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Abstract 
The major purpose of this thesis was to investigate and assess what effect of 

repassivation product has on corrosion resistance of 316L in marine atmosphere. 

Additionally, compare the chemical composition with the certificate.  

Several methods was performed to break down the passive layer, where the most 

successful method was used further to achieve general corrosion, after being exposed 

for simulated marine atmosphere. Visual inspection was observed before and after 

repassivation, and electrochemical test was done to find the pitting- and repassivation 

potential. The electrochemical test was performed according to standard ASTM G61-86 

with a few adjustments. Similarly, the chemical composition was compared with the 

certificate.  

General corrosion was obtained after being exposed for simulated marine atmosphere, 

before it was exposed for a rotary steel brush with hard braided threads equipped by a 

grinder to break down the passive layer. The visual inspection and ASTM G61-86 test 

showed Valhall UltraGel as the best environmentally friendly product and Avesta, with 

pickling, as the best product used with waste water treatment system. Chemical analysis 

showed that the chemical composition match with the certificate.  
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1 Introduction 

316L belongs to austenitic stainless steel, and can be divided into 300-series, which is 

the most common of stainless steel. The 300-series contains chromium-nickel (16-

26%Cr-6-22%Ni) alloys with high resistance properties for corrosion and are relatively 

cheap. [1, 2]However, there are big challenges with external pitting- and crevice 

corrosion of 316L pipelines used in Oil and Gas Industry, especially in marine 

atmosphere.[3]These challenges are handled with inspection and washing off with 

freshwater. There has also been used gel products that will repassivate the surface, but 

it is uncertain of how effective it is and the long-term effect. In addition, where there has 

also been used paint in the most critical lines to get an external barrier against 

corrosion.  

In this thesis there will investigate and asses the pitting and crevice corrosion 

resistance of 316L in a marine atmosphere. The effectiveness of different repassivation 

products will be tested and compared. There will be performed electrochemical testing 

according to ASTM standard G61-86. The testing will investigate the chemical 

composition and compare to the certification. Additionally, there will be a written 

literature study focusing on the corrosion properties of 316L, mainly in a marine 

atmosphere. The thesis has been done in cooperation and provided by AkerBP. 

Voestalpine Böhler Welding, Norkem AS, TechnipFMC, Valhall Nordic Green Products 

and Norsk Overflate Teknikk (NOT) AS has also contributed and donated supplies.  

The first part of the thesis consists of a literature study and theory that underlies the 

problem of the task. Then the procedure of the experimental work, followed by the 

results that were found in the experimental work. Finally, a discussion of the results, 

with a conclusion and further investigation based on this thesis.  
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2 Theory 

2.1 Corrosion 
Corrosion is defined as the chemical or electrochemical reaction between a material and 

its environment, which inhibits the material and its property. Materials corrode due to 

its tendency to lower its (free) energy. Materials in metallic form have high energy and 

want to change back to nature form of compounds (ore/minerals). [4] The marine 

environments are probably one of the most aggressive environments where metals 

operate. [5]. Thorough understanding of corrosion, is important to reduce the rate to an 

acceptable level with focus on environmental safety and cost-effective manner, and how 

to handle existing and future problems [6]. Corrosion is a major cost for society and has 

a significant effect on the national economy. National Association of Corrosion 

Engineers (NACE) published a report dealing with communication, investment in 

corrosion prevention and economic techniques. In general, Corrosion cost between 2-

4% of GNP, where approximately 25% could be avoidable. [7] The figure below shows 

the corrosion cycle of steel.  

 

FIGURE 1: CORROSION CYCLE OF STEEL.[8] 

2.2 Mechanism of Corrosion 

For corrosion to occur, electrochemical reactions have to take place. This involves 

transfer of electrons by two partial reactions, called oxidation and reduction. Through a 

chemical reaction, oxidation give away electrons, while reduction is consuming them. 

Both reactions are required to maintain the conservation of electric charge. This 
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electrochemical process take place in an electrochemical cell, which exist of an anode 

and a cathode in an electrolyte environment. [1] In the electrolyte, positive charge 

electron passes from anode to cathode as cations. [9] Anode reaction takes place at the 

surface, where electrons are donated. Similarly, where cathode electrons are consumed. 

[1] 

 

FIGURE 2: ELECTROCHEMICAL PROCESS. [10] 

Consider a case involving pure iron immersed in hydrochloric acid. The chemical 

reactions start, resulting the iron to oxidize while the solution begin to bubble violently. 

The reaction can been written as: 

𝐹𝑒 + 2𝐻𝐶𝑙 → 𝐹𝑒𝐶𝑙2 + 𝐻2 

This equation results in removing iron and hydrogen bubbles will then rise rapidly up to 

the surface. Another reaction will also occur, changing electrons: 

𝐹𝑒 + 2𝐻+ + 𝐶𝑙2− → 𝐹𝑒2+ + 𝐶𝑙−2 + 𝐻2 

The equation above show iron oxidizes and hydrogen reduced. [11] 

2.3 Types of Corrosion 

In 1989, ASM published a book “Corrosion” volume 13th, that there are several different 

categories and types of corrosion. The types of corrosion are divided into General and 

Localized, and is described below.  
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2.3.1 General Corrosion  

General corrosion can be uniform or non-uniform and is the most general form of 

corrosion. The metal surface is exposed by a chemical or electrochemical reaction. This 

results in thinner metal surface until failure. [7] Typical environments that are exposed 

to corrosion are: liquid electrolyte, gas electrolyte or hybrid electrolyte. Some types of 

general corrosion are listed below [12]: 

 Atmospheric corrosion 

 Galvanic corrosion 

 High-temperature corrosion 

 Liquid-metal corrosion 

 Molten-salt corrosion 

 Biological corrosion 

 Stray-current corrosion 

2.3.2 Localized Corrosion 

Local corrosion is unpredictable and occurs after a short period of exposure. They are 

unpredictable due to it corrode non-uniform. [13] Specific parts of the metal surface are 

exposed for electrolyte and starts to corrode. Localized corrosion can be categorized 

in[12]: 

 Pitting corrosion 

 Crevice corrosion 

 Filiform corrosion 

 Oral corrosion 

 Biological corrosion 

 Selective leaching corrosion 

2.4 Polarization 
Polarization is the different potential for a metal-(anode) and a solution ions (cathode), 

above the equilibrium potential. Polarization are used to measure the corrosion rate 

and are symbolized with η.  The potential for this electrochemical process are evened 

out when current flows through the interface of metal and solution, leading to 

corrosion.  
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The most common polarization techniques are electrochemical methods due to the 

basis of corrosion process. Some methods are mentioned below:[14, 15] 

 Tafel Extrapolation 

 Polarization resistance methods 

 Electrochemical impedance methods 

2.5 Mixed Potential Theory 
The mixed potential theory is the value of all anodic reactions equal to all cathodic 

reactions expressed by symbol 𝐸𝑐𝑜𝑟𝑟(corrosion potential), and is measured by 𝑖𝑐𝑜𝑟𝑟, 

called corrosion current density. [15] This theory is used when a certain amount of 

electrochemical reactions occur simultaneously at the same metal-liquid interface. The 

diagram below is called “The Evans diagram” and here the iron consists in an acidic 

environment as an example. There are four theoretical reactions, but only two feasible 

reactions drawn in solid lines. They are drawn with use of extrapolation and give an 

intersection at the corrosion potential 𝐸𝑐𝑜𝑟𝑟 and corrosion current density 𝑖𝑐𝑜𝑟𝑟. In some 

cases, by holding the potential under the corrosion potential line, corrosion will stop 

and if it held over, corrosion will increase. [16] 

 

 

 
Current density (amperes/𝑚2) 

FIGURE 3: EVANS DIAGRAM FOR IRON IN ACID ENVIRONMENT.[16]

 

 
 

Corrosion  

current density 

(𝐼𝑐𝑜𝑟𝑟) 

Corrosion potential 

(𝐸𝐶𝑜𝑟𝑟) 
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Four important parameters can be obtained from the figure above, corrosion potential 

𝐸𝑐𝑜𝑟𝑟, corrosion current 𝑖𝑐𝑜𝑟𝑟 , the anodic (𝛽𝑎𝑛𝑜𝑑𝑒) Tafel constant and cathodic (𝛽𝑐𝑎𝑡ℎ𝑜𝑑𝑒) 

Tafel constant. The diagram can also obtain straight lines by moving away from 

corrosion potential, determine corrosion rate with different corrosion current, 

expressed below.[16] 

Positive slope, +ΔE: 

η𝑎𝑛𝑜𝑑𝑖𝑐 = 𝐸 − 𝐸𝑐𝑜𝑟𝑟 = 𝛽𝑎𝑛𝑜𝑑𝑒𝑙𝑜𝑔 (
𝑖𝑎𝑝𝑝

𝑖𝑐𝑜𝑟𝑟
) 

Negative slope, -ΔE: 

η𝑐𝑎𝑡ℎ𝑜𝑑𝑒 = 𝛽𝑐𝑎𝑡ℎ𝑜𝑑𝑒𝑙𝑜𝑔 (
𝑖𝑎𝑝𝑝

𝑖𝑐𝑜𝑟𝑟
) 

2.6 Pitting Corrosion 

Pitting corrosion is a form of localized attack on metal surface, [7] where specific fixed 

areas starts to corrode, while the rest of the surface remains unattacked. This happens 

due to breakdown of the passive film that usually causes by presence of aggressive 

anions ions as sulfate( 𝑆04
−2), chloride (𝐶𝑙−), bromide (𝐵𝑟−) and Iodide (𝐼−) in marine 

environments.[9] The passive films are usually attacked by weak sites, either by 

adsorption and penetration, or by penetration and migration of aggressive halide ions. 

Inclusions, second phase precipitates, grain boundaries, slip steps and segregated 

interface are typical locations of weak sites on the surface.[17] Pitting corrosion is 

considered one of the most destructive corrosion due to its insidious form, and can 

cause failure of an entire structure. [9] 

2.6.1 Mechanism of Pitting Corrosion 
Pitting attack is recognized as two stages, the nucleation of pits on the passivated metal 

surface and the growth of pits.[17] Pitting corrosion initiates its attack by breaking 

down the passive layer. This will expose the metal surface for anodic and cathodic 

reactions in several local locations. This is illustrated by the figure below. [18]   
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FIGURE 4: PROCESS OF PITTING CORROSION.[9] 

The following reactions occur on the metal surface in an environment containing 

chloride and oxygen.   

The anodic reaction inside the pit: 

𝑀 → 𝑀𝑛+ + 𝑛𝑒 

It is balanced by cathodic reaction at the top on the surface: 

𝑂2 + 2𝐻2𝑂 + 4𝑒 → 4𝑂𝐻− 

Gradually, the whole surface will be exposed for electrolyte containing oxygen. This 

leads to reductions of oxygen inside the pit. The metal will continue to dissolve and lead 

to excess of positive ions 𝑀+and chloride ions 𝐶𝑙− migrate from electrolyte to keep 

neutrally charged.  

𝑀+𝐶𝑙− + 𝐻2𝑂 →  𝑀𝑂𝐻 + 𝐻+ + 𝐶𝑙− 

This formation of 𝑀𝑂𝐻 + 𝐻+ + 𝐶𝑙− is called hydrolysis. 𝐻+ ions and chloride are 

preventing repassivation, generate free acid and lower the pH value at the bottom of the 

pit. [9] 
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2.7 Crevice Corrosion 

Crevice corrosion is localized attack in shielded areas on the metal surface exposed to 

corrosive environments. They are unpredictable in chloride containing environments 

and can lead to various types of failures.[17] Crevice corrosion can be divided into three 

types of processes: electrochemical reactions, homogeneous chemical reaction and 

mass transport. The electrochemical reaction imply for dissolution and reduction 

reactions. The homogenous chemical reactions contain hydrolysis, precipitation 

reactions and homogeneous oxidation/reduction reactions of the dissolved metal. 

Generally, mass transport by diffusion and convection leads to large differences in 

concentration and electrochemical potential. The mechanism of propagation of crevice 

corrosion is very similar to pitting corrosion. The initiation is different, though pitting 

corrosion can lead to crevice corrosion.[19] 

2.7.1 Mechanism of Crevice Corrosion 
Processes for crevice corrosion can be explained with the figure below, where it is 

considered electrolyte to have uniform composition. The whole metal surface will be 

exposed for corrosion, and the anode and cathode process occurs, as described in 

pitting corrosion. In these circumstances, it generates positive metal ions and 

counterbalanced electrostatically negative hydroxyl ions (see Figure 5 a). With a lack of 

oxygen inside the gap, the cathodic process is prevented, and resulted in less negative 

hydroxides. This will give excess of positive ions in the gap and cause negative ions of 

bulk electrolyte to spread inside and maintain potential energy as low as possible. 

Complex ions between chlorides, metal ions and water molecules are formed, which 

lead to hydrolysis that result to lower pH and corrosion. This can be written as 

followed:  

𝑀𝑧+ + 𝐻2𝑂 → 𝑀𝑂𝐻(𝑧−1)+ + 𝐻+ 

Based on the reaction, hydrogen ions are made, which increase the speed of metal ions 

and lead to more chlorides inside the gap. Austenitic Stainless Steel contains chromium, 

hydrolysis of chromium lead higher acidic environment and can be written as follows: 

[5] 

𝐶𝑟3+ + 3𝐻2𝑂 → 𝐶𝑟(𝑂𝐻)3 + 3𝐻+ 
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FIGURE 5:A)INITIAL CONDITIONS: OCCURS UNIFORM OVER THE SURFACE AND INSIDE THE GAP. B) FINAL CONDITIONS: OCCURS ONLY INSIDE 

THE CREVICE.[5] 

2.8 Austenitic Stainless Steel 

Austenitic stainless steel is divided into standard SAS grades and nonstandard grades, 

where the standard grades are further subdivided into AISI 200- or 300-series [2] and 

are the most common of stainless steel. The 300-series contains chromium-nickel (16-

26%Cr-6-22% Ni) alloys, and the 200-series replace some of the nickel with manganese 

and/or nitrogen. Austenitic stainless steel have high resistance properties for corrosion, 

excellent cryogenic properties and great high-temperature strength. They are also easily 

welded and nonmagnetic, if they are required in a nonmagnetic area.[1] Due to the 

chemical composition and microstructure, it has low mechanical strength and poor 

wear resistance. [20] General structure for austenitic are very tough and ductile, which 

give a large range of applications. For hardened the steel must be cold deformation 

instead by quench hardening, because crystal structure should remain austenitic 

through thermal treatment. The figure below show how different stainless steel are 

linked together. [1] 
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FIGURE 6: FAMILY TREE FOR STAINLESS STEEL ALLOYS.[15]  

Austenitic steel contains chromium, nickel, molybdenum copper, silicon, aluminum, 

titanium, niobium/tantalum and nitrogen to improve the stainless steel. [2] 

Molybdenum improve excellent corrosion resistance in oxidizing environments and 

increases pitting potential. It also strengthens the passive film along with chromium and 

nickel. In addition, chromium increases the area of passivity, lower down for 

repassivation and higher pitting potential. [11] For chloride attacks, nitrogen, chromium 

and molybdenum increases the resistance against it. Nitrogen is also an austenite 

stabilizer, austenite strengthener and retards sigma-phase formation. [21] Copper is 

used to increase resistance against sulfuric acid attack. Silicon improves oxidation 

resistance and corrosion resistance by oxidizing acids.[1] The pitting resistance formula 

for austenitic stainless steels are written below as:[21] 

𝑃𝑅𝐸 = 𝐶𝑟 𝑤𝑡% + (3.3 × 𝑀𝑜 𝑤𝑡%) + (16 − 30 × 𝑁 𝑤𝑡%) 

2.8.1 Austenitic Stainless Steel 316L/UNS S31603 
General chemical, mechanical and physical properties of 316L are presented in tables 

below.[15, 22, 23] 
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TABLE 1: CHEMICAL PROPERTIES OF 316L 

UNS 
number 

Name Cr% Ni% C% 
max 

Mn% 
max 

Si% 
max 

P% 
max 

S% 
max 

N% 
max 

Mo% 

S31603 316L 16-18 10-
14 

0.03 2.0 1.0 0.045 0.030 0.10 2.0-
3.0 

 

TABLE 2: MECHANICAL PROPERTIES OF 316L. 

Name Tensile Strength 
(MPa) 

Yield Strength      
(0.2% offset) 

(MPa) 

Elongation 
 (%) 

Hardeness 
Rockwell B 

316L 517 220 50 79 
 

TABLE 3: PHYSICAL PROPERTIES OF 316L. 

Name Density 
(kg/𝒎𝟑)  

Elastic 
Modulus 
(GPa) 

Mean Co-eff 
of Thermal 
Expansion 

(
µ𝒎

𝒎/°𝑪
) 

Thermal 
conductivity 
(W/m.K) 

Specific 
Heat 0-
100°𝑪 
(J/kg.K) 

Electrical 
Resistivity 
(𝒏𝛀. 𝒎) 

0-100 °𝑪 100°𝑪 500°𝑪 
316L 8000 193 15.9 16.3 21.5 500 740 
 

316L is widely used in marine and chemical industry environment due to excellent 

pitting resistance. By adding molybdenum, the PRE-value will increase with 6.6- 9.9.[15]  

2.9 Marine Atmosphere Corrosion 
Marine atmosphere is an extremely corrode environment and is caused of combined 

effects of the sun, temperature, oxygen, moisture and salt that consist in the air. There 

are used corrosion-resistant metals, nonmetallic materials and protective coatings to 

prevent this kind of corrosion. [24] Atmospheric corrosion is an electrochemical 

process rely on electrolyte that may come from rain, dew, humidity or melting snow.  

Generally, marine atmosphere corrosion is a combination of dry and wet conditions, 

called splash zone.[9] Seawater will splash on the metal surface and cyclic drying 

seawater. The seawater can cause superficial erosion, crystallization of salts and 

chemical attack by salts like sulfates and chlorides. This can lead to micro cracking, 

pitting, crevice and other types of corrosion. [25] 

Marine environments are mostly exposed to chloride attack, the quantity of chlorides 

are increasing proportional to the distance from the shore. [11] Chloride ions break 
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down the passive film, leading to local corrosion. In 316L, pitting initiation may start 

with dissolution of MnS in the presence of salt water. The reaction formula is written 

below:  

2𝑀𝑛𝑆 + 3𝐻2𝑂 → 2𝑀𝑛2+ + 𝑆2𝑂3
2− + 6𝐻+ + 8𝑒− 

This will decrease the pH value followed by dissolution of alloy elements (Fe, Cr, Ni) 

leading to pitting corrosion. The dissolved metals ions (𝐹𝑒2+, 𝐶𝑟3+, 𝑁𝑖2+) creates a 

hydrolysis reactions with even lower pH that before. This starts a self-catalytic action, 

leading to deeper and larger pits. Formula is written bellows.[26] 

𝐹𝑒2+ + 2𝐻2𝑂 → 𝐹𝑒(𝑂𝐻)2 + 2𝐻+ 

𝐶𝑟3+ + 3𝐻2𝑂 → 𝐶𝑟(𝑂𝐻)3 + 3𝐻+ 

𝑁𝑖2+ + 2𝐻2𝑂 → 𝑁𝑖(𝑂𝐻)2 + 2𝐻+ 

2.10 Passivation 
Stainless steel has corrosion resistance due to a passive chromium-rich oxide layer that 

forms naturally on the surface. This state is called passivation. Generally, passivation 

develops naturally, but in very aggressive environments it could be necessary to assist 

the process with oxidizing acid treatments. [27] Passivation process is a chemical 

treatment with an oxidant acid passivation solution and this process dissolves any 

carbon steel impurity and sulphide inclusions from the surface. This will spontaneously 

form a chemically inactive surface exposed for air or other oxygen-containing 

environments. [28, 29]Some types of advantages of passivation is mentioned below:[30] 

 Greater corrosion resistance 

 Uniform, smooth appearance and finish  

 Cleanliness 

 Improved and extended life of the steel 

2.11 Pickling 
Pickling is used to remove the surface impurities as oxide scales and the Cr-depleted 

layer at elevated temperatures.[31] This is typically used where steel has been exposed 

for high heating, like welding, heat treatment or grinding. The surface will be exposed 

for lack of chromium and this causes lower corrosion resistance. The corrosion 

properties can be restored by removing the damaged metal layer. Generally, pickling 
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involves using acid mixture containing hydrofluoric acid (HF) and nitric acid (𝐻𝑁𝑂3), 

and frequently sulphuric acid (𝐻2𝑆𝑂4).[29]  Pickling can be classified in three 

categorized:[32] 

 Pickling with pickling paste/gel 

 Pickling with pickling solution 

 Pickling in a bath 

2.12 Electrochemical Testing  
Laboratory testing is used to quality control, materials selection, materials properties 

and environmental conditions checking for corrosion mechanism. The test is 

accelerated to save time and budget. [14] 

Corrosion is an electrochemical process of oxidation and reduction reactions. During 

this reaction, metal (oxidation) discharged electrons to elements (reduction) in the 

corroding solution through electrolyte.  The flow of electrons create a current that can 

be measured and controlled electronically. By controlling this process, corrosion 

properties of metals can be measured in different kind of electrolyte solutions.  

A practical experiment consists of a polarization cell in an electrolyte solution 

containing a reference electrode, a working electrode (sample) and a counter electrode. 

A potentiostat is an electronic instrument and used to connect the electrode together. 

The potentiostat is used to measure the corrosion potential (𝐸𝑐𝑜𝑟𝑟) between the 

reference electrode and working electrode. This is illustrated in the figure below.[33] 

 

FIGURE 7: SETUP FOR A POLARIZATION CELL.[33] 
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2.12.1Method for Cyclic Potentiodynamic Polarization 
Cyclic Potentiodynamic polarization is applied to determine relative susceptibility to 

localized corrosion as pitting and crevice corrosion. This method is used to measure 

iron-, nickel, or cobalt-based alloys in chloride environments. [14] When analyzing the 

Potentiodynamic experiments, there are two features to look after: the pitting 

(breakdown) potential (𝐸𝑝𝑖𝑡𝑡) and repassivation potential (𝐸𝑟𝑒). The potential takes 

place when pitting corrosion begins, by increasing potential. The repassivation potential 

takes place after the hysteresis loop is completed, after a performed reverse scan.  As 

shown in the figure below, when the reverse scan crosses the forward scan at the 

potential graph, repassivation occurs. This kind of experiments produces analytical data 

to pitting-, crevice corrosion and passivation behavior. [14, 33] Ideally, the difference 

between the pitting potential (𝐸𝑝𝑖𝑡𝑡) and the repassivation potential (𝐸𝑟𝑒) should be as 

low as possible to give great pitting resistance. [34] 

 

CURRENT DENSITY, 𝝁𝑨/𝒄𝒎𝟐 

FIGURE 8: POTENTIODYNAMIC CYCLIC POLARIZATION CURVES.[14] 

2.13 X-ray 
2.13.1 Detection of X-rays using Energy Dispersive Spectrometer (EDS) 
EDS or X-rays are an analytical technique used to determine which elements 

(qualitative) and how large amounts (quantitative), which is present in the sample. This 
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technique is built around the physical laws of all element follow, and with this method it 

is the emission spectrum of the X-rays of the elements studied, the characteristic X-rays.  

The detector used to capture the X-ray is a solid-state detector. The detector consists of 

a silicon crystal doped with lithium. The detector absorbs the energy of the incoming X-

rays through ionization. This absorption of X-ray further converts the energy from the 

individual X-rays to an electrical voltage of a proportional size. This voltage thus 

corresponds to the characteristic X-ray of the element in the sample.  

Another alternative to EDS is wavelength dispersive spectrometer, or WDS. It measures 

the wavelength of the incoming X-ray signal with use of Braggs law, and is accurate in 

detecting specific elements in a sample. [35] 

2.13.2 Characteristic X-rays 
The characteristic X-rays arise when an electron orbits around an atom, which is then 

affected so that it changes shells. The process behind this jump will be interaction 

between incoming electrons in the beam current and the electrons in the inner paths of 

the element in the sample.  

The inner shells from inside-outwards belong to certain energy levels, and are called K-, 

L- and M-shells.  

A photon will be emitted if an atom is excited and afterwards returns to the ground 

state. This photon or the X-ray will have a certain energy level that matches the 

difference between the initial and the final shell electron lands in. This is called 

characteristic X-rays.  

The wavelength of the emitted photons decreases as the atomic number increases. The 

relationship between this is given by Moseley’s law: 

𝜆 =
𝐾

(𝑍 − 𝜎)2
 

K and 𝜎 are constants 

Z is atomic number 

This ratio allows measuring the wavelength of the emitted photon to find the 

composition of the element in the sample. [35] 
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2.13.3 Quantitative X-rays analysis  
The most used method of quantitative X-ray analysis is ZAF, and is used for EDS-

systems. The principle is to compare the sample with a standard with known 

composition. For best possible analysis, the sample should as much as possible be equal 

to the standard. In addition, it also depends on other parameters such as current, 

acceleration voltage and outlet angle. Molybdenum K-shell critical excitation voltage is 

20.01 kV. Due to that, molybdenum K-shell characteristic X-rays won’t appear before 

25kV spectrum. [35]  

2.13.4 X-ray Fluorescent (XRF) 
XRF is a method which involves an interaction between X-rays and electron beams.[36] 

Fluorescence are formed by characteristic X-rays from an element excite atoms in 

another element. These atoms will then emit characteristic X-rays when they return to 

ground state. In order for fluorescence to occur, the energy of the characteristic X-ray of 

one element must be greater than the excitation energy of the other element. [35] Every 

elements that release fluorescence energy has individual energy in order to categorize 

it. [37] 

2.13.4.1 Positive Material Identification (PMI) Testgun 

PMI uses XRF technology to determine elements qualitative and quantitative. They 

present quick, simple and completely non-destructive analyses for almost every 

elements between Magnesium to Uranium. This method requires just a clean surface 

before testing and can also analyze small samples. [38] 
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3 Material and methods 

The main purpose of this work was to study and compare visual effect, pitting potential 

and repassivation potential after different repassivation treatment, exposed for 

simulated marine atmosphere for different time periods. The pitting potential and 

repassivation potential were determined with standard ASTM G61-86. Another interest 

for this work was to check the certification chemical composition and compare some 

critical values. It was performed pre-experiments to achieve a uniform layer with 

general corrosion, and the samples were named 0.1-0.6. The main experiments were 

performed over three different time periods; none, first and second round in the marine 

atmosphere. Accordingly, the samples were marked with three numbers (A.B.C), where 

the first number A, indicates how long time periods the samples have been exposed, 

starts with none, first and second round in the marine atmosphere. The second number 

B, indicates which repassivation products was being treated with or without, exception 

of the reference samples. The last number C, says there are three parallel samples for 

each experiment. All samples were damaged by a grinder, except two reference samples 

that were used further on ASTM G61-86, and seven repassivation products were used 

on the samples, with three parallel samples for each experiment i.e. 57 samples in total.  

Samples 1.1.1-1.1.3 and 2.1.1-3.8.3 were damaged by a rotary steel brush, equipped on a 

grinder with hard braided threads to break down the samples passivation layer, and 

samples 1.2.1-1.3.3 were damaged by nothing. Afterwards, samples 2.1.1-3.8.3 were 

exposed for the marine atmosphere and treated with repassivation products. Finally, 

samples 3.1.1-3.8.3 were exposed a second round for the marine atmosphere and again 

treated with the same repassivation products. Table 4 shows an overview matrix that 

was followed for the main experiments. There is also Table 5 that shows which pickling- 

and repassivation products used for the samples. Finally, it was performed chemical 

analysis for several areas, deciding the chemical composition. 
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TABLE 4: OVERVIEW OF EXPOSED ENVIRONMENTS ON THE SAMPLES. 

Exposed for Nothing Marine atmosphere 

1 round (5days) 2 rounds (total of 10  
days) 

Samples:    
1.1.1, 1.1.2, 1.1.3 X   
1.2.1, 1.2.2, 1.2.3 X   
1.3.1, 1.3.2, 1.3.3 X   
2.1.1, 2.1.2, 2.1.3  X  
2.2.1, 2.2.2, 2.2.3  X  
2.3.1, 2.3.2, 2.3.3  X  
2.4.1, 2.4.2, 2.4.3  X  
2.5.1, 2.5.2, 2.5.3  X  
2.6.1, 2.6.2, 2.6.3  X  
2.7.1, 2.7.2, 2.7.3  X  
2.8.1, 2.8.2, 2.8.3  X  
3.1.1, 3.1.2, 3.1.3   X 
3.2.1, 3.2.2, 3.2.3   X 
3.3.1, 3.3.2, 3.3.3   X 
3.4.1, 3.4.2, 3.4.3   X 
3.5.1, 3.5.2, 3.5.3   X 
3.6.1, 3.6.2, 3.6.3   X 
3.7.1, 3.7.2, 3.7.3   X 
3.8.1, 3.8.2, 3.8.3   X 

 

TABLE 5:OVERVIEW OF PICKLING OR/AND REPASSIVATION PRODUCTS USED ON THE SAMPLES. 

Products None Valhall Corrogel 
Offshore 

Avesta 
(cleaner, 
pickling, 
passivati
-on) 

Avesta 
(cleaner, 
passivatio
-n) 

Innotek 
Beise 
spray 
2020  
 

Samples: Green
-Gel 

Ultra 
-Gel 

Clean
-Gel 

1.1.1,2,3 
1.2.1,2,3 
1.3.1,2,3 
2.1.1,2,3 
3.1.1,2,3 

X        

2.2.1,2,3  
3.2.1,2,3  

 X       

2.3.1,2,3  
3.3.1,2,3   

  X      

2.4.1,2,3  
3.4.1,2,3    

   X     

2.5.1,2,3 
3.5.1,2,3  

    X    

2.6.1,2,3 
3.6.1,2,3  

     X   

2.7.1,2,3 
3.7.1,2,3  

      X  

2.8.1,2,3 
3.8.1,2,3  

       X 
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3.1 Background of the thesis  
There are significant challenges with external pitting- and crevice corrosion of 316L in 

form of piping in the oilfield. These are: presence of marine atmosphere containing 

chlorides, the temperature and humidity. These sort of problems has cost a lot of 

money, replacing and maintaining. There has been clear indications of these problems 

over the past decade and could be related to manufacture’s new technique of 

minimizing the alloy content. According to ASTM specifications, Molybdenum should 

stay between 2-3%. Molybdenum provide great resistance to localized corrosion. 

Another indication could be changing content of blasting operation from silica sand to 

iron and copper contamination slag.[3] 

In this thesis the pitting and crevice corrosion resistance of 316L in marine atmosphere 

will be investigated and assessed. Various passivation and pickling products will be 

tested, evaluated and compared on corroded 316L plates, to see whether there are 

products that actually have any remarkable effect on corrosion resistance. If it turns out 

that a product can provide a good effect, it will be a big win for AkerBP, by reducing the 

paint programs and reduce costs. There will be performed electrochemical testing 

according to ASTM standard G61-86, by comparing the pitting- and repassivation 

potential. The chemical composition will also be investigated with a literature study 

focusing on the corrosion properties of 316L mainly in a marine/offshore atmosphere.  

3.2 Material Certificate 
Material tested are prime cold rolled stainless steel sheet of grad UNS S31603/ W 

1.4404. The material was delivered as two plates with dimension 1.2mm x 1250.0mm x 

2500.0mm produced in Taiwan. The material certification gives information about 

material mechanism properties and chemical composition in weight %, and can be 

found in appendix A.  Quality assurance were managed by Jian Yi Guo department and 

shown in Table 6 and Table 7.  

TABLE 6: MECHANISM PROPERTIES. 

 Tensile 
Strength 

(MPa) 

Yield Strength      
(0.2% offset) 

(MPa) 

Elongation 
 (%) 

Hardeness 
Rockwell B 

Measured value 599 306 55 79 
Minimum value 517 220 50 79 
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TABLE 7: CHEMICAL COMPOSITION. 

 Cr% Ni% C%  Mn%  Si%  P%  S%  N% Mo% 
Measured 

value 
16.81 10.10 0.022 1.03 0.65 0.034 0.002 0.012 2.01 

Minimum 
value 

16 10 - - - - - - 2.0 

Maximum 
demand 

18 14 0.03 2.0 1.0 0.045 0.030 0.10 3.0 

 

3.3 Machining and performance 
Cutting of the samples was performed with a plate scissor, due to plate thickness. On the 

table a hydraulic piston holding the plate when cutting and a guillotineto which divided 

the plates was used. The plate scissor was set to correct dimensions, measured with 

digitally caliper before cutting. The plate scissor is shown in the figure below. 

 

FIGURE 9: THE PLATE SCISSOR. 

For the pre-experiments,  a sandblaster, sanding belt and wire brush were used. Also, a 

rotary steel brush equipped on high-speed air compressor with soft threads, battery 

operated drill machine with soft threads, or grinder with hard braided threads.   
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FIGURE 10: LEFT: SANDING BELT, MIDDLE: SANDBLASTER AND RIGHT: WIRE BRUSH. 

 

FIGURE 11: LEFT: HIGH-SPEED AIR COMPRESSOR, MIDDLE GRINDER AND RIGHT: BATTERY OPERATED DRILL. 

 

FIGURE 12: ROTARY STEEL BRUSH, LEFT: HARD- AND RIGHT: SOFT THREADS. 
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3.4 Pre samples for generate corrosion 

Pre-experiments were performed to achieve general corrosion over the whole surface. 

Different kind of techniques were used to break down the passivation layer of samples 

and afterward placed in a bucket of seawater, or outside exposed for simulated marine 

atmosphere to generate general corrosion. A stopwatch or timer was used to take the 

time for each process. Sample 0.1, 0.2, 0.3, 0.4 and 0.5 were cut with the same length 

and width, shown in the figure below. 

 

FIGURE 13: SAMPLE 0.1-0.5. 

Sample 0.1 was exposed for sanding belt, shown in Figure 10, for 2min at each side. 

Afterwards was sample 0.2 damage by a steel brush for 3min at each side, shown in 

figure 10. Next sample 0.3 was exposed for sandblast, also shown in Figure 10 for 1min 

at each side. Both samples 0.4 and 0.5 were damaged by a rotary steel brush with soft 

threads for 2min at each side, but sample 0.4 was equipped with a battery operated drill 

and sample 0.5 with a high-speed air compressor. Every sample was then placed in a 

bucket with seawater for 2 weeks. The seawater used for the first week was collected in 

Hafrsfjord and afterwards replaced with seawater gathered from the North Sea, but the 

bacteria were filtered. The figure below displays the samples inside the bucket. 
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FIGURE 14: TOP LEFT: 0.3, TOP MIDDLE: 0.5, TOP RIGHT: 0.4, BOTTOM LEFT: 0.2 AND BOTTOM RIGHT: 0.1. 

Afterwards sample 0.5 was placed in the simulated marine atmosphere for 2 weeks. The 

simulated marine atmosphere was 100 meter away from the coast, placed on the second 

floor outside on a balcony facing the coast, but protected against the rain. The sample 

was sprayed with seawater three times each day, on both sides, where the seawater was 

gathered from the coast. The figure below illustrates this simulation. 
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FIGURE 15: SAMPLE 0.5 EXPOSED FOR MARINE ATMOSPHERE. 

Sample 0.6 was exposed for rotary steel brush, with hard braided threads, equipped on 

a grinder for 2min at each side. Then it was exposed for marine atmosphere for 3 days 

with the same procedure written above. Sample 0.6 and 1.1.1-3.8.3 were all cut in the 

same dimension 9cm x 9cm, shown below. 

 

FIGURE 16: SAMPLE 0.6 AND 1.1.1-3.8.3 BEFORE ANY PREPARATIONS. 
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3.5 Specimen Preparation for generate corrosion 

After the pre samples tested were finished and studied, the actual tests could begin. 

Samples 1.1.1-1.1.3 and 2.1.1-3.8.3 were all exposed for rotary steel brush with hard 

braided threads, equipped on a grinder for 2min at both sides. Afterwards samples 

2.1.1-3.8.3 were exposed for the first round of marine atmosphere with the same 

procedure written above. Next they were treated with different repassivation products, 

described in subchapter: “Repassivation” underneath chapter 3, material and methods.  

After that, samples 3.1.1-3.8.3 were exposed, for the second round, of marine 

atmosphere and treated with different repassivation products. The figure below shows 

some of the samples exposed for the marine atmosphere. 

 

FIGURE 17: SOME SAMPLES EXPOSED FOR MARINE ATMOSPHERE. 

3.6 Repassivation 
Most of the samples were treated with different repassivation products, which can be 

found in Table 5 and were performed with supplier’s recommended procedures. Valhall 

GreenGel, UltraGel and CleanGel samples were dipped down as it covered the entire 

surface and kept on for 24 hours in room temperature, then washed off with water. 



26 
 

Before using Corrogel Offshore product, the container had to be shaken before use. 

Afterwards the samples should be brushed on and washed off with water, after 30min 

in room temperature. This step was done one more time, leaving the repassivation 

product on for 3 hours, then washed off.  

Avesta products were performed in 3 steps on the samples: Cleaner, pickling and 

passivation.  The cleaner product was applied with a brush on the samples, and left to 

work for 30min in a temperature of 10 degrees, then washed off. The pickling container 

had to be shaken before use and was applied with an acid-resistant brush. The solution 

was removed after 90 min and cleaned with water. Eventually the samples were treated 

with passivation product and removed with water after 20min. All of the waste water 

were treated before emission.  

The last product, Innotek was applied with an acid-resistant brush on the samples. This 

was performed in a temperature of 10 degrees and the acid was removed after 3 hours 

with water. The waste water was also treated before emission.  

The table below shows what the products contain. According to HOCNF(Harmonzied 

Offshore Chemical Notification Format), products categorized under yellow and green, 

is normally granted for emission without any specified terms. [39] 
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TABLE 8: OVERVIEW OF WHAT THE PRODUCTS CONTAIN AND ENVIRONMENTALLY FRIENDLY. 

Product Hazardous ingredients Contain HOCNF 
Valhall 
GreenGel 

Inhibitor 
Citric acid 
Colour 
Thickener 

<2% 
6-12% 
<0.01 
<2% 

Green 

Valhall 
UltraGel 

Inhibitor 
Phosphoric acid 
Citric acid 
Colour 
Thickener 

<2% 
<30% 
<15% 
<0.01 
<2% 

Yellow 

Valhall 
CleanGel 

Inhibitor 
Phosphoric acid 
Citric acid 
Colour 
Thickener 

<2% 
<5% 
<30% 
<0.01 
<2% 

Yellow 

Offshore 
Corrogel 

Phosphoric acid  10-24% Yellow 

Avesta 
Cleaner 401 

Phosphoric acid 
Dodecylpoly (ethylene 
glycol ether) 
Heksa fluosilici acid  

12.5-25% 
2.5-5% 
0.1-2.5% 

- 

Avesta 
BlueOne 
Pickling Paste 
130 

Hydrofluoric acid 
Nitric acid 

5-12.5% 
12.5-25% 

- 

Avesta 
FinishOne 
Passivator 
630 

Hydrogen peroxide 2.5-5% - 

InnoTek Beise 
Sray 2020 

Hydrofluoric acid 
Nitric acid 

<7% 
<25% 

- 

 

3.7 ASTM G61 Test 

Standard ASTM G61 – 86 (reapproved 2014) states, “Standard Test Method for 

Conducting Cyclic Potentiodynamic Polarization Measurements for Localized Corrosion 

Susceptibility of Iron-, Nickel-, or Cobalt-Based Alloys”. This test was performed to 

determine the pitting potential and repassivation potential. [40]  

3.7.1 Preparation  
A reference electrode, a counter electrode and a working electrode in a sodium chloride 

solution was used to perform the conducting Potentiodynamic polarization test. All the 

samples were cut in long rectangular shapes so that it could be simple to measure the 
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area in the solution. There was also made some trial experiments for testing and 

preparation. The values for Open Circuit Potential (OCP) are specified in the figure 

below. 

 

FIGURE 18: HARDWARE SETTINGS FOR OCP. 

Value as initial.-, peak-, final potential, forward-, reverse scan, sample area and sample 

period were selected before the cyclic polarization test. The values selected are shown 

in the figure below.  
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FIGURE 19: EXPERIMENTAL SETUP FOR CYCLIC POLARIZATION TEST. 

3.7.2 Apparatus/equipment 
 Working Electrode (sample) 

 Reference Electrode 

 Counter Electrode 

 Beakers 

 Gamry Potentiostat 

 Thermometer 

 Digital caliper 

 Parafilm and airtight tape 

  Sartorius weight 

 Nitrogen tank 

 Plastic pipes 

3.7.3 Producers  
The sample was set in beaker containing distilled water before placed in ultrasonic bath 

for 5min and placed to dry. Meanwhile preparing the sodium chloride solution, 34 g of 

reagent grade NaCl was measured with a Sartorius weight and afterwards dissolved in 
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920 mL distilled water, giving 3.56% sodium chloride solution. 900 ml of the solution 

was relocated into the polarization cell and measured a temperature of 21±2 °C. A lid 

was placed with hole for each electrode and the plastic pipe connected to the nitrogen 

tank on top of the beaker, and used Parafilm and airtight tape to make it airtight, shown 

in the figure below. 

 

FIGURE 20: EXPERIMENT SETUP. 

The working electrode and counter electrode were placed into the beaker, but the 

working electrode was placed above the solution level before purging nitrogen, due to 

risks of bubbles attached, leading to earlier pitting corrosion. Nitrogen was used to 

remove oxygen in the solution for 5min and afterwards the reference electrode was 

inserted and sealed the beaker. A digital caliper was used to measure 1𝑐𝑚2 of the 

sample immersed in the solution. The Gamry software was started and every electrode 

were connected, and the open circuit potential (OCP) was run for 15min. After obtaining 

OCP graph, several values were added for initial-, peak- and reverse potential before 

initiating the cyclic polarization test. The pitting- and repassivation potential from the 

curve was obtained after approximately one and a half hour. 
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3.7.4 Deviation from Standard ASTM G61-86 
As mentioned before, this test was based on ASTM standard G61-86 with a few deviations of the 

standard: 

 Specimen holder: The standard recommends using a suitable holder, designed to 

expose 1𝑐𝑚2 for electrolyte. This was performed different, but with same exposure area.   

 Grinding the sample: The standard says that the sample should be wet grinded with 

240- and 600-grit SiC paper, this was not done. 

 Removing the oxygen: The oxygen was purged with gas for 5min instead of 60min. 

 Temperature: The temperature used inside the solution was 21±2 °C instead of 25±1 

°C. 

 Purification of the sample: The sample was cleaned in ultrasonic bath with distilled 

water for 5min. The standard states that the sample should be cleaned  in ultrasonic 

with detergent and water for 5min. Afterwards flushed with distilled water.  

 Potential scan rate: It was used 0.5 mV/s instead of 0.17mV/s as potential scan rate. 

3.8 Scanning Electron Microscope (SEM) 

Energy dispersive spectrometer (EDS) for X-rays with predefined values in the EDAX 

(Standardless Element Coefficients: SEC default table) software was used to determine 

which elements (qualitative) and amounts (quantitative), which were presented in the 

samples. One sample (1cm X 1cm) was produced of each plate and cleaned with Acetone 

before inserted inside the chamber. Before the samples could be examined, there had to 

be vacuum inside the chamber, and a green chin came up on the screen when it was 

ready for examination. The working distance was adjusted to 10mm and acceleration 

voltage was set first to 15kV and 25kV afterwards. Then it had to be adjusted for focus, 

lens mistakes, contrast and brightness. Several areas and points were investigated to 

determine the elements weight percent. K-lines were selected for the elements to be 

determined, also L-lines and M-lines were required due to low acceleration voltages. 

The figure below shows the SEM and how the samples were mounted before inserted.  
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FIGURE 21: SAMPLE A AND B, AND SEM ZEISS SUPRA 35 VP. 

3.9 Positive Material Identification (PMI) 
PMI analyses were used to determine quantitative presented in the plates. One sample 

was used from each plate. PMI pistol was adjusted for stainless steel 316 and there were 

taken four analyses at each sample. Each analysis took 20 seconds before the results 

were ready. The figure below shows the PMI pistol. 

  

FIGURE 22: PMI PISTOL. 

3.10 Health, Safety and Environment (HSE) 
In the workshop and at the laboratory there are several potential dangers, where 

personal protective equipment must be used. Safety shoes and coveralls should always 

be used, should be tight and flame retardant.  It is also recommended to use safety 

goggles, gloves and hearing protection by using the plate scissor. By mixing or handling 

chemicals, there should always be used rubber gloves, safety goggles, and it should be 

mixed under drains. For some of the chemicals it is also a must to use a protective suit. 

For further information about used chemicals, read attachments in appendix B.   
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4 Results 

4.1 Analysis of pre samples for generate corrosion 
Poor signs of general corrosion was observed on samples 0.1, 0.2, 0.3 and 0.4, shown in 

the figures below, after being exposed to a damage treatment and seawater. There were 

some indications leading to undesirable pitting corrosion and also a little sign of 

discoloration a few places. The results obtained from these methods gave unpleasant 

results.  

 

FIGURE 23: SAMPLE 0.1 AFTER BEEN EXPOSED FOR SANDING BELT AND SEAWATER. 

 

FIGURE 24: SAMPLE 0.2 AFTER DAMAGED BY A STEEL BRUSH AND EXHIBITED BY SEAWATER. 
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FIGURE 25: SAMPLE 0.3 EXPOSED FOR SANDBLASTING AND SEAWATER. 

 

FIGURE 26: SAMPLE 0.4 EXPOSED BY A ROTARY STEEL BRUSH WITH SOFT THREADS EQUIPPED ON A BATTERY OPERATED DRILL AND 

EXHIBITED BY SEAWATER. 

After being exposed for rotary steel brush with high-speed and exhibited by seawater 

and marine atmosphere, this sample showed some indications of discoloration. There 

was no observation of any pitting corrosion at the surface. This example provided a 

little better result compared to sample 0.1-0.4, but it would have been more satisfying 

with a thicker and a more corrosive result. 
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FIGURE 27: SAMPLE 0.5 EXPOSED BY A ROTARY STEEL BRUSH WITH SOFT THREADS EQUIPPED ON A HIGH-SPEED AIR COMPRESSOR EXHIBITED 

BY SEAWATER AND MARINE ATMOSPHERE. 

The last pre-test to generate general corrosion was achieved with a grinder, leading to 

the most effective method to expose the surface. The sample was exposed with high 

temperature and quick operation speed, and afterwards exhibited for marine 

atmosphere. Sample 0.6 delivered excellent results after just a few days in marine 

atmosphere, as shown in Figure 28. This result provided a uniform corrosion where the 

different repassivation products could have a lot to work with. It was hard to judge for 

unwanted pitting corrosion underneath, but it could be possible. This result gave the 

opportunity to proceed to the next step.  

 

FIGURE 28: SAMPLE 0.6 EXPOSED BY GRINDER WITH ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS AND EXHIBITED FOR MARINE 

ATMOSPHERE. 
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4.2 Analysis of samples for generate corrosion and repassivation 
Samples 1.1.1-1.1.3 and 2.1.1-3.8.3 were all exposed for rotary steel brush with hard 

braided threads equipped by a grinder and afterwards exhibited for marine atmosphere 

for 1 round. The figure below shows the results obtained and the rest of the results are 

found in appendix C. The samples have a general corrosion covering almost the whole 

surface, but some differences can be observed, especially at the edges.  

 

FIGURE 29: SAMPLES EXPOSED FOR GRINDER AND MARINE ATMOSPHERE. 

1.1.X samples were just damaged by the grinder without exposing  for marine 

atmosphere, allowing us to compare for further use in subchapter 4.3 Analysis of ASTM 

G61-86 on 316L, shown in Figure 30. Figure 16 presents samples 1.2.X and 1.3.X as 

reference specimens, also used in subchapter 4.3 Analysis of ASTM G61-86 on 316L. 

 

FIGURE 30: SAMPLE 1.1.X ONLY EXPOSED FOR GRINDER. 
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First time exposed for marine atmosphere repassivation 
Every figure below in this subchapter, starting from the top left corner, begins with 

sample 2.X.1, middle 2.X.2 and 2.X.3 to the right. At the bottom from the left 3.X.1, 

middle 3.X.2 and 3.X.3 to the right.  

Samples 2.1.X  and 3.1.X were just exposed for marine atmosphere with non 

repassivation products and are shown in the figure below. As mentioned before, they 

are all exposed with the grinder and marine atmosphere, with the same amount of time. 

 

FIGURE 31: SAMPLES 2.1.X AND 3.1.X WITH NON REPASSIVATION. 

Samples 2.2.X and 3.2.X were repassivated with Valhall GreenGel for 24 hours, displayed 

in Figure 32 and Figure 33. In Figure 32, almost all of the corrosion was removed, but in 

Figure 33, there were some problems removing the gel product from the surface, 

leaving an uncleaned surface.  



38 
 

 

FIGURE 32: SAMPLES 2.2.X AND 3.2.X FRONTSIDE TREATED WITH VALHALL GREENGEL. 

 

FIGURE 33: SAMPLES 2.2.X AND 3.2.X BACKSIDE TREATED WITH VALHALL GREENGEL. 
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Valhall UltraGel was applied for 24 hours on samples 2.3.X and 3.3.X and Valhall 

CleanGel on samples 2.4.X and 3.4.X , and removed all of the corrosion. It came up with 

extraordinary clean and blank surfaces.  

 

FIGURE 34: SAMPLES 2.3.X AND 3.3.X FRONTSIDE TREATED WITH VALHALL ULTRAGEL. 

 

FIGURE 35: SAMPLES 2.4.X AND 3.4.X  BAKCSIDE TREATED WITH VALHALL CLEANGEL. 
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By carrying out tests with Corrogel Offshore, the samples 2.5.X and 3.5.X came up with 

some mixed results. A few samples occurred with some corrosion and uncleaned 

surface, while other samples had it completely or almost removed. Figure 36 shows the 

varieties of the samples. 

 

FIGURE 36: SAMPLES 2.5.X AND 3.5.X  FRONTSIDE APPLIED WITH CORROGEL OFFSHORE. 
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FIGURE 37: SAMPLES 2.5.X AND 3.5.X BACKSIDE APPLIED WITH CORROGEL OFFSHORE.  

There were big variation between repassivation applied by Avesta with and without 

pickling. Samples 2.6.X and 3.6.X were exposed with Avesta cleaning, pickling and 

repassivation and provided a new clean and blank surface without any corrosion, and 

the damage from the grinder had almost disappeared. The samples treated without 

pickling presented unpleasant result, there were still plenty of corrosion left, the sample 

asses are shown below. 
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FIGURE 38: AVESTA WITH PICKLING. 

 

FIGURE 39: AVESTA WITHOUT APPLIED PICKLING. 

Samples 2.8.X and 3.8.X were exposed with Innotek. They performed very individually, 

as shown in the figure below.  By looking at the figure, it is possible to see where it has 

taken effect and some places where it has been poorly treated. 
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FIGURE 40: SAMPLES 2.8.X AND 3.8.X EXPOSED WITH INNOTEK. 

Second time exposed for marine atmosphere and repassivation 
After samples 3.1.X were exposed a second time for marine atmosphere, it resulted to a 

little corroded samples. It can be seen in figure 41, a more uniform layer of general 

corrosion over the surface. The rest of the samples didn’t show any development of 

general corrosion, they looked almost exactly the same, and the figure can be found in 

appendix D. 

 

FIGURE 41: SAMPLES 3.1.X EXPOSED SECOND TIME FOR MARINE ATMOSPHERE. 

Afterwards being exposed for marine atmosphere, samples 3.2.X-3.8.X were treated a 

new round with repassivation products. The improvement of samples 3.3.X, 3.4.X and 

3.6.X were hard to tell a part due to the fact that the surfaces were already great, figures 

found in appendix E. Samples 3.2.X showed great changes after the repassivation, a little 
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more general corrosion was removed and the surface was cleaner without residue of gel 

product, shown in the figure below.  

 

FIGURE 42: SAMPLES 3.2.X AFTER SECOND REPASSIVATION WITH VALHALL GREENGEL. 

 There were overserved immense recovery for samples 3.5.X, by applying repassivation 

product the second time. Almost everything of the general corrosion and residue of gel 

product was removed, leaving a smooth surface.  

 

FIGURE 43: AFTER APPLYING  CORROGEL OFFSHORE SECOND TIME ON SAMPLES. 3.5.X. 

Upon completion of a new treatment of samples 3.7.X, there was still some general 

corrosion over the surface. There was found little variety in each of the samples, almost 

identical. It is obvious that it works better with pickling product.  

 

FIGURE 44: SAMPLES 3.7.X AFTERWARDS EXHIBITED FOR AVESTA WITHOUT PICKLING. 
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 In the figure below, there has been huge improvements for samples 3.8.X. Compared to 

earlier, Figure 40 has been drastically changed. Corrosion has been completely removed 

and the surface looks much smoother than before.  

 

FIGURE 45: REPASSIVATION OF SAMPLES 3.8.X WITH INNOTEK. 

4.3 Analysis of ASTM G61-86 Test on 316L 

Table 9 shows an overview over the results obtained in ASTM G-61-86 to identify 

pitting-, repassivation- , open-circuit-, corrosion potential and if uniform corrosion 

occured for 316L, with different repassivation products. It is also a post-chart of the 

pitting- and repassivation potential, plus a post-chart with OCP and corrosion potential, 

shown in Figure 46 and Figure 47. Results for these tests were analyzed, evaluated and 

compared, where corrosion potential are taken from the graphs and open circuit 

potential graphs are shown in Appendix F. Each of the samples were exposed for the 

same amount of time and the procedures were stored in the same Potentiodynamic 

polarization graphs to make it easier to be evaluated and compared. There was 

observed hysteresis loop closed in every sample. Fluctuation was also observed before 

it reached the pitting potential and could be blamed by either noise or metastable pits.  
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TABLE 9: RESULTS OBTAINED FROM ASTM G61-86. 

Samples Pickling 
or/and 
repassivation 

Pitting 
potential 
[mV] 

Repassivation 
potential 
[mV] 

OCP 
[mV] 

Corrosion 
potential 
[mV] 

Uniform 
corrosion 

1.1.X - 217 170 -450 -540 X 
2.1.X - 132 89 -300 -560 X 
3.1.X - 85 72 -250 -660 X 
1.2.X - 104 21 -220 -330 - 
1.3.X - 109 6 -110 -200 - 
2.2.X Valhall GreenGel 197 147 -230 -360 X 
3.2.X Valhall GreenGel 184 72 -370 -440 Only 3.2.1 
2.3.X Valhall 

UltraGel 
72 27 -210 -350 - 

3.3.X Valhall 
UltraGel 

367 60 -150 -380 - 

2.4.X Valhall 
CleanGel 

145 55 -260 -370 X 

3.4.X Valhall 
CleanGel 

271 65 -210 -510 - 

2.5.X Corrogel 
Offshore 

132 38 -260 -370 X 

3.5.X Corrogel 
Offshore 

278 88 -140 -390 - 

2.6.X Avesta 
(cleaner, 
pickling, 
passivation) 

97 16 -260 -350 - 

3.6.X Avesta 
(cleaner, 
pickling, 
passivation) 

310 51 -30 -350 - 

2.7.X Avesta 
(cleaner, 
passivation) 

110 61 -160 -410 X 

3.7.X Avesta 
(cleaner, 
passivation) 

99 50 -120 -350 X 

2.8.X Innotek 105 43 -140 -430 - 

3.8.X Innotek 288 59 -40 -370 - 
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FIGURE 46: POST CHART OF OCP VS CORROSION POTENTIAL. 

 

FIGURE 47: POST CHART OF PITTING- AND REPASSIVATION POTENTIAL. 

Samples without treatment 
In Figure 48, the polarization curves shows uniform corrosion in the transpassive 

regions instead of localized corrosion. The initiation and propagation of localized 

corrosion didn’t occur before a large amount of current was applied, and gave a result of 

217mV and 170mV as pitting- and repassivation potential. The curves obtained from 

the graphs, are very similar. However, the areas of the hysteresis loop are very low, 

leading to good resistant against crevice corrosion. There was no observation of crevice 
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corrosion, only in a pre-sample, where there was used watertight tape to measure 

exactly area of 1𝑐𝑚2. 

 

FIGURE 48: CYCLIC POLARIZATION CURVES FOR SAMPLE 1.1.X. 

The polarization curves in Figure 49, also shows initiation of uniform corrosion in 

transpassive regions. It required higher current for initiation and propagation of 

localized corrosion. The graphs achieved had a little wider gap, but gave pitting- and 

repassivation potential as 132mV and 89mV. Sample 2.1.1 and 2.1.3 curve had higher 

repassivation potential than pitting potential.  

 

FIGURE 49: CYCLIC POLARIZATION CURVES FOR SAMPLES 2.1.X. 
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The graph for polarization curves displays beginning of uniform corrosion in 

transpassive regions, leading initiation and propagation of localized corrosion after 

applying more current. The curves presents the same values and shapes, but came up 

with higher repassivation potential in sample 3.1.1.  The pitting- and repassivation 

potential was 85mV and 72mV, and with small areas inside the hysteresis, giving good 

resistance against crevice corrosion.  

 

FIGURE 50: CYCLIC POLARIZATION CURVES FOR SAMPLES 3.1.X. 

Reference samples 
In Figure 51, represented as reference samples, the polarization curves shows only 

results of initiation and propagation of localized corrosion. The curves were very 

similar with a little lower pitting potential in sample 1.2.3. The pitting- and 

repassivation potential was 104mV and 21mV.  
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FIGURE 51: CYCLIC POLARIZATION CURVES FOR SAMPLES 1.2.X. 

Samples 1.3.X are reference samples, but the tests were performed differently. These 

tests were done without removing the oxygen inside the solution. As shown in Figure 

52, there are just indication by initiation and propagation of localized corrosion. The 

pitting- and repassivation potential were observed as 109mV and 6mV, almost the same 

values performed with nitrogen.   The curves had a related like shape, but the pitting 

potential had little variation. 

 

FIGURE 52: CYCLIC POLARIZATION CURVES FOR SAMPLES 1.3.X. 

Samples treated with Valhall GreenGel 
In Figure 53, there are clear indications of uniform corrosion in the transpassive 

regions. The initiation and propagation of pitting corrosion occurs after increased 
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current, followed by a small hysteresis loop. The pitting- and repassivation potential 

was found to be 197mV and 147mV, but had a little variation value for each sample. 

 

FIGURE 53: CYCLIC POLARIZATION CURVES FOR SAMPLES 2.2.X. 

In Figure 54, a lot of fluctuation in the potential can be seen before it reached the pitting 

potential in samples 3.2.2 and 3.2.3, with similar shape compared to sample 3.2.1. 

Results obtained from sample 3.2.1 gave higher repassivation potential than pitting 

potential. It also began with uniform corrosion and developed to initiation and 

propagation of localized corrosion after applied more current. However, the pitting- and 

repassivation potential was observed to be 184mV and 72mV.  

 

FIGURE 54: CYCLIC POLARIZATION CURVES FOR SAMPLES 3.2.X. 
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Samples treated with Valhall Ultragel 
The polarization curves recovered from Figure 55, shows a lot of fluctuation in the 

potential before pitting potential occurred. There were only indication of initiation and 

propagation of localized corrosion, while sample 2.3.1 resulted with lower potentials, 

and higher repassivation potential than pitting potential. Furthermore, the shape for 

sample 2.3.2 and 2.3.3 were alike and had almost the same potentials. The pitting- and 

repassivation potential was detected to be 72mV and 27mV.  

 

FIGURE 55: CYCLIC POLARIZATION CURVES FOR SAMPLES 2.3.X. 

In Figure 56, the graph shows indication of initiation and propagation of localized 

corrosion. However, the potential are unsteady before it reached the pitting potential.  

The pitting potential had almost the same values and found as 367mV, while the 

repassivation potential varied a little more, but was measured to be 60mV. That pitting 

potential was the highest value from the results. Additionally, the shape of the curves 

look almost the same.   
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FIGURE 56: CYCLIC POLARIZATION CURVES FOR SAMPLES 3.3.X. 

Samples treated with Valhall CleanGel 
The cyclic polarization curve observed in Figure 57, had very different shapes and 

potentials from one another. Sample 2.4.1 and 2.4.3 showed some uniform corrosion in 

the transpassive regions, after increasing the current it changed to pitting potential. 

While sample 2.4.2 displayed initiation and propagation of localized corrosion. All of the 

curves potential had fluctuation before the pitting potential. The pitting- and 

repassivation potential was observed as 145mV and 55mV.  

 

FIGURE 57: CYCLIC POLARIZATION CURVES FOR SAMPLES 2.4.X. 

In Figure 58, similar potential values and patterns in the curves can be seen. There were 

none uniform corrosion, just indication that initiation and propagation of localized 
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corrosion occurred. There was just a little sign of fluctuation before it reached the 

pitting potential in sample 3.4.1. The pitting- and repassivation potential was found to 

be 271mV and 65mV.  

 

FIGURE 58: CYCLIC POLARIZATION CURVES FOR SAMPLES 3.4.X. 

Samples treated with Corrogel Offshore 
There was observed a short period of uniform corrosion in the transpassive regions 

before exposed by initiation and propagation of localized corrosion, in Figure 59. The 

curves obtained from the figure behaved almost identical and contained fluctuation 

before it entered the pitting potential. The pitting- and repassivation potential was 

observed to be 132mV and 38mV.  

 

FIGURE 59: CYCLIC POLARIZATION CURVES FOR SAMPLES 2.5.X. 
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In Figure 60, there were clear indication of initiation and propagation of localized 

corrosion with alike potential values and curves. However, there was some fluctuation 

with sample 3.5.1. Results obtained from the curves gave 278mV and 88mV as pitting- 

and repassivation potential. Additionally, the pitting potential occurred with a smaller 

amount of current.  

 

FIGURE 60: CYCLIC POLARIZATION CURVES FOR SAMPLES 3.5.X. 

Samples treated with Avesta with pickling 
After analyzing Figure 61, it showed similar indication for sample 2.6.2 and 2.6.3, but 

different results for sample 2.6.1. Sample 2.6.1 had much lower values, and with 

slimmer hysteresis loop, also containing fluctuation. Entirety gave a pitting- and 

repassivation potential as 97mV and 16mV. Furthermore, there were only initiation and 

propagation of localized corrosion.  
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FIGURE 61: CYCLIC POLARIZATION CURVES FOR SAMPLES 2.6.X. 

In Figure 62, the cyclic polarization curve showed signs of fluctuation with the corrosion 

potential. The results found were very similar values and pattern, leading to a pitting- 

and repassivation potential as 310mV and 51mV. It was only indicated that initiation 

and propagation of localized corrosion occurred.   

 

FIGURE 62: CYCLIC POLARIZATION CURVES FOR SAMPLES 3.6.X. 

Samples treated with Avesta without pickling 
After studying Figure 63, huge variety was observed. Sample 2.7.1 and 2.7.2 had higher 

repassivation potential than pitting potential. There were formation of initiation and 

propagation of localized corrosion, but sample 2.7.1 was also exposed for uniform 

corrosion until it reached a large amount of current. There was also seen fluctuation, 
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especially in sample 2.7.2. The pitting- and repassivation potential were found as 

110mV and 61mV. 

 

FIGURE 63: CYCLIC POLARIZATION CURVES FOR SAMPLES 2.7.X. 

Figure 64 shows the cyclic polarization curves with a few differences. There were 

observed fluctuation in every sample until it reached uniform corrosion or pitting 

potential. Samples 3.7.3 obtained higher repassivation- than pitting potential and also 

uniform corrosion after increased current, leading to initiation and propagation of 

localized corrosion. The pitting- and repassivation potential was observed to be at 

99mV and 50mV.  

 

FIGURE 64: CYCLIC POLARIZATION CURVES FOR SAMPLES 3.7.X. 
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Samples treated with Innotek 
In Figure 65, the indication shown is that initiation and propagation of localized 

corrosion occurred. Here, the curves are very homogeneous, exception of repassivation 

values. The curves had low amount of fluctuation. Furthermore, the pitting- and 

repassivation potential was found to be 105mV and 43mV.  

 

FIGURE 65: CYCLIC POLARIZATION CURVES FOR SAMPLES 2.8.X. 

The pitting- and repassivation was found to be at 288mV and 59mV, obtained in Figure 

66. Sample 3.8.2 and 3.8.3 consist of fluctuation before it reached the pitting potential. 

The pitting potential had almost similar value, while the repassivation potential varied 

greatly. There were just indication of initiation and propagation of localized corrosion.  

 

FIGURE 66: CYCLIC POLARIZATION CURVES FOR SAMPLES 3.8.X. 
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4.4 Analysis of Scanning Electron Microscope 

Point- and area- analyzes were performed on both plates to determine the chemical 

composition. The different elements were identified by looking at the energy of the 

characteristic X-rays, shown in the figure below. The analysis program was used to 

identify these, but had to verify the results, by checking that the energy peaks on the 

spectrum actually matched. The results from the analysis and the certificate are found 

in Table 10. From Table 10, there are small different values, except for carbon and 

nitrogen. Chromium was found to be around 1Wt% higher, while molybdenum was 

measured around 0.5Wt% less than the certificate. 

 

FIGURE 67: EDS-ANALYSIS FROM ONE SAMPLE. 

TABLE 10: CHEMICAL COMPOSITION FOR SAMPLE 1, SAMPLE 2 AND THE CERTIFICATE. 

Sample 1 1 2 2 Certificate 
Acceleration voltage 15kV 25kV 15kV 25kV - 
Elements Wt% Wt% Wt% Wt% Wt% 
N K - 0,33 - 0,11 0,012 
C K 1,20 1,86 0,74 1,51 0,022 
O K 1,15 - 0,93 - - 
Mn L 0,71 1,13 0,89 1,08 1,03 
Si K 0,50 0,40 0,54 0,55 0,65 
Mo L 1,45 1,41 1,50 1,43 2,01 
Cr K  17,68 18,01 17,57 18,08 16,81 
Fe K 68,50 67,83 68,38 68,02 - 
Ni K 9,41 9,03 9,35 9,17 10,10 
P K - - - 0,04 0,034 
S     0,002 
Total 100,57 100 99,89 99,99 - 
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The purpose of investigating the plate’s chemical composition was to compare them with the 

certificate and look for deviation, especially for chromium and molybdenum.  

4.5 Analysis of PMI 
The chemical composition was also obtained with PMI analysis. Results from PMI 

analysis are shown in Table 11. The results shows very small variety compared to the 

certificate.  

TABLE 11: CHEMICAL COMPOSITION PERFORMED WITH PMI FOR SAMPLE 1, SAMPLE 2 AND THE CERTIFICATE. 

Sample  1 2 Certificate 
Elements Wt% Wt% Wt% 
Cr 16,91 17,05 16,81 
Cu 0,41 0,39 - 
Fe 69,33 69,25 - 
Mn 1,05 0,94 1,03 
Mo 2,02 2,00 2,01 
Ni 10,28 10,12 10,10 
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5 Discussion 

The main objective of the thesis was to investigate what effect of the repassivation 

product has on corrosion resistance property of 316L in marine atmosphere. Another 

interest was to investigate the chemical composition and compare it with the certificate. 

It was therefore chosen to perform a method to achieve general corrosion. Exposed with 

marine atmosphere, visual inspection before and after repassivation, electrochemical 

test and chemical composition. The Electrochemical test was performed according to 

ASTM G61-86, and several trial experiments was performed before starting the 

experiment on the real samples.  Three parallel tests were performed for the visual 

inspection and the electrochemical test for each combined experiment. 

Chemical composition was performed with SEM- and PMI-analyzation, and the results 

matched well, according to the certificate. According to the theory, chapter 2.13.3, 

molybdenum K-shell characteristic  X-rays won’t appear before 25kV spectrum, but 

came up with less wt% after adjusting the acceleration voltage from 25kV to 15kV. 

Generally, several energy peaks on the spectrum, gives more accuracy, because of less 

uncertainty of noise in the spectrum. This gives some suspicion of low content of 

molybdenum, due to lower content with 25kV spectrum, and it could be measured with 

a more accurate method as wavelength dispersive spectrometer (WDS). However, the 

results obtained from PMI supports that the chemical composition certificate is correct.  

There was not much evidence in the literature to break down the passive layer and 

achieve general corrosion, and was performed with experience from the field. Rotary 

steel brush with hard braided threads equipped by a grinder provided high speed, led to 

high temperature and broke down the passive layer. It was done manually, which led to 

uncertainty around where the samples was damaged, even though it was exposed for 

the same amount of time. It was exposed for marine atmosphere instead of seawater, 

due to similar issues as in the problem. The simulated marine atmosphere was 

performed similarly as mentioned in chapter 2.9, where seawater was sprayed on the 

metal surface and cyclic drying, and the results are shown in Figure 29 and appendix C. 

The temperature varied from day to day, but all the samples were placed in the same 

place, sheltered from rainy weather.  
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According to theory, chapter 2.10, passivation process is a chemical treatment that gives 

greater corrosion resistance, smooth and clean surface, and extends the life of steel. 

Pickling removes impurities from the surface after being exposed like for example a 

grinder, and the corrosion properties can be restored, according to chapter 2.11.  

It was observed that corrosion was completely removed and a clean and blank surface 

treated with Avesta with pickling, Valhall CleanGel andValhall UltraGel after the first 

time with repassivation. Valhall GreenGel and Corrogel Offshore had some problems 

with corrosion, removed the gel product from the surface and left behind an unclean 

surface, but showed great improvement after second time with repassivation. Avesta 

without pickling performed poorly after two times with repassivation, while Innotek 

had great improvement after the second time with repassivation. However, Valhall 

products had to be applied with dipping. This makes it difficult to carry out offshore, 

while the other products are applied with a brush. This was also done manually and can 

lead to variety.  Also Valhall products have much longer treatment time, but have only 

one process compared to Avesta and Corrogel Offshore. According to HOCNF, products 

as Valhall and Corrogel Offshore are categorized under yellow and green and is 

normally granted emission without any specified terms. [39] 

Based on the visual inspection, Valhall UltraGel and Valhall CleanGel performed better 

than Valhall GreenGel due to the environmentally friendly degree, as expected. Also, it 

came up with a greater result than Corrogel Offshore. That may come from the 

treatment time. However, Corrogel Offshore is more convenient offshore by applying it 

with a brush. Avesta with pickling performed much better than without pickling, as 

expected. Additionally, Avesta with pickling gave a clean and blank surface first and 

second round, compared to Innotek. However, both of them are not environmentally 

friendly, leading to treat the emissions, but good with waste water treatment systems. 

Innotek’s results varied from the first round. The reason for this variation could be 

because the product didn’t cover the whole surface during the treatment procedure. 

The pitting tests were based on ASTM standard G61-86 with a few adjustments 

described in subchapter 3.6.4. This test was performed to support results from visual 

inspection. It was recommended to use a specimen holder to expose 1𝑐𝑚2 for 

electrolyte, this was performed different with the same area due to uncertainties with 

the holder. The specimen holder could lead to crevice corrosion if it is not sealed. The 
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standard also says that grind paper should be used, but would result in damaging the 

general corrosion and repassivation product. The oxygen was purged with nitrogen for 

5min instead of 60min and the temperature used for the solution was 21±2 °C instead of 

25±1 °C because the heat element could affect the electrodes and the software,  and lead 

to uncertain values.  The standard also states that the sample needs to be cleaned with 

distilled water and detergent in ultrasonic bath for 5min, but was cleaned with only 

distilled water because it may interface with the repassivation product. It was 

performed 57 tests and it was used 0.5mV/s as potential scan rate instead of 0.17mV/s 

to save time.  

Corrosion potential, or open circuit potential was determined and used for ranking the 

samples corrosion resistance, where higher potential means more noble. However, this 

is not a reliable method because it only indicates the startpoint of the cyclic polarization 

curve, which is used to determine the pitting- and repassivation potential.  Additionally, 

the open circuit potential was ran for only 15min and could need more time to stabilize 

itself and become steady. The values are found in Table 9 and graphs in appendix F. 

There are almost no patterns to observe from corrosion- and open circuit potential. 

The results from the cyclic polarization tests are represented in Table 9. After analyzing 

the Potentiodynamic experiments, there are two features to look  after: the pitting 

potential (𝐸𝑝𝑖𝑡𝑡) and the repassivation potential (𝐸𝑟𝑒). The pitting potential takes place 

when pitting corrosion begins, by increasing potential. The repassivation potential takes 

place after the hysteresis loop is completed, after a performed reverse scan. When the 

reverse scan crosses the forward scan at the potential graph, repassivation occurs.  This 

kind of experiment produces analytical data to pitting-, crevice corrosion and 

passivation behavior.[14, 33] Ideally, the difference between the pitting potential (𝐸𝑝𝑖𝑡𝑡) 

and the repassivation potential (𝐸𝑟𝑒) should be as low as possible to give great pitting 

resistance. [34] Samples 2.2.1-2.8.3 on one side wasn’t passivated before performing 

G61-86 and gave a major deviation, this could be one of the reasons for general 

corrosion, without a passive layer. This test is used for localized corrosion attack and if 

the passive layer is not present, it will lead to general corrosion, which gives an invalid 

result. Another reason could be that after being exposed by the grinder or cut with the 

plate scissor, the surface could become sharp or defect. The results are shown in the 

table and post chart below, where samples with general corrosion are assumed as 
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invalid results, because they didn’t have a uniform passive layer. It is a clear indication 

that the samples treated with passivation products have higher corrosion resistance 

than without, although they have been exposed by a grinder. However, there were small 

differences observed in the repassivation potential. Samples treated the second time 

with repassivation products as Valhall UltraGel, Valhall CleanGel, Microsit, Avesta with 

pickling and Innotek came up with a much higher pitting potential, compared to the 

others. Valhall UltraGel obtained almost four times greater pitting potential than the 

reference samples, which was not exposed with a grinder.  

TABLE 12: VALID RESULTS FROM G61-86. 

Samples Pickling or/and repassivation Pitting potential 
[mV] 

Repassivation 
potential [mV] 

1.2.X - 100 20 
1.3.X - 110 10 
3.2.X Valhall GreenGel 160 50 
2.3.X Valhall UltraGel 70 30 
3.3.X Valhall UltraGel 370 60 
3.4.X Valhall CleanGel 270 70 
3.5.X Corrogel Offshore 280 90 
2.6.X Avesta (cleaner, pickling, 

passivation) 
100 20 

3.6.X Avesta (cleaner, pickling, 
passivation) 

310 50 

2.8.X Innotek 110 40 
3.8.X Innotek 290 60 

 

 

FIGURE 68: REULTS OF PITTING- AND REPASSIVATION POTENTIAL WITHOUT INVALID RESULTS. 
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6 Conclusion and Recommendations 

The conclusion will here be shown pointwise based on the results obtained. 

 Rotary steel brush with hard braided threads equipped by a grinder, led to high 

temperature and provided a good method to break down the passive layer and 

achieve general corrosion after being exposed for simulated marine atmosphere. 

 Repassivation products gives a better passive layer than a naturally developed 

passive layer on 316L. According to the visual inspection and ASTM G61-86 test, 

Valhall UltraGel obtained the best score as the environmentally friendly and 

Avesta with pickling, achieved the best result, used with a wastewater treatment 

system. The pitting potential achieved with Valhall UltraGel and Avesta with 

pickling were three - four times higher than the reference samples of 316L. 

 Chemical composition based on characteristic X-rays were found out to fit with 

the certificate.  

Recommendations and suggestions for further work for this subject are mentioned 

below: 

 It could be interesting to compare with other passivation products. However, it is 

recommended to optimize it for offshore use, considering the environmental and 

user friendliness. 

 Find a better method to achieve general corrosion without damaging the surface, 

just break down the passive layer. Also, use gel products on pipes that have been 

in operation. 

 It is suggested to compare with another material, for example 317L, which has 

higher molybdenum contents, which improve the corrosion resistance in 

oxidizing environments and increases the pitting potential. 

 Investigate the molybdenum contents with a more accurate method as 

wavelength dispersive spectrometer (WDS). 
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Appendix C 

 
FIGURE 1: SAMPLES 2.1.1-2.1.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 

 

FIGURE 2: SAMPLES 3.1.1-3.1.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 
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FIGURE 3: SAMPLES 2.2.1-2.2.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 

 

FIGURE 4: SAMPLES 3.2.1-3.2.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 
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FIGURE 5: SAMPLES 2.3.1-2.3.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 

 

FIGURE 6: SAMPLES 3.3.1-3.3.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 
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FIGURE 7: SAMPLES 2.4.1-2.4.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 

 

FIGURE 8: SAMPLES 3.4.1-3.4.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 
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FIGURE 9: SAMPLES 2.5.1-2.5.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 

 

FIGURE 10: SAMPLES 3.5.1-3.5.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 
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FIGURE 11: SAMPLES 2.6.1-2.6.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 

 

FIGURE 12: SAMPLES 3.6.1-3.6.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 
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FIGURE 13: SAMPLES 2.7.1-2.7.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 

 

FIGURE 14: SAMPLES 3.7.1-3.7.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 
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FIGURE 15: SAMPLES 2.8.1-2.8.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 

 

FIGURE 16: SAMPLES 3.8.1-3.8.3  FRONTSIDE AND BACKSIDE WERE EXPOSED FOR ROTARY STEEL BRUSH WITH HARD BRAIDED THREADS 

EQUIPPED BY A GRINDER AND AFTERWARD EXHIBITED FOR MARINE ATMOSPHERE FOR 1 ROUND. 
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Appendix D 

 

FIGURE 17: SAMPLES 3.2.1-3.2.3 EXPOSED SECOND TIME MARINE ATMOSPHERE AND ONE TIME REPASSIVATION. 

 

 
FIGURE 18: SAMPLES 3.3.1-3.3.3 EXPOSED SECOND TIME MARINE ATMOSPHERE AND ONE TIME REPASSIVATION. 
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FIGURE 19: SAMPLES 3.4.1-3.4.3 EXPOSED SECOND TIME MARINE ATMOSPHERE AND ONE TIME REPASSIVATION. 

 

FIGURE 20: SAMPLES 3.5.1-3.5.3 EXPOSED SECOND TIME MARINE ATMOSPHERE AND ONE TIME REPASSIVATION. 
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FIGURE 21: SAMPLES 3.6.1-3.6.3 EXPOSED SECOND TIME MARINE ATMOSPHERE AND ONE TIME REPASSIVATION. 

 

FIGURE 22: SAMPLES 3.7.1-3.7.3 EXPOSED SECOND TIME MARINE ATMOSPHERE AND ONE TIME REPASSIVATION. 
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FIGURE 23: SAMPLES 3.8.1-3.8.3 EXPOSED SECOND TIME MARINE ATMOSPHERE AND ONE TIME REPASSIVATION. 

 

Appendix E 

 

FIGURE 24: SAMPLES 3.3.1-3.3.3 EXPOSED SECOND TIME MARINE ATMOSPHERE AND REPASSIVATION. 
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FIGURE 25: SAMPLES 3.4.1-3.4.3 EXPOSED SECOND TIME MARINE ATMOSPHERE AND REPASSIVATION. 

 

FIGURE 26: SAMPLES 3.6.1-3.6.3 EXPOSED SECOND TIME MARINE ATMOSPHERE AND REPASSIVATION. 
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Appendix F 

 

FIGURE 27: SAMPLE 1.1.1-1.1.3 OPEN CIRCUIT POTENTIAL GRAPHS. 

 

FIGUR 28: SAMPLE 1.2.1-1.2.3 OPEN CIRCUIT POTENTIAL GRAPHS. 
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FIGUR 29: SAMPLE 1.3.1-1.3.3 OPEN CIRCUIT POTENTIAL GRAPHS. 

 

FIGUR 30: SAMPLE 2.1.1-2.1.3 OPEN CIRCUIT POTENTIAL GRAPHS. 
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FIGUR 31: SAMPLE 2.2.1-2.2.3 OPEN CIRCUIT POTENTIAL GRAPHS. 

 

FIGUR 32: SAMPLE 2.3.1-2.3.3 OPEN CIRCUIT POTENTIAL GRAPHS. 
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FIGUR 33: SAMPLE 2.4.1-2.4.3 OPEN CIRCUIT POTENTIAL GRAPHS. 

 

FIGUR 34: SAMPLE 2.5.1-2.5.3 OPEN CIRCUIT POTENTIAL GRAPHS. 
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FIGUR 35: SAMPLE 2.6.1-2.6.3 OPEN CIRCUIT POTENTIAL GRAPHS. 

 

FIGUR 36: SAMPLE 2.7.1-2.7.3 OPEN CIRCUIT POTENTIAL GRAPHS. 
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FIGUR 37: SAMPLE 2.8.1-2.8.3 OPEN CIRCUIT POTENTIAL GRAPHS. 

 

FIGUR 38: SAMPLE 3.1.1-3.1.3 OPEN CIRCUIT POTENTIAL GRAPHS. 
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FIGUR 39: SAMPLE 3.2.1-3.2.3 OPEN CIRCUIT POTENTIAL GRAPHS. 

 

FIGUR 40: SAMPLE 3.3.1-3.3.3 OPEN CIRCUIT POTENTIAL GRAPHS. 
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FIGUR 41: SAMPLE 3.4.1-3.4.3 OPEN CIRCUIT POTENTIAL GRAPHS. 

 

FIGUR 42: SAMPLE 3.5.1-3.5.3 OPEN CIRCUIT POTENTIAL GRAPHS. 



149 
 

 

FIGUR 43: SAMPLE 3.6.1-3.6.3 OPEN CIRCUIT POTENTIAL GRAPHS. 

 

FIGUR 44: SAMPLE 3.7.1-3.7.3 OPEN CIRCUIT POTENTIAL GRAPHS. 
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FIGUR 45: SAMPLE 3.8.1-3.8.3 OPEN CIRCUIT POTENTIAL GRAPHS. 


