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ABSTRACT

The seawater is flowing through ballast pumps, main pipelines, and branch pipes.
Because of seawater is the most corrosive natural fluid and ballast needs a lot of seawater
usage, the risk of corrosion is very high. Therefore, the protective for corrosion is needed
to make the system function efficiently. In the shipping world is highly dependent on the
steel metal material for the needs of the ship especially for the ballast pipe. This bachelor
thesis aims to determine the corrosion resistance with specimen carbon steel pipe, carbon
steel pipe with epoxy coating, and galvanized carbon steel pipe with electrochemical
method.

The result of the corrosion rate shows the difference on each immersion time.
There are 2 times immersion for each experiment specimen 72 hours and 144 hours. For
immersion 72 hours of Specimen carbon steel pipe is 0.194746712 mmpy and for 144
hours is 0.28611955 mmpy. The immersion of specimen carbon steel pipe with epoxy
coating for 72 hours is 0.018398877 mmpy and for 144 hours is 0.0190332 mmpy. And
for the galvanized carbon steel pipe for 72 hours immersion is 0.001825366 mmpy, for
the 144 hours is 0.001971516 mmpy.

Keywords: Corrosion Rate, Carbon Steel Pipe, Electrochemical Method
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ABSTRAK

Air laut mengalir melalui pompa balas, pipa utama pada sistem balas, dan pipa
cabang pada sistem balas. Karena air laut adalah cairan alami yang paling korosif dan
sistem balas membutuhkan banyak penggunaan air laut, risiko terkena korosi sangat
tinggi. Oleh karena itu, pelindung korosi diperlukan untuk membuat sistem berfungsi
secara efisien. Di dunia pelayaran sangat tergantung pada material besi baja untuk
kebutuhan kapal terutama untuk pipa balas. Penelitian ini bertujuan untuk mengetahui
ketahanan korosi dengan spesimen pipa baja karbon, pipa baja karbon dengan lapisan
epoksi, dan pipa baja karbon galvanis dengan metode elektrokimia.

Hasil laju korosi menunjukkan perbedaan pada setiap waktu perendaman. Ada 2
kali perendaman untuk masing-masing spesimen percobaan 72 jam dan 144 jam. Untuk
perendaman 72 jam pada spesimen pipa baja karbon adalah 0,194746712 mmpy dan
selama 144 jam adalah 0,28611955 mmpy. Perendaman spesimen pipa baja karbon
dengan lapisan epoksi selama 72 jam adalah 0,018398877 mmpy dan selama 144 jam
adalah 0,0190332 mmpy. Dan spesimen pipa baja karbon galvanis selama 72 jam
perendaman adalah 0,001825366 mmpy, untuk 144 jam adalah 0,001971516 mmpy.

Kata Kunci: Laju Korosi, Pipa Baja Karbon, Metode Elektrokimia
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CHAPTER |
INTRODUCTION

1.1. Background

Corrosion is material degradation due to electrochemical reaction of metal
material to its environment (Einar Bardal, 2003). Many experts also explain corrosion is
decrease in metal quality due to electrochemical reactions with the environment
(Trethewey, K. R. and J. Chamberlain, 1991). The environment can be water, air, gas,
acid solution, and others (Andi Rustandi, 2008).

In the shipping world is highly dependent on the steel metal material for the needs
of the ship especially for the ballast pipe. The resistance of the steel material to the
corrosion rate is great concern that seawater is the most corrosive natural fluid, so it is
expected that the lifetime of the material will last long due to corrosion attack. Therefore,
the electrochemical reaction due to fluid-fed steel leads to corrosion, especially with the
use of ships that operate in many marine areas.

The material that is very often used for ship is steel. Similarly, the use of steel
materials with galvanized pipe and epoxy pipe. The corrosion rate test is performed by
electrochemical using 3 electrode cells, which is a corrosion rate test with the polarization
of its free corrosion potential. The results of the test will be obtained a comparison graph
of each material and also can be known how long the materials will be replaced.

1.2. Statement of Problems
Based on the background above, the author will be discuss about:

1) How much is the value of the corrosion rate on the test specimen?

2) What is the comparison between carbon steel pipe, galvanized pipe, and pipe
with epoxy coating for corrosion protection?

3) Which pipe is the most effective protection from corrosion considering
classification of relative corrosion resistance?

1.3. Research Objectives

From the research taken will be determined several objectives of corrosion rate
that occur in the pipeline by electrochemical method. The purpose of this research is:

1) To know the value of the corrosion rate occurring on the test specimen.

2) To know the comparison between carbon steel pipe, galvanized pipe, and pipe
with epoxy coating for corrosion protection.

3) To know which pipe with the most effective protection from corrosion
classification category of relative corrosion resistance.



1.4.

1.5.

1)
2)
3)

1)

2)

Research Limitation

The method of calculation is using 3 electrode cells (electrochemical) of
corrosion rate with Potensiostat Autolab PGSTAT128N and NOVA software.
Corrosion media is aquadest and NaCl with salinity 35%.

Epoxy using International INTERTUF 262 red color (code KHA303).

Research Benefits
For Industries:
Could be considered of pipe that used by ship through by seawater.

For Research:
Helping students to complete the thesis as a reference and increase the knowledge
of corrosion rate.



CHAPTER 11
LITERATURE STUDY

2.1. Ballast Pipe

System ballast is a system to make position the ship in balanced or suitable
position. In general, this system is filling the ballast tank, which is in the double bottom
taken from the sea chest with seawater. The seawater is flowing through ballast pumps,
main pipelines, and branch pipes. Because of seawater is the most corrosive natural fluid
and ballast needs a lot of seawater usage, the risk of corrosion is very high. Therefore,
the protective for corrosion is needed to make the system function efficiently.

AT THE DURIMG THE & AT DESTINATION 0N THE
SOURCE PORT VoYaGs PORT RETURN TRF
Carn s uraelad, After e fold i s new eam s picked 'afith a1 fuk canga hold,
ahip bk in Eellast en';!tenfl. halkast sanks up by 1he shig, Esllast ballast tanks are nearly
HIE Ll

WAL wratar iz anpaled. girjily.

——
|

! i A /At
i ! ! d_ il
s noasfeaaa] 7 ! 1 R T
2 oy - = LCLLL
wfnmn METLE: ]
i L nEEE
< i : =

-

Campa in

)

Soangs: Dlerreadonal Want e Drganization ALFRED ELIGIERTE ef (i bl oo pbaanling ocim

Figure 2. 1 Ballast Water Cycle (Venteville, n.d.)

2.2. Pipe

Pipes are silent ‘workers’, conveying fluids or allowing air to enter or to leave a
space and are the means through which many control systems operate. Pipe is a hollow
cylindrical bar that can be used for passing or passing liquids, vapors, gases or powdery
substances that can be powdered/powder type. For the manufacture of steel pipe can be
made with several methods such as seamless pipe, butt welded pipe, and spiral-welded
pipe. Pipe making is designed to the needs and the pipe can handle the limit of pressure
strength, pipe wall thickness, the temperature of the flowing substance, the type of
material related to the corrosion and strength of the pipe.

2.2.1. Carbon Steel Pipe

The main elements of carbon steel are Fe (Ferrum) or iron. In addition, there are
also other elements that affect the nature, namely C (Carbon) or carbon. The percentage
of carbon in carbon steel material becomes a determinant of the degree of hardness of
this material. The higher the amount of carbon, the boiling point for the melting is lower,
and vice versa.



Carbon steels consist of iron, less than 1.7% carbon, manganese less than 1.65%,
silicon (Si), aluminum (Al), and contaminant boundaries such as sulfur (S), oxygen (O),
nitrogen (N), and no minimum limit is specified for elements such as Al, Cr, Co, Ni, Mo,
Ni [ASM, ASTM A 941]. There are also types of carbon steel pipe:

1) LCS (Low Carbon Steel):

LCS carbon steels have carbon content below 0.25 percent. Its properties are
tough and tough and harder than other carbon steel groups. LCS is often used for car
bodies, bridges, pipes, and ships. The yield strength of the LCS carbon steel is 275 Mpa
(40,000 Psi). Meanwhile, its tensile strength is 415 and 550 Mpa.

2) MCS (Medium Carbon Steel):

Type MCS carbon steel has a carbon content of 0.25 percent to 0.6 percent. This
type of carbon steel can be hardened rapidly by heating. Typically, MCS type carbon
steels are used for railroads. Its nature is wear-resistant, very hard, and not tenacious.

3) HCS (High Carbon Steel):

HCS type carbon steels have carbon content of between 0.6 percent and 1.4
percent. This type can be hardened by tempering. Its very hard, brittle, and not tenacious.
Typically, HCS carbon steel is used for cutting tools, tool steel, and so on.

2.2.2. Carbon Steel Chemical Grades

Carbon steel is an alloy consisting of iron and carbon. Several other elements are
allowed in carbon steel, with low maximum percentages. These elements are manganese,
with 1,65% maximum, silicon, with a 0,60% maximum, and copper, with a 0,60%
maximum. Other elements may be present in quantities too small to affect its properties.
There are four types of carbon steel based on the amount of carbon present in the alloy.
Lower carbon steels are softer and more easily formed, and steels with a higher carbon
content are harder and stronger, but less ductile, and they become more difficult to weld.
Below are the properties of the grades of carbon steel we supply:

o Low Carbon Steel: Composition of 0,05%-0,25% carbon and up to 0,4%
manganese. Also known as mild steel, it is a low-cost material that is easy to
shape. While not as hard as higher-carbon steels, carburizing can increase its
surface hardness.

o Medium Carbon Steel: Composition of 0,29%-0,54% carbon, with 0,60%-1,65%
manganese. Medium carbon steel is ductile and strong, with long wearing
properties.

e High Carbon Steel: Composition of 0,55%-0,95% carbon, with 0,30%-0,90%
manganese. It is very strong and holds shape memory well, making it ideal for
springs and wire.



e Very High Carbon Steel: Composition of 0,96%-2,1% carbon. Its high carbon
content makes it an extremely strong material. Due to its brittleness, this grade
requires special handling.

2.2.3. Carbon Steel Chemical Composition
1) Carbon (C):

Carbon is added to iron to make steel. In its pure form iron is quite soft and
adding up to 2% carbon gives it toughness and strength. Structural steels plates typically
contain about 0,15 to 0,3% Carbon. As the amount of carbon increases in the steel the
strength increases but the ductility decreases. So, iron with a lot of carbon added to it
becomes very brittle and is unable to respond elastically to dynamic loading.

2) Silicon (SI):

Silicon is added to carbon steels to help deoxidise. That is the silicon helps to
remove bubbles of oxygen from the molten steel. It is also useful in increasing strength
and hardness but is less effective than Manganese in doing so. Negatively for many uses
it also increases grain size so there is usually an upper limit on it.

3) Manganese (MN):

Manganese is probably the second most important alloying element after carbon
on steel. Like Carbon has a large impact on strength, ductility and hardenability.
Manganese helps to reduce oxides and also counteract the presence of Iron Sulphide.
Steelmakers however had to be careful that the level of Carbon and Manganese doesn’t
get too high or the steel becomes too brittle and decreases weldability.

4) Sulphur (S):

Sulphur is another residual element in structural and pressure vessel steels.
Sulphur decreases notch impact toughness, reduces weldability and decreases ductility.
It generally appears as sulphide inclusions in the steel which decreases its strength.

5) Phosphorous (P):

Phosphorous is normally considered to be an unwanted residual element. This is
because most applications require very low or low phosphorus requirements. Phosphorus
increases steel embrittlement, which reduces the toughness and ductility of the metal. In
uses this generally appears as cracks and fractures. High phosphorus in steel is a
contributing factor to HIC cracking in wet H2S environments.



6) Chromium (CR):

Chromium as an alloying element in steel helps to increase its corrosion and
oxidation resistant properties. When the % of chromium in the steel exceeds 1.1% a
surface layer is formed that helps protect the steel against oxidation.

7) Nickel (ND):

Nickel is used to improve the steels corrosion resistance properties. It is a key
component in stainless steels but at the low concentrations found in carbon steels it helps
to increase impact strength and hardenability.

8) Nitrogen (N):

Nitrogen is a residual element for hot rolled steel plates. Generally high levels of
nitrogen will give the plate inconsistent mechanical properties and make welding more
difficult by increasing embrittlement in the heat affected zone (HAZ).

9) Copper (CU):

In structural steels copper is primarily used as an alloying element as it will
improve atmospheric corrosion resistance and help paint bond the steel. It also has a small
impact on hardenability.

10) Niobium (NB):

Niobium is a key grain refining element in steel production. That is because it
makes the grain size smaller it simultaneously improves strength, toughness and ductility.

11) Vanadium (V):

Vanadium when added in the steelmaking process helps to remove oxides and
thus increases the yield strength and tensile strength of steel plates.

12) Titanium (TI):

Titanium in steel helps to keep grain size small and also helps manage inclusions
by making them rounder.

13) Molybdenum (MO):

Molybdenum is used to increase the strength of boiler and pressure vessel steels
at typical boiler operating temperatures of 400°C. Typically it is used in conjunction with
Chromium to provide strength and corrosion resistance at high temperature as well as
increased creep strength.



14) Boron (B):

Boron is added to fully killed fine grained steel to increase hardenability. This
gives a benefit to the yield strength and toughness if the steel is fully hardened before
tempering.

15) Zirconium (ZR):

Zirconium is added to steel to modify the shape of inclusions. It helps them to
become rounder (as opposed to elongated). The result is that toughness and ductility are
improved when the plate is fabricated into a shell.

2.2.4. Galvanized Carbon Steel Pipe

The selection of pipe is often based on the needs and objectives of the
installation. Different types and brands are available on the market depending on the
function, location, and material. One type of pipe that is popularly used for industry is
galvanized pipe. Unlike PVC pipe, galvanized pipe has more advantages and is
considered more durable.

Galvanized steel pipe is a kind of pipe made of iron and covered by a protective
material made of zinc. The coating is intended to protect the steel from corrosion so that
its use is more durable. In the manufacture of galvanized pipe, low carbon steel needs
with galvanized coating containing various types of elements in it. In addition to
preventing corrosion, the zinc coating on the outside of the pipe can also prolong the life
of the tube inside. Since the main element of galvanized pipe is zinc, this type of pipe is
recommended for cold-water installation only.

Currently, one of the most popular types of galvanized pipe is the standard and
Schedule type. The difference between the two lies in the thickness of the pipe
construction; type Schedule 40 level higher thickness and often used for pipe vessels,
which repulse also high.

The specimen will be galvanized by hot dip method. Hot dip method is a coating
process where the coating metal is heated first to melt, then the metal to be coated which
is usually called the base metal is immersed in a galvanized bath which already contains
the liquid zinc, so that in a while the metal will be coated by a layer of alloy layer between
the metal (zinc) coatings with base metals in the form of chemical bonds that are strong
and arranged in layers called phases. Hot dip galvanizing coatings are often referred to
as metal coating processes with other more anodic metals in accordance with galvanic
series.

The first step is pre-treatment, this step serves to remove acid or base which is
impurities attached to the specimen, this is intended to obtain a clean surface conditions
and obtained good coating results. The cleaning process can be grouped into two:



1) Physical cleaning process (mechanical):

Physical cleansing can be smoothing the surface by using a grinding machine
(sandpaper), which includes smoothing uneven surfaces and removing scratches on the
surface of the specimen.

2) Chemical cleaning process:

The chemical cleaning process is the process of cleaning the impurities attached
to the surface of the specimen by using chemicals. This cleaning process includes:

a. Degreasing

The process of degreasing is a process that aims to remove dirt, grease, fat, paint
and other solid impurities attached to the surface of the specimen. The cleaning process
is carried out by using a NaOH solution (caustic soda) at concentrations of 5% - 10% at
700C - 900C for about 10 minutes.

b. Rinsing 1

The process of first rinsing aims to clean caustic soda on degreasing processes
that are still attached to the surface of the inner specimen by using clean water at room
temperature.

C. Pickling

The pickling process aims to remove rust attached to the surface of the specimen
by immersion in a solution of HCL (hydrochloric acid) or a solution of H2SO4 (sulfuric
acid) at a concentration of 10%-15% for 15-20 minutes.

d. Rinsing Il

The second rinsing process aims to clean the HCI or H2SO4 solution attached to
the specimen during the pickling process using clean water at room temperature.

e. Fluxing

The fluxing process is an initial coating process using Zinc Ammonium Chloride
(ZAC) with concentration 20% - 30% for 5 - 8 minutes. The fluxing process is done with
the aim of:

e Asa base layer for strengthening the zinc layer during the coating process.
e As the reaction catalyst of Fe-Zn plating.
e Toavoid the oxidation process before the galvanizing process is performed.

The fluxing process takes place at a temperature of 600C-800C, it is intended
that the heat transfer in the specimens is slow and gradual in order to avoid the occurrence



of deformation plastic that can disrupt the process of attaching zinc to the workpiece
when galvanizing process takes place.

f. Drying

Drying process is a process of drying and preheating by using hot gas
temperature of approximately 1500C, the goal is to remove the liquid that may be on the
surface of the specimen that can cause a steam explosion during the galvanizing process
takes place.

3) Stages of dipping (galvanizing):

Specimens that have pass the preparation stage (pre-treatment) and has been
clean of all impurities then the next step is done by the process of dipping (galvanizing).
During the galvanizing process takes place, the zinc liquid will coat the steel by forming
a layer of zinc steel and then formed a layer that is entirely a zinc element on the outer
surface of steel, the solution used is at least 98% pure element of zinc. The immersion
stage is carried out for approximately 1.5 minutes at a temperature of 4400C-4600C. The
thickness of the zinc coating on coating by hot dip galvanizing method is influenced by
surface conditions, duration of immersion, and dipping temperature.

4) Cooling and Final Stages:
a. Cooling phase (quenching):

The cooling stage is performed by dipping the specimen into a sodium cromate
solution with a concentration of 0,015% at room temperature or by using water. This
process aims to prevent the occurrence of white rust.

b. The final stage (finishing):

The final part of the coating process is to refine a pointy surface caused by the
liquid of the dew that wants to drip but has dried first.

2.2.5. Steel Carbon Pipe with Coating

The function of coating is to obtain protection from the corrosion. There are two
types of coating, liquid coating (painting) and concrete coating. The function of liquid
coating beside used as a decorative, the liquid coating also protected the substance from
the corrosion. The advantage of using the liquid coating or painting is easy to use, save
more money from the economical, and reliable.

Two parts epoxy coatings are developed for heavy service on metal substrates
and use less energy than heat-cured coating powder. The system uses 4:1 by mixing
volume ratio, and fast dry provides a tough, UV resistant, excellent hardness shielding
layer. Fusion Bonded Epoxy (FBE) Powder Coating is widely used for corrosion
protection of steel pipes and also widely used as primers for improving the adhesion of
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automotive and marine paints especially on metal surfaces where corrosion (rusted)
resistance is important.

This type of coating can protect the steel from corrosion for long periods of time,
and has protective coating characteristics against seawater, it is suitable to be applied on
ship pipe that is passed by seawater and the grade is A972-A972/A972M-99
(Specification for Fusion Bonded Epoxy-Coated Pipe). The epoxy standard is found in
the type of paint called primary alkyd, primary metal, primary epoxy, and shop. Basically,
this coating can prevent corrosion, it is suitable to apply on pipeline, tank storage and
steel structure on the seafront, offshore, and onshore. In the application of this type of
coating is not suitable for basic or early painting after blasting. The recommended SSPC
is Sa 2.5a and thinner ratio of 10% - 20%, depending on the type of method and
application in the field. In terms of price, this type is classified as a standard paint. There
also component in paint:

1) Binder

Binder is the main ingredient of paints. Binders are polymers forming a
continuous film on the substrate surface.

Binders are responsible for good adhesion of the coating to the substrate. The binder
holds the pigment particles distributed throughout the coating. The binder is dispersed in
a carrier (water or organic solvent either in molecular form or as colloidal dispersions.

2) Solvent

Solvent (water or organic solvent) is a medium where the binder, pigment and
additives are dispersed in molecular form or as colloidal dispersions.

3) Pigment

Pigment is a solid substance dispersed throughout the coating to impart it a color,
opacity (hide the substrate surface).

4) Additives
Additives are small amounts of substances modifying the paint properties.
2.3. Epoxy

Applications for epoxy materials are broad-based and include coatings,
adhesives and composite materials such as steel carbon. Chemical epoxy allows polymer
curing to be produced with a very wide range of properties. The needs of coating are
several layers for desire thickness. In this thesis author will be choosing for the maximum
thickness for the corrosion protection. Coating with epoxy must be using the painting
method with two steps:
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2.3.1. Pipe Cleaning and Preparation

Figure 2. 2 Pipe Cleaning and Preparation for Epoxy
Coating (Flow, n.d.)

This step serves entire plumbing system drained and dried using dehumidified
compressed air. A safe abrading agent is then blown through the pipe system, removing
rust, scales and corrosion that have built up over time, while at the same time lightly
etching the pipe to prepare for the epoxy coating process. Air is applied once again to
remove any remaining garnet.

2.3.2. Epoxy Coating

Figure 2. 3 Epoxy Coating on Pipe (Flow, n.d.)

Optimal internal pipe surface temperature is created prior to epoxy coating.
Another air pressure leak test is performed. Conditioned air is then introduced into the
pipe to evenly distribute the epoxy coating throughout the piping system. Following the
coating application, conditioned, and controlled airflows through the pipes to facilitate
epoxy curing.

Figure 2. 4 National Intertuf 262 For Epoxy Specimen
Specification of National Intertuf 262;
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Colour : KHA330 - Red

Finish . Matt

Part B (Curing Agent) : KHA 062

Volume Solids : 73% (1SO 3233:1998)

Mix Ratio : 4.00 volume Part A to 1 volume Part B

Typical Film Thickness : 125 microns dry
Method of Application : Air spray, Brush, Roller
Induction Period : Non required

2.4. Corrosion

It is a form of corrosion where corrosion occurs when there is a gap due to merge
or unification of two equal metals having different oxygen levels with the outer area. This
type of corrosion is usually caused by small holes, and cracks beneath the heads of bolts
and rivets.

Corrosion can occur in dry medium with the electrolyte of the soil and also the
wet medium with the water electrolyte. For example, corrosion occurring in dry medium
is iron metal invasion by oxygen gas (O2) or by sulfur dioxide gas (SO2). In the wet
medium, corrosion can occur uniformly or locally. Thereby, if in the effort of corrosion
prevention done through the use of corrosion inhibitor (Muhammad Abduh, 2011).

2.5. Types of Corrosion
There are several types of corrosion due to its chemical reaction.
2.5.1. Uniform Corrosion

This is usually characterized by chemical or electrochemical reactions occurring
on the reacting surface. The metal become thin and eventually there is a failure on the
metal. Evenly corrosion is a very big deterioration of the material. However, this
corrosion is bad observed because the age of the equipment can be accurately estimated

Figre 2. 5 Uniform Corrosion

(International., n.d.)
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2.5.2. Galvanic Corrosion

Potential differences usually occur between two different metals, when both are
dipped into a corrosive solution. When the metal is in contact, the potential difference
will result in the flow of electrons. Electrons flow from less noble (anodic) metals to more
noble (cathodic) metals. As a result, less noble metal turns into positive ions because of
the loss of electrons. The metal-positive ions react with negative ions in the electrolyte
to a metal salt. Because of these events the anode surface loses metal.

Corrosion will attack metals with less corrosion resistance and less corrosion-
resistant metal attacks. The corrosive metal will become the anode and the metal that is
more resistant to corrosion attacks will be the cathode. Usually cathodic metals will be
attacked slightly even without corrosion when the two metals are connected. This type of
corrosion is called galvanic corrosion. An example of galvanic corrosion can be seen in
the case of the battery stone in Figure 2.6. the carbon electrode as a precious metal or that
is resistant to corrosion of the cathode and zinc as an anode with rust.

Figure 2. 6 Galvanic Corrosion (Services, n.d.)
2.5.3. Crevice Corrosion

It is a form of corrosion where corrosion occurs when there is a gap due to
merging or unification of two equal metals having different oxygen levels with the outer
area. This type of corrosion is usually caused by small holes, and cracks beneath the
heads of bolts and rivets as shown in Figure 2.7.

Figure 2. 7 Crevice Corrosion (Lyon,
n.d.)
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2.5.4. Pitting Corrosion

Corrosion of wells is a very local form of corrosion attack (attacking on a
particular area only) resulting in a hole in the metal. This hole may have a small or large
diameter, but in many cases the hole is relatively small. The hole is isolated or sometimes
looks like a rough surface. Pits can generally be described as cavities or holes with a
surface diameter of approximately equal or less than the depth.

Corrosion of wells is one of the most damaging and dangerous forms of
corrosion. It causes the equipment to fail because with a slight decrease in mass due to a
hole, failure can occur easily. Often it is difficult to detect pits because of their small size
and the holes are covered by corrosion as shown in Figure 2.8.

- \e2e
Figure 2. 8 Pitting Corrosion on Sink
(Consultants, n.d.)

2.5.5. Erosion Corrosion

Corrosion erosion is the acceleration of the degree of damage or attack on the
metal due to the relative movement between corrosive liquids and metal surfaces.
Generally, this movement is quite fast, and related to abrasion. The metals that are on the
surface will turn into dissolved ions or become solid forms of corrosion products.
Sometimes the influence of the environment can reduce the rate of corrosion, especially
when local attacks occur in stagnant conditions, but this cannot be called erosion
corrosion because the damage is not increased.

Physical form of erosion corrosion is characterized in appearance of grooves,
trenches, waves, round holes, valleys, and usually indicates the direction pattern. Figure
2.9. shows the flow performance of erosion corrosion failure.
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Figure 2. 9 Corrosion Erosion on Seawater

Pipe (Bloging, n.d.)
2.5.6. Stress Corrosion

Mechanical forces such as tug or compression have very little effect on the
metallization process on the same metallic part in terms of the milsace rate in mils per
year. However, if it is a combination of tensile stress and a corrosive environment, then
this condition is one of the main causes of material failure. This failure is a crack
commonly called voltage corrosion.

This type of rust attack occurs very quickly, in minute size, for example if all the
requirements for the occurrence of this strain (stress) strain have been met at a given
moment of internal strain and the creation of corrosive conditions associated with
corrosion and environmental temperature. Examples of stress corrosion on the pipe can
be seen in Figure 2.10.

Figure 2. 10 Stress Corrosion

(Hussaini, n.d.)
2.6. Corrosion Mechanism

The corrosion mechanism cannot be separated from the electrochemical reaction.
Electrochemical reactions involve the displacement of electrons. Electron displacement
is the result of a redox reaction (oxidation-reduction). The mechanism of corrosion
through electrochemical reactions involves an anodic reaction. Anodic reactions
(oxidation) are indicated by increased valence or electron product. The anodic reaction
occurring in the metal corrosion process is:
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M — Mn+ + ne

In corrosion of metal M is the process of oxidation of the metal into one ion (n+)
in the electron n release. The price of n depends on the nature of the metal as an example
of iron:

Fe — Fe2+ + 2e

The cathodic reaction also takes place in the corrosion process. The cathodic
reaction indicated by decreasing the valence value or consumption of electrons resulting
from the anodic reaction. The cathodic reaction in which oxygen from the air dissolves
in an open solution. According to Haryono (2010) the corrosion mechanism that occurs
in iron (Fe) is written as follows:

Fe(s) + H20(1) + ¥ 02(g) — Fe(OH)2(s)

Fero hydroxide [Fe (OH) 2] is atemporary result which can be oxidized naturally
by water and air to ferric hydroxide [Fe (OH) 3], so that the next reaction mechanism is:

4 Fe(OH)2(s) + 02(g) + 2H20(1) — 4Fe(OH)3(s)

The hydroxide ferries that are formed will turn into a brownish-browned Fe203
which we usually call rust. According to Vogel (1979) Reactions are:

2Fe(OH)3 — Fe203+ 3H20

In general, the corrosion mechanism occurring in a solution starts from the
oxidized metal in the solution and releases the electrons to form positively charged metal
ions. The solution will act as a cathode with a common reaction is the release of H2 and
reduction of O2, due to reduced H + and H20O ions. This reaction occurs on the surface
of the metal which will cause exfoliation due to dissolving the metal into the solution
repeatedly. Figure 2.8. shows the corrosion mechanism on the metal surface.

iron

Fe(OH),
b -
Fe(OH)
B A

(Precipitate)

Figure 2. 11 Corrosion Mechanism (haryono,
2010)
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2.7. Corrosion Rate

Corrosion is an electrochemical reaction, all of which affect the speed of a
chemical reaction or the amount of current flowing will affect the rate of corrosion. Ohm's
law can be applied to the electrical part of corrosion cells. The corrosion rate is directly
proportional to the amount of current flowing in the electrochemical corrosion cells. If
the current can be measured, a precise calculation of metal loss can be determined. This
means that a measurement in amperes or milliamperes is calculated in weight loss per
year. An Amp year is an Ampere that flows over a period of one year. Different metals
have different corrosion rates. Conversion rate of corrosion of other unity:

1 mpy = 1000 ipy

1 mpy = 0.0254 mm/year

1 mpy = 25.4 pum/year

1 mpy = 12,100 in/month

1 mpy = 2.90 nm/hour

1 mpy = 0.0694 d gr/m2 year
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Table 2. 1 Relative Corrosion Resistance (Narayan, 1983)

Approximate Metric Equivalent
Relative Corrosion
Resistance mpy | mm/year | pm/year | nm/year pm/sec
Outstanding <1 < 0,02 <25 <2 <1
Excellent 1-5 | 0,02-0,1 25-100 2-10
1-5
20-
Good 50 0,1-0,5 100-500 10-50 5-20
Fair 20-50 0,5-1 500-1000 | 50-100 20-50
50- 1000-
Poor 200 1,25-5 5000 150-500 50-200
Unacceptable 200+ 5+ 5000+ 500+ 200+

2.7.1. Electrochemical Method

The electrochemical method is a method of measuring the corrosion rate by
measuring the potential difference of the object to obtain the corrosion rate occurred, this
method measures the corrosion rate at the time of measurement only which estimates the
rate for a long time (estimating that although the results that occur between one time and
another are different). The advantage of this method is we can directly know the rate of
corrosion at the time of measuring, until the measurement time does not take a long time.
The disadvantage of this method is that it cannot accurately describe the corrosion rate
because it can only measure the corrosion rate only at certain times, until the usage life
or the conditions to be tested.

This electrochemical method using the formula based on Faraday's Law is using
the following formula:

axi

CR (mmpy) = K

nxD mmpy
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Where:

CR = Corrosion rate

K = Constant factor, mpy = 0,129 ; um/yr = 3,27 ; mm/yr = 0,00327
a = Atomic weight of metal

i = Current density (LA/cm2)

n = Number of electron lost

D = Density (g/cm3)

2.7.2. Three-Electrode Cells

The three-electrode cell is a standard laboratory device for quantitative research
on the corrosion properties of materials that constitute the perfection of wet corrosion
cells (Tretheway, 1991), the three-electrode cells include:

Gah'anometer ot Meter

—~E /"f'\_ .f’_“\'_
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Pembanty Kolomal jesh

Figure 2. 12 Three-electrode Cells
(Sutrisna, 2008)
2.8. ASTM (American Society for Testing and Material)

ASTM International is an international standards organization that develops and
publishes voluntary consensus technical standards for a wide range of materials,
products, systems, and services. Some 12.575 ASTM voluntary consensus standards
operate globally. Founded in 1898 as the American Section of the International
Association for Testing Materials.

ASTM G102-89 is a standard practice for calculation of corrosion rates and
related information from electrochemical. It is intended to provide guidance in converting
the results of electrochemical measurements to rates of uniform corrosion. Calculation
methods for converting corrosion current density values to either mass loss rates or
average penetration rates are given for most engineering alloys. In addition, some
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guidelines for converting polarization resistance values to corrosion rates are provided.
And there are many standard ASTM used, for the preparation until the finishing specimen
using the ASTM G1-90, for the soaking the specimen into a corrosive solution using the
ASTM G31-72.

2.8.1. ASTM G1-90 (Standard Practice for Preparing, Cleaning, and Evaluation
Corrosion Test Specimens):

This practice covers suggested procedures for preparing bare, solid metal
specimens for tests, for removing corrosion products after the test has been completed,
and for evaluating the corrosion damage that has occurred. Emphasis is placed on
procedures related to the evaluation of corrosion by mass loss and pitting measurements.

2.8.2. ASTM G31-72 (Standard Practice for Laboratory Immersion Corrosion Testing
of Materials):

This practice describes accepted procedures for and factors that influence
laboratory immersion corrosion tests, particularly mass loss tests. These factors include
specimen preparation, apparatus, test conditions, methods of cleaning specimens,
evaluation of results, and calculation and reporting of corrosion rates. This practice also
emphasizes the importance of recording all pertinent data and provides a checklist for
reporting test data.

2.9. Standard DNV GL
2.9.1. DNV GL 20 Corrosion Protection of Ships: 2000

Table 2.1 Coating system No. 1 - Targert useful life 5 years

Target durability 5 years
Coating system " Epoxy based

Other recognised hard coating
Coats and thickness 1 coat ¥

Total nominal dry film thickness (NDFT) 200 microns ¥

Primary surface preparation Steel plates shop primed on blast cleaned surface to Sa 2 - Sa 2,5 (Sa 2,5 recommended)

Secondary surface preparation | Welds and burns mechanically cleaned to minimuem St. 3

|

Clean conditions

be coated, to be removed by cleaning

Any visible salt contamination, oil, grease, dust, weld smoke or dirt on shop primed or other surface to

|

Thermal and hygrometric

conditions limits set by the coating manufacturer

The thermal and hygrometric conditions related to air humidity and steel temperature shall be within the

Comments Lo system I

1}
L
3
1)

Light coloured coatings are recommended. Tar containing coatings are dark.

The selection of a recognised coating may depend on the type of compartment and it’s function.

One stripe coat to be applied on edges, welds and in areas where spraying may not be fully effective.

MNominal dry film thickness shall follow the "80/20 rule” and is for system [ defined as follows:

The average DFT based on measurements shall always be equal to or larger than the NDFT. Up to 20% of the area (measured

points) may have a thickness between 100% and 80% of the NDFT, but the measured dry film thickness shall always be larger

than 80% of the NDFT,
The measured DFT shall not exceed the maximum dry film thickness defined by the paint manufacturer.

Figure 2. 13 DNV GL 20 Corrosion Protection of Ships (GL, 2000)
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This is a standard of DNV GL 20 about Corrosion Protection of Ships. This standard
shows that protection using epoxy is allowed, the target lifetime of the operation for 5
years. The experiment will be applied as the standard for target of 5 years, which is the
thickness is 200 p and there is 1 layer for the coating.

2.9.2. DNV GL Part 4 Chapter 6: 2011

Table A2 Minimum wall thickness for steel pipes

External Pipes in Air, overflow | Bilge, ballast | Bilge, air, overflow and sounding pipes through
diameter D | gemeral ¥ ¥ 3 | and sounding | and general | ballast or fuel oil tanks, ballast lines through fuel
() 674 pipes for .'FE&H’(I?E."RE"D_E\' ol tanks and fuel oil lines m?ff-":,gﬁ ballast tanks
structural HERIE R D23 4578 9
tanks 1 <) 30 5
8 %
10.2-12 1.6
135-172 1.8
20 2
21.3-25 2 32
26.9-33.7 2 32
38 - 44.5 2 4.5 3.6 6.3
48.3 23 4.5 3.6 6.3
51 -63.3 2.3 4.5 4 6.3
70 2.6 4.5 4 6.3

Figure 2. 14 DNV GL Part 4 Corrosion Protection of Ships (GL, 2011)

The specimen of the experiment used steel carbon pipe Schedule 40 with diameter of 2
inch or equivalent with 50.8 mm. The standard shows the minimum wall thickness for
steel pipe for diameter 48.3 — 51 mm is 3.6 mm.
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CHAPTER Il
METHODOLOGY

3.1. General

The method of research conducted in this case is the experimental method of 3
types of pipes (carbon steel pipe, carbon steel pipe with epoxy coating, and galvanized
carbon steel pipe). For testing the corrosion rate on the pipe will be provided with
aquadest and NaCl contain with salinity 35%. Variations of pipe immersion every 72
hours will be observed the corrosion rate that occurs, and the maximum immersion time
is 144 hours or equivalent to 6 days. After the result of corrosion rate at each variation of

immersion time will be depicted on the graph to know the difference of corrosion rate
result.

23
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3.2.

Methodology Flowchart

Literature study is
about getting theory
from books
andjournals. Its
contains about
corrosion, corrosion

| LITERATURE

rate, electrochemical, STUDY
and standart (ASTM
G102-89)
h 4
APPARATUS
Apparatus PREPARATION
preparation is
planning for the
materials,measuring
instrument, and
container for NO
immersion v
MAKING
APPARATUS
Making the
liquid,
speciments,
and salinity
level
ALIDATION
YES

Figure 3. 1 Methodology Flowchart
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STEEL CARBON
PIPE SCH 40

!

Surface Smoothing
by Polish

!

Coating With Epoxy

!
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Figure 3. 3 Making Pipe
with Epoxy Coating
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STEEL CARBON
PIPE SCH 40

!

Surface Smoothing
by Polish

!

Chemical Cleaning

!

Galvanizing

Figure 3. 4 Making Pipe

with Galvanize Coating

APPARATUS
PREPARATION
l v l ¢ -
1. Refractor provision
Galvanized Carbon s : ” NaCl and Aquadest for measure the salinity
Steel Pipe Pipe With Epoxy Coating Provision Solution Provision content of the solution
2. Potensiostat Autolab fot

corrosion rate calculation
3. Three cell electrodes and
soaking container

Figure 3. 2 Apparatus Preparation Flowchart



26

SPECIMENT
PROVISION

-

SPECIMENT
SOAKING INTO THE
CONTAINER

SPECIMENT
MAKING

v

-

TAKE THE
SPECIMENTS OUT
FROM THE
CONTAINER

MAKING SOLUTION
WITH SAILINITY
VARIETY

v

-

DRYING THE
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SOAKING
CONTAINER

v

SURFACE
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!

MEASURE TEST
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Figure 3. 5 Experiment Flowchart
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Carbon Steel Pipe Rough Specimen Sandpaper Rieady. For:Teet Spacimen
Experiment Container Aquadest NaCl Solution With 3504
Salinity

’ Working Electrolyte, Container,
Potensiostat Autolab and Specimens

Figure 3. 7 Test Specimen Flowchart

UUF®005®-®

Tested Specimen Cleaned Specimen Specimen Tested on The Container Potensiostat Autolab
and Connected With Autolab
Figure 3. 6 Test Specimen with Potensiostat Autolab PGSTAT128N and NOVA software
Flowchart

3.3. Bachelor Thesis Methodology

The methodology used in conducting the bachelor thesis process will be
explained as following.

3.3.1. Problem ldentification

This step of methodology is the first thing for the author must know, which is
why the problem exist and the author must look for the problems. The purpose of this
activity is to simplify the problems so that the author can conduct the bachelor thesis in
accordance with the author want to do.
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3.3.2. Literatures Study

Literature study means the sources that the author taken from, or it is commonly
said references. In compiling this bachelor thesis, the author needs some references or
literatures. These are the literatures are obtained from:

e Corrosion.
e Corrosion rate.
e Electrochemical.

3.3.3.  Apparatus Preparation

On this step there are some things that need for provision before doing the
experiment. There are some tools and materials needed, there are:

e Potensiostat Autolab PGSTAT128N.

o NOVA software for corrosion rate measurement.
e  Grinder.

e Sandpaper 1000 grade.

e Carbon steel pipe Schedule 40.

e Pipe with epoxy coating.

e Galvanized carbon steel pipe.

e Soaking container.

e Solution with 35% solution.

This step also needed for calibration and validation to make sure the data will be
obtained as desired for the result. Calibration performed on the corrosion rate
measurement. For calibration and validation step, the author will be decided if the system
designed appropriate or not. If the system designed appropriate, the next step is
continuing to the making apparatus. But if the system is not appropriate, the step will be
back to the apparatus preparation until the system desired appropriate.

3.3.4. Making Apparatus

In this step the provision of all equipment to the implementation of corrosion rate
on the specimens provided. Required tools and materials are potensiostat autolab
PGSTAT128N and NOVA software corrosion rate measurement instrument, grinding
wheel, sand paper, carbon steel pipe, pipe with epoxy coating, galvanized carbon steel
pipe, immersion container, solution with salinity 35%.

3.3.5.  Experiment and Data Collection

This step is the immersion of the specimens on the soaking container with the
35% salinity. The immersion time also has the different variety from 72 hours until 144



29

hours. After that, the specimens will be calculated on the potensiostat autolab
PGSTAT128N and get the data from NOVA software.

3.3.6. Corrosion Rate Calculation

Every 72 hours, the specimens will be recorded and calculated to know the
corrosion rate, this step will be continued until reach 144 hours. The device used for
calculation is potensiostat autolab PGSTAT128N, which is connected to the NOVA
software.

3.3.7. Data Process and Analyzing

After 144 hours immersion done, this step will be analyzed for the corrosion rate
for each specimen. The data obtained will be compared by graph, relationship of
corrosion rate values that occur with salinity, and time of immersion.

3.3.8. Conclusion and Recommendation

After all the step done, the final step is get the conclusions of analysis and
experiment. A great hope of the conclusion is answer for the problem that became the
purpose of this thesis. Therefore, there are also needed suggestions based on the results
of research in order to make this thesis get on point.
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4.1.

1)
2)
3)
1)
2)
3)
4)
5)
6)

CHAPTER IV
ANALYSIS AND DISCUSSION

Table 4. 1 Carbon Steel Pipe Chemical Composition Specimen

Carbon Steel Chemical Composition Specimen

On this thesis, the raw material will be made into several specimens. Each
specimen will be treated to be carbon steel, galvanized, and coating with epoxy:

Steel Carbon Composition and Characteristic (PT. Benteng Anugerah Sejahtera):

Material
Diameter
Length
Specimen:
Length
Width
Thickness
Sandpaper
Aguadest
NaCl

: Steel Carbon.
: 2 inch.
: 6 meter.

:10 mm.

:10 mm.

©4 mm.

. Abrasive sandpaper 1000 grade wet dry proof.

: PH 5,5-7,0 (SNI).

: Density 2,16 g/cm3, melting point: 801 oC, boiling point: 1465

0C, solubility in water: 25 oC.

7) Epoxy . International INTERTUF 262 (KHA303).
C Si Mn S P Cr Ni Cu
0.21 0.24 0.54 0.02 0.02 0.04 0.02 0.02

4.2. Making Apparatus

Before doing corrosion rate analysis experiment, there are several things need to
prepare. There are carbon steel pipe, galvanic solution, epoxy, potensiostat autolab
PGSTAT128N, sandpaper, grinding machine, soaking container, and solution with
different salinity.

4.2.1. Carbon Steel Pipe Specimen

At the beginning the pipe length is 6 meter with diameter 2 inch schedule 40. On
this experiment grinding machine is needed to cut the carbon steel into 3 pieces with
dimension:

Length :10 mm
Width ;10 mm
Thickness 4 mm

31



Imeersion on the
plastic container

Aquadest+Nacl
35% (Salinity)

Immersion for

144 hours

Checked every 72
Carbon Galvanized Carbon Steel hours by Potensiostat
Steel Carbon Steel ~ Coat With Epoxy Autolab

Figure 4. 2 Specimen in Immersion

10 mm

10 mm

Figure 4. 3 Specimen Dimension

Figure 4. 1 Rough Specimen
Before Cut
For the experiment using the potensiostat autolab PGSTAT128N and get the data
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from NOVA software, the specimen will be cut again for the measurement of the tools.

4.2.2. Polishing Specimen

After the carbon steel pipe cut with the desire dimension, sandpaper needed to
polish the surface of the carbon steel pipe with abrasive sandpaper 1000 grade wet dry
proof.

Figure 4. 5 Polished Specimen
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Figure 4. 6 Polishing Specimen Using Grinder
4.2.3. Soaking the Specimen

There are several things to prepare during this step:
4.2.3.1 Tools and Materials
1) Soaking Specimen and Solution
This tool serves as a predefined salinity container as the standard of ASTM G31-
72.
2) Adquadest
For making the, aquadest serves as a NaCl solvent.

Figure 4. 7 Aquadest

3) NaCl
NaCl with amount 35 gram serves as diluted for salinity making of 1 liter
aquadest.
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%5
Figure 4. 8 NaCL
4) Epoxy
The international INTERTUF 262 with red color with code KHA303 epoxy used
to coat the carbon steel pipe with 250 p.

Figure 4. 9 International INTERTUF 262 Epoxy
5) Salinity 35%

For making this salinity, NaCl needed to dissolved into the aquadest. The ratio
of the NaCl is 35 gram and 1 liter of aquadest make the salinity into 35%. To know the
salinity is using the salt meter.

6) Soak the Specimen

After the desired specimen cut, the next step is soak the specimen into the
container which has been filled by the salinity solution of 35%. The container is filled by
3 specimens. The immersion time is 144 hours (6 days) and every 72 hours (3 days) will
be checked to the potensiostat autolab PGSTAT128N and NOVA software.
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Table 4. 2 Time Table Immersion Specimen

Time Table Immersion Specimen

2018

No. | Date Day Time Immersion | Photo
25-05-
2018
Friday -
1 - Monday 09.00 - 09.00
28 - 05—
2018
28 -05-
2018
Monday -
2 - Thursday 23.10-23.10
31-05-
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43. Corrosion Rate Calculation

After corrosion rate calculation using Potensiostat Autolab PGSTAT128N and
NOVA software done, the result of the calculation will be obtained. There are current
density, pontential, and corrosion rate. Aside from the data obtained, there is also graphic
form the Potensiostat Autolab PGSTAT128N and NOVA software that shown the current
density and potential. The x-axis from tafel graphic refers as volt and already specified
before experiment, the y-axis refers current density. Current density from the experiment
can be change but the volt remains the same.

4.3.1. Experiment Result on Specimen A (Carbon Steel Pipe) For 72 Hours

0.001

0.0001

WE).Current (&)
m
th

132 -1 08 05 0.4 -0z ] 0.2 0.4 0.5
Potential applied (v

Graphic 4. 1 Result Specimen A (Carbon Steel Pipe) For 72 Hours

This graphic shown that corrosion rate specimen A (carbon steel pipe) with
immersion for 72 hours done by potensiostat autolab PGSTAT128N and get the data
from NOVA software. After the software process the corrosion rate data, the graphic
shows dashed line and connected the intersection with high precision. From the result of
the intersection, the current density is known from the potential. The result of the
experiment is:.

Table 4. 3 Specimen A (Carbon Steel Pipe) For 72 Hours Result

Corrosion Rate (mmpy) Potential (mV) Current Density (uA/cm?)

0.19478 -342.87 16.763

From the table below, result obtained of the corrosion rate, potential, and current
density result of specimen A after test. The corrosion rate is 0.19478 mmpy, potential is



38

-342.87 mV, and the current density is 16.763 pA/cm2. And the calculation using the
Faraday Law with electrochemical method for specimen A with immersion for 72 hours:

K =0.00327

a =27.925 g/mol

i =16.763 pA/cm2

n =1

D =7.86 g/cm3

CR (mmpy) = K ai/nD

CR (mmpy) = 0.00327 x 27.925 x 16.763 / 7.86
CR (mmpy) = 0.194746712 mmpy

4.3.2. Experiment Result on Specimen B (Carbon Steel Pipe Coated with Epoxy) For
72 Hours

0.001

0.0001 |-

WE). Current (&)

L 1 L 1
-1 0.8 06 04 02 0 0z 04 06 08
Fotential applied ()

Graphic 4. 2 Result Specimen B (Carbon Steel Pipe Coated With Epoxy) For 72
Hours

This graphic shown that corrosion rate specimen B (carbon steel pipe coated with
epoxy) with immersion for 72 hours done by potensiostat autolab PGSTAT128N and get
the data from NOVA software. After the software process the corrosion rate data, the
graphic shows dashed line and connected the intersection with high precision. From the
result of the intersection, the current density is known from the potential. The result of
the experiment is:
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Table 4. 4 Specimen B (Carbon Steel Pipe Coated with Epoxy) For 72 Hours

Corrosion Rate (mmpy) Potential (mV) Current Density (LA/cm2)

0.01842 -382.38 1.5837

From the table below, result obtained of the corrosion rate, potential, and current
density result of specimen B after test. The corrosion rate is 0.01842 mmpy, potential is
-352.84 mV, and the current density is 1.5837 pA/cm2. And the calculation using the
Faraday Law with electrochemical method for specimen B with immersion for 72 hours:

K =0.00327

a = 27.925 g/mol

i =1.5837 pA/em2

n =1

D =7.86 g/cm3

CR (mmpy) = K ai/nD

CR (mmpy) = 0.00327 x 27.925 x 1.5837 / 7.86

CR (mmpy) = 0.018398877 mmpy

4.3.3. Experiment Result on Specimen C (Galvanized Carbon Steel Pipe) For 72 Hours
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Graphic 4. 3 Result Specimen C (Galvanized Carbon Steel Pipe) For 72 Hours

This graphic shown that corrosion rate specimen C (galvanized carbon steel pipe)
with immersion for 72 hours done by potensiostat autolab PGSTAT128N and get the data
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from NOVA software. After the software process the corrosion rate data, the graphic
shows dashed line and connected the intersection with high precision. From the result of
the intersection, the current density is known from the potentioal. The result of the
experiment is:

Table 4. 5 Specimen C (Galvanized Carbon Steel Pipe) For 72 Hours

Corrosion Rate (mmpy) Potential (mV) Current Density (LA/cm2)

0.001825 -352.84 0.15712

From the table below, result obtained of the corrosion rate, potential, and current
density result of specimen C after test. The corrosion rate is 0.001825 mmpy, potential is
-352.84 mV, and the current density is 0.15712 nA/cm2. And the calculation using the
Faraday Law with electrochemical method for specimen C with immersion for 72 hours:

K =0.00327

a =27.925 g/mol

i =0.15712 pA/cm2

n =1

D =7.86 g/cm3

CR (mmpy) = K ai/nD

CR (mmpy) = 0.00327 x 27.925 x 0.15712 / 7.86

CR (mmpy) = 0.001825366 mmpy

4.3.4. Experiment Result on Specimen A (Carbon Steel Pipe) For 144 Hours
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Graphic 4. 4 Result Specimen A (Carbon Steel Pipe) For 144 Hours
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This graphic shown that corrosion rate specimen A (carbon steel pipe) with
immersion for 144 hours done by potensiostat autolab PGSTAT128N and get the data
from NOVA software. After the software process the corrosion rate data, the graphic
shows dashed line and connected the intersection with high precision. From the result of
the intersection, the current density is known from the potential. The result of the
experiment is:

Table 4. 6 Specimen A (Carbon Steel Pipe) For 144 Hours

Corrosion Rate (mmpy) Potential (mV) Current Density (uA/cm2)

0.28618 -861.24 1.5837

From the table below, result obtained of the corrosion rate, potential, and current
density result of specimen A after test. The corrosion rate is 0.28618 mmpy, potential is
-861.24 mV, and the current density is 24.628 pA/cm2. And the calculation using the
Faraday Law with electrochemical method for specimen A with immersion for 144 hours:

K =0.00327

a = 24.628 g/mol

i =1.5837 pA/cm2

n =1

D =7.86 g/cm3

CR (mmpy) = K ai/nD

CR (mmpy) = 0.00327 x 27.925 X 24.628 / 7.86
CR (mmpy) = 0.28611955 mmpy
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4.3.5. Experiment Result on Specimen B (Carbon Steel Pipe Coated with Epoxy) For
144 Hours
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Graphic 4. 5 Result Specimen B (Carbon Steel Pipe Coated With Epoxy) For 144

Hours

This graphic shown that corrosion rate specimen B (carbon steel pipe coated with
epoxy) with immersion for 144 hours done by potensiostat autolab PGSTAT128N and
get the data from NOVA software. After the software process the corrosion rate data, the
graphic shows dashed line and connected the intersection with high precision. From the
result of the intersection, the current density is known from the potential. The result of
the experiment is:

Table 4. 7 Specimen B (Carbon Steel Pipe Coated with Epoxy) For 144 Hours

Corrosion Rate (mmpy) Potential (mV) Current Density (LA/cm2)

0.019033 -891.21 1.6383

From the table below, result obtained of the corrosion rate, potential, and current
density result of specimen B after test. The corrosion rate is 0.019033 mmpy, potential is
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-891.21 mV, and the current density is 1.6383 pA/cm2. And the calculation using the
Faraday Law with electrochemical method for specimen B with immersion for 144 hours:

K =0.00327

a = 27.925 g/mol

i =1.6383 pA/cm2

n =1

D =7.86 g/cm3

CR (mmpy) = K ai/nD

CR (mmpy) = 0.00327 x 27.925 x 1.6383 / 7.86
CR (mmpy) = 0.0190332 mmpy

4.3.6. Experiment Result on Specimen C (Galvanized Carbon Steel Pipe) For 144
Hours
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Graphic 4. 6 Result Specimen C (Galvanized Carbon Steel
Pipe) For 144 Hours

This graphic shown that corrosion rate specimen C (galvanized carbon steel pipe)
with immersion for 144 hours done by potensiostat autolab PGSTAT128N and get the
data from NOVA software. After the software process the corrosion rate data, the graphic
shows dashed line and connected the intersection with high precision. From the result of
the intersection, the current density is known from the potential. The result of the
experiment is:
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Table 4. 8 Specimen C (Galvanized Carbon Steel Pipe) For 144 Hours

Corrosion Rate (mmpy) Potential (mV) Current Density (LA/cm2)

0.002634 -632.03 0.1697

From the table below, result obtained of the corrosion rate, potential, and current
density result of specimen C after test. The corrosion rate is 0.002634 mmpy, potential is
-632.03 mV, and the current density is 0.1697 pA/cm2. And the calculation using the
Faraday Law with electrochemical method for specimen C with immersion for 144 hours:

K =0.00327

a =27.925 g/mol

i =0.1697 pA/cm2

n =1

D =7.86 g/cm3

CR (mmpy) = K ai/nD

CR (mmpy) = 0.00327 x 27.925 x 0.1697 / 7.86
CR (mmpy) = 0.001971516 mmpy

4.4. Comparison of Faraday Law Calculations
Table 4. 9 Comparison of Faraday Law Calculations

Corrosion Rate
Faraday Law ImmeI:sion Time Specimen
NOVA (mmpy) (mmpy) (hours)
0.19478 0.194746712 72 Specimen A (72 hours)
0.01842 0.018398877 72 Specimen B (72 hours)
0.001825 0.001825366 72 Specimen C (72 hours)
0.28618 0.28611955 144 Specimen A (144 hours)
0.019033 0.0190332 144 Specimen B (144 hours)
0.002634 0.001971516 144 Specimen C (144 hours)
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After the calculation done by the faraday law, the graphic comparison for each
specimen can be obtained.

4.4.1. Comparison Corrosion Rate NOVA Software and Faraday Law for Immersion
72 Hours

Faraday VS Corrosion Rate (72 Hours)

m Corrosion Rate (mmpy)  ® Faraday Law (mmpy)

0,19418194746712

0,01842018398877

0,00182901825366
I 0018259

Specimen A (72 hours)  Specimen B (72 hours)  Specimen C (72 hours)

Graphic 4. 7 Corrosion Rate and Faraday Law Comparison For 72 Hours Immersion

The graphic shows the difference calculation from NOVA software and faraday
law immersion for 72 hours. The difference on specimen A (carbon steel pipe) result
from the NOVA software is 0.19478 mmpy and the faraday law is 0.194746712 mmpy,
the difference is 0.00003328. On specimen B (carbon steel pipe coated with epoxy) result
from the NOVA software is 0.01842 mmpy and the faraday law is 0.018398877 mmpy,
the difference is 0.000021123. On specimen C (galvanized carbon steel pipe) result from
the NOVA software is 0.001825 mmpy and the faraday law is 0.001825366 mmpy, the
difference is 0.000000366.
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4.4.2. Comparison Corrosion Rate NOVA Software and Faraday Law for Immersion
144 Hours

Faraday VS Corrosion Rate (144 Hours)

m Corrosion Rate (mmpy)  ® Faraday Law (mmpy)

0,28618,28611955

0,019038,0190332
I
Specimen A (144 hours) Specimen B (144 hours) Specimen C (144 hours)

0,00268401971516

Graphic 4. 8 Comparison Specimen A for Immersion 72 Hours and 144 Hours

Specimen A is the carbon steel pipe with no protection or coating. The graphic
shows the difference between immersion for 72 hours and 144 hours from the faraday
law calculation. The result of 72 hours immersion shows the corrosion rate 0.19478
mmpy. For the result of 144 hours immersion shows the corrosion rate 0.28618 mmpy.
The difference of the result is 0.0914 mmpy, the significant difference caused by
specimen A did not coated for protection.

This specimen has the biggest corrosion rate. According to the standard of DNV
GL Part 4 Chapter 6: 2011, the specimen of the experiment used steel carbon pipe
Schedule 40 with diameter of 2 inch or equivalent with 50.8 mm. The standard shows the
minimum wall thickness for steel pipe for diameter 48.3 — 51 mm is 3.6 mm. This
specimen’s lifetime is about £33 months with corrosion rate 47.20973 mmpy.
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4.5, Comparison Each Specimen

45.1. Comparison Specimen A
0,00035

0,0003 0,00028612

0,00025

0,000194747

0,0002

0,00015

0,0001

0,00005

0
Specimen A (72 hours) Specimen A (144 hours)

B Specimen A (72 hours) m Specimen A (144 hours)

Graphic 4. 9 Comparison Specimen A for Immersion 72 Hours and 144 Hours

Specimen A is the carbon steel pipe with no protection or coating. The graphic
shows the difference between immersion for 72 hours and 144 hours from the faraday
law calculation. The result of 72 hours immersion shows the corrosion rate 0.19478
mmpy. For the result of 144 hours immersion shows the corrosion rate 0.28618 mmpy.
The difference of the result is 0.0914 mmpy, the significant difference caused by
specimen A did not coated for protection.

This specimen has the biggest corrosion rate. According to the standard of DNV
GL Part 4 Chapter 6: 2011, the specimen of the experiment used steel carbon pipe
Schedule 40 with diameter of 2 inch or equivalent with 50.8 mm. The standard shows the
minimum wall thickness for steel pipe for diameter 48.3 — 51 mm is 3.6 mm. This
specimen’s lifetime is about £33 months with corrosion rate 47.20973 mmpy.
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Table A2 Minimum wall thickness for steel pipes

External Pipes in Air, overflow | Bilge, ballast | Bilge, air, overflow and sounding pipes through
diameter D | general ¥ ¥ 3 | and sounding | and general | ballast or fuel oil tanks, ballast lines through firel
[mm) 8 7) &) pipes for seawater pipes | oil tanks and fiel oil lines through ballast tanks
structural HEE]D 5Jp rf’a; 120345 7) a‘)%r
sanks D 2) 3) 3
L]
10.2-12 L6
13.5-172 1.8
20 2
213-25 2 32
269-337 2 32
38 - 44.5 2 4.5 3.6 6.3
483 2.3 4.5 3.6 6.3
L [ 33 A5 i 6..3
70 4.5 4 6.3
Figure 4. 10 DNV GL Part 4 Chapter 6
4.5.2. Comparison Specimen B
0,0000151 1,90332E-05
0,000019
0,0000189
0,0000188
0,0000187
0,0000186
0,0000185
1,83989E-05
0,0000184
0,0000183
0,0000182
0,0000181
0,000018
Specimen B (72 hours) Specimen B (144 hours)
B Specimen B (72 hours) H Specimen B (144 hours)

Graphic 4. 10 Comparison Specimen B for Immersion 72 Hours and 144 Hours

Specimen B is the carbon steel pipe coated with epoxy. The graphic shows the
difference between immersion for 72 hours and 144 hours from the faraday law
calculation. The result of 72 hours immersion shows the corrosion rate 0.01842 mmpy.
For the result of 144 hours immersion shows the corrosion rate 0.019033 mmpy.
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This specimen has the specification of ruled by DNV GL 20 about Corrosion
Protection of Ships: 2000. The target lifetime of the operation for 5 years for using epoxy
coating. According to the result of experiment, the corrosion rate occurs 5.70996 mmppy
for 5 years. Meaning the thickness of the pipe wall will be reduced until 45.09004 mm
for 5 years and the target can be achieved.

Table 2.1 Coating system No. 1 - Target useful life 5 years

Target durability 3 years
Coating system " Epoxy based

Other recognised hard coating *
Coats and thickness 1 coat

Total nominal dry film thickness (NDFT) 200 microns *'

Primary surface preparation Steel plates shop primed on blast cleaned surface to Sa 2 - Sa 2,5 (Sa 2,5 recommended)

Secondary surface preparation | Welds and burns mechanically cleaned to minimum St. 3 ]

Clean conditions Any visible salt contamination, oil, grease, dust, weld smoke or dirt on shop primed or other surface to |
be coated, to be removed by cleaning

Thermal and hygrometric The thermal and hygrometric conditions related to air humidity and steel temperature shall be within the

conditions limits set by the coating manufacturer

Comments to system [:

n
2
kN
0

Light coloured coatings are recommended. Tar containing coatings are dark.

The selection of & recognised coating may depend on the type of compartment and it’s function.
One stripe coat to be applied on edges, welds and in areas where spraying may not be fully effective.
MNominal dry film thickness shall follow the "80/20 rule" and is for system [ defined as follows:

The average DFT based on measurements shall always be equal to or larger than the NDFT. Up to 20% of the area (measured
points) may have a thickness between 100% and 809 of the NDFT, but the measured dry film thickness shall always be larger
than 80% of the NDFT.

The measured DFT shall not exceed the maximum dry film thickness defined by the paint manufacturer.

Figure 4. 11 DNV GL 20 Corrosion Protection of Ships
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4.5.3. Comparison Specimen C

0,000002
1,97152E-06
1,95E-06
0,0000019
1,85E-06
1,82537E-06
0,0000018
1,75E-06
Specimen C (72 hours) Specimen C (144 hours)
m Specimen C (72 hours) = Specimen C (144 hours)

Graphic 4. 11 Comparison Specimen C for Immersion 72 Hours and 144 Hours

Specimen C is the galvanized carbon steel for 80 p. The graphic shows the
difference between immersion for 72 hours and 144 hours from the faraday law
calculation. The result of 72 hours immersion shows the corrosion rate 0.001825 mmpy.
For the result of 144 hours immersion shows the corrosion rate 0.002634 mmpy.

For all of the specimens, this specimen has the best result of corrosion rate.
According to the interview that the author has done, ballast pipe will be replaced with the
new one for 15 - 20 years. But for this specimen according to the result, after 20 years
the corrosion rate occurs for 2.365819 mmpy, it means the thickness of the wall pipe will
be 48.4341808 mm.



51

4.5.4. Comparison Specimen A, B, and C

0,0003

0,00025 0,000240433

0,0002

0,00015

0,0001

0,00005

1,8716E-05
1,89844E-06

Specimen A Specimen B Specimen C

m Specimen A ® Specimen B = Specimen C

Graphic 4. 12 Comparison Specimen A, B, and C for Immersion 144 Hours

The graphic shows the difference between specimen A, B, and C from the
calculation of faraday law. The numbers obtained by the average from the first and
second immersion calculation. Specimen A is the carbon steel pipe with no protection or
coating shows the highest corrosion rate, 0.240433131 mmpy. Followed by specimen B,
carbon steel pipe coated with epoxy shows the 0.018716039 mmpy of the corrosion rate.
And the last is specimen C shows 0.001898441 mmpy the galvanized carbon steel pipe.
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4.6. Relative Corrosion Resistance

The relative corrosion resistance by Fontana (1987) categorized for 6 categories
outstanding, excellent, good, fair, poor, and unacceptable. The experiment will be defined
by the result of the corrosion rate:

Table 4. 10 Relative Corrosion Resistance

Relative Corrosion

Approximate Metric Equivalent

Resistance mpy | mm/year | pm/year | nmlyear pm/sec
Outstanding <1 <0,02 <25 <2 <1
Excellent 1-5 | 0,02-0,1 25-100 2-10

1-5
20-
Good 50 0,1-0,5 100-500 10-50 5-20
Fair 20-50 0,5-1 500-1000 | 50-100 20-50
50- 1000-
Poor 200 1,25-5 5000 150-500 50-200
Unacceptable 200+ 5+ 5000+ 500+ 200+
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Table 4. 11 Relative Corrosion Resistance on Specimen
Faraday Law Immersion Time Relative Corrosion .
. Specimen
(mmpy) (hours) Resistance
Specimen A (72
0.194746712 72 Good hours)
Specimen B (72
0.018398877 72 Excellent hours)
Specimen C (72
0.001825366 72 Outstanding hours)
Specimen A
0.28611955 144 Good (144 hours)
Specimen Bl
0.0190332 144 Excellent (144 hours)
Specimen C1
0.001971516 144 Outstanding (144 hours)

The result of the experiment shows that carbon steel pipe for immersion 72 hours
is 0.194746712 mmpy and for 144 hours immersion is 0.28611955 mmpy, both of the
results obtained the Good relative corrosion resistance. For the carbon steel pipe with
epoxy coating for 72 hours is 0.018398877 mmpy and for 144 hours immersion is
0.0190332 mmpy, both of the results obtained the Excellent relative corrosion resistance.
And galvanized carbon steel pipe obtained for the Outstanding relative corrosion
resistance, the result on 72 hours immersion is 0.001825366 mmpy and for 144 hours
immersion is 0.001971516 mmpy.
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CHAPTER V
CONCLUSION AND SUGGESTION

After doing some experiments, there are some conclusions and suggestions used

as evaluation for the next research.

5.1.

Conclusion

Based on the experiment results data that has been done, then got the following

conclusions:

5.2.

1)

2)

3)

The result of immersion 72 hours in 35% salinity of 35 gram NaCl and 1 liter
aquadest for specimen carbon steel pipe is 0.194746712 mmpy, the carbon steel
pipe coated with epoxy is 0.018398877 mmpy, and the last for 72 hours
immersion is galvanized carbon steel pipe is 0.001825366 mmpy. For 144 hours
immersion, the result of the carbon steel pipe is 0.28611955 mmpy, the result of
the carbon steel pipe coated with epoxy is 0.0190332 mmpy, and for the
galvanized carbon steel pipe is 0.001971516 mmmpy.

After immersion for 144 hours, the result of corrosion rate occurs on the carbon
steel pipe is 0.28611955 mmpy (highest corrosion rate). And the lowest or the
best result of corrosion rate occurs on the galvanized carbon steel pipe, the
corrosion rate is 0.001971516 mmpy. This result is caused by the coating
treatment for each specimen, the carbon steel pipe treated by chemical cleaning
and coated with epoxy. But for the galvanized carbon steel pipe, electrolyte is
performed on the carbon steel pipe so the galvanize covered in the electrolyte
gap.

The relative corrosion resistance divided by 6 categories and the experiment
result shows the difference categories by type of the protection. The good relative
corrosion resistance obtained by the carbon steel pipe 0.194746712 mmpy for
immersion 72 hours and 0.28611955 mmpy for immersion 144 hours on the
range of 0,1-0,5 mmpy. For the Excellent relative corrosion resistance occupied
by the carbon steel pipe coated with epoxy 0.018398877 mmpy for immersion
72 hours and 0.0190332 mmpy for immersion 144 hours on the range of 0,02-
0,1 mmpy. And for the best protection for corrosion is galvanized steel carbon
pipe which has the excellent relative corrosion resistance, for the 72 hours
immersion is 0.001825366 mmpy and for 144 hours immersion is 0.001971516
mmpy. The relative corrosion resistance excellent range is < 0,02 mmpy.

Suggestion

In order to obtain more accurate results, in subsequent studies it is advisable to

add more specimens with varying coating thickness both on the carbon steel with epoxy
coating and galvanized carbon steel
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Intertuf 262 ¢%International

Epoxy Anticorrosive

PRODUCT DESCRIPTION A surface tolerant, two pack epoxy primer.

INTENDED USES As an epoxy anticorrosive coating for use from Keel to Rail.
Suitable for use with controlled cathodic protection.

For use at Newbuilding, Maintenance & Repair or On Board Maintenance.

PRODUCT INFORMATION Colour KHA303-Red
Finish/Sheen Matt
Part B (Curing Agent) KHA062

Volume Solids

Mix Ratio

Typical Film Thickness
Theoretical Coverage
Method of Application
Flash Point (Typical)
Induction Period

73% +2% (1SO 3233:1998)

4.00 volume(s) Part A to 1 volume(s) Part B

125 microns dry (171 microns wet)

5.84 m?/litre at 125 microns dft, allow appropriate loss factors
Airless Spray, Brush, Roller

Part A 28°C; Part B 34°C; Mixed 29°C

None required

Drying Information 5°C 10°C 25°C 35°C
Touch Dry [ISO 9117/3:2010] 9 hrs 7 hrs 4 hrs 3hrs
Hard Dry [ISO 9117-1:2009] 47 hrs 29 hrs 9 hrs 5hrs
Pot Life 8 hrs 7 hrs 4 hrs 2 hrs
(¢} Data - see Substrate Temperature

5°C 10°C 25°C 35°C
Overcoated By Min Max Min Max Min Max Min Max
Interbond 201 24hrs 28days 18hrs 28days 8hrs 28days 4hrs 15days
Interbond 501 24hrs 21days 18hrs 21days 6hrs 21days 4hrs 21days
Intergard 263 24hrs 21days 16hrs 21days 6hrs 21days 4hrs 21days
Intergard 282 24hrs 14days 16hrs 14days 6hrs 14days 4hrs 14days
Intergard 740 24hrs 28days 18hrs 20days 6hrs 14days 4hrs 7 days
Intertuf 262 24hrs 28days 18hrs 28days 6hrs 28days 4hrs 15days
Note The overcoating data above for Interbond 201 applies to the Temperate version only.

REGULATORY DATA voc 279 g/it as supplied (EPA Method 24)

229 glkg of liquid paint as supplied. EU Solvent Emissions Directive (Council
Directive 1999/13/EC)
243 g/it Chinese National Standard GB23985

Note: VOC values are typical and are provided for guidance purposes only. These may be subject to variation
depending on factors such as differences in colour and normal manufacturing tolerances.

Marine Coatings
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Ref:437
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Intertuf 262 % International.

Epoxy Anticorrosive
APPLICATION
Mixing

Thinner

Airless Spray

Conventional Spray
Brush

Roller

Cleaner
Work Stoppages and Cleanup

Welding

SAFETY

Marine Coatings

Page 30f 4
Issue Date:13/07/2016
Ref:437

Material is supplied in two containers as a unit. Always mix a complete unit in the proportions supplied. Once the
unit has been mixed it must be used within the working pot life specified.

(1) Agitate Base (Part A) with power agitator.

(2) Combine entire contents of Curing Agent (Part B) with Base (Part A) and mix thoroughly with power agitator.

International GTA220. Thinning is not normally required. Consult the local representative for advice during
application in extreme conditions. Do not thin more than allowed by local environmental legislation.

Recommended

Tip Range 0.53-0.84 mm (21-33 thou)

Total output fluid pressure at spray tip not less than 176 kg/cm? (2500 p.s.i.)

Application by conventional spray is not recommended.

Application by brush is recommended for small areas only. Multiple coats may be required to achieve specified film
thickness.

Application by roller is for small areas only. Multiple coats may be required to achieve specified film
thickness.

International GTA220/GTA822

Do not allow material to remain in hoses, gun or spray equipment. Thoroughly flush all equipment with
International GTA220/GTA822. Once units of paint have been mixed they should not be resealed and it is advised
that after pi work r ces with freshly mixed units.

Clean all equnpment immediately after use with International GTA220/GTA822. Itis good working practice to
periodically flush out spray equipment during the course of the working day. Frequency of cleaning will depend
upon amount sprayed, temperature and elapsed time, including any delays. Do not exceed pot life limitations.

All surplus materials and empty iners should be di: ofin with appropriate regional
regulations/legislation.

In the event welding or flame cutting is performed on metal coated with this product, dust and fumes will be
emitted which will require the use of approp and local exhaust
ventilation. In North America do so in accordanoe with mslructron in ANSI/ASC Z49.1 "Safety in Welding and
Cutting."

All work involving the application and use of this product should be per'ormed in compliance with all
relevant national Health, Safety & Envir

Prior to use, obtain, consult and follow the Material Safety Data Sheet for this product concerning health
and safety information. Read and follow all precautionary notices on the Material Safety Data Sheet and
container labels. If you do not fully understand these warnings and Inslructlons or if you can not strlctly

comply with them, do not use this product. Proper ilation and pi must be p
during application and drymg to keep solvent vapour concentrallons within safe limits and to protect
against toxic or oxygen . Take p i to avoid skin and eye contact (le gloves,
goggles, face masks, barrier creams etc.) Actual safe!y are on d

and work environment.

EMERGENCY CONTACT NUMBERS:

USA/Canada - Medical Advisory Number 1-800-854-6813

Europe - Contact (44) 191 4696111. For advice to Doctors & Hospitals only contact (44) 207 6359191
R.O.W. - Contact Regional Office

AkzoNobel
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Intertuf 262

Epoxy Anticorrosive
CERTIFICATION

SYSTEMS AND
COMPATIBILITY

SURFACE PREPARATIONS

Marine Coatings

Page 2 of 4
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% International.

When used as part of an approved scheme, this material has the following certification:

Food Contact - Carriage of Grain (NOHA)

Fire Resistance - Surface Spread of Flame (Exova Warringtonfire)
Fire Resistance - Smoke & Toxicity (Exova Warringtonfire;

Fire i - Marine Equi Directive i

Consult your International Paint representative for details.

Consult your International Paint representative for the system best suited for the surfaces to be protected.

Use in accordance with the standard Worldwide Marine Specifications.

All surfaces to be coated should be clean, dry and free from contamination.

High pressure fresh water wash or fresh water wash, as appropriate, and remove all oil or grease, soluble
contaminants and other foreign matter in accordance with SSPC-SP1 solvent cleaning.

Intertuf 262 can be applied over Intergard 269, when used as a holding primer to protect the blast. The primer
surface should be dry and free from all contamination and Intertuf 262 must be applied within the overcoating
interval specified (consult the Intergard 269 product data sheet).

NEWBUILDING

Where necessary, remove weld spatter and smooth weld seams and sharp edges.

Welds and damaged areas should be blast cleaned to Sa2’ (ISO 8501-1:2007).

For PVB and unapproved shop primers, the surface should be blast cleaned to Sa2’ (ISO 8501-1:2007) or power
tooled to Pt3 (JSRA SPSS:1984)

Intact zinc silicate shop primers should be prepared by sweep blasting to International Paint standard AS2 or by
power tooling to Pt3 (JSRA SPSS:1984).

For iron oxide epoxy shop primers, ensure the intact primer is clean and dry.

MAJOR REFURBISHMENT

Underwater Hull/Boottop/Topsides

Abrasive blast clean to Sa2 (ISO 8501-1:2007). If oxidation has occurred blasting and ication of
Intertuf 262, the surface should be reblasted to the specified visual standard.

Surface defects revealed by the blast cleaning process, should be ground, filled, or treated in the appropriate
manner.

Intertuf 262 may be applied to surfaces prepared to Ir i Paint Hy ing Standard HB2 which have flash
rusted to no worse than HB2M.
Intertuf 262 may be applied using a surface preparation method:

- High pressure (minimum 3000 psi) fresh water wash

- Abrasive blast clean to Sa2 (ISO 8501-1:2007)

- Carry out a second high pressure (minimum 3000 psi) fresh water wash
- Residual salt level must be below 10pg/cm?

- Visual standard of flash rusting must correspond to no worse than HB2M
REPAIR

Consult International Paint.

Consult your International Paint rep: ive for specific
NOTE
For use in Marine situations in North America, the surface prep can be used:

SSPC-SP6 in place of Sa2 (ISO 8501-1:2007)
SSPC-SP10 in place of Sa2%: (ISO 8501-1:2007)
SSPC-SP11 in place of Pt3 (JSRA SPSS:1984)

AkzoNobel
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Epoxy Anticorrosive
LIMITATIONS

UNIT SIZE

UNIT SHIPPING WEIGHT
(TYPICAL)
STORAGE

WORLDWIDE AVAILABILITY

IMPORTANT NOTE
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A system of Intertuf 262 followed by Intergard 263 may be used for the spot repair or upgrade of the following
substrates:
Spot Repair (Suitable Substrates): - Epoxy, Coal Tar Epoxy, Chlorinated Rubber, Vinyl Tar, Tar-free Vin
Substrates not suitable for repair : - Bituminous
Upgrade (Suitable Substrates): - Epoxy, Coal Tar Epoxy, Chlorinated Rubbei
Substrates not suitable for upgrading:- Vinyl Tar, Tar-free Vinyl, Bituminous
Feathered overlap areas must be kept to a minimum.
Overcoating information is given for guidance only and is subject to regional vanallon depending upon local cllmale
and environmental conditions. Consult your local Paint for specific 1S.
Apply in good weather. Temperature of the surface to be coated must be at least 3°C above the dew point. For
optimum application properties bring the material to 21-27°C, unless speuﬁcally instructed otherwise, prior to mixing
and application. Unmixed material (in closed i should be maintained in pi d storage in ce
with information given in the STORAGE Section of this data shsel Technical and application data herein is for the
purpose of establishing a general guideline of the coating p Test results were

i in a controlled y environment and International Paint makes no claim that the exhibited published
test results, or any other tests, accurately represent results found in all field environments. As appllcanon
environmental and design factors can vary significantly, due care should be i in the ion of
performance and use of the coating.
Under certain climatic conditions, particularly at low temperature and high humidity, amine bloom can occur on the
coating surface during drying. In order to prevent this, an induction period of 30 minutes is recommended between
mixing and paint application at temperatures below 25°C.

Unit Size Part A PartB
Vol Pack Vol Pack

201t 161t 201t 41t 51t

For availability of other unit sizes consult International Paint

Unit Size Unit Weight
201t 29.03 Kg
Shelf Life 12 months at 25°C. Subject to re-inspection thereafter. Store in dry, shaded conditions away

from sources of heat and ignition.

Other colours may be ilable in specific ies, consult i Paint.

The information in this data sheet is not intended to be exhaustive; any person using the product for any purpose other than that specifically
recommended in this data sheet without first obtaining written confirmation from us as to the suitability of the product for the intended purpose does so at
their own risk. Al advice given or statements made about the product (whether in this data sheet or otherwise) is correct to the best of our knowledge but
we have no control over the quality or the condition of the substrate or the many factors affecting the use and application of the product. Therefore, unless
we specifically agree in witing to do s0, we do not accept any liability at allfor the performance of the product or for (subject to the maximum extent
permitted by law) any loss or damage arising out of the use of the product. We hereby disclaim any warranties or representations, express or implied, by
operation of law or otherwise, including, without limitation, any implied warranty of merchantability or fitness for a particular purpose. All products supplied
and technical advice given are subject to our Conditions of Sale. You should request a copy of this document and review it carefully. The information
contained in this data sheet is liable to modification from time to time in the light of experience and our policy of continuous development. It is the user's
responsibility to check with their local representative that this data sheet is current prior to using the product.

This Technical Data Sheet is available on our website at www. and should be the same as this
document. Should there be any discrepancies between this document and the version omm Technical Data Sheet that appears on the website, then the
version on the website will take precedence.

All trademarks mentioned in this publication are owned by, or licensed to, the AkzoNobel group of companies.

© AkzoNobel, 2016
www.international-marine.com
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ASTM G102

Standard Practice for Calculation of
Corrosion Rates and Related
Information from Electrochemical
Measurements



qm}’ Designation: G 102 - 89 (Reapproved 1994)¢

Standard Practice for

Calculation of Corrosion Rates and Related Information from
Electrochemical Measurements’
This standard is issued under the fixed designation G 102; the number i i the indi

original adoption or, in the case of revision, the year of last revision. A number in parcmhm indicates the year of last reapproval. A
superseript epsilon (¢) indicates an editorial change since the last revision or reapproval.

the year of

€ Nore—Section 6 was added editorially in May 1994,

1. Scope

1.1 This practice is intended to provide guidance in
converting the results of electrochemical measurements to
rates of uniform corrosion. Calculation methods for con-
verting corrosion current density values to either mass loss
rates or average penetration rates are given for most engi-
neering alloys. In addition, some guidelines for converting
polarization resistance values to corrosion rates are provided.

2. Referenced Documents

2.1 ASTM Standards:

D2776 Test Methods for Corrosivity of Water in the
Absence of Heat Transfer (Electrical Methods)?

G5 Reference Test Method for Making Potentiostatic and
Potentiodynamic Anodic Polarization Measurements®

G 59 Practice for Conducting Potentiodynamic Polariza-
tion Resistance Measurements?

3. Significance and Use

3.1 Electrochemical corrosion rate measurements often
provide results in terms of electrical current. Although the
conversion of these current values into mass loss rates or
penetration rates is based on Faraday’s Law, the calculations
can be complicated for alloys and metals with elements
having multiple valence values. This practice is intended to
provide guidance in calculating mass loss and penetration
rates for such alloys. Some typical values of equivalent
weights for a variety of metals and alloys are provided.

3.2 Electrochemical corrosion rate measurements may
provide results in terms of electrical resistance. The conver-
sion of these results to either mass loss or penetration rates
requires additional electrochemical information. Some ap-
proaches for estimating this information are given.

3.3 Use of this practice will aid in producing more
consistent corrosion rate data from electrochemical results.
This will make results from different studies more compa-
rable and minimize calculation errors that may occur in
transforming electrochemical results to corrosion rate values.

! This practice is under the Junsdnclnon of ASTM Committee GO1 on Corrosion
of Metals and is the direct of ittee GO1.11 on El -
ical Measurements in Corrosion Testing.

Current edition approved Feb. 24, 1989. Published May 1989.

2 Discontinued—See 1990 Annual Book of ASTM Standards, Vol 03.02.

3 Annual Book of ASTM Standards, Vol 03.02.

416

4. Corrosion Current Density

4.1 Corrosion current values may be obtained from gal-
vanic cells and polarization measurements, including Tafel
extrapolations or polarization resistance measurements. (See
Reference Test Method G 5 and Practice G 59 for examples.)
The first step is to convert the measured or estimated current
value to current density. This is accomplished by dividing
the total current by the geometric area of the electrode
exposed to the solution. It is assumed that the current
distributes uniformly across the area used in this calculation.
In the case of galvanic couples, the exposed area of the
anodic specimen should be used. This calculation may be
expressed as follows:

1

cor

_1
= "o )

where:

icor = corrosion current density, pA/cm?,

I, = total anodic current, pA, and

A = exposed specimen area, cm?,

Other units may be used in this calculation. In some
computerized polarization equipment, this calculation is
made automatically after the specimen area is programmed
into the computer. A sample calculation is given in Ap-
pendix X1I.

4.2 Equivalent Weight—Equivalent weight, EW, may be
thought of as the mass of metal in grams that will be oxidized
by the passage of one Faraday (96 489 + 2 C (amp-sec)) of
electric charge.

Note 1—The value of EW is not dependent on the unit system
chosen and so may be considered dimensionless.

For pure elements, the equivalent weight is given by:
piiV:
Ew=— )
where:
W = the atomic weight of the element, and
n = the number of electrons required to oxidize an atom of
the element in the corrosion process, that is, the
valence of the element.

4.3 For alloys, the equivalent weight is more complex. It is
usually assumed that the process of oxidation is uniform and
does not occur selectively to any component of the alloy. If
this is not true, then the calculation approach will need to be
adjusted to reflect the observed mechanism. In addition,
some rationale must be adopted for assigning values of 7 to
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the elements in the alloy because many elements exhibit
more than one valence value.

4.4 To calculate the alloy equivalent weight, the following
approach may be used. Consider a unit mass of alloy
oxidized. The electron equivalent for 1 g of an alloy, Q is
then:

nifi
Q0=32 W (3)
where:
fi = the mass fraction of the i*" element in the alloy,
Wi = the atomic weight of the /' element in the alloy, and
ni = the valence of the /™" element of the alloy.

herefore, the alloy equivalent weight, EW, is the reciprocal
of this quantity:

1

EW = E (4)

Wi
ally only elements above 1 mass percent in the alloy
included in the calculation. In cases where the actual
nalysis of an alloy is not available, it is conventional to use
the mid-range of the composition specification for each
element, unless a better basis is available. A sample calcula-

lion is given in Appendix X2 (1).*
4.5 Valence assignments for elements that exhibit mul-
le valences can create uncertainty. It is best if an indepen-
dent technique can be used to establish the proper valence

the corrosion products and use those results to establish the
proper valence. Another approach is to measure or estimate
he electrode potential of the corroding surface. Equilibrium

grams showing regions of stability of various phases as a
ction of potential and pH may be created from thermo-
ynamic data. These diagrams are known as Potential-pH
Pourbaix) diagrams and have been published by several
uthors (2, 3). The appropriate diagrams for the various
loying elements can be consulted to estimate the stable
alence of each element at the temperature, potential, and
H of the contacting electrolyte that existed during the test.

‘Note 2—Some of the older publications used inaccurate thermody-
mic data to construct the diagrams and consequently they are in error.

4.6 Some typical values of EW for a variety of metals and
are given in Table 1.

4.7 Calculation of Corrosion Rate—Faraday’s Law can be
sed to calculate the corrosion rate, either in terms of
petration rate (CR) or mass loss rate (MR) (4):

CR=K, 'x;r EW ©)

MR =K, iy, EW (6)

is given in mm/yr, i, in pA/cm?,
- =327 x 1073, mm g/uA cm yr (Note 3),

'The boldface numbers in parentheses refer to the list of references at the end
standard.,
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p = density in g/cm?, (see Practice G 1 for density values
for many metals and alloys used in corrosion testing),

MR = g/m°d, and

K, =8.954 x 1073, g cm?/uA m? d (Note 3).

Note 3—EW is idered di ionless in these calc
Other values for K, and K, for different unit systems are
given in Table 2.

4.8 Errors that may arise from this procedure are dis-
cussed below.

4.8.1 Assignment of incorrect valence values may cause
serious errors (5).

4.8.2 The calculation of penetration or mass loss from
electrochemical measurements, as described in this standard,
assumes that uniform corrosion is occurring. In cases where
non-uniform corrosion processes are occurring, the use of
these methods may result in a substantial underestimation of
the true values.

4.8.3 Alloys that include large quantities of metalloids or
oxidized materials may not be able to be treated by the above
procedure.

4.8.4 Corrosion rates calculated by the method above
where abrasion or erosion is a significant contributor to the
metal loss process may yield significant underestimation of
the metal loss rate.

5. Polarization Resistance

5.1 Polarization resistance values may be approximated
from either potentiodynamic measurements near the corro-
sion potential (see Practice G 59) or stepwise potentiostatic
polarization using a single small potential step, AE, usually
either 10 mV or —10 mV, (see Test Method D 2776). Values
of +5 and 20 mV are also commonly used. In this case, the
specimen current, A/, is measured after steady state occurs,
and AE/AI is calculated. Potentiodynamic measurements
yield curves of 7 versus E and the reciprocal of the slope of
the curve (dE/dI) at the corrosion potential is measured. In
most programmable potentiodynamic polarization equip-
ment, the current is converted to current density automati-
cally and the resulting plot is of i versus E. In this case, the
polarization resistance is given by dE/di at the corrosion
potential and 5.2 is not applicable.

5.2 It is necessary to multiply the dE/dI or AE/AI value
calculated above by the exposed specimen geometric area to
obtain the polarization resistance. This is equivalent to the
calculation shown in 4.1 for current density.

5.3 The Stern-Geary constant B must be estimated or
calculated to convert polarization resistance values to corro-
sion current density (6, 8).

5.3.1 Calculate Stern-Geary constants from known Tafel
slopes where both cathodic and anodic reactions are activa-
tion controlled, that is, there are distinct linear regions near
the corrosion potential on an E log i plot:

g0 S0Rb0)
2.303 (ba + bo)

B 7

where:

ba = slope of the anodic Tafel reaction, when plotted on
base 10 logarithmic paper in V/decade,

be = slope of the cathodic Tafel reaction when plotted on
base 10 logarithmic paper in V/decade, and

B = Stern-Geary constant, V.
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TABLE 1 Equivalent Weight Values for a Variety of Metals and Alloys
Lowest Second Third Fourth
Designation| UNS | w/Constant Variable Equivalent Variable Equivalent Element/ / !
Valence Valence Weight Valence Weight Valence Weight Valence Weight
Aluminum Allo)
AA1100 A91100 | A3 8.99
AA2024 A92024 | AY/3, Mg/2 [Cuft 938 | Cu2 9.32
AA2219 A92219 | A3 Cu/t 951 |[Cuf2 9.42
AA3003 A93003 | A3 Mn/2 9.07 | Mnja 903 [Mn7 8.98
AA3004 A93004 | A3, Mg/2 [Mn/2 909 |Mn/4 906 |Mn7 9.00
AA5005 A95005 | A3, Mg/2 9.01
AA5050 A95050 | AV/3, Mg/2 9.03
AA5052 A95052 | A3, Mg/2 9.05
AA5083 A95083 | AI/3, Mg/2 9.09
AA5086 A95086 | A3, Mg/2 9.09
AA5154 A95154 | AI/3, Mg/2 9.08
AA5454 A95454 | A3, Mg/2 9.06
AAS456 A95456 | A3, Mg/2 9.11
AABO61 A96061 | Al/3, Mg/2 9.01
AABO70 A96070 | AY/3, Mg/2, 898
Si4
AAB101 A96161 | A3 899
AAT072 A97072 | AYf3, Zn/2 9.06
AAT075 A97075 | Alf3, Zn/2, [Cu/t 958 | Cup2 955
AAT079 A97079 | AV3, Znf2, 9.37
AAT178 A97178 | AY3, Zn/2, [Cunt 971 |cup 9.68
Mg/2
Copper s:
CDA110 €11000 cunt 6355 | Cu2 31.77
CDA220 €22000 | zn/2 Cu/t 58.07 | Cuf2 31.86
CDA230 €23000 | zn/2 Cu/t 5565 | Cu2 31.91
CDA260 C26000 | Zn/2 Cu/t 4951 | Cu2 32,04
CDA280 C28000 | Znj2 Cu/t 46.44 | Cup2 3211
CDA444 Znf2 Cu/1. Sn/2 5042 | Cuj1, Snj4 50.00 | Cu/2, Sn/4 32.00
CDA687 C68700 | Zn/2, A3 [Cu/t 4803 |Cu2 3029
CDA608 C60800 | AI/3 Cu/t 47.114 | Cuf2 27.76
CDAS10 €51000 Cu/1, Sn/2 63.32 | Cu/1, Sn/4 60.11 | Cu/2, Sn/4 31.66
CDAS24 €52400 Cu/t, Sn/f2 63.10 | Cu/1, Snj4 57.04 | Cu/2, Sn/4 3155
CDAB55 C65500 | Si/4 Cu/t 5021 | Cu2 2851
CDA706 C70600 | Nif2 Cu/t 56.92 | Cuf2 31.51
CDA715 C71500 | Nif2 Cu/t 4669 | Cu2 30.98
CDA752 C75200 | Nif2,Zn/2 |Cu/t 4638 | Cuf2 31.46
Stainless Steels:
304 $30400 | Nif2 Fe/2, Cr/3 2512 | Fe/3, Cr/3 1899 | Fe/3, Cr/6 15.72
321 $32100 | Nif2 Fe/2, Cr/3 2513 | Fe/3, Cr/3 19.08 | Fe/3, Cr/6 15.78
309 $30900 | Ni2 Fe/2, Cr/3 2462 | Fe/3,Cr/3 19.24 | Fe/3, Cr/6 15.33
310 $31000 | Ni2 Fe/2, Cr/3 24.44 | Fe/3,Cr/3 19.73 | Fe/3, Cr/6 15.36
316 $31600 | Nif2 Fe/2, Cr/3, Mo/3| 2550 | Fej2, Cr/3, Moja| 2533 | Fe/3, Cr/6, Moj6| 19.14  [Fe/3, Cr/6, Mo/6 |  16.111
317 $31700 | Ni2 Fe/2, Cr/3,Mo/3| 2526 | Fe/2, Cr/3, Moj/d| 25.03 | Fe/3, Cr/3, Mo/6| 19.15 |Fe/3, Cr/6, Mo/6 | 15.82
410 541000 Fe/2, Cr/3 2594 | Fe/3, Cr/3 1845 | Fe/3, Cr/6 16.28
430 $43000 Fe/2, Cr/3 2530 | Fe/3, Cr/3 18.38 | Fe/3, Cr/6 15.58
446 $44600 Fe/2, Cr/3 2422 | Fe/3,Cr/3 18.28 | Fe/3, Cr/6 14.46
20CB34 N08020 | Nif2 Fe/2, Cr/3, Mo/3| 2398 |Fe/2,Cr/3, Mo/ | 2383 |Fe/3,Cr/3, Mo/ | 18.88 |Fe/3, Cr/6, Mo/6,| 1550
cun 4,Cuft X Cuf2
Nickel Alloys:
200 N02200 NIf2 2936 | Nif3 19.57
400 NO4400 | Nif2 Cu/t 3582 | Cup2 30.12
600 NO6600 | Ni/2 Fe/2, Cr/3 26.41 | Fe/3, Cr/3 2544 | Fe/3, Crf6 2073
800 NO8800 | Ni/2 Fe/2, Cr/3 2510 | Fe/3,Cr/3 2076 | Fe/3, Cr/6 16.59
825 NO8825 | Nif2 Fe/2, Cr/3, Mo/3| 2552 |Fe/2,Cr/3, Mo/ | 2532 |Fe/3,Cr/3, Mo/ | 21.70 |Fe/3,Cr/6, Mof6,| 17.10
cunt 4, Cuft 6, Cu/2 Cuf2

418
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TABLE 1 Continued
Lowest Second Third Fourth
w/Constant Variable Equivalent Variable Equivalent Element/ Equivalent Element/
Valence Valence Weight Valence Weight Valence Weight Valence
Nif2 Moy3, Fej2 30.05 4, 2750 | Mo/6, Fej2 2352 |Mof6. Fe/3 o
Nif2 Fe/2, Cr/3, Mo/3, 26.04 | Fe/2, Cr/3, Mo/ | 25.12 F-fz Cr/3,Mo/ | 2328 |Fe/3, Cr/6, Mof6|
w/4 4, W/ 6, W, w/6
N10276 | Nif2 Fe/2, Cr/3, Mo/3| 27.09 | Cr/3, Moj4 25.90 Feﬂ Cr/3, Mo/ | 2363 |Fe3, Cr/6, Mof6|
W/ w/6 w/e k
N06007 | Nif2 1) 2546 | (2) 2222 2204 |(4) A
Carbo : Fe/2 2792 | Fe/3 18.62
(U] ;:;/2. Cr/3, Mo/3, Cu/1, Nbj4,  |(3) = Fe/3, Cr/3, Mo/6, Cu/2, Nb/5, Mn/2
nvaz'lz' Cr/3, Moj4, Cuf2, NbjS,  [(4) = Fe/3, Cr/6, Mo/6, Cu/2, Nb/S, Mn/4
M14142 | Mg2 12.15 <
R03600 Mo/3 3198 | Mo/4 2398 | Mo/6 15.99
PO7016 |Ag/1 107.87 | Ag/2 53.93
R05210 | Ta/5 36.19
113002 Snj2 59.34 | Sn/4 2967
R50400 ITij2 2395 | T3 1597 | T4 11.98 v
Z19001 | Znf2 3268
R60701 | Zr/4 22.80 9
L50045 Pb/2 10359 | Poj4 51.80

G

gy.

“Note 2—Mid-range values were

| IS Haynes
Note 1—Alloying elements at concentrations below 1 % by mass were not included in the
for of alloying

- Note 3—Only consistent valence groupings were used.
Note 4—Equation (4) was used to make these calculations.

TABLE 2 Values of Constants for Use in Faraday’s Equation
Rate

for example, they were

A

532 In cases where one of the reactions is purely

= the activation controlled Tafel slope in V/decade.
should be noted in this case that the corrosion current
nsity will be equal to the diffusion limited current density.
sample calculation is given in Appendix X4.

Cases where both activation and diffusion effects are similar
magnitude are known as mixed control. The reaction
mixed control will have an apparently larger b value
n predicted for an activation control, and a plot of E
rsus log / will tend to curve to an asymptote parallel to the
ential axis. The estimation of a B value for situations

419

involving mixed control requires more infol

part of the bas

m) eow Unit » Unit K, Units of K,

mpy nAfcm? g/em® 0.1288 mpy g/uA cm

mm/yr® A/m?8 kg/m®® 3272 mmkg/Amy

mm/yr® pA/cm? gjem® 327 %10 mmg/uAcmy

B

Wi Loss et Teor Unit Ks Units of KA

g/mPa® Am?8 0.8953 g/Ad P
mg/dm?d (mdd) pA/em? 0.0895 mg cm?/uA dm? d y
mg/dm?d (mdd) A/m?8 8953 x 10"  mg m?/A dm?d

* EW is assumed to be dimensionless.

&SI unit.

eral and is beyond the scope of this standard. In ge

7 and 8 may be used, and the corrosion rate

these two approximations may be used as lower '_

limits of the true rate.

Note 4—El ng stable passivity will
anodic reaction were diffusion limited, except that the

density is not affected by agitation. il

5.3.3 Itis possible to estimate b, and b, from
from linearity of polarization curves in the 20~
around the corrosion potential. Several aj
been proposed based on analyses of electrode ki
See Refs (9-11) for more information.

5.3.4 In cases where the reaction mechanism is k
detail, the Tafel slopes may be estimated fron
controlling step in the mechanism of the reaction. I
Tafel slopes are given by (12):



i

©)

a constant,

he perfect gas constant,

e absolute temperature,

the number of electrons involved in the reaction step,

ay’s constant.

(2 3%?; F) is 59.2 mV/decade. For simple one

on reactions, K is usually found to be 2.0.

5 In cases where the Tafel slopes cannot be obtained
any of the methods described above, it may be
to determine the Stern-Geary constant experimen-
measuring mass loss and polarization resistance

| The corrosion current density may be calculated from
polarization resistance and the Stern-Geary constant as

5 B

lm=i'
'

(10)

corrosion rate may then be calculated from the corro-
current, as described in Section 4. A sample calculation
en in Appendix X35.

There are several sources of errors in polarization
ance measurements:

.1 Solution resistivity effects increase the apparent
zati resistance, whether measured by the

T'u.. resistance is a function of the cell geometry, but
following expression may be used to approximate its

=
L4

R,—pl (1
= the apparent polarization resistance, ohm cm?,
= the electrolyte resistivity in ohm cm,

(L.l Data:

LL1 Corrosion Current—27.0 pA.

1.1.2 Specimen Size—round anode area exposed.
1.3 Diameter—1.30 cm.

|2 Calculation—See Eq (1) in text:

| Data:
L1 Alloy—UNS S31600, actual composition not

APPENDIXES
(Nonmandatory Information)

X1. SAMPLE CALCULATION—CORROSION CURRENT DENSITY

X2. SAMPLE CALCULATION—ALLOY EQUIVALENT WEIGHT

G 102
l

= the distance between the specimen electrode and

Luggin probe tip, or the reference electrode in cm,
R, = the true polarization resistance in ohm cm?.
Significant solution resistivity effects cause the corrosion
to be underestimated. A sample calculation is given i
Appendix X6.

5.5.2 Potentiodynamic techniques introduce an
tional error from capacitative charging effects. In this
the magnitude of the error is proportional to scan rate.
error is illustrated by Eq (12):

d
o =1+ (%)

where:

I = the cell current,

I, =the Faradaic current associated with anodic
cathodic processes,

c = the electrode capacitance, and

dV/dt = the scan rate.

polarization resistance to be in error. Generally, this error is
small with modest scan rates (14).

5.5.3 Corroding electrodes may be the site for other
electrochemical reactions. In cases where the corrosion
potential is within 50 to 100 mV of the reversible potential of
the corroding electrode, the electrochemical reactions will
occur simultaneously on the electrode surface. This will
cause either the anodic or cathodic b value to appear smaller
than the corrosion reaction above. Consequently, the Stern-
Geary constant B will be inflated and the predicted corrosion
current will be overestimated (15). In this case, the concen-
tration of the corroding electrode ions is generally of the
same magnitude or higher than other ions participating in
the corrosion process in the electrolyte surrounding the
electrode. Other redox couples that do not necessarily
participate in the corrosion reaction may have similar effects,
This is especially true for metals exhibiting passive behavior.

6. Keywords

6.1 corrosion current; corrosion rate; electrochemical;
equivalent weight; polarization resistance; Tafel slopes

270

=20.3 pA/cm?

X2.1.2 Corrosion Potential—300 mV versus SCE IN
sulfuric acid.
X2.2 Assumptions:

420
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File Uew Profie  Run Took  Hep

RN N =1 N e e X ] =N R e ] =1 =0 M & ]
Procedure name: Time stamp Riematks Instument Instrument dsscriplion A
TestCy 6/5/2018 10.27:394M  Basic TesiCV for the Autolab polentiostat / 3. AUTE4270
Testcy 6/5/2018 10:26124M  Basic TestCV for the Autolsb potentiostat / 9. AUTE42T0
sempel 6/5/201810:31:47 &M Linear polarzation: no eshia modules requied  AUTE4270
sampel 5 6/5/2018 11:57.07 A Linear polatzaton: no sstis modules requied  AUTE4270 T
sompeld 6/5/2018121818PM  Linear polarzation: no eshia modules requied  AUTE4270
v
9 sampel 3 (ALITB4270, 6/5/2018 10:31:47 AM) ] T B 7 =1 X
@ DCP detemination
Q0P vaue = 0371 Signal Expression Uit
@ LSV staicase
+ LogilwsE 0001
ba [V/dec] = 552530 m/deo < @

b (V/dec] = 823 300 riv/dec
Ecorr, Calc V) =-311.580 m/
Econ, Obs (V) = 342,870 m

jcon [A/cr?] = 16.7630
icor (4= 526410

E Begin (V] = 403140 Y
£ End(¥) - -296.330 ¥
= 3445563
o herations =70
9 sampel d (AUIT84270, 6/5/2018 121818 PM)
= & OCP defemination
OCP valus - 0431
=@ LSV staicase
« Loglilvs

- Corrosion iste, it
S+ aranal « (ALITEAP RUEI9MA 19,9809 DAY
<

00001

WE(T).Curment ()

Potential applied (v)

Densiy [g/er]
Ecuivalent weioht (o/mol)
Suiface area (o)

Number of significant digis

%
o793

[T

Function

Userlog message

b Start

i) Autolab/USE comnected (ALITS4Z70)
') This measurement can be repeated with a lower current.

Time Date Command
1018104M  6/6/2018
108511 AM  B/B/2018 LSV staircase
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BN = 1 R Y R o o o - [E]E Bk
Procedure name: Time stamp Remarks Instiument Instrument description
TestCV 57/28/2018 41851 PM  Basic TestCV for the Autolab potentiostat / g AUTE4270
TestCV 57/28/2018 41333 PM  Basic TestCy for the Autolab potentiostat / a. AUT84270
campel B 5728/2018 44308 PM  Linear polarization: no extra modules required  AUT84270
sampelc 57/28/2018 5:06:01 PM  Linear polarization: no extra modules required  AUT84270

I~

9 sampel 3 (AUT34270, £/5/2018 10:31:47 AM)
9 sampsl d [AUT84270, 6/5/2018 121818 PM)
& sampel ¢ (AUT94270, 6/5/2018 12.28:03 PM)
& samps { (AUTB4270, 6/5./2018 12:45:33 PH)
@ sampsl B (AUTB4270, 5/28/2018 4:43:08 PM)
=& OCP detsmination

0CP value = 0.089
=@ L5V staicase

i)

[Eo
ba (V/dec) = 438 390 mV/dec
be [Vdec) = 395,930 niv/dec
Ecor, Cale V] = 382380 m/
Ecor, Obs (¥) = -335.680 mV.
jeon (/e = 1537 paden
icon 4] =524 950 ph
Conosion rats (mm/year) = 0.01842
Polarization resistance ()= 1724
E Beain(V)= 616,810 Y
E End (V)= -260.160 m\.

2,450

oo01E

o001

WE1).Curtent (&)

BT =X

Signal Expression

B

Unit

(%

»# = B.9525E-10

| >

Potential applied (v)

b Start

User log message
i) Autolab/USE connected (4L T84270)
1) This measurement can be repeated nith a lower current

Time Date
1013100 6/6/2018
108511 AM  6/8/2018

Command

LSV staircase

Densiy [g/er?]
Ecuivalent weight (o/mol)
Sutace area (o)

Humber of signficant digits

8
27925

Wil
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H
Pracedure name: Time stamp Rematks Instument Instrument description

TestCy 5/28/2018 41851 PM  Basic TestCV for the Autclab potentiostat / g.. ALTE4270

TesiCY 5/28/2018 4:1333PM  Basic TestCV for the Autolab potentiostat / g.. AUTB4270

sampel B 5/28/2018 $4308PM  Linear polaiization: no estia modules requied  AUTB4270

sampel o 5/28/20185:0801 PM  Linear polatization: no eshia modules requied  ALITE4270

OCP value = 0.083

[E3

B8 LSV starcase
+ Loglilvs E
+ Conosion rate, fit
<&@ sampel ¢ (AUTB4270, 5/26/2018 5:06:01 PM)
=@ OCP detemination 0.001 £
OCP value = 0.072
@ L5V staroase
ol ¥s E
& - Conosionrate. fit
ba [V/dec) = 550920 m dec
e Vi iV/dee
Econ, Calc (V) = -338.360 m¥.
Econ, Obs [¥]=-352.640 m
jeon (A/er) = 015712 pb/en?

00001

WE1) Curtent (&)

Corosion rates (mm/yea)
Polatization resistance (0)
E Begin ()= 728.150 mV.
E End ] =-164180 mV

001825 1E5
1505640

BT =X

%= 820258

o
Potential applied (v)

Signal Expression

™

Urit

Dersiy [g/cn?]
Ecuivalent weioht (o/mol)

Suface area for]

Number of sigrificant digis

Userlog message Time Date
i) futelab/USB connected (ALIT84270) 1019104M  E/6/2018

b Start 1) This measurement can be repeated with alower curert.. 10:55:11 A 6/8/2018

Command

LSV staircase

E
27925

Wilt§
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s alalp e s EliHES -

8- %)

Fracedure name Time stamp

Remarks

Instument desciption

B

& sampel 3 (AUTB4270, 6/5/2018 10:31:47 AM)
=@ OCP detsmination

OCP value = 0311
& LSV staitcase
& sampel d (AUTB4270, 6/5/2018 1218:18 PM)
(= @ OCP detemination

ICP value = 0,491

=@ LSV staicase
+ LogllwE

E

ba (Videc) = 128 330 m/dec
b [V/dec) = 195,980 iv/dec
536,450/
Ecorr, Obs (V) = -861.240 mV.
fcon (&/e) = 24 6280 /e
icon 4] = 788100 pAs
Conosion rate (rm/year) = 0.23618
Polarization resistance (€)= 427330
egin (V) = 373,380
E End (V)= 615540 m\.
2= 00012897
Iterations = 1
& sanpel & (ALIT84270, 6/5/2016 122303 PM)
= & OCP determination
OCP value = 0872
@ L5V staioase
& sampel { (AUTBAZ70, 6/5/2015 124533 PM)
= @ OCP determination
OCP value = 0,449
=@ L5V staioase

B

WE1).Curtent (&)

0001

0001

BT =X

Potential applied (v)

Signal Expression

[~

Unit

Densiy [g/er?]
Ecuivalent weight (o/mol)
Sutace area (o)

Nurber of sigrificant digits

User log message

b Start

i) Autolab/USE connected (4L T84270)
1) This measurement can be repeated nith a lower current

Time Date
1013100M 682018 -
108511 AM  6/8/2018

Command

LSV staircase

%
27925

Wilts

75



76

NOVA

File Uew Profie  Run Took  Hep

BTN =0 ) Y ) R

=L

‘ Procedure name Time stamp Rematks

Instument

Instrument description

con (/cne) = 1577B0 mASen A
icor (4] = 5.04830 md |
Cortosion rate [rm/yea]
Folarzalion resistanc (01
E Begr 70 v
E End (/) =-837.710 v
= 1074311

leratians = 479

el e (ATBAZTD, 6/5/2018 122903 PM)
OCF deteminaion

OCP value = 0672

8 i case w001}
« Logl vs E

o

'y

[}
oEE -8
@

b [1/dec) = 83 9250 v /dec:

b [V/dec) = 788750 m dec

Econ, Calo (V)= 879120 m¥!

Econ, Obs [¥]=-691.210 m’

fcor (A/c) = 163830 wh/on?

icor (4] = 506,800 pis

Corrasion rate (mm/yea = 0.01903

Polatization resistance (2] = 34 6440

E Begin ()= -342.990 mV. = oloooig

E End [J] =-815.890

»=0,002568

Terations =3

< sampel 1[AUTB4270, 6/5/2018 12:45:33 PM)
= @ OCP detemination

OCP value = 0,449

i
WE1) Curtert (&)

BT =X

Signal Expression

< i

Unit

=@ L5V staircase 19

E] 0
Potential applied (v)

Userlog message
i) futelab/USB connected (ALIT84270)

1) This measurement can be repeated with a lower curent

b Start

Time
101510 M
10:55:11 AM

Date
6/6/2018
6/6/2018

Command

LSV staircase

Dersiy [g/cn?]
Ecuivalent weioht (o/mol)
Sufacs area (o)

Number of sigrificant digis

%
27525

Wilts




«NOVA
Fle  View Profle Run  Tosk  Help
BN = 1 R Y R V=N A1

| Procedure name Time stamp

Remarks

Instrument Instument desciption

fcon (Aol =1 577B0 mAden? A
ico (4] = 5.04830 mé. |
Conasion rate [ram/year)
Polarzation tesistance (£

18.332

Iteratiors = 479
=@ sampel e (AUTB4270, 6/5/2018 122303 PM)
= @ OCP detemination
OCP value = 0872
8 LSV staircase
=@ sampsl { (AUTB4270, 6/5./2018 12:45:33 PH)
= @ OCP detemination
OCP value = 0,449
=8 LSV stairoase
+ Logll vs E

E

ba (Videc) = 295 410 i Jdec
be (VAdec) = 604 020 m/dec:
Ecor, Cale (V)
Ecor, Obs (V]
fcor (/e =0 1837 b e

icon (&) = 502,800 pAs

Conosion rete [rm/year) = 0.002634
Polarization resistance (<2) = 171.350
E Begin V) = -795.300 m/
EEnd[V)= 215910

WE1).Curtent (&)

0001

00001

BT =X

Signal Expression

] i

Unit

Densiy [g/er?]
Ecuivalent weight (o/mol)
Sutace area (o)

Nurber of sigrificant digits

= 231HES | | ] | | ) ! !
leratons = 10 2 g 0% as a2 2 ) Ty
a m ] Potential applied ()
User log message Time Date Command
i) Autolab/USB connected (AUT84270) 1019104M /62018 -
P Start 1) This measurement can be repeated with alower curent .. 1055114 B/6/2018 LSV staiicase

%
27925

Wilts
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