CATHODIC PROTECTION
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KARENA TANPA DESIGN DAN
INSTALASI YANG BENAR AKAN
MENYEBABKAN KERUSAKAN
STRUKTUR DAN MEYEBABKAN
PROBLEM DIMASA DEPAN
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KERUGIAN AKIBAT KOROSI

WAKTU TERTENTU
1

Kerugian karena korosi pada banyak
instalasi besi baja yang “rusak”




» Akibat Langsung
Kerugian di USA karena kerusakan material :

+ Tahun 1975 adalah USS 70 billion per tahun

Dikutip dari “National Bureau of Standard & Battele Columbus Laboratorium in 1975”

+ Tahun 2006 adalah USS 500 billion per tahun

Dikutip dari “NACE INTERNATIONAL CATHODIC PROTECTION TESTER COURSE JULY 2009”




Akibat Tidak Langsung

Kematian dan kecelakaan
Produksi yang berkurang
Plant shut down

Over design

Kontaminasi produk
Kerusakan lingkungan




TYPE OF CORROSION

Mechanisms of Corrosion 1:42

1.7.7 Types of Corrosion

Corrosion always occurs in the form of a corrosion cell where an anode site, a
cathode site, and an electronic and electrolytic current path between the anode
and cathode sites exist. However the conditions of the metal and its environment
may vary widely leading to the characterization of different types of corrosion

activity as listed below.

Uniform Corrosion - anodes and
cathodes change locations resulting in
gencral metal loss (e.g., atmospheric
corrosion).

| Pitting Corrosion — the anode site
remains fixed and corrosion is localized
(e.g., stainless steels in the presence of
chlorides).

Crevice Corrosion — the surface area
in the crevice is oxygen starved but the
surrounding surfaces have access to
dissolved oxygen (e.g., overlapping
seams on surface storage tank floors).

Figure 1-41¢c

coppersenice - Galvanic Corrosion — dissimilar metals

(v J c are interconnected and exposed to a

o common environment (e.g., cast iron
pipe A water main with copper services).

Figure 1-41d

CP 3-Cathodic Protection Technologist Course Manual
© NACE International, 2004
06/01/2004




TYPE OF CORROSION

Mechanisms of Corrosion

1:43

stress fatigue
cracking cracking
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Figure 1-4le

graphite flakes &
i corrosion product

Figure 1-41f

—  turbulent flow -

e

Figure 1-41g

Environmentally Induced Cracking
— there is a brittle fracture of a ductilc
metal alloy in the presence of modest
corrosion and a static or cyclic stress.
This includes stress corrosion cracking
(SCCQ), fatigue cracking, and hydrogen
induced cracking (HIC).

Typically the crack tips are anodic to
the crack walls.

Dealloying and Dezincification — onc
of the alloying elements is more active
than another resulting in the selective
corrosion (sometimes called leachingy
of the more active element (eg.
graphitic corrosion of gray cast iron).

Erosion-Corrosion and Fretting -
corrosion product is removed from the
metal surface by fluid flow or abrasion
accelerating the corrosion reaction
(e.g., pipelines transporting slurries).

Except for hydrogen-induced cracking and fatigue cracking, cathodic protection
can be effective in mitigating all of these forms of corrosion if the structure is

buried or immersed.

'CP. 3-Cathodic Protection Technologist Course Manual

© NACE International, 2004

06/01/2004



PITTING CORROSION
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FIGURE 6-13 — Showing concentration in small areas of pits, on underground pipeline. Arrows
point to unrepaired pits. Other pitted areas repaired by welding. Circular patch is 1-in in diameter, 4
(Evaluating the Economy of Reconditioningand Coating Underground Steel Pipe, George W.
Pemberton. Corrosion, Vol. 15, No. 5, 279t-281t (1959) May)
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FIGURE 6-14 — Semi-log plot of leak curve with projected

rate. %

Data Taken From :
Nace Basic Corrosion Course 1970, page 6 -12




PITTING CORROSION

TABLE 6-2 — Incidence of Leaks on Pipeline 20

Leak No. Date 1:3

1 May 16, 1961 -

2 Aug 1 N

3 Dec 3 o

4 Apr 4, 1962 ! ooy [ -

5 May 18 - - ‘s""’

6 Jun 29 ) . 2

7 Jul 20 3 //;

8 Aug 30 ’

9 Oct 10 | 2

10 . . Novl10 | 1 /

11 . . Novls 1961 L. S

: - FIGURE 6-15 — Semilog plot of leak curve showing
dramatic improvement in leak incidence following applica-
tion of cathodic protection.

Data Taken From : Nace Basic Corrosion Course 1970, page 6-13




METODA PENCEGAHAN KOROSI

Penyelidikan pencegahan korosi diantaranya oleh :
> National Association of Corrosion Engineers (NACE)
> Federation of Societies for Paint Technology

> Steel Structure Painting Council (SSPC)

> DIL

Metoda antara lain :

A. Cathodic Protection

B. Protective Coating

C. Splash Guard System (Petrolatum Tape)




APA ITU KOROSI ??2?

» Korosi = karat = Kerusakan material dikarenakan reaksi
dengan lingkungannya

» Karat = zat berwarna merah kecoklatan pada
permukaan besi / baja

» Akibat : adanya proses elektrokimia atau fenomena
elektrikal

SACRIFICIAL SYSTEM Kriteria terjadinya peristiwa
korosi karena peristiwa elektrikal :

T l 1. Anoda dan Katoda
2. Berada dalam media elektrolit
- o) ANODA : yang sama
ANODA jS&% el 3. Hubungan listrik antara anoda
' Zn - 1.05 dan katoda
/ A Adanya O
CATHODA - . 5




PENDAPAT LAIN :

Korosi : AMNA, &% O
. . . . (o) OH"
Akibat reaksi elektrokimia el @ @ :
Fe Fe [Fe Fe 8\
Sebab : Fe Fe \Fe Fe H:/ O
oH® H‘-O-H‘ & <
perbedaan potential pada ro)(ForoXro O
. . Fe Fe Fe Fe H ,-O-,
permukaan besi/baja =

Figure 1-13: Direction of Conventional Current
(positive charge flow)

KOMBINASI REAKSI “OKSIDASI” DAN
“REDUKSI” = REAKSI ‘REDOKS’
OKSIDASI :
Fe 2> Fe,+ + 2e

X2
REDUKSI :
2H,0 + 0, + 4e > 40H X1

2Fe + 2H,0 + O, ----> 2Fe + 40H

2Fe + 2H,0 + O, ----> 2Fe(OH),

2Fe(OH), + H,0 + %2 O, ----> 2Fe(OH),
dengan produk akhir yang disebut RUST atau
KARAT

Reaksi korosi lain yang terjadi adalah
terbentuknya Fe,0; (hematit) :

3Fe(OH), + 20H  ----> Fe;0, + 4 H,0

2Fe;0, + 20H  ----> 3Fe,0; + H,0




OXIDATION REACTION

The objective of applying cathodic protection to a corrosion cell is to slow
significantly or stop the oxidation reaction occuring at the anode. This oxidation reaction results
in the loss of the metal through the familiar generalized reaction shown in Equation 2-6,

- [2-6]
M——> M +ne

or Equation 2-7 in the case of a steel structure.
Fe —> Fe ™+ 2e” [2-7]

REDUCTION REACTION

To accomplish this goal, the rate of the cathodic reactions must increase, as
previosly indicated. Although a number of different cathodic reactions are possible, the two
most common reactions in soils and natural waters involve the reduction of the ecolution of
hydrogen. For neutral or alkaline conditions, these cathodic reactions are as shown by
Equations 2-8 and 2-9.

Oxygen reduction: 2H20 + 02 + 4e~ — > 40H~ [2:8]
Or

Hydrogen ion reduction: 2H20 + 02 + 4e~ ——>40H"~ el
For acid conditions. The reactions are as provided in Equations 2-10 and 2-11.

Oxygen reduction: 4H + 02 + 4e” ——> 2H20 [2-10]
Or .

Hydrogen ion reduction: 2H +2¢ + —> H2 [2-11]

Data Taken From :
Nace CP 3-Cathodic Protection Technologist Course Manual, 2004



» Laju korosi biasanya dinyatakan dalam satuan
mpy (mils penetration per year).
1 mpy = 0.0254 mm/yr O,

(*) Dikutip dari Corrosion Engineering, 3™ ed,
Mars G. Fontana




Table 1

Corrosion Rate of bare mild steel in sea water versus steel potential

Potentia
| Trial time | Average weight | Extrapolated corrosion
(mV) (days) loss (mg) rate (mm/yr)
-720 6 795 0.53
-730 7 447 0.26
-740 6 289 0.19
-750 6 165 0.11
-760 8 115 0.06
-770 9 37 0.02
-780 12 8 0.003
-790 21 2* 0.0004*
-800 21 1* 0.0002*
-810 21 0 0
-820 25 3* 0.0005*

* Figures within experimental error.

Tabel dikutip dari Jurnal Ilmiah, Corrosion Australasia, Appendix B,

Vol.3, No.3, June 1978



APA ITU CATHODIC PROTECTION ?

CATHODIC PROTECTION adalah :
Proses pencegahan karat / korosi yang memanfaatkan proses / peristiwa korosi itu sendiri

CATHODIC PROTECTION didapat dengan 2 cara :
1.  SACRIFICIAL ANODE SYSTEM
2. IMPRESSED CURRENT SYSTEM

Cara bekerja :

Mengubah potensial permukaan besi / baja menjadi katoda

l

Arus proteksi luar yang menekan / menahan arus keluar

Daerah katoda

l

Korosi stop




SACRIFICIAL SYSTEM

Kriteria Terjadinya Peristiwa Korosi

Anoda dan Katoda
Berada dalam media Elektrolit yang sama
Hubungan listrik antara anoda dan katoda




OVERVIEW SACRIFIAL ANODE CATHODIC PROTECTION

Data taken from : INTERNATIONAL STANDARD ISO 15589-1 : 2003(E)
Petroleum and natural gas industries-Cathodic protection of pipeline transportation
system
Part 1 : On-land pipelines , page 15

Zinc anodes should not be used if the resistivity of the electrolyte is
higher than 3.000 Q cm, unless the engineering evaluation or field test
confirm that design requirements can still be met.

Magnesium should not be used if the resistivity of the electrolyte is
higher than 15.000 Q cm unless the engineering evaluation or field test
confirm that the design requirements can be met.




SACRIFICIAL SYSTEM

Structural Anode

Shipping Anode



TABEL DERET VOLTA

m TABLE 2-2 -- Proctical Galvanic Series
TABLE 2-1 -- Electromotive Force Series of Metals'

Metal Volts™®
Mertal Volts(z) Commercially pure magnesium ~-1.75
. Magnesium alloy (6% Al, 3% Zn,
Magnesium -2.37 0.15%, Mn) ¢ . A6
Aluminum -1.66 _
Zinc -0.7 Zinc ~1.1
!;.on -8:: Aluminum alloy (5% zinc) -1.05
in -V,
l.ead -0.13 Commercially pure aluminum -0.8
gzggzgen _‘_g' gg to +0.52 Mild steel (clean and shiny) -0.5t0 -0.8
Silver +0.80 Mild steel (rusted) -0.2 to -0.5
Fistinum +1.20 Cast iron (not graphitized) 0.5
Gold +1,50 to + 1.68 doad e prs gk
l.ead -0.5
(Y From Handbook of Chemistry and Physics, 41st Editlon, Mild steel in concrete -0.2

. 1959-1960, Chemical Rubber Publishing Co., Page 1733.
‘¥ Half-cell potential in solution of own malts, measured with

Copper, brass, bronze -0.2
respect to hydrogen reference electrode,

High silicon cast iron -0.2

Mill scale on steel -0.2

Carbon, graphite, coke +0.3

07 Typical potential normally observed in neutral soils and,

water, measured with respect to copper sulfate reference
electrode,




IMPRESSED CURRENT SYSTEM

"_——_T@ =, ll Anoda :

= Pt/ Ti
= Si/Cr/Fe
= Graphite
= Magnetite
| =  Mixed Metal - Oxide
= Lead Silver
F
«
| STEEL




IMPRESSED CURRENT SYSTEM

Fe/Si/Cr MMO Anode MIXED METAL OXIDE ANODE (MMO ANODE)
WITH FRP

Big Fink Test Point Transformer Rectifier




CATHODIC PROTECTION DESIGN

Perbedaan antara Sacrificial Anode dengan Impressed Current System

Sacrificial Anodes

Impressed Current

Tidak membutuhkan sumber listrik dari luar

Membutuhkan sumber listrik dari luar

Penggunaan hanya terbatas pada struktur yang
berada di tanah dan air dengan resistivitas yang
rendah

Penggunaan tidak terbatas oleh resistivitas tanah
dan air

Instalasi relatif mudah, serta dapat dilakukan
penambahan anode sampai hasil proteksi yang
diinginkan tercapai.

Perlu dilakukan perencanaan dan design secara
tepat

Pada saat Inspeksi perlu dilakukan pengetesan
menggunakan peralatan portable di setiap anode
yang terpasang

Inspeksi dilakukan hanya pada beberapa titik
yang relatif mudah dijangkau (test point)

Anode dibutuhkan dalam jumlah yang banyak

Anode yang diperlukan dalam jumlah yang kecil

Pengaruh terhadap struktur sekitar tidak terlalu
besar karena output yang dihasilkan relatif kecil

Adanya struktur lain didekat groundbed struktur
yang diproteksi dapat memberikan pengaruh
sehingga output yang dihasilkan tidak sesuai




CATHODIC PROTECTION DESIGN

Perbedaan antara Sacrificial Anode dengan Impressed Current System

Sacrificial Anodes Impressed Current

7 | Output yang dikeluarkan tidak dapat dirubah 7 Output yang dihasilkan bisa beragam dan
disesuaikan dengan berbagai kondisi, serta
potensial yang dihasikan dapat diatur secara
otomatis. Dikarenakan potensial yang
dihasilkan lebih besar daripada Sacrificial
Anode efek yang dihasilkan pada pengaturan
yang tidak tepat akan lebih besar, seperti
timbulnya kerusakan cat pada struktur yang

dilindungi.
8 Kabel / core koneksi akan ikut terproteksi secara 8 Diperlukan isolasi yang baik pada kabel koneksi
cathodic di sisi positif rectifier yang berhubungan

langsung dengan tanah atau air, apabila tidak
maka akan terjadi korosi yang cukup parah.

9 | Tidak ada kemungkinan untuk terjadi kesalahan 9 Perlu dilakukan check polarisasi pada saat
koneksi sehingga tidak terjadi polarisasi yang commissioning karena ada kemungkinan
terbalik. terjadi kesalahan koneksi sehingga terjadi

polarisasi yang terbalik yang akan
mempercepat terjadinya korosi.




PENYEBAB KOROSI

1. Dissimilar Metal Corrosion Cells

Magnesium -2.37
Aluminum -1.66
Z. inc -0.76
iron -0.44
Tin -0.14
IL.ead -0.13
Hydrogen 0.00
Copper + 0.34 to +0.52
Silver + 0.80
Platinum =1 .20

Gold +1.50 to +1.68




