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Sammanfattning 

Abstract 

As of 21st September 2017, industrial use of hexavalent chromium (Cr(VI)) will, due to its environmental toxicity and carcinogenicity, 

be restricted by REACH regulations. Saab Aeronautics is therefore shifting anticorrosion surface treatment of aluminum alloys from 

hexavalent chromium conversion to trivalent chromium (Cr(III)) passivation. The purpose of this thesis is to investigate the 

characteristics of conversion coatings formed with the passivation chemical SurTec 650V, in order to facilitate transfer to the more 

environmental friendly alternative. Process parameters, such as pH and immersion time in SurTec 650V passivation baths, have been 

investigated for passivation of three different aluminum alloys; 2024, 6061 and 7075. The characteristics of the Cr(III) conversion 

coatings achieved at laboratory scale in the thesis work have been compared with SurTec 650V process in production scale and with 

Cr(VI) containing Alodine 1200 and Alodine 1500 processes. 

The impact of varying process parameters have been investigated with goniometry, x-ray photoelectron spectroscopy (XPS), auger 

electron spectroscopy (AES), scanning electron microscopy (SEM) and transmission electron microscopy (TEM) to analyse 

characteristics of the conversion coatings. Differences in chemical composition on the surface and in depth profile was detected with 

XPS and AES, respectively and topology of coatings was found to differ for different aluminium alloys and parameter combinations. 

With TEM, the thickness of the conversion coating was found to be approximately 30-50 nm, which is thinner than the coatings 

formed with Cr(VI) passivation. Characteristics of coatings formed with Cr(III) passivation is concluded to be very dependent on 

parameter variation, especially for alloy 2024. Differences also occur between passivation at laboratory and production scale. Further 

evaluation of the production scale SurTec 650V process and corrosion testing should be performed, and an elaboration of a process 

control is required before the shift to an environmental friendly passivation process can be completely successful at Saab. 
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Abstract 

As of 21st September 2017, industrial use of hexavalent chromium (Cr(VI)) will, due to its 

environmental toxicity and carcinogenicity, be restricted by REACH regulations. Saab 

Aeronautics is therefore shifting anticorrosion surface treatment of aluminum alloys from 

hexavalent chromium conversion to trivalent chromium (Cr(III)) passivation. The purpose of 

this thesis is to investigate the characteristics of conversion coatings formed with the 

passivation chemical SurTec 650V, in order to facilitate transfer to the more environmental 

friendly alternative. Process parameters, such as pH and immersion time in SurTec 650V 

passivation baths, have been investigated for passivation of three different aluminum alloys; 

2024, 6061 and 7075. The characteristics of the Cr(III) conversion coatings achieved at 

laboratory scale in the thesis work have been compared with SurTec 650V process in production 

scale and with Cr(VI) containing Alodine 1200 and Alodine 1500 processes. 

The impact of varying process parameters have been investigated with goniometry, x-ray 

photoelectron spectroscopy (XPS), auger electron spectroscopy (AES), scanning electron 

microscopy (SEM) and transmission electron microscopy (TEM) to analyse characteristics of 

the conversion coatings. Differences in chemical composition on the surface and in depth 

profile was detected with XPS and AES, respectively and topology of coatings was found to 

differ for different aluminium alloys and parameter combinations. With TEM, the thickness of 

the conversion coating was found to be approximately 30-50 nm, which is thinner than the 

coatings formed with Cr(VI) passivation. Characteristics of coatings formed with Cr(III) 

passivation is concluded to be very dependent on parameter variation, especially for alloy 2024. 

Differences also occur between passivation at laboratory and production scale. Further 

evaluation of the production scale SurTec 650V process and corrosion testing should be 

performed, and an elaboration of a process control is required before the shift to an 

environmental friendly passivation process can be completely successful at Saab. 

Key words: aluminium alloys, trivalent chromium passivation, SurTec 650V, goniometry, XPS, 

AES, SEM, TEM, corrosion 
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1 Introduction 
As of September 2017 the industrial use of hexavalent chromium (Cr(VI)) will, due to its 

environmental and health toxicity, be highly restricted by the Registration, Evaluation, 

Authorization and restriction of Chemicals (REACH) regulation imposed by the European 

Union. In result, Cr(VI) containing chemical processes involved in the production and finishing 

of Saab Aeronautics’ aircrafts must be replaced. One such process is the surface treatment of 

aluminum alloys known as chromate conversion coating and its replacement will be the focus 

of this project. 

The main method examined in this project is an alternative to Cr(VI) conversion coating of 

aluminum alloys, known as trivalent chromium (Cr(III)) passivation, which is classified as 

environmental friendly. A passivation process, using the product SurTec 650V, has earlier been 

evaluated and found suitable for implementation in Saab’s surface treatment unit in Linköping. 

However, after full scale implementation, the coatings formed during passivation in the 

production setting have been unsuccessful in withstanding corrosion resistance testing 

governed by military and Saab standards. Further investigation of the SurTec 650V passivation 

process is thus required, before the use of Cr(VI) containing conversion coatings can be fully 

abandoned. 

1.1 Purpose 

The main purpose of this thesis is to facilitate the transfer to environmental friendly passivation 

by contributing knowledge about the characteristics of SurTec 650V conversion coatings from 

a micro material perspective and in relation to preformed corrosion resistance testing. The thesis 

further aims to investigate how variation of parameters relevant in the SurTec 650V passivation 

process affect coating characteristics and to evaluate these variations in relation to corrosion 

resistance. In response to the deepened understanding of the passivation process, an ultimate 

goal of the thesis project is to enable recommendation of production scale process conditions 

resulting in aluminum components that fulfill all requirements of Saab standard 2754 (2012). 
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1.2 Expected impact of the work 

A deepened knowledge about the characteristics of conversion coatings formed as a result of 

passivation with SurTec 650V, should have impact on and facilitate decisions regarding the use 

of the passivation process for corrosion protection purposes. Conclusions drawn regarding 

process parameter impact could be the basis for adjusting parameters in the production scale 

passivation process at Saab Aeronautics in Linköping. By these adjustments, coatings fulfilling 

both the corrosion resistance demands of military standards and REACH regulations could be 

achieved. In extension, production units of other business areas within Saab group might benefit 

in similar ways from the conclusions drawn in the thesis. 

As the REACH regulation sunset date for industrial use of Cr(VI) is set to September 2017, it 

is important for Saab to find adequate replacement for the Cr(VI) containing conversion 

coatings. Not doing so could have both economic and competitive repercussions as an effect of 

not fulfilling international regulations. This thesis is one part of assuring smooth transfer to 

environmental friendly passivation options. An ethical aspect to be considered in relation to this 

thesis regards the effect of enforcing REACH regulations.  

Due to these regulations Saab, and other companies, are forced to find new passivation 

processes which uphold the same standards as currently used processes. The new requirements 

initiates increased research and development, which results in high costs due to the common 

efforts to find new processing solutions. The transformation phase may also be stressful for the 

employees working with this development. However, having in mind the toxicity of Cr(VI), 

REACH regulations will also assure positive effects, in the long run, for the health of people 

working in affected industries and for the environment.    
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1.3 Objectives of the work 

The thesis is divided into four major objectives, which are outlined below.  

Objective 1: 

Investigate how variation of the immersion time and pH in SurTec 650V solution affect the 

wettability of conversion coatings formed on different aluminum alloys. Results from this initial 

screening should be used to identify possible trends for variation of process parameters in 

correlation to available data from previous corrosion resistance testing. Parameter combinations 

resulting in coatings with distinct characteristics should be identified for continued evaluation. 

Objective 2: 

Investigate how characteristics such as; chemical surface composition, surface topology, 

chemical depth composition and depth morphology vary between conversion coatings. 

Relevant combinations of immersion time in SurTec 650V solution and pH of the immersion 

bath, at different aluminum alloys will be investigated. 

Objective 3: 

Compare findings regarding SurTec 650V conversion coatings with the currently used Cr(VI) 

conversion coatings formed in Alodine 1200 and Alodine 1500 baths. 

Objective 4: 

Investigate and evaluate to what extent conclusions are transferable from lab scale testing 

preformed in the thesis project to production scale passivation preformed at Saab Aeronautics.  
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1.4 Boundary conditions 

The thesis is written on the behalf of Saab AB and more specifically within airframe 

development at Saab Aeronautics in Linköping. The project is executed in collaboration with 

the Molecular Surface Physics and Nano Science research group at Linköping University. 

Below follows a short introduction to Saab and its organization. 

1.4.1 Saab 

Saab is a company acting within the defense and security business at a global market, 

envisioning that every human should have the right to feel safe. In total Saab has about 14,000 

employees and operate in over 100 countries. 

The company was founded in 1937, as Europe stood on the brink of what was to become the 

Second World War. Aspiring to assure national security and sovereignty, the Swedish 

government decided to promote domestic defense industry, resulting in the establishment of 

Svenska Aeroplan AB, later known as Saab. The first Saab factory was built in Trollhättan and 

already in 1938 the production of military bomber aircraft to be used by the Swedish air force 

was commenced. Military aircraft has since then been manufactured at Saab, including among 

others the renowned models Tunnan, Lansen, Draken, Viggen and Gripen. Starting in 1944, 

Saab has also been active within the civil aircraft market, producing both whole aircrafts and 

aircraft parts to be used by other manufacturers. Apart from aircrafts, Saab is invested in the 

development and manufacturing of other defense technology such as missile systems, ground 

combat weapons, underwater vehicles, early warning and control systems and signals 

intelligence systems. Acting at a global market, Saab no longer provides its solutions only to 

the Swedish military, but has established five international market areas with presence around 

the world. Saab’s business and market areas are illustrated in Figure 1.1. Since year 2000, Saab 

has also acquired many existing companies to broaden its portfolio. Most recently, in 2014, 

Saab acquired the Swedish shipyard Kockums, thus extending further into naval technology. 

Saab Group 

 

Business areas

 

Market areas

 

Aeronautics

 

Dynamics

 

Surveillance

 

Industrial Products 

and Services

 

Support and 

Services

 

Nordic and Baltic

 

Asia Pacific

 

Latin America

 

North America

 

Europe, Middle East 

and Africa

 

Saab Kockums

 

 

Figure 1.1: Saab organizational chart, including all business and market areas and the subsidiary 

company Saab Kockums. 
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2 Theory 
This section intends to introduce theory relevant for understanding corrosion protection, surface 

treatment of aluminum and the methods used in the thesis project.  

2.1 Scientific background 

The scientific background will describe why aluminum is a material used for many industrial 

purposes and how corrosion protection is implemented. The specific use of conversion coatings 

to protect against corrosion is described, including information about the use of chromium in 

these coatings and why Cr(VI) is to be regulated.  

2.1.1 REACH 

REACH is a constitution of the European Union which regulate for the usage of chemicals. The 

purpose of these regulations is to prevent and control risks caused by chemicals, in order to 

protect human health and the environment. In REACH Regulations 2013, Cr(VI) is classified 

as carcinogenic and mutagenic, unlike Cr(III) which is not REACH regulated. According to 

Annex XIV, the sunset date for using Cr(VI) for industrial purposes is 21st of September 2017 

(REACH Regulations 2013). 

2.1.2 Chromium 

Chromium is a heavy metal with atomic number 24, which generally exists in Cr(III) and Cr(VI) 

oxidation states in the environment. Other oxidation states of chromium exists, but are unstable 

and is quickly converted to the trivalent oxidation state. Chromium is well documented as a 

harmful element and its toxicity depends strongly on the oxidation state (Mishra & Bharagava 

2016). Cr(VI) has higher oxidizing potential than Cr(III) and it can easily penetrate biological 

membranes, making Cr(VI) the most toxic oxidation state. Cr(VI) is classified as carcinogenic 

and mutagenic and can be exposed to the human body through breathing, eating, drinking and 

skin contact. Cr(III) on the other hand is not known to cause cancer and its membrane 

permeability is poor, making it less toxic than Cr(VI) (Salden 2011) . 

2.1.2.1 Chromium toxicity for the human 

Cr(VI) is considered as a human carcinogen by the World Health Organization and is mostly 

associated with lung, nasal and sinus cancers, which develop through oral ingestion. The 

mechanisms of the carcinogenicity induced by Cr(VI) is not yet fully understood. However, 

Cr(VI) is known to easily pass the cell membrane through the sulfate transport system and 

induce generation of free radicals and DNA damage. Once Cr(VI) appears inside the cell, it can 

be reduced to Cr(III) via several reactions due to cellular reductants such as for example 

ascorbic acid, glutathione and flavoenzymes like cytochrome P-450 and riboflavin. If some of 

these reactions happen, oxidative stress is caused and intermediates such as tetravalent 

chromium Cr(IV) and pentavalent chromium Cr(V) are produced. These intermediates can 

contribute to development of several health abnormalities, in both humans and animals, since 

they easily combine with DNA-protein complexes (Mishra & Bharagava 2016). Figure 2.1 

illustrate Cr(VI) penetration of the cell membrane and damage caused inside the cell due to 

reduction from Cr(VI) to Cr(III). 
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Figure 2.1: Schematic figure of how Cr(VI) passes cell membrane through the sulfate transport system 

and cause protein and DNA damage (Mishra & Bharagava, 2016). 

Exposure to Cr(VI) can, as mentioned earlier, lead to lung cancer and other disorders through 

breathing. For example, working in an environment with a concentration of the Cr(VI) exposure 

greater than 0.001 mg/m3 effects the lungs and can cause asthma or nasal septum ulcers. If the 

concentration exceeds 0.01 mg/m3 and the person breaths through mouth it can cause stomach 

ulcers. It is also reported that if Cr(VI) enters through oral ingestion and is reduced into Cr(III) 

it can lead to either formation of Cr-DNA adducts or Cr(V) and reactive oxygen species (ROS) 

leading to oxidative stress. In both cases this can lead to cell proliferation which in turn can 

cause mutations and tumors, see Figure 2.2 (Mishra & Bharagava 2016). 

 

Figure 2.2 Two alternative ways which can explain the mechanism of the carcinogenicity induced by 

Cr(VI) in human due to ingestion of Cr(VI) (Mishra & Bharagava 2016). 

2.1.2.2 Chromium toxicity for the environment 

Cr(VI) is more toxic for the environment than Cr(III), since it is more soluble in water and has 

higher permeability to penetrate the cell membrane. Since Cr(VI) is easily soluble in water, it 

can spread to the environment through for example leakage of Cr(VI) into ground water. In the 

ground water, Cr(VI) is absorbed by plants and retards their growth and development in similar 

ways as when penetrating human cells, by causing oxidative stress. The oxidative stress is 

generated since antioxidant enzymes in the plants are sensitive to chromium toxicity and their 

catalytic activity therefore decrease when exposed to Cr(VI). Additionally, microorganisms in 

the environment are exposed to toxic metals like chromium and are affected in several ways. 

Cr(VI) causes cell enlargement and inhibits cell division, leading to inhibition of the cell growth 

(Mishra & Bharagava 2016). 
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2.1.2.3 Chromium in the aircraft industry 

For aluminum alloys used in aircrafts industries, chromate conversion coatings, using Cr(VI), 

are widely used as corrosion protection. However, because of the toxicity of Cr(VI), alternative 

methods for conversion coatings using Cr(III) is developed, often called trivalent chromium 

passivation (Qi et. al. 2015). In this project, a chemical conversion coating called SurTec 650V 

is used which contains Cr(III) instead of Cr(VI) and is a REACH compliant, registered 

substance. The passivation coating is formed by chemical conversion on the surface of the 

aluminum alloy. 

2.1.3 Aluminum alloys in the aircraft industry 

Aluminum is a metal with atomic number 13 and often occurs in its ionic form Al3+. It has a 

comparatively low density while retaining a high strength and is thus considered a lightweight 

metal with a high strength/density ratio. This makes aluminum ideal for use within the aircraft 

industry, where the weight of machine parts is crucial for flight performance (Starke & Staley 

1996). Already in the very first aircrafts, built from 1903 to the end of the 1920s, aluminum 

was used in different alloyed forms for a variety of aircraft components. The alloys became 

even more attractive after 1907 when Wilm discovered that alloys containing magnesium and/or 

copper could be thermally treated to greatly enhance their hardness (King 1987). However, at 

this time it was not possible to use aluminum alloys in load bearing applications as they often 

suffered from exfoliation corrosion (Starke & Staley 1996). In 1927, two big breakthroughs 

occurred that changed this. First of all, metallurgists found that aluminum alloys could be clad 

with a thin layer of pure aluminum, which proved to be much more resilient against corrosion 

than the alloys. Secondly, the method of anodizing was discovered, meaning that thick 

protective oxide films could be produced on aluminum surfaces using electrolytic anodizing 

baths. After these discoveries, it was possible to produce stable and reliable airframes from the 

lightweight metal, and aluminum has ever since been a primary choice in aircraft construction 

(Starke & Staley 1996). 

In modern applications, aluminum alloys with exact chemical composition ratios are used in 

abundance. They are used in both wrought and cast forms and with different heat treatments. 

To simplify the designation of different alloys a four-digit system called the International Alloy 

Designation System (IADS) have been developed, incorporating all wrought alloys (The 

aluminum association 2015). The first digit refers to the major alloy addition and divides the 

alloys into series with similar properties. All series and their main alloying component are found 

in Table 2.1. The specific heat treatment, the temper, of the alloy can also be designated using 

IADS as a suffix to the four-digit specification. The four-digit system is however only 

applicable to wrought alloys as casted alloys are designated using a separate system. 
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Table 2.1: Aluminum alloy series and their main alloying components according to IADS (The 

aluminum association 2015). 

Series Aluminum content or main alloying elements 

1XXX Aluminum of 99.00% minimum purity 

2XXX Copper 

3XXX Manganese 

4XXX Silicon 

5XXX Magnesium 

6XXX Magnesium and Silicon 

7XXX Zink 

8XXX Other elements 

9XXX Unused 
  

Of particular interest in this thesis are the 2XXX, 6XXX and 7XXX series and more specifically 

the 2024, 6061 and 7075 alloys as these are relevantly applied in Saab’s aircraft production. 

Furthermore, these three alloys are highly relevant as they are the materials used for 

qualification of conversion coatings according to military detail specification MIL-DTL-

81706B (2004). The specific chemical compositions of the alloys are found in Table 2.2, where 

it can also be observed that both the 2024 and 7075 have a fairly high copper content. 

Table 2.2: Allowed chemical composition of aluminum alloys 2024, 6061 and 7075, according to 

IADS (The aluminum association 2015). 

Alloy 
Chemical composition (%) 

Si Cu Mn Mg Cr Zn Other 

2024  3.80-4.90 0.30-0.90 1.20-1.80    

6061 0.40-0.80 0.15-0.40  0.80-1.20 0.04-0.35   

7075  1.20-2.00  2.10-2.90 0.10-0.25 5.10-6.40 Ti+Zr 0.20 

 

2.1.4 Corrosion and corrosion protection 

A great benefit of using aluminum in construction is that it is generally considered to have good 

resistance to corrosion, due to the protective oxide film which forms on its surface. In fact, pure 

aluminum and alloys of the 1000, 3000, 5000, 6000 and 8000 series are recognized as very 

resistant to atmospheric corrosion, meanwhile the natural corrosion resistance of the copper 

containing alloys of the 2000 and 7000 series can be insufficient (Vargel 2004). 

On a basic level, corrosion is an electrochemical or chemical process that occurs between a 

metal or alloy and a surrounding aqueous state. The initially neutral and stationary metallic 

atom in the solid is oxidized to its ionic form and then released into the solution. For corrosion 

to occur, four components, illustrated in Figure 2.3, must be present: anode, cathode, ionic 

current path and electronic path (Davies 2000). Generally, corrosion of the material occurs as 

oxidation at the anode. Without an ionically and electronically connected cathodic reduction, 

however, no corrosion can occur. 
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Figure 2.3: Schematic illustration of the four components required in order for corrosion to occur, 

according to Davies (2000).  

During corrosion of aluminum alloys, aluminum atoms are oxidized to their ionic state 

according to Equation 2.1. 

𝐴𝑙 → 𝐴𝑙3+ + 3𝑒−        [Equation 2.1] 

The reduction part of the electrochemical or chemical reaction can occur along different 

pathways illustrated in Equation 2.2 and 2.3. H+ protons active in Equation 2.2 are created 

through dissociation of water molecules, as shown in Equation 2.4, while Equation 2.3 requires 

oxygen dissolved in water. 

3𝐻+ + 3𝑒− → 3

2
𝐻2        [Equation 2.2] 

𝑂2 + 2𝐻2𝑂 + 4𝑒− → 4𝑂𝐻−       [Equation 2.3] 

𝐻2𝑂 ↔ 𝐻+ + 𝑂𝐻−        [Equation 2.4] 

The combined redox reaction is described in Equation 2.5, but can also be described as in 

Equation 2.6 when taking into account the formation of new ionically bonded compounds in 

solution, in this case alumina. 

𝐴𝑙 + 3𝐻+ → 𝐴𝑙3+ + 3

2
𝐻2       [Equation 2.5] 

𝐴𝑙 + 3𝐻2𝑂 → 𝐴𝑙(𝑂𝐻)3 + 3

2
𝐻2      [Equation 2.6] 

The products of aluminum corrosion is thus alumina and hydrogen gas (Al(OH)3). As alumina 

is insoluble in water it precipitates and is often found as flakes in corrosion pits (Vargel 2004). 

These pits could be formed as a result of a type of corrosion called a pitting attack. This is one 

of eight different forms of corrosion which aluminum can suffer (King 1987), all of them listed 

and described in Table 2.3. 
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Table 2.3: Different forms of corrosion which aluminum can suffer according to King (1987). 

Type of corrosion Description 

General Progressive and uniform thinning of the metal. 

 

Selective attack Occurs selectively at impurities, inclusions or grain boundaries of 

specific phases of alloys. Can cause whole grains to fall out of the 

metal, creating much damage.  

 

Pitting attack Very localized corrosion which penetrates deeply into the metal. 

Occurs due to variation in activity caused by differential aeration 

or surface inclusions. 

 

Bimetallic corrosion 

(galvanic) 

Occurs when two metals are electrolytically connected, causing 

dissolution of the more reactive metal. 

 

Crevice corrosion Corrosion in component crevices due to differences in aeration or 

ion concentration. Can also occur as a result of moisture 

condensation in coils or stacks. 

 

Impingement attack 

(erosion-corrosion) 

Corrosion resulting from disruption of otherwise protective film 

by impinging particles in flowing corrodent or by collapsing air 

bubbles. 

 

Biological corrosion Corrosion accelerated by the presence of microbiological 

organisms due to microbe release of aggressive species or 

electrochemical catalysts. 

 

Stress corrosion Accelerated corrosion as an effect of mechanical stress causing 

cracks which allow crevice corrosion. 
 

As mentioned earlier, aluminum alloys of the copper rich 2000 and 7000 series are more 

susceptible to corrosion. According to King (1987), this is due to bimetallic corrosion where 

the electrolytic contact with copper inclusions increases the rate of aluminum oxidation. The 

same is true for inclusions of nickel, whereas zinc has the opposite effect.  

2.1.5 Conversion coatings 

To further enhance the corrosion resistance of aluminum and in particular some of its alloys, it 

can be treated with a variation of protective finishes. As earlier mentioned one of these 

treatments is anodizing which through electrochemically enhanced oxidation creates very 

corrosion resistant layers. Another method is chemical conversion coating, which exist in 

multiple varieties. Conversion coatings are thin films that form on metal surfaces when they are 

exposed to a chemical mixture. The formed films often contain phosphate or chromate and are 

used both in their own right and as pretreatment before further finishing. (Wernick, Pinner & 

Sheasby 1987) For standardization purposes the conversion coatings are divided into type I or 

II and class 1A or 3, as described in Table 2.4. 
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Table 2.4: Division of conversion coatings for standardization purposes. 

Type/Class Explanation 

Type I Compositions containing hexavalent chromium 

Type II Compositions containing no hexavalent chromium 

Class 1A For maximum protection against corrosion, painted or unpainted 

Class 3 For protection against corrosion where low electrical resistance is required 

 

Saab has earlier used the type I conversion materials Alodine 1200 and Alodine 1500 for 

conversion coating class 1A and class 3 materials respectively. Saab is now, due to REACH 

regulations, shifting to type II conversion material SurTec 650V. The plan is to use it for both 

class 1A and class 3 applications. According to the MIL-DTL-81706B standard, class 1A 

coatings should be qualified on the 2024 and 7075 alloys, while class 3 coatings should be 

qualified on the 6061 alloy. Qualification of the coatings includes comprehensive testing of 

coated alloy samples to assure corrosion resistance in an aggressively corrosive environment 

for a specified number of hours. MIL-DTL-81706B specifies corrosion testing in 5% salt spray, 

where class 1A and class 3 materials must endure 336 hours and 168 hours respectively, without 

significant corrosive damage.   

2.1.6 SurTec 650V process parameters 

Parameters in the process, for example pH and immersion time, affects the conversion coating 

formed on the aluminium alloys. This means that these parameters have impact on the corrosion 

resistance of the coating. Recent studies have been performed to evaluate the impact of various 

process parameters on the conversion coating. Campestrini et. al. (2002) found that a decrease 

of the pH in the immersion bath correlated with an increased thickness of the coating with a 

higher amount of cracks and large defects. Exova, on behalf of Saab, have performed studies to 

evaluate process parameters in order to achieve a parameter set that creates a coating which 

fulfil military standards, MIL-DTL-81706B. The parameters presented in Table 2.5 were used 

and corrosion tests have prior to the thesis project been performed with approved results 

according to MIL-DTL-81706B. Unfortunately, approved corrosion tests performed by Exova 

were not repeatable. 

Table 2.5: Parameter values suggested by Exova, with allowed ranges in brackets. 

Parameter Parameter value 

SurTec 650V concentration (vol %) 15 (10 – 20)  

pH 3.8 (3.7 – 3.9) 

Temperature (°C) 25 (20 – 30) 

Immersion time (min) 2 

Type of stirring Optional 

 

The results from Exova and from other similar studies has been the basis of the parameters 

chosen to be varied in this thesis and are presented in the method section.  
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2.2 Methodology 

To analyze the coatings, the first step in the thesis work was to use a screening method to 

examine how parameters, such as pH and immersion time, affect the coating on different 

aluminum alloys. The second step was to analyze the coating in more detail. Methods for 

analyzing the surface composition, depth profile, depth morphology and surface topology were 

used in order to examine the different parameter settings that were determined with the 

screening method. The methodologies used in the thesis are described in this section. 

2.2.1 Goniometry 

Goniometry is a method for analyzing the contact angle of a water droplet on a surface, i.e. the 

wettability properties of the surface. These properties of the surface of the coating are important 

factors that should be considered when evaluating the passivation process. The contact angle 

hysteresis arises from surface roughness and/or heterogeneity. Wettability is a measure of how 

a liquid is spread over a surface, and is determined by the surface’s contact angle to the liquid 

(Holm et al. 2016).  Contact angle can be referred to as Young’s contact angle, θY, and the 

balance of the contact between the liquid, solid and vapor phases is described by Young’s 

equation, Equation 2.7. In the equation, γsv, γsl and γlv represents the interfaces between solid-

vapor, solid-liquid and liquid-vapor respectively (Kwok & Neumann 1999). 

cos(𝜃𝑌) =  
𝛾𝑠𝑣−𝛾𝑠𝑙

𝛾𝑙𝑣
        [Equation 2.7] 

  

Figure 2.4: Two examples of different contact angles; a) contact angle, θ >90° and b) contact angle 

0<θ<90°. 

In Figure 2.4, two different contact angles are shown as examples. Low wettability corresponds 

to contact angles larger than 90°, see Figure 2.4a), meaning that the liquid will spread over a 

small area on the surface and the surface energy is low. In this case, the surface is hydrophobic. 

High wettability corresponds to contact angles less than 90°, see Figure 2.4b), and results in 

that the liquid will spread over a large area on the surface. This high wettability also corresponds 

to high surface energy and indicates that the surface is hydrophilic (Holm et al. 2016). 

Wettability is further known to correlate with the porosity of the surface, where porous surfaces 

are associated with low wettability, i.e. high contact angle (Cassie & Baxter 1944).  

The goniometer uses a sessile drop technique, meaning that a droplet of water is deposited onto 

the aluminum sample and a camera captures an image of the droplet. The droplet can be 

analyzed with a computer program, which calculates the contact angle, θ, for both right and left 

side of the droplet (Holm et al. 2016). 
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2.2.2 XPS 

X-ray photoelectron spectroscopy (XPS) is used to determine the chemical composition of the 

surface of a material. According to Einstein’s theory of the photoelectric effect, a photon of 

sufficient energy can induce electron emission from a solid. This is also the main principle upon 

which photoelectron spectroscopy is based. As illustrated in Figure 2.5 an incident photon can 

cause an electron to leave a solid if the photon energy (hv) is equal to or greater than the sum 

of the core level binding energy (EB) and the work function of the solid (ф). The excess photon 

energy is converted into kinetic energy of the electron. This relation can be described by 

Equation 2.8: 

ℎ𝑣 =  𝐸𝐵 + ф + 𝐸𝐾𝐼𝑁        [Equation 2.8] 

Binding energy of an atomic level can further be described as the energy required to move an 

electron from that specific level to the highest occupied level of the solid (i.e. to the Fermi 

level), while the work function of the solid can be described as the energy required to 

completely remove an electron at the Fermi level from the solid (i.e. to surpass the vacuum 

level). Work functions can also be denoted with the subscript sp, meaning that kinetic energy 

is measured in relation to the vacuum level of the specific spectrometer. If the conducting solid 

and the spectrometer are in electrical contact their Fermi levels align (Andrade 1985). 

 

Figure 2.5: Excitation and emission of a core electron as an effect of an incident photon. 

In photoelectron spectroscopy a light source providing photons of a fixed and known energy is 

used. As also the work function of the specific spectrometer is known, binding energies in a 

sample can be calculated by measuring the kinetic energy of emitted electrons, according to 

Equation 2.9.   

𝐸𝐵 = ℎ𝑣 − ф𝑠𝑝 − 𝐸𝐾𝐼𝑁       [Equation 2.9] 

An atom of a specific element is associated with several binding energies as it has several 

atomic levels, denoted 1S, 2S, 2P in Figure 2.6. The complexity of electron configuration and 

the number of atomic levels increase with increasing atomic number. Photoemission from an 

element in a solid thus corresponds to a specific emission spectrum. Detecting this spectrum, 

by detecting the kinetic energies of the emitted electrons thus provide information about binding 

energies and allows the possibility of elemental identification.   
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Figure 2.6: Excitation and emission of electrons from levels of different binding energies resulting in 

electrons escaping with different kinetic energies. 

The intensities of peaks within a XPS spectrum can be used to calculate the relative 

concentrations of elements on a solid surface. As described in Attard and Barnes (1998), the 

relative intensities (I) of XPS peaks of similar binding energy depend on the concentration (C) 

of the species and the probabilities of photoemission occurring at particular core levels (σ). 

Relative surface concentrations can thus be calculated using Equation 2.10. 

𝐶𝐴

𝐶𝐵
=  

𝐼𝐴

𝐼𝐵
 ×

𝜎𝐵

𝜎𝐴
         [Equation 2.10] 

In addition to elemental identification and determination of relative concentrations, an XPS 

spectrum also provides information about the chemical environment of a species. If an atom is 

bonded to another atom, charge transfer can render the atom slightly positively or negatively 

charged, which shifts its binding energies as it affects the Coulombic attraction between the 

nucleus and the surrounding core electrons. This is known as chemical shifts and can be used 

to identify molecules or functional groups. Also the oxidation state of the atom will affect its 

binding energies and result in chemical shifts. An atom of a higher oxidation state results in an 

XPS peak at a higher binding energy than the equivalent atom in a lower oxidation state (Attard 

& Barnes 1998). 

The information gained through conventional XPS is gathered very close to surface of the 

sample and XPS is generally considered a very surface sensitive technique. This can be 

described through the inelastic mean free path (IMFP)(λ), which is the thickness of material at 

which the probability of a passing particle not being absorbed or loose energy is equal to 1/e. 

This can be translated into that 95% of emitted electrons are absorbed when emitted at a material 

depth of 3λ. Thus, almost all emitted electrons originate from within 3λ of the surface. For 

aluminum oxide (Al2O3) the IMFP for electrons with an electron energy of 2000 eV is 36.7 Å 

and decreasing with decreasing electron energy (Tanuma, Powell & Penn 1988). To enhance 

surface sensitivity, it is common to angle the sample in relation to the detector in order to limit 

the vertical depth of detection (d) as described in Equation 2.11 and illustrated in Figure 2.7 

(Briggs & Riviére 1996). 
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𝑑 = 3𝜆 sin 𝛼         [Equation 2.11] 

 

Figure 2.7: Relation between depth of detection and IMFP in sample with detector at an angle of a) 

90° and b) <90° relative to the sample. 

After an electron has been emitted from the sample, its kinetic energy must be measured to 

allow calculation of binding energies as described in Equation 2.9. A common setup is 

illustrated in Figure 2.8. Electrons emitted at a particular angle from the sample enters an energy 

analyzer, usually a hemispherical analyzer. By applying a voltage between the inner and outer 

hemisphere in the analyzer, only electrons of a specific kinetic energy will be deflected 

appropriately to reach the detector. By varying the voltage, specific energy ranges can be 

scanned. In order to minimize scattering of electrons after escaping the sample, XPS is carried 

out in ultra-high vacuum (UHV). 

 

 

Figure 2.8: Schematic illustration of XPS instrumentation setup. 

2.2.3 AES 

Auger electron spectroscopy (AES) is a method that can be used to determine the chemical 

depth profile of a material. In Auger spectroscopy, a photon, ion or electron causes a core 

electron to be ejected from the atom, leaving a hole at the core level. This hole is then filled by 

an electron from a higher energy level, called a “down” electron. As there is an energy 

difference between the two levels, some energy is liberated by the down transition and can be 
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transferred to a third electron, known as the Auger electron. If the transferred energy is 

sufficient to overcome the binding energy of the Auger electron (𝐸𝐿2,3
) and the work function 

of the solid/spectrometer (фsp), the Auger electron is emitted with a specific kinetic energy 

(EKIN). The entire combination of electron transitions is illustrated in Figure 2.9 and as indicated 

by the brackets in the figure the energies of involved electrons can be described by Equation 

2.12. The specific transition giving rise to a peak in the AES spectrum is denoted with a three 

letter combination representing the core level hole, the down electron’s initial state and the 

Auger electron’s initial state respectively. The transition denoted in Figure 2.9 would thus be 

denoted with the subscript KLL. 

𝐸𝐾 − 𝐸𝐿1
= 𝐸𝐿2,3

+ ф𝑠𝑝 + 𝐸𝐾𝐼𝑁      [Equation 2.12] 

As for XPS, individual elements in AES correspond to a specific emission spectra, enabling 

elemental identification and calculation of relative concentrations. Kinetic energy in Auger 

emission is however not dependent upon the energy of the incident photon, ion or electron, but 

is only due to the atomic energy transitions and the work function. As both AES and XPS peaks 

can be generated through incident photons, overlapping spectra with both types of emissions 

occur. The XPS dependency upon the photon energy however make spectral separation of XPS 

and AES peaks possible by varying the material of the x-ray source and thus the energy of the 

photons (Riviáere & Myhra 1998). It is also not certain that the energy released by the down 

electron will be transferred to an Auger electron. It is possible for excess energy to be emitted 

as an x-ray photon instead. The probability of x-ray emission increases with increasing atomic 

number, while the probability for Auger electron emission decreases accordingly (Narumand 

& Childs 1999). To enable comparison of emission intensities from different elements and their 

correlation to chemical concentration, sensitivity factors accounting for the probability of 

emission can be used in post-measurement processing. 

 

Figure 2.9: Auger process as a result of photoemission. Brackets indicate equal energy differences. 

While AES is a surface specific method, alternating measurement with sputtering the sample 

with ions is an extensively used method for achieving depth resolved elemental quantification. 
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Sputtering involves bombarding the surface with ions to allow controlled erosion of the surface, 

layer by layer, on an atomic scale. In principal, the depth beneath the original surface at which 

a spectroscopic measurement is made is thus proportional to the accumulated sputter time. An 

issue to be aware of when translating sputter time into depth beneath original surface is that the 

propensity of the material to be eroded is somewhat dependent upon its chemical composition. 

As the composition vary, the effect of sputtering might thus increase or decrease which affects 

data interpretation (Hofmann 1980). 

The instrumental setup for conducting AES experiments is schematically illustrated in Figure 

2.10 and shares many components with an XPS setup as the one in Figure 2.8. As for XPS, the 

kinetic energy of the emitted Auger electrons is scanned using an energy analyzer coupled to a 

detector, but instead of an x-ray source the Auger system is normally equipped with an electron 

gun accelerating electrons over a voltage and firing them at the sample. To allow depth 

profiling, also an ion gun operated at a controlled current is required. As electron scattering can 

interfere with the analysis also AES is carried out in UHV. 

 

Figure 2.10: Schematic illustration of AES instrumentation setup. 

2.2.4 SEM 

Scanning electron microscopy (SEM) is used to investigate surface topology. With SEM, an 

electron beam is focused upon a sample surface area with a diameter of 1-10 nm. The electron 

source is often a tungsten filament and the electrons of the beam (known as primary electrons) 

typically have energy of ~1-10 keV (Oura, Lifshits, Saranin, Zotov & Katayama 2003). The 

electron probe is scanned over a rectangular area of the sample in a pattern known as Raster 

scanning (see Figure 2.11), and detection of a specimen property along the scan lines renders a 

SEM image. A variety of specimen properties can be detected, which modulate the brightness 

of the detected image. The most common mode of SEM is detection of so called secondary 

electrons (SE), which are ejected from atoms of the sample due to inelastic scattering (see 

Figure 2.12a). Another possibility is to detect backscattered electrons (BSE), which result from 

elastic scattering at more than 90 degrees from the electron beam (see Figure 2.12b). According 

to Egerton (2005), SE images mainly reflect surface topology while contrast in BSE images 

originates from variations in chemical composition.  
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Figure 2.11: Raster scan pattern with scan lines in blue. 

When a primary electron is inelastically scattered, the energy it loses is gained by the SE, which 

can then be emitted from the atom. The SE might then have enough energy to excite even more 

SE’s. However, as the probability of inelastic scattering depends inversely on the kinetic energy 

of the electron, the distance travelled by a SE is very short, normally 1-2 nm (Egerton 2005). It 

is thus only the SE’s emitted in the top 2 nm of the surface, called the escape depth, which will 

escape the sample and be detected by the microscope. SE emitted within the escape depth due 

to inelastic scattering of a primary electron are called SE1. It is also possible for SE within the 

escape depth to be emitted due to inelastic scattering of BSE originating from further into the 

sample. They are then denoted as SE2 or SE3. As the BSE can be affected by internal 

morphologies well below the surface of the sample, SE2 and SE3 components make the SEM 

image more transparent and less surface topology specific. By decreasing the kinetic energy of 

the primary electrons, their penetration depth can be decreased to only allow escape of SE1 

(Egerton 2005). 

 

Figure 2.12: Electron interaction with atom in a) inelastic scattering and SE emission and b) elastic 

backscattering. 

Contrast in SE mode is caused by a changed angle between the incident electron beam and the 

surface as a result of topology. The average number of escaping SE per primary electron is 

known as the SE yield, and increases with the angle between the surface normal and the incident 

beam. This is due to the fact that a larger incident angle allows escape of electrons from a larger 

volume of the sample and thus generates a stronger signal (Egerton 2005). 

In order for SEM to function properly the investigated surface should ideally be conductive, 

else the material might undergo electrostatic charging and cause image distortion. To enable 
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imaging of insulating material a thin conductive coating can be added as a pretreatment. 

Normally this is done by sputtering gold or chromium onto the sample. According to Treverton 

and Amor (1988), also conductive samples can benefit from sputter-coating with high SE 

emitters as the contrast of topographical details compared to contributions of sub-surface 

features is increased.  

2.2.5 TEM 

Using transmission electron microscopy (TEM), the chemical composition and morphology of 

a cross section of the material can be investigated. A transmission electron microscope shares 

many principles with a regular light microscope, although instead of photons the sample is 

imaged using accelerated electrons. In comparison with the wavelength of photons, the de 

Broglie wavelength associated with electrons is very short which enables imaging of smaller 

structures (Oura et al. 2003). The de Broglie wavelength (λ) is described in Equation 2.13, 

where h is Planck’s constant ≈ 6.626*10-34, m is the mass of the electron and v is the speed of 

the electron. 

𝜆 =
ℎ

𝑚𝑣
         [Equation 2.13] 

For an electron energy of 50 eV, the de Broglie wavelength is approximately 0.17 nm which is 

comparable to atomic dimensions and results in strong diffraction of electrons when incident at 

a crystalline material. At an electron energy of 50 keV, however, the de Broglie wavelength is 

as short as 0.005 nm and allow the electron to penetrate several microns into the material. A 

normal modern TEM is operated at voltages between 100-300 kV, enabling imaging with 

resolution of about 0.2 nm (Egerton 2005). 

As electrons are negatively charged particles, the electron beam can be focused upon the sample 

using electric or magnetic fields. The electrons are then transmitted through the sample and 

focused upon a detector. For imaging to be possible the sample thus need to be thin enough to 

allow transmission of electrons. Contrast in the image can be formed in multiple ways and are 

often based upon the level of scattering, which can be either elastic or inelastic (see Figure 

2.12). The level of scattering increases with increasing sample thickness as the electron pass 

more atoms with which it can interact. In elastic scattering, the electron interacts 

electrostatically with the positively charged nucleus, which changes its direction. An element 

of high atomic number interacts more strongly with the electron as the nucleus carries a higher 

charge. The average direction of the elastically scattered electron is thus increasingly changed 

with increasing atomic number. In bright field imaging, which is the most common mode of 

TEM, an aperture is set to only allow electrons scattered below a certain angle from the normal 

of the sample to be detected, as illustrated in Figure 2.13. For an area of the sample where the 

level of scattering is very high, less electrons will pass the aperture, which results in a dark area 

in the image and vice versa. It is also possible to only detect the electrons which are scattered 

at a high angle from the normal of the surface. Areas which correspond to much scattering will 

then appear as bright and vice versa. This mode is known as dark field imaging. For 

polycrystalline samples it is also possible to detect contrast based on changes in diffraction 

(Egerton 2005). 
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Figure 2.13: Schematic representation of TEM instrumental setup, where ion beam is illustrated in 

blue and electrons highly scattered by the sample in red. Aperture in this figure is set to bright field 

imaging, only allowing electrons of little or no scattering to reach detector. 
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3 Experimental 
In this section, detailed information about materials and methods used in the laboratory are 

presented.  

3.1 Materials 

Materials used include chemicals for the passivation processes and samples of various 

aluminum alloys. 

3.1.1 Chemicals 

Chemicals used in this project are listed in Table 3.1.  

Table 3.1: Chemicals used in the thesis. 

Chemical Usage in the thesis 

SurTec 650V Passivation of aluminum alloys. 

Turco 4215 NC-LT Alkaline degreasing, first step of pretreatment. 

Ardrox 295 GD Etching of aluminum alloys, second step of pretreatment. 

H2SO4  (0.1 mol) Decrease pH in SurTec 650V bath. 

Alodine 1200 Old chromate process, containing hexavalent chromium 

Alodine 1500 Old chromate process, containing hexavalent chromium 

NaF Etching of aluminum alloys, old process 

NHO3 Etching of aluminum alloys, old process 

 

SurTec 650V, Turco 4215 NC-LT and Ardrox 295 GD are taken directly from the production 

scale treatment baths at Saab Aeronautics and used to set up a laboratory scale process line. 

3.1.2 Sample specification 

As mentioned in the scientific background of this thesis, relevant aluminum alloys investigated 

are 2024, 6061 and 7075. The elemental composition of these alloys can be found in Table 2. 

The format of the alloys is wrought metal sheets cut into small samples, with dimensions 

1.0*1.0 cm or 1.5*2.5 cm. Prior to the passivation process, the samples are kept in their raw 

wrought form and are not subjected to any polishing or homogenization. The purpose of this is 

to allow investigation of samples corresponding to earlier passivation validations performed by 

Exova on behalf of Saab production. 
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3.2 Methods 

In this section, the methods used in the thesis are described, starting with the method for 

passivating aluminum alloy samples. 

3.2.1 Cr(III) passivation 

 

Figure 3.1: Schematic illustration of the passivation process. 

A schematic illustration of the passivation process investigated in this project is shown in Figure 

3.1. Step 1 and 2 are pre-treatment steps, both followed by separate rinsing baths. Step 3 is the 

passivation step where the sample is immersed in SurTec 650V, also followed by a rinsing step. 

After rinsing, samples are dried and visually controlled. A detailed description of each step in 

the passivation process can be found in Appendix A. The process line set-up is kept in a fume 

cupboard, see Figure 3.2 below. When the treatment of samples is finished, they are kept in 

individual resalable plastic bags. 

 

 

Figure 3.2: The process line in the laboratory. Baths from the left: alkaline degreasing, rinsing, 

etching, rinsing, SurTec 650V passivation, rinsing. 

3.2.1.1 Process parameter variation 

As mentioned in the scientific background, process parameters affect the corrosion resistance 

of conversion coatings formed on aluminium alloys. Earlier performed studies on process 

parameters and recommendations from SurTec 650V datasheet have led to the parameter setting 

and variation found in Table 3.2. Variation of process parameters are only applied for the 

SurTec 650V bath, pre-treatment steps in the process are not varied. 
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Table 3.2: Parameter values set or varied in the thesis. 

Parameter Set value or variation 

Aluminum alloy 2024, 6061, 7075  

pH 3.0, 3.5, 3.8 

Immersion time (min) 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 6.0, 8.0  

Temperature (°C) RT (~20) 

Stirring Magnetic stirrer 
 

3.2.2 Comparison with Alodine 1200/1500 and production scale 

In order to compare results achieved in lab scale with production scale and the Cr(VI) 

containing conversion process, some samples are passivated in the surface treatment unit at 

Saab Aeronautics, with help from operators. Table 3.3 shows which aluminum alloys that are 

immersed in which bath. Immersion in Alodine 1200/1500 is performed to enable comparison 

of the SurTec 650V process with the old, approved, process. Immersion in SurTec 650V in 

production scale is performed in order to compare lab scale testing with full production scale.  

Table 3.3: Aluminum alloys immersed in different production scale baths. 

Aluminum 

alloy 

Immersion bath 

Alodine 1200 Alodine 1500 SurTec 650V 

2024  X  X 

6061   X  

 

3.2.2.1 Alodine 1200/1500 

The processes for Alodine 1200/1500 are very similar to the passivation process with SurTec 

650V. The first step in the process is alkaline degreasing with the same chemical as used in the 

SurTec 650V process; Turco 4215 NC-LT. The second step, etching, differ from the process 

with SurTec 650V. The etching for Alodine processes consists of two steps were the samples 

are immersed first in sodium fluoride – sulfuric acid solution (NaF – H2SO4) and then immersed 

in nitric acid (HNO3), with a rinsing step in between. After etching, the samples are rinsed and 

immersed in Alodine 1200 for 1 min or Alodine 1500 for 2-3 min. The size of each bath is 

about 10 m3.  

3.2.2.2 SurTec 650V in production scale 

The process for SurTec 650V in production scale is the same as the lab scale process, except 

for difference in the volume of the baths. The bath volume at lab scale is approximately 1,5 dm3 

and at production scale about 30 m3. 

3.2.3 Wettability: Goniometry 

The experimental equipment used to perform contact angle analysis is a goniometer, Cam 200 

Optical Contact Angle Meter, KSV Instruments LTD, found at Linköping University. The 

measurement uses the sessile drop technique. Before performing measurements, the needle of 

the syringe that drops the water droplet is washed using a so called TL1-wash to remove organic 

contamination before the syringe is filled with Milli-Q water. The needle and tweezers used to 

hold the needle are washed in the solution seen in Table 3.4. 



36 

 

Table 3.4: TL1-wash, solution for washing the needle and the tweezers. 

Chemical Amount 

Milli-Q water 5 parts (30 ml) 

H2O2  (28 %) 1 part (6 ml) 

NH3 (25 %) 1 part (6 ml) 

 

The needle and the tweezers are placed in separate beakers with the solution and the beakers is 

placed on a heating plate, 85°C for a maximum of 5 min. Thereafter, the needle and the tweezers 

are rinsed with Milli-Q water at least 3 times. 

The analysis is then performed by placing six droplets on each sample, three on each side, which 

all are recorded visually and analyzed. 

3.2.3.1 Data processing: 

Data is analyzed using a computer program, KSV Contact Angle Measurement system, where 

the baseline of the aluminum sample is either set automatically by the program or manually by 

the user. The program then calculates the left and right contact angle. Median value and standard 

deviation of all droplets for the same parameter combination are calculated and plotted in 

graphs, which can be seen in the result section. Median values are plotted instead of mean values 

since the samples were uneven which led to that some droplets deviated much from the other 

droplets on the same sample.  

3.2.4 Surface composition: XPS 

The purpose of XPS analysis in this project is to identify surface elements and their relative 

surface concentrations. Measurements are preformed using a VG Microlab 310F instrument 

equipped with an aluminum twin anode x-ray source, which generate photons of 1486.6 eV. 

Samples are tilted to an angle of 60° in relation to the detection system which in Figure 2.7b 

corresponds to an α-angle of 30°. Approximating the substrate as Al2O3 with IMFP 36.7 Å, the 

vertical depth of detection can thus be calculated according to Equation 2.11, which is repeated 

below. 

𝑑 = 3𝜆 sin 𝛼  

Where λ is the IMFP and α is the experimental angle of detection. The depth of detection is 

thus estimated to be: 

𝑑 = 5.5 nm  

Each sample is scanned over an energy range of 50-1350 eV with step size 0.2 eV and dwell 

time 100 ms for each measurement.  

3.2.4.1 Data processing 

From the overview spectra, relative elemental concentrations are calculated based on peak 

areas, using CasaXPS processing software. Each data set is first calibrated to account for sample 

charging or instrumental bias by shifting each spectrum so that the C1s peak coincides with the 

software’s tabulated emission line at 284 eV. Spectral peaks are then identified and processing 

regions are defined around peaks of interest. For elements where multiple emission peaks are 

prominent, a region is only defined around the elemental peak with highest relative sensitivity 

factor (RSF). To ensure that relevant peaks are well defined by the regions also after potential 

chemical shifts, fine region adjustments are done manually. Using a Shirley background, 
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individual peak areas are calculated. Based on the RSF included in the software and collected 

in Table 3.5, relative chemical concentrations are then calculated for each sample. 

Table 3.5: Sensitivity factors for relevant XPS peaks, as tabulated in the CasaXPS processing software 

(Casa Software Ltd. 2016). 

XPS peak RSF 

C1s 1.00 

O1s 2.93 

F1s 4.43 

Al2s 0.753 

Cr2p 11.67 

Cu2p 25.39 

Zn2p 28.72 

Zr3p 7.78 

 

Since the peak for C1s is mainly due to carbonaceous contamination, a more correct distribution 

of the chemical concentrations are achieved if the C1s peak is removed when calculating the 

concentrations (Qi et al. 2015, 2016). Therefore, the results seen in the result section are 

corrected for the carbonaceous contamination. 

3.2.5 Depth profile: AES 

Experiments are carried out using the same VG Microlab 310F instrument as used for XPS 

analysis. Primary electrons in the system are emitted using a field emission gun (FEG) source, 

operating at a 15 kV beam energy. The system is equipped with an argon ion etch which is used 

for depth profiling in alternating sputtering mode, and operated at 15 mV. Before the first 

measurement of the sequence, the surface is sputtered for 3 min to remove contaminants. Each 

acquisition sequence then involves 10 scans over a 50-2000 eV range, each alternated with 3 

min of sputtering. Measurements are carried out in 0.5 eV steps with a dwell time of 200 ms. 

Depth of detection is calculated in the same manner as for XPS, using Equation 2.11 and 

approximating the substrate as Al2O3. The samples are due to space restraints however only 

angled at 45° in relation to the detector. This changes the depth of detection which can thus be 

estimated to be: 

𝑑 = 7.8 𝑛𝑚  

3.2.5.1 Data processing 

Processing is carried out using CasaXPS processing software. Each data set is calibrated by 

shifting the whole spectrum in order for the emission peak of a known chemical component to 

coincide with the tabulated emission line accessible in the software. Either the carbon KLL 

peak or the oxygen KLL peak is used for this purpose. After calibration, the spectra are 

differentiated and relevant peaks are identified manually. Relative chemical concentrations are 

calculated using the peak-to-peak height of individual components and their corresponding 

sensitivity factors which can be found in Table 3.6. As an electron beam energy of 15 kV is 

unusually high, sensitivity factors could not be found which exactly correspond to the 

experimental setup. Sensitivity factors are therefore approximated as originating from a 10 kV 

electron beam. 
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Table 3.6: Sensitivity factors for relevant Auger electron transitions at an electron beam energy of 10 

kV, according to Mroczkowski & Lichtman (1985). 

Auger 

transition 

RSF 

CKLL 0.46 

OKLL 0.15 

FKLL 0.13 

AlKLL 0.07 

CrLMM 0.29 

CuLMM 0.21 

ZrLMM 0.05 

 

3.2.6 Surface topology: SEM 

Measurements are carried out using a Zeiss LEO 1550 SEM, equipped with a Schotty field FEG 

and arranged in a GEMINI column. Primary electrons are emitted from the FEG at an energy 

of 3 keV. As investigating the topology of samples is the main purpose of SEM measurements, 

detection is carried out in SE-mode, using in-lens detectors.    

Each sample is scanned at magnifications between 3000 and 100000 times the original size. 

Micrographs are collected of surface areas which are relatively even and representative of the 

formed coating, but also of regions with clear anomalies such as holes or cracks.  

3.2.6.1 Data processing 

As the output of the SEM instrument is micrographs of the topology, no data processing apart 

from comparing images is necessary. 

3.2.7 Depth morphology: TEM 

The investigated samples need to be thin enough to allow electron transmission, in order for 

TEM to generate images. As the intention is to study the depth morphology of the coatings, 

electron transparent cross sections of the coatings and their underlying aluminum substrate is 

prepared. This is done by first cutting out pieces of dimensions 0.5*0.5*1.8 mm from the 

sample, using a low speed diamond wheel cutter. The longer side of the cut pieces is 

perpendicular to the coating surface of the sample. Pieces are then mounted in pairs, surface 

against surface, in silicon holders and fixed with heat activated glue. After fixation, surplus glue 

is removed and the thickness of the mounted samples is reduced manually using abrasive paper 

of grit increasing from 320 to 1200. Manual thinning is carried out until the cross sections reach 

a thickness of 50 µm. Thinning is then continued using argon ion beam etching until a hole 

occurs in the cross section and extends across the interphase of the two mounted sample pieces. 

The edges surrounding the hole are then thin enough to allow electron transmission.        

Measurements are performed using a FEI Titan3TM G2 60-300 instrument operated at 300 kV. 

Cross sections are imaged in Scanning TEM (STEM) mode, generating High-Angle Annular 

Dark-Field (HAADF) images at magnifications of 80000 and 225000 times the original size. 

Using Energy Dispersive X-ray spectroscopy (EDX) equipment, information regarding 

chemical composition throughout the cross section is also collected. 

3.2.7.1 Data processing 

As the TEM hardware outputs HAADF images and chemical EDX maps, no additional 

processing is required.  
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4 Results 
In this section, all results produced throughout the thesis work are presented. The process 

parameters are of major importance, due to the fact that they have great impact on the 

characteristics of the coating formed during conversion coating processes. Our aim is to report 

and illustrate differences found as a result of varying immersion time and pH of the SurTec 

650V bath. The full potential of varying these two parameters is further illustrated in Section 

4.3 which contains data highlighting possible parameter interactions. The result section also 

includes data illustrating similarities and differences between the Cr(III) containing SurTec 

650V process and previously used Cr(VI) containing processes. A comparison between results 

from conversion coating at laboratory vs. production scale is also presented. Table 4.1 presents 

the focus areas of the results in the thesis. The table also lists for which aluminum alloys these 

focuses have been investigated. Following subsections contains results regarding these areas of 

focus both in general and as depth studies of characteristics of alloy 2024. Supplementary 

results for studies involving alloy 6061 can be found in Appendix B.   

Table 4.1: Focuses that are included in the result section and for what alloys they have been 

investigated. 

Focus 2024 6061 7075 

Immersion time X X X 

pH X X  

Immersion time and pH X X  

Cr(III) vs. Cr(VI) process X X  

Production vs. laboratory scale X   

 

Passivation at laboratory scale with an immersion time of 2 min and pH 3.5 is throughout the 

results regarded as the standard parameter set used for comparison. It is also the parameter set 

most intensely investigated as it correlates with recommendations based on testing at Exova.  

 

Figure 4.1: XPS measurements of the surface chemical composition of three different alloys 

passivated for 2 min in SurTec 650V at pH 3.5. 
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Figure 4.1 is the result of XPS measurements of the chemical surface composition of SurTec 

650V conversion coatings on the three investigated alloys; 2024, 6061 and 7075, with 

immersion time 2 min and pH 3.5. As seen in the figure, the chemical composition on the 

surface differs between the alloys. Copper is only present for alloy 2024 and zinc has a distinctly 

higher relative concentration for alloy 7075. This correlates well with the composition of the 

alloys.  

 

Figure 4.2: SEM images of pre-treated samples which have not been passivated in SurTec 650V of a) 

and b) alloy 2024, c) and d) alloy 6061 and e) and f) alloy 7075. 

SEM images of reference samples, meaning samples which have been pre-treated (by alkaline 

degreasing and etching) but not passivated in SurTec 650V, are seen in Figure 4.2. Differences 

in the structure of the alloys can be detected, especially when comparing Figure 4.2a), c) and 

e) which have higher magnification than b), d) and f). Both alloy 2024 and alloy 6061 have a 

clear grain structure, where alloy 6061 exhibits larger and more oval grains. Alloy 7075 has a 

distinctly different structure and appears to have a very porous surface. At the lower 

magnification it can also be clearly seen that alloy 7075 contains widespread cracks. 

a) 

c) d) 

e) f) 

b) 
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Figure 4.3: SEM images of samples passivated for 2 min in SurTec 650V at pH 3.5 of a) and b) alloy 

2024, c) and d) alloy 6061 and e) and f) alloy 7075. 

Figure 4.3 illustrates the same alloys as Figure 4.2, but after 2 min of passivation in SurTec 

650V at pH 3.5. The topology of the coatings appears to maintain the grain structures/porosity 

from the un-passivated alloys to some extent but is also visually altered by the passivation. 

Cracks which were earlier detected for the un-passivated 7075 alloy are still evident in the 

images and the conversion coating does not seem able to overbridge these cracks.  

 

   

f) e) 

a) b) 

c) d) 



42 

 

4.1 Immersion time 

The first focus of the results concerns immersion time in the SurTec 650V passivation bath, 

which is a parameter known to have great impact on the characteristics of the conversion 

coating. Earlier studies have shown that an approved corrosion resistance is achieved for 2 min 

of immersion, while 4 min immersion did not achieve corrosion resistance good enough to fulfil 

neither Saab standard 2754 nor MIL-DTL-81706B. Different immersion times, around 2 and 4 

min, have therefore been tested to investigate how the immersion time affect the characteristics 

of the conversion coating.  

 

Figure 4.4: Goniometry measurement of the contact angle on the surface of three different alloys 

passivated for 0, 0.5, 2 and 4 min in SurTec 650V at pH 3.8. 

In Figure 4.4, immersion time 0, 0.5, 2 and 4 min have been investigated for the three different 

alloys 2024, 6061 and 7075, using goniometry to determine the contact angle of the surface of 

the coating. The passivation is performed at pH 3.8. All three alloys have contact angles that 

significantly differ from each other. Alloy 2024 and 6061 also appear to follow similar trends 

as the immersion time increases while alloy 7075 diverges from the others. 
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4.1.1 Alloy 2024 

Deepened studies of the effect of changing immersion time for specifically alloy 2024 is 

presented below.  

 

Figure 4.5: Goniometry measurement of the contact angle on the surface of alloy 2024 passivated for 

ten different immersion times at approximately pH 3.3.. 

A detailed investigation of the immersion time on alloy 2024 is seen in Figure 4.5 where ten 

immersion times are tested with goniometry; 0, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 6 and 8 min. A local 

minimum is detected at an immersion time of 3 min. This indicates that the conversion process 

is not a linear reaction, but that its formation and quality involves other aspects. 

 

Figure 4.6: XPS measurement of the chemical composition on the surface of alloy 2024 passivated for 

0, 2, 3 and 4 min at pH 3.5. 

In Figure 4.6, the chemical composition at immersion time 0, 2, 3 and 4 min were investigated 

for alloy 2024. 0 min is a reference sample, meaning that it has been pre-treated but not 
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passivated in SurTec 650V. The chemical composition differs somewhat between the 

immersion times, especially for the reference sample that has a much higher aluminum content 

as the alloy is not covered with a conversion coating. Chromium has a concentration maximum 

and oxygen has a concentration minimum at 3 min, while fluorine and zirconium appear to 

increase with immersion time. Results from corresponding XPS analysis of alloy 6061 can be 

found in Appendix B.   

 

Figure 4.7: SEM images of alloy 2024 passivated in SurTec 650V at pH 3.5 for a) 2 min, b) 3 min and 

c) 4 min. 

SEM images of alloy 2024 passivated in SurTec 650V at pH 3.5 for three different immersion 

times is seen in Figure 4.7, where a) is 2 min, b) 3 min and c) 4 min immersion. It can be 

observed that the surface seems to get increasingly smoother and maintain less of the alloy grain 

structure with increasing immersion time.  

a) 

c) 

b) 
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Figure 4.8: Chemical depth composition measured by AES for alloy 2024 passivated in SurTec 650V 

at pH 3.5 for a) 2 min and b) 4 min. Dotted lines indicate the etch times at which the relative 

concentrations appear to stabilize for each sample respectively. 

Figure 4.8 a) and b) displays depth profiles for alloy 2024 after passivation with immersion 

time 2 and 4 min, respectively. The elements whose relative concentrations changes most 

dramatically are oxygen and aluminium. After an etch time of approximately 1200 seconds for 

the 2 min immersion and 1000 seconds for the 4 min immersion the relative concentration of 

elements appear to stabilize, which indicates that the etching have penetrated into a new phase 

of the coated alloy. As this occurs after a shorter time for the 4 min immersion, it appears as the 

outer phase of the coating is thinner for the longer immersion. However, as the oxygen content 

is still fairly high throughout the etching, it is probable that the new phase still is an oxide and 

part of the conversion coating and not the pure alloy itself. This suggests that the conversion 

coating consists of multiple layers.  

During depth profiling also a substantial nitrogen component was detected with concentration 

increasing with etch time. No other measurement technique did however detect any nitrogen in 
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the coatings and results are inconclusive. As nitrogen content is considered of little interest in 

this thesis, results regarding detection of nitrogen has been omitted. 

 

Figure 4.9: HAADF images of coating cross sections of alloy 2024 passivated in SurTec 650V at pH 

3.5 for a) and b) 2 min and c) and d) 4 min. 

Figure 4.9 illustrates the coating cross sections of samples passivated for 2 and 4 min 

respectively, at different magnifications. The coating corresponding to an immersion time of 4 

min appear to be marginally thicker. Interestingly, dark areas can in Figure 4.9d) be clearly 

identified between the coating and the alloy, indicating that the coating is somewhat detached 

from the material. The dark areas can be seen also in the cross sections corresponding to the 

shorter immersion time, but to a much smaller extent. This implies that a longer immersion time 

results in greater detachment of the conversion coating from the alloy.  

 

Figure 4.10: HAADF image of coating cross section on alloy 2024 passivated for 2 min in SurTec 

650V at pH 3.5 and corresponding elemental mapping of copper. White square highlights a loose 

copper grain 

a) b) c) d) 
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Figure 4.10 further shows the elemental mapping of copper in the alloy and coating. Structures 

within the alloy, visible in the HAADF image, can be clearly identified as copper constituents. 

Copper grains of a rounder morphology also appear to accumulate beneath the coating and can 

in the top of the image also be seen as a loose grain.  

 

Figure 4.11: HAADF image of coating cross section on alloy 2024 passivated for 2 min in SurTec 

650V at pH 3.5 and corresponding chemical maps. 

Figure 4.11 contains elemental mapping for the cross section after immersion for 2 min. 

Aluminum can clearly be associated to the alloy while carbon exists almost exclusively outside 

of the sample. It is also obvious that all elements are not present to the same extent throughout 

the entire thickness of the coating. This can be observed more clearly in Figure 4.12 where the 

chemical maps of chromium and fluorine are superimposed. Chromium is clearly present only 

in an outer layer of the coating while fluorine is present through the entire coating. Further 

analysis of the chemical maps in Figure 4.11, reveals that zirconium and zinc have the same 

distribution as chromium and thus are localized in the outer layer of the coating. Fluorine and 

oxygen on the other hand appear evenly distributed throughout the coating. 
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Figure 4.12: Chemical mapping of fluorine and chromium in coating cross section on alloy 2024 

passivated for 2 min in SurTec 650V at pH 3.5. 

 

Figure 4.13:  HAADF image of coating cross section on alloy 2024 passivated for 4 min in SurTec 

650V at pH 3.5 and corresponding chemical maps. 

Figure 4.13 shows the layer structure of the coating immersed for 4 min. The structure appears 

to agree with observations for the coating immersed for 2 min. Chromium, zirconium and zinc 

are distributed very similarly while especially fluorine is distributed in a thicker layer. The 

chromium layer is also visibly thicker after 4 min immersion than after 2 min. As observed in 

Figure 4.9d) the coating appeared to be detaching somewhat from the alloy. Interestingly 
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oxygen seem to have spread over the gap and exists also on the surface of the alloy where the 

conversion coating has detached. This implies that detachment of the coating exposes the alloy 

to further oxidation and that the alloy thus is no longer fully protected by the coating. 
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4.2 pH 

The second focus that have been investigated is the impact of different pH values in the SurTec 

650V passivation bath. Since testing at Exova have indicated that pH 3.5 is an appropriate 

setting, values chosen for investigation in this thesis is pH 3.0, 3.5 and 3.8.  

 

Figure 4.14: Goniometry measurement of the contact angle on the surface of alloy 2024 and 6061 

passivated for 2 min at approximately pH 3.0, 3.5 and 3.8. 

In Figure 4.14, pH 3.0, 3.5 and 3.8 have been investigated for alloy 2024 and 6061, by using 

goniometry to determine the contact angle of the coating surface. The alloys have different 

contact angles and while the contact angle for alloy 2024 increases linearly with pH, conversion 

coating formation on alloy 6061 appear less pH dependent. 
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4.2.1 Alloy 2024 

Deepened studies of the effect of changing pH for specifically alloy 2024 is presented below.  

 

Figure 4.15: XPS measurement of the chemical composition on the surface of alloy 2024 passivated 

for 2 min at pH 3.0, 3.5 and 3.8. 

Chemical composition on the surface, determined by XPS, for alloy 2024 immersed in 2 min at 

pH 3.0, 3.5 and 3.8 can be seen in Figure 4.15. The elemental concentrations seem to be 

dependent on the pH, since there are variations between the concentrations for all elements. 

Chromium, fluorine, zirconium and oxygen are all increasing with increasing pH while copper, 

zinc and aluminum are decreasing with increasing pH. Especially distinct differences can be 

seen for aluminum and oxygen, where pH 3.0 achieves a much higher aluminium concentration 

and a lower oxygen concentration. High aluminium and copper content at the surface might be 

an indication that the coating is thinner for pH 3.0 than for higher pH values. Corresponding 

XPS results for alloy 6061 can be found in Appendix B, which exhibit much smaller 

concentration changes at variation of pH. The small changes that exist do however follow the 

same trends as detected for alloy 2024. 
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Figure 4.16: SEM images of alloy 2024 passivated for 2 min in SurTec 650V at a) pH 3.0, b) pH 3.5 

and c) pH 3.8. 

Figure 4.16 shows the SEM images of alloy 2024 passivated in SurTec 650V for 2 min at a) pH 

3.0, b) pH 3.5 and c) pH 3.8. As the image for pH 3.8 have fairly poor focus it is hard to 

determine with certainty how variation of pH affects the surface topology. It does however 

seem like lower pH results in a flatter surface structure. Corresponding images for alloy 6061 

can be found in Appendix B. 

 

a) 

c) 

b) 
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Figure 4.17: Chemical depth composition measured by AES for alloy 2024 passivated for 2 min in 

SurTec 650V at a) pH 3.0 and b) pH 3.5. Dotted lines indicates the etch times at which the relative 

concentrations appear to stabilize for each sample respectively. 

Figure 4.17 displays depth profiles for alloy 2024 with an immersion time of 2 min with pH 3.0 

and 3.5 respectively. For pH 3.0, aluminum and oxygen concentration seem to stabilize after a 

shorter etch time and thus closer to the coating surface compared to pH 3.5. The aluminium 

signal for pH 3.0 is more or less constant through the coating, which indicates that the coating 

is thinner than for the corresponding higher pH. 
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4.3 Immersion time and pH 

The third focus concerns the impact of varying immersion time and pH at the same time, i.e. 

investigated if there is any interaction between the two parameters. 

 

Figure 4.18: Contact angle on the surface of alloy 2024 passivated for 2 and 3 min in SurTec 650V at 

different pH. Circles indicate parameter settings whose corresponding chemical composition is further 

analysed below. 

Immersion times 2 and 3 min were investigated further for alloy 2024 at three different pH. The 

corresponding contact angle measurements are illustrated in Figure 4.18. For 2 min, the result 

is the same as seen earlier; the contact angle increases with increasing pH. For immersion time 

3 min on the other hand, the contact angle for pH 3.0 drastically diverges from the trend. 

 

Figure 4.19: XPS measurement of the chemical composition on the surface of alloy 2024 passivated 

for 2 and 3 min in SurTec 650V at pH 3.0 and 3.5. 
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Figure 4.19 illustrates the chemical composition on the surface of alloy 2024 passivated for 2 

and 3 min at pH 3.0 and 3.5. Specifically observing the aluminium content of the different 

coatings, it can be concluded that varying pH within this interval have much greater effect than 

varying the immersion time. It also appears as though varying pH have greater effect on the 

coating composition when the immersion time is shorter. Chromium inclusion at the coating 

surface further appears to be favoured by a longer immersion time and a higher pH. SEM images 

illustrating the four different parameter settings are included in Appendix C.  
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4.4 Cr(III) vs. Cr(VI) conversion coatings 

Next focus regards Objective 3, where the purpose is to compare the Cr(III) containing SurTec 

650V process with currently used Cr(VI) containing processes. Alodine 1200 is used for 

passivation of class 1A materials, which should be qualified on alloy 2024, while Alodine 1500 

is used for passivation of class 3 materials, which should be qualified on alloy 6061. 

Comparative passivation with Alodine 1200 and 1500 are therefore performed on alloy 2024 

and 6061 respectively. 

 

Figure 4.20: Contact angle of the surface of alloy 2024 and 6061 conversion coated in Alodine 1200 

and Alodine 1500 according to approved Saab process or for 2 min in SurTec 650V at pH 3.5. 

In Figure 4.20 it can be seen that converting alloy 2024 in Alodine 1200 generates a surface 

with similar wettability as the corresponding surface passivated in SurTec 650V. For alloy 6061 

the Cr(VI) containing Alodine 1500 conversion results in a surface with significantly higher 

contact angle than the SurTec 650V passivation.   
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Figure 4.21: XPS measurement of the chemical composition on the surface of alloy 2024 and 6061 

passivated in Alodine 1200, Alodine 1500 or SurTec 650V. 

In Figure 4.21, the chemical surface composition of the same parameter combinations as in 

Figure 4.20 are illustrated. Chromium content is notably higher in the Cr(VI) containing 

coatings, as is the content of oxygen, while zirconium content is significantly lower. Aluminum 

content is furthermore much higher in the Cr(III) containing coatings, which can be an 

indication that the SurTec 650V coatings are thinner and/or do not have as high coverage as the 

Alodine coatings. Similar observations can be made in the SEM images illustrated in Figure 

4.22 and Figure 4.23. In comparison with the corresponding SurTec 650V coatings, both 

Alodine 1200 and Alodine 1500 appear to be much less dependent on the underlying grain 

structure of the alloys. Alodine 1200 in particular generates coatings which appear thick and 

compact, while Alodine 1500 coatings appear even and smooth.  
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Figure 4.22: SEM images of alloy 2024 passivated in a) and b) Cr(VI) containing Alodine 1200 and c) 

and d) Cr(III) containing SurTec 650V. 

 

Figure 4.23: SEM images of alloy 6061 passivated in a) and b) Cr(VI) containing Alodine 1500 and c) 

and d) Cr(III) containing SurTec 650V. 

  

a) b) 

c) d) 

a) b) 

c) d) 
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4.5 Production vs. laboratory scale 

The last objective of the thesis, Objective 4, is to evaluate differences between samples 

passivated at laboratory scale and production scale. As the solutions used for laboratory testing 

were taken directly from the large production scale baths, the contents of solutions at both scales 

are equal and differences in coating characteristics should thus be due to scaling down the 

experimental volume. At laboratory scale, an additional SurTec 650V passivation bath was also 

mixed from fresh SurTec 650V concentrate, to evaluate if earlier alloy conversion is affecting 

the passivation baths and if the characteristics of coatings change as a result.  

 

Figure 4.24: Contact angle of alloy 2024 passivated in SurTec 650V in laboratory scale and 

production scale at pH 3.8 and in two different laboratory scale baths at pH 3.5, one with freshly 

mixed SurTec 650V and the other with SurTec 650V taken from production baths at Saab. 

Seen in Figure 4.24, the contact angle for passivation in production scale is higher than for the 

corresponding passivation at pH 3.8 in laboratory scale. Production scale samples also generate 

results with very high standard deviation and has directly after passivation a much more 

inhomogeneous visual appearance. It can also be noted that an alloy passivated in freshly mixed 

SurTec 650V achieves a slightly lower contact angle compared to already used SurTec 650V. 
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Figure 4.25: Chemical composition on the surface of alloy 2024 passivated in SurTec 650V at pH 3.8 

in laboratory scale and production scale and in two different baths in laboratory scale at pH 3.5, one 

with freshly mixed SurTec 650V and the other with SurTec 650V taken from production baths at Saab. 

Some differences in the chemical composition of the surface of the coating can be seen in Figure 

4.25. An especially notable difference regards the chromium content which is higher after 

passivation at laboratory scale. The freshly mixed SurTec 650V bath also correlates with very 

low chromium content and greater inclusion of zinc. Corresponding SEM images are illustrated 

in Figure 4.26 and illustrates also topology differences between the different scales. 
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Figure 4.26: SEM images of alloy 2024 passivated for 2 min in SurTec 650V at a) and b) production 

scale at pH 3.8, c) and d) laboratory scale at pH 3.8, e) and f) laboratory scale from a fresh chemical 

batch at pH 3.5 and g) and h) laboratory scale at pH 3.5. 

  

a) b) 

c) d) 

f) e) 

h) g) 
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5 Discussion 
Discussion of the implications and correlation of results achieved in the thesis work is presented 

in this section.  

5.1 Characteristics of the SurTec 650V conversion coating 

Coatings formed during the SurTec 650V passivation process changes the characteristics of the 

alloy surface. The results of this thesis clearly show that the conversion of alloys changes the 

topology and the wettability of the surface. Film cross sections, measured by TEM imaging, 

show that the coatings are formed as distinct layers on the alloy surfaces and have an 

approximate thickness of 30-50 nm, which is consistent with earlier research (Qi et al. 2016). 

Analysis using SEM imaging shows that the topology of formed coatings is dependent on the 

topology of the original alloy. Alloy 2024, 6061 and 7075 all have very different original 

topologies and the resulting films thus have significantly different appearance. Also the 

wettability of the alloys is significantly different, which is most likely related to the different 

topologies. The results from alloy 7075, for example, indicate a very porous surface, which 

have long been known to coincide with low wettability i.e. high contact angle (Cassie & Baxter 

1944). The high contact angle of water droplets also on the coated surface of alloy 7075 

indicates that the surface is still dominated by the original porosity.   

The XPS analysis clearly show that elements, such as chromium, fluorine, oxygen, zinc and 

zirconium, present in the SurTec 650V passivation bath, are incorporated into the coatings. It 

is further observed that constituents from the alloys themselves become incorporated into the 

coatings and that these constituents differ for different alloys. In the case of copper in the 2024 

alloy, XPS measurement of chemical surface content detects copper as a component. As 

calculated in Section 3.2.4 the approximate depth of XPS detection is 5.51 nm which is 

significantly less than the measured coating thickness, meaning that copper detected by XPS 

measurement is probably present in the coating itself. Depth profiling using AES display similar 

results where the copper signal is > 0 throughout the analyzed coating depths and with a 

tendency to increase with depth under surface. An alternative explanation for the XPS and AES 

detection of copper might be the existence of pinholes through the coating, generating signal 

from below the surface. Chemical mapping of the coating cross section further shows that 

copper is accumulated in and just under the coating. The aluminum signal, i.e. the relative 

aluminum concentration, shows a similar trend as copper. XPS measurement display a large 

aluminum component and AES depth profiles show aluminum signal at the coating surface 

increasing with etch time. For alloy 2024 samples immersed for 2 min in SurTec 650V at pH 

3.5, XPS and AES coherently show a surface aluminum content of approximately 20%, which 

within the studied AES depth increases to approximately 40%. AES measurements have been 

performed with a maximum etch time of 1620 s and do not during that time appear to etch 

through the entire coating thickness. A maximum aluminum content of 40% supports this theory 

as a higher percentage would be expected in the aluminum alloy itself (The aluminum 

association 2015).  

In Figure 4.12, where chemical maps of fluorine and chromium are superimposed, it appears as 

the film consists of two layers where chromium accumulate within the outer layer while fluorine 

is present throughout the film. When comparing chemical maps of other elements with those of 

chromium and fluorine, zirconium and zinc appears to exist in the same layer as chromium. Qi 

et al. (2016) illustrated in a recent study similar results, where a chromium/zirconium rich outer 

layer was suggested along with an inner aluminum rich layer. AES depth profiles presented in 
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this thesis illustrate a tendency of chemical composition to vary close to the surface but stabilize 

somewhat further into the film. This might, as suggested in Section 4.1.1, indicate that the 

etching has penetrated into a new layer of the coating, which is more aluminum rich than the 

outer layer. These results are however not entirely conclusive as some depth profiles show 

significant zirconium content well into the suggested inner layer. An additional aspect to be 

considered for the AES results is the calculated escape depth of Auger electrons at 7.79 nm, 

which within a 30-50 nm thick film make absolute layer distinctions difficult. 

Another aspect identified in HAADF images of coating cross sections is the tendency of the 

formed SurTec 650V coating to detach from the aluminum alloy. Chemical mapping of oxygen 

further shows that additional oxidation of aluminum occurs on the alloy surface where the 

coating has detached. As neither chromium nor zirconium are incorporated in the sub-coating 

oxide layer, the conclusion can be drawn that the oxidation did not occur during surface 

conversion, but is more likely to have occurred at a later stage. Interestingly, the fluorine 

suggested to belong to an inner layer of the coating is present throughout the gap between the 

alloy and the detached coating. This might suggest that fluorine has a role in causing the 

detachment or merely that the inner layer of the coating could be collapsing with coating 

detachment as a result. Sample preparation of TEM samples is however extensive, which itself 

might cause detachment. To fully evaluate how and why coatings might be detaching, 

complementary analysis using other methods of sample preparation might be necessary. 

Chromium is, as previously described, an important part of the conversion coating in terms of 

establishing corrosion resistance. Recent studies have shown that for Cr(III) containing 

passivation processes, a small amount of Cr(III) is oxidized to Cr(VI) during the passivation 

process (Qi et al. 2015, 2016). From available XPS data it was not possible to judge whether 

the chromium incorporated into the conversion coatings was trivalent or hexavalent, but the 

presence of some form of chromium could be concluded with certainty for all investigated 

samples. Chemical mapping of cross sections also illustrate the presence of chromium, closely 

intertwined with the presence of zirconium. Depth profiles generated from AES data are fairly 

problematic as they show very low, close to nonexistent, chromium content. This is explained 

by that the chromium peak in AES spectra is greatly overlapping with the oxygen peak, which 

due to the high oxygen content of the conversion coatings makes Auger electrons originating 

from chromium very hard to distinguish. The AES results regarding chromium content are thus 

unreliable. However, judging from the close intertwinement of chromium and zirconium in the 

chemical mapping of cross sections it is probable that chromium varies throughout the coating 

in a similar fashion as detected for the zirconium.  

The inclusion of copper into the conversion coating on alloy 2024 is of interest considering 

corrosion resistance. As described in Section 2.1.4, copper serves as cathode in bimetallic 

corrosion and increases the rate of aluminum oxidation. In Figure 4.10 it is illustrated how 

copper is accumulating in/under the coating and that the size of copper grains are large in 

relation to the thickness of the coating itself. Increased corrosion occurring in the proximity of 

copper grains thus seem probable. Accumulation of copper in and below the conversion coating 

might be an effect of pre-treatment etching with Ardrox 295 GD. The etching might remove 

aluminum more efficiently than copper from the alloy surface, thus locally increasing the 

relative concentration of copper. For SurTec 650V to be suitable for coating aluminum alloys 

of high copper content it might thus be necessary to introduce an additional pre-treatment step, 

specifically removing surface accumulated copper.    
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5.2 Effects of parameter variation 

Parameters for the SurTec 650V passivation process recommended by Exova, is an immersion 

time of 2 min and a pH of 3.5. The effects of varying these two parameters are discussed below. 

5.2.1 Immersion time 

The chemical composition is found to vary between different immersion times, both on the 

surface and in depth profile. A significant difference is detected in the AES depth profiles where 

it appears as that the coating for immersion time 4 min has a thinner outer layer than the coating 

immersed for 2 min. Chemical mapping of coating cross sections however illustrate that the 

chromium/zirconium rich coating layer grows thicker with increased immersion time. One 

possible explanation for the contradictory AES and TEM results might be that after a longer 

immersion, the acidic environment of the SurTec 650V bath starts to change the porosity of the 

formed coating. Argon etching in depth profiling might thereby have a greater effect and make 

AES results unreliable. Studying the topology of the surface indicates that with increasing 

immersion time, the surface seems to get smoother and the alloy grain structure fades away, 

which would again imply that the film is growing thicker with immersion time. XPS results for 

the corresponding surface compositions illustrated that 4 min immersion correspond to a lower 

surface concentration of aluminum than 2 min immersion. Also this can be interpreted as longer 

immersion results in thicker coatings with higher coverage.  

All the results reported in this thesis can be compared to results found in earlier performed 

corrosion testing. Corrosion tests have shown that better resistance for alloy 2024 can be 

achieved for immersion time 2 min than for 4 min. This low corrosion resistance for 4 min is 

surprising considering that the chromium rich layer of the conversion coating and the entire 

coating appear to increase in thickness with increasing immersion time. One explanation to why 

corrosion resistance is not favored by this trend could however be found in the HAADF images 

of cross sections in Figure 4.9. As described earlier, detachment of the coating from the alloy 

surface can be clearly observed in these images, and detachment is also significantly more 

evident for the longer immersion time. This observation leads to the conclusion that coatings 

probably do grow thicker and more even with increasing immersion time but that this does not 

guarantee improved corrosion resistance as the coating itself do not stay firmly attached to the 

surface of the alloy. It might even be that a thicker conversion coating is stiffer than a thin one 

and therefore might detach more easily when the alloy is subjected to stress or movement. As 

mentioned in Section 2.1.5, conversion coatings are often used as pretreatment of metal 

components before further finishing, which can include different forms of painting. Paint 

adhesion tests are recurrently carried out at Saab Aeronautics to assure the quality of adhesion 

between the surface finishing layers. Detachment of SurTec 650V coatings from metal alloys 

is likely to cause issues also in adhesion testing and it would be of great interest to perform 

adhesion tests for different immersion times in the future. 

5.2.2 pH 

The three investigated pH values result in distinctly different chemical compositions on the 

surface of alloy 2024. Aluminum and copper concentration drastically decreases with 

increasing pH, while oxygen, chromium, fluorine and zirconium increases. This could be an 

indication that the low pH coatings are thinner or that the more aggressive pH environment 

dissolves the aluminum alloy to a greater extent, allowing dissolved aluminum and copper to 

integrate more heavily throughout the coating. Similar conclusions can be drawn from the AES 

depth profile of a coating formed in pH 3.0 on alloy 2024, where the aluminum content is very 
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high throughout the coating depth. When considering all observations together it appears with 

strong probability as passivation in lower pH results in coatings which are more uniform 

throughout the coating thickness and to a greater extent is governed by the alloy constituents. 

Passivation in higher pH correspondingly results in coatings with characteristics more strongly 

governed by the passivation bath components such as chromium and zirconium. This suggested 

trend also appear to correlate with SEM images of the coating topology for different pH, where 

higher pH seemingly allows larger buildup of material on the surface. 

Interestingly, pH related changes in chemical surface composition are much less evident when 

passivating and analyzing alloy 6061. The same trends can be detected as for alloy 2024, but 

concentration changes are much smaller. Also regarding wettability, the contact angle for alloy 

2024 increases drastically with increasingly pH while for 6061 the contact angle is rather stable. 

The conclusion can thus be drawn that passivation of alloy 6061 is less pH dependent. This 

difference between alloys might be caused by differing tendencies for different alloys to 

dissolve in the acid passivation environment and thus integrate into the coatings.  

Another aspect regarding pH is how it changes in the passivation bath as an effect of the 

passivation process itself. In the thesis work it was found to be difficult to maintain a stable pH 

in the bath and several times it had to be adjusted using H2SO4 between passivation of samples. 

Li, Desouza and Swain (2013) have earlier investigated the change in pH in situ during 

formation of conversion coatings on alloy 2024. They found that the rapid oxidation involved 

in conversion of the alloy is balanced by a strong cathodic reaction in the nearby solution, 

consuming large amounts of H+ ions. In result, the pH in the passivation bath increases 

drastically close to the alloy surface. This local increase in pH, do assumably also increase the 

overall pH of the passivation bath, which is in line with laboratory findings of this thesis. In 

combination with the conclusion that coatings formed in SurTec 650V are highly affected by 

the pH of the passivation bath and that the passivation process itself cause a pH increase, the 

SurTec 650V process should be treated with caution. In large scale passivation of aluminum 

alloys, continuous process control of pH is thus vital and should be carefully calibrated. This is 

especially important during passivation of the pH sensitive alloy 2024. 

Additional investigations of interactions of the process parameters immersion time and pH were 

carried out for alloy 2024, for immersion time 2 and 3 min and pH 3.0 and 3.5. One 

distinguishing result was the contact angle for the parameter combination of pH 3.0 and 

immersion time 3 min. This combination resulted in a high contact angle which diverts from 

the earlier detected trend were contact angle increase with pH. One possible explanation of this 

distinguishing result could be that low pH cause too acidic conditions for long immersion. This 

acidic conditions might cause a degradation of the conversion coating after 2 min of passivation, 

resulting in changed coating characteristics. Further investigation is however needed to confirm 

this hypothesis. 
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5.3 Cr(III) vs. Cr(VI) conversion coatings 

Distinct differences are found when comparing the Cr(III) containing SurTec 650V process 

with the Cr(VI) containing Alodine 1200/1500 processes. First of all, chemical surface 

composition of the coatings differ between the processes. The greatest difference concerns 

aluminium concentration, where the SurTec 650V coatings has significantly higher 

concentration on both alloy 2024 and 6061 than the corresponding Alodine coatings. This might 

indicate that the coatings formed with SurTec 650V passivation is thinner than the coating 

formed with either Alodine 1200 or Alodine 1500, or that it has more of the original alloy 

material incorporated throughout the thickness of the coating. An additional indicator of this is 

that no copper could be detected on the surface of the Alodine 1200 coating on alloy 2024. In 

other words, the Cr(VI) conversions coatings appear to, in a greater extent, be formed from the 

components of the actual chromate bath, while the SurTec 650V coatings are more transparent 

and incorporates more of the aluminium substrate itself.  

SEM images of the topology further support XPS findings and distinct differences are seen 

between SurTec 650V, Alodine 1200 and Alodine 1500 coatings. The coatings formed with 

SurTec 650V are uneven and appear to depend upon the original topology of the alloys, while 

Alodine 1200 coatings look thick and compact and Alodine 1500 even and smooth. This again 

indicates that the Cr(III) coatings are not as much of a compact barrier between the alloy and 

surrounding environment as the Cr(VI) coatings. This could explain why it is hard to achieve 

as good corrosion resistance for SurTec 650V coatings as for Alodine 1200/1500 coatings. 

Earlier studies have also shown that Alodine 1200 conversion coatings usually have an 

approximate thickness of 250 nm (Campestrini, Westing & Wit 2001) and Alodine 1500 an 

approximate thickness of 80-120 nm (Katzman, Malouf, Bauer & Stupian 1979), which is 

significantly thicker than the SurTec 650V coatings of this study and thus in line with 

conclusions drawn above.   

Chromium and oxygen concentrations are further found to be significantly higher in Alodine 

coatings, while SurTec 650V coatings has a more substantial zirconium component. The higher 

chromium concentration in Alodine 1200 and Alodine 1500 coatings might be an effect of the 

different binding capability of Cr(VI) compared to Cr(III). Zirconium is earlier found to be 

distributed very similarly as Cr(III) in SurTec 650V coating cross sections. As chromium 

concentration is lower in SurTec 650V coatings than in Alodine 1200/1500 coatings, while 

zirconium content is higher, it is possible that the zirconium to some extent might functionally 

replace chromium in the Cr(III) coatings. 
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5.4 Production vs. laboratory scale 

There are factors that need to be considered when scaling up from laboratory to production 

scale. The results clearly indicate differences in both contact angle and chemical composition 

of the coating surface could be detected in the thesis work. The passivation bath in laboratory 

scale is taken from Saab production, where the production scale testing was performed. 

Therefore, the only difference between the baths is the volume. The alloy passivated in 

production scale has a distinctly higher contact angle than the alloy passivated in laboratory 

scale. Studying chemical composition for the different scales, differences in especially 

chromium is seen, where chromium concentration is higher for laboratory scale. Also, the 

aluminum concentration is higher for the alloy passivated in laboratory scale. These 

observations might indicate that the coating formed in laboratory scale is thinner than the 

coating formed in production scale.    

Due to the differences in result between scales, it can be stated that the passivation process 

mostly investigated in the thesis, the SurTec 650V process in laboratory scale differ from the 

production scale process used at Saab production. These differences are probably due to the 

diverse conditions in the different scales. In laboratory scale, it is easier to control each 

parameter in the process bath and to ensure that the content and conditions, such as temperature 

and stirring, in the bath is homogeneous in the whole tank. Comparing the standard deviations 

for the goniometry measurements, the deviation is significantly higher for the production scale 

passivation. This large standard deviation indicates that there are factors that affect the 

passivation process in production scale, making it difficult to achieve repeatable results for 

several conversion coatings. These factors are probably due to inhomogeneous conditions in 

the passivation bath, which is also indicated by the visibly inhomogeneous coating surfaces 

achieved through production scale passivation. 

Results and conclusions regarding how coatings change as an effect of varying immersion time 

and pH should however be considered valid also when scaling up to production scale. The 

coated alloys might be less uniform, but there is no reason to believe that the trends illustrated 

at a smaller scale should change. The less controlled environment might however decrease the 

effect of optimizing process parameters and do not assure that production scale samples will 

pass corrosion tests even when their laboratory scale counterparts do.  

The additional test with a SurTec 650V passivation bath mixed from fresh SurTec 650V 

concentrate resulted in some differences in comparison with the passivation bath already used 

at Saab production. The coating passivated in fresh SurTec 650V has a more hydrophilic surface 

and a distinctly lower chromium concentration. Also the topology of the coating surface is 

visually different. This shows that passivation changes the composition of the passivation bath 

itself, possibly through the dissolution of aluminum. Bath content therefore requires monitoring 

to assure consistent conversion coating over time.  
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6 Conclusion 
The SurTec 650V process, investigated in this master thesis, has shown to be sensitive and 

entail coating formation which is strongly dependent upon process parameters. The first section 

of the conclusion is a summary of the major perspectives found in relation to the stated 

objectives of the work. Section 6.2 then presents future work that would be relevant for Saab to 

investigate further. 

6.1 Summary 

Presented in the list below are the most significant findings of the master thesis, in view of 

stated objectives. 

 SurTec 650V coatings on aluminum alloys are formed from both elements present in 

the conversion bath and constituents of the alloys themselves. Aluminum is present 

throughout the depth of the coatings and copper do during passivation of alloy 2024 

accumulate below and within the coating. Chromium and zirconium are distributed very 

similarly and can be found close to the surface of the coatings. Oxygen is a major 

component and can be found in high relative concentrations throughout all analyzed 

SurTec 650V coatings. 

 The thickness of SurTec 650V conversion coatings increases with immersion time and 

is for 2-4 min immersion approximately 30-50 nm. Results suggest that the coating 

consist of an outer chromium and zirconium rich layer and an inner aluminum and 

fluorine rich layer, where the thickness of particularly the outer layer increases with 

increasing immersion time. Cross section imaging illustrates coating detachment from 

the alloy surface which becomes more significant with longer immersion time. 

 pH of the passivation bath drastically affects the chemical distribution throughout the 

coating depth. Low pH results in films where the alloy constituents, such as aluminum 

and copper, are more integrated throughout the film, while higher pH favors inclusion 

of bath constituents such as chromium and zirconium. The pH dependency is different 

for different alloys. Alloy 2024 experiments illustrate great coating changes, while 

coatings on alloy 6061 are less affected. 

 Cr(III) containing SurTec 650V coatings are distinctly different than earlier used Cr(VI) 

containing Alodine coatings, regarding both topology and chemical content. The Cr(III) 

coatings appear to be significantly thinner and includes higher concentrations of 

elements originating from the alloy itself at its surface. The Cr(VI) coatings thus appear 

to be a more robust barrier between alloys and their surroundings. 

 Differences are found between samples passivated at laboratory and production scale, 

both visually and analytically. Conclusions drawn regarding effects of parameter 

variation should be valid on both scales but do not automatically guarantee that high 

corrosion resistance gained for a parameter setting at laboratory scale will generate 

samples of adequate corrosion resistance at production scale. 

 Passivation with SurTec 650V appear to be a very sensitive process were small 

parameter variations can affect the conversion coatings greatly. Strict process control, 

particularly regarding pH in the SurTec 650V bath, is thus necessary to assure 

consistency of coating characteristics. 
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6.2 Future work 

To be able to exclude Cr(VI) from Saab’s production before REACH regulations takes effect 

in September 2017, some future work need be considered.    

6.2.1 Corrosion and paint adhesion tests 

This thesis has provided information regarding how characteristics of the SurTec 650V 

conversion coating varies with immersion time and pH. To fully evaluate how these parameter 

variations correlate with actual corrosion resistance, extensive corrosion testing is required. One 

preliminary corrosion test has been performed on alloy 2024 immersed for 2 min at pH 3.5, 

with good result. Further testing should be carried out for this and other parameter 

combinations. As results have indicated possible detachment of coatings from alloy surfaces, 

these corrosion tests could appropriately be complemented with paint adhesion tests. Corrosion 

resistance and paint adhesion tests should be performed according to Saab Standard 2754. 

6.2.2 Production scale implementation 

Further evaluation of the production setting is needed, since clear differences between 

production and laboratory scale was found in this thesis work. Samples passivated at production 

scale were visibly different and more inhomogeneous than the samples passivated at laboratory 

scale. This indicates that factors in the production setting such as mode and extent of stirring in 

the passivation bath, sample rinsing and sample drying could be relevant to consider and 

possibly alter. It could also be relevant to introduce an extra pre-treatment step, removing 

surface accumulated copper, to limit the extent and effects of bimetallic corrosion. 

6.2.3 Process control 

Based on knowledge gathered in this master thesis, together with corrosion testing, Saab 

Aeronautics should recommend a specific process procedure for Saab production, involving 

both standard operation of the passivation and quality controls of the process baths. The 

standard operation should include parameter setting and process line set up, making it possible 

for the employees to perform SurTec 650V passivation of adequate quality. Quality controls 

should be performed continuously during the process to ensure that conditions in the baths, such 

as pH, temperature and stirring, are according to the standard operation. 

6.2.4 Research regarding alternative corrosion protection 

All work done throughout this thesis have aimed at facilitating implementation of the Cr(III) 

containing conversion chemical SurTec 650V. This implementation have however turned out 

to be problematic as the process appear to be very sensitive and qualification according to 

standards thus have been difficult. It might therefore be of interest to start looking at and keep 

track of other alternatives to environmental friendly passivation methods. One possibility is of 

course to investigate other brands of Cr(III) passivation chemicals, but evaluation of completely 

chromium-free alternatives could probably be more rewarding. Various recent studies have 

shown promising results for corrosion resistant coatings formed from both inorganic salts with 

self-healing behavior (Yoganandan, Pradeep Premkumar & Balaraju 2015) and sol-gel 

processes (Wang, Bierwagen 2009). Polymeric coatings modified with nanopowders have also 

illustrated good corrosion protection for alloy 2024 in particular (Asmatulu, Claus, Mecham & 

Corcoran 2007) and could thereby be of great interest.  
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Appendix A: Passivation process – detailed description       
The passivation process using SurTec 650V is described in detail in this section.           

 

Figure A1: Detailed schematic illustration of the passivation process. 

The passivation process is divided into different steps, shown in Figure A1, where step 1 and 2 

are pre-treatment steps and 3 is the passivation step, followed by a drying step (4) and a visual 

inspection (5). Furthermore, all process steps have a rinsing step in between. The process line 

in fume cupboard in the laboratory is shown in Figure A2.   

 

 

Figure A2: The process line in the laboratory. Baths from the left: alkaline degreasing, rinsing, 

etching, rinsing, SurTec 650V passivation, rinsing. 

Before passivation, a small edge of the sample is covered with aluminum tape to be able to 

hold the sample with an aluminum wire through a hole in the tape, Figure A3. 

 

Figure A3: Hanging device for immersion of the aluminum alloy samples. 
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1. Alkaline degreasing 

The first step in the SurTec 650V passivation process is an alkaline degreasing, which is 

performed in Turco 2415 NC-LT for 15 min. The sample is immersed into the bath which has 

magnetic stirring and is heated to 54-60°C with a heating plate. The stirrer is kept at a low 

frequency during immersion and higher frequency between immersions. 

2. Etching 

The second process step is an etching step, performed in Ardrox 295 GD. This step is performed 

by immersion in the bath for 8 min at RT (~20C). The bath is stirred with air from the fume 

cupboard with a silicon tube with a plastic pipe at the end. After the etching step, the surface 

should have achieved a matt surface, see third alloy in Figure A4. 

3. Passivation 

The third process step is the passivation step in SurTec 650V, kept at RT. The bath has a 

magnetic stirrer that works in the same way as for the alkaline degreasing bath. Parameters in 

the bath, such as pH and immersion time, is varied during the project. 

Rinsing baths 

After the each process step mentioned above; 1, 2 and 3, there are rinsing steps which are always 

carried out in the same fashion, but in separate baths. The rinsing is performed in three steps. 

The first step is to spray the sample with a spray flask filled with Milli-Q water over the bath 

the sample came from for about 30 seconds. The second step is to immerse the sample in a 

rinsing bath with Milli-Q water for 10 min and the last step is to dip the sample into a very clean 

rinsing bath with Milli-Q water. The last rinsing bath should be changed between every process. 

After the rinsing process, a visual water break test should be performed by looking at the 

sample. A water film should cover the whole surface without breaking at scratches or defects. 

4. Drying 

After the last rinsing, the sample is dried using a hair dryer. When dry, the sample is removed 

from its hanging device and stored in a small resalable plastic bag.  

5. Visual inspection 

The last step is to visually inspect the sample to see if the passivation looks correctly performed. 

The sample should have achieved a light blue shimmer with an even surface without scratches 

or other defects. In Figure A4, the appearance of aluminum alloys after each step in the 

passivation process is shown. 
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Figure A4: Appearance of the aluminum alloys after the different steps in the passivation process. 

From the left: 1. Before passivation process, 2. After alkaline degreasing, 3. After etching, 4. After 

passivation in SurTec 650V.  
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Appendix B: Additional results for passivation of alloy 6061 

 

Figure B1:XPS measurement of the chemical composition on the surface of alloy 6061 passivated for 

2 and 3 min at pH 3.5. 

 

Figure B2: XPS measurement of the chemical composition on the surface of alloy 6061 passivated for 

2 min at pH 3.0 and 3.5. 

 

Figure B3: SEM images of alloy 6061 passivated for 2 min in SurTec 650V at a) pH 3.0 and b) pH 3.5. 
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Appendix C: Additional results for interactions between 

immersion time and pH 
 

 

Figure C1: SEM images of alloy 2024 passivated in SurTec 650V for a) and b) 2 min at pH 3.0, c) and 

d) 2 min at pH 3.5, e) and f) 3 min at pH 3.0 and g) and h) 3 min at pH 3.5. 

a) b) 

c) d) 

f) e) 

h) g) 


