZFXe| Foldtaol ded F2A
HxEg RelFd mE AU nEA FA
He 38 29¢ # Uth B o] Afde
7h2e] W& A% HWEe piped wiAdsto o}
Fol. Fig. 4% deep well =0 HAx3E o4&
B F3 th

A3 % F AxEyd daises 298
HAR, EG A, g A5, 52 HALE
e Fa F& vty Aok ). EFH
Ao A E dEdddA € # e T 3
g oA B v Age] d& Fhvl Fo24,
AP ogE L28WMAAFY Iy uat A



572 A3 x A27d A5: A 1998. 10

A, Alefa o] wWele] <l Arjde H o=
GL-75cmo} 9] Holg Eojof g} & Aln)
Aol A4 T4 GL-#10m oj49 Helz 3w,
544 A3 BA B9 "AFol AW H L9
23L& AT AFAP LA L AL3e A=
At AIAX ] ohd AT LS HAAA
Aol o4 & Heolth
T%QIMIH“ EGdA AlgsEE Edou n
223 ¢33 874 Pb-Ag ¥F, AsEIAE
°J;r‘%‘°] AgEch 439 s 95, tube
¥, disc¥, ingotd, rod¥d Fo= tidsith o
Y7he disct rodd YFo] #F FLOEHE
g2 Agde GFEAAY A QHE
G 9% ZtAHEHAE s Folop @rh
Pipel—} tanke] WAL Wy ¥ FLo = rodd
FFE ALY & AU

References
1. AR ZqME g9 sigdoe] o Folxn
dom BE SPUBIHE 349 FE
gol @ Aotk v AMYITHA v L
2 o grddds BAY $Pdee ses
ze ga GEH0l e 2HA ¥ YNEA,

F2AL, AR/AL Sl e BYl W
o A

2. 3ol g sEe okd AAHez 37
of X e Adelth olRe HWAH ofw
BA(sEe g3uz ¥ 2L FaHM
ﬂi=ﬂﬂ¢4 F5d 2 g AN o

1q A2 SeyaeldE FRAd A 7|
& AFstoiol Bote Fol AVHR e

q,: =AZA dAA B2 gagd oW

AYA #2080 ANHZL Aok HPYTFL

wex HEd e J4diel FAHR

gudE vzt ges wHEnA ok

3. 8e A9 100%e) BFAEE 835l Fe(ll)

@

o

o2 HBnzg lkge L of 960Ahe] HF
E AL oMY AL fH&EET AN &
AR 77 10A FEEE 2090 437
AN E HAP 2 tone] Ho] BasdA Hoh
Fog He AE AE FHRE o] &F A
Ytz A} coke breeze= backfill 3 Foo} Fci=
Aotk

. °°“943‘1 © 2 “Cathelco process”&t3l 3= FH

NE gFo2M gF0FE oldgd F7t Ag

ol F49 ZAHL waoldd &&d T

of o&) Ao FEE] FAHANS
F(alga)e] A& A&7 4F Aot

. EAdGFdME FF0E B gas el A

AEo) eI, FFAaRe FE dd& ¢
Fgo] M2FYRTGE ©he AIAN(C+
0,= CO, =& C+2HOCI=CO,+2HC)*] A
57] ool

A HE FFo) backfille A1&EA ¥& AE

de EAT FH9 Aol & HHet =ZA
getA UdFe 2mvt JFHe @4 A
Ax 3o 53 FF AR vl AFGo] el
WA 3= necking Aol AF @R wat
A EGFd vidEls 43l & backfillg A4
FE Ao gelHolg A

_Tiel 2FH due AANR=Aol Ao glen

6VAA = wl - AFEHG. o HFe zylde
orthorhombic TZ& %t brookiteo] } S 7}
Z713e] w2} tetragonal +ZE 2= anatase
2 ¥zdo.

CAFEA @ AFAEE Juivch AFAY

P2t ac A4, ZF7Y TF E A5d =@
gtz A s &=, bridgeddlA = 50~100Hz9)
A Z 9} 7}, three-phase® ol Al = 300Hze] T3
o A F gt GAE

. AbgZd we w2y backfille] g€ @

AREEE backfilld % uvl& ndiAFH
FFe 254, 3AFTE 5~1089) AREEF
Bt



