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Abstract 

The thesis has been done in collaboration with Getinge Infection Control AB in 

Getinge during the spring semester 2015. The purpose of this thesis has been to 

establish a ranking method to determine cleanliness and ability to repel foreign 

matter, of materials used on Getinge’s current autoclaves/sterilizers.  

Autoclaves are devices with high requirements on hygiene and cleanliness 

properties to ensure that patients are treated with disinfected and sterilized 

equipment. A large amount of the work load for staff in sterilizing departments is 

maintaining a clean environment. The most common material on the fascial part is 

stainless steel. In this thesis different structures of surfaces have been examined to 

determine materials cleanliness. 

The project embarked with a state-of-the-art study to gain knowledge within the 

application area. Different approaches within the subject have been investigated 

thoroughly to be able to find the most suitable method for this comprehensive 

research area. 

With the use of the contact angle meter it was possible to determine the 

cleanliness of different materials depending on the results obtained from the 

measurements. This was later compared to surface parameters provided from the 

interferometer measurements, to find a connection between surface parameters 

and cleanliness.   
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1 Introduction 

1.1 Background 

Getinge Infection Control is today using stainless steel on their autoclaves and 

corian in the front panel. The aim is to examine their existing surfaces and if 

possible try to find a more suitable material for the application.  

Getinge has requested to investigate the surfaces ability to repel biofilm with a 

method called the contact angle measurement. By study the state-of-the-art to gain 

knowledge within the area, equipment will be procured to perform experiments on 

the different surfaces. This equipment will later on be used to continue research 

further on in co-operation with Halmstad University.  

The results from this research will later on be used to either support their choice 

of material or change of material in order to obtain the most biofilm repellent 

material.  

Getinge’s biggest competitors will be analyzed regarding their choice of material 

and also if they claim to have antibacterial surfaces. 

1.1.1 Presentation of the client 

Getinge AB consists of three business areas, Getinge Infection Control, Extended 

Care and Medical Systems. In this thesis is in corporation with Getinge Infection 

Control which contains of Life of Science and Health and medical care. Within 

the segment Life of Science, Getinge is a very important supplier of solutions to 

prevent contamination and within Health and medical care, Getinge deliver 

solutions for infection control.  

Getinge Infection Control is globally ranked as one of the leading producers of 

exterminator and autoclaves. Since this business area was founded in 1904 the 

company has striven for innovation and technical advancement. The organization 

is located all over the world, with 36 subsidiaries on six continents and over 230 

distributes and partner companies for sales and service that represents Getinge 

Infection Control.  

1.1.2 Competitive analysis  

Studies of different companies were performed to search for information about the 

material that is used on the autoclaves and sterilizers. The companies that have 

been investigated is Tuttnauer, MMM, Belimed Infection Control, Steris, 

Lautenschläger, Steelco USA. A common factor for all is that they are using 316L 
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Stainless steel. No claims were found regarding surface cleanliness and choice of 

material.  

1.2 Aim of the study 

Getinge Infection Control AB has a request to develop a method for contact angle 

measurement to determine surfaces abilities to repel undesirable matter. The goal 

is to develop a method to be able to rank different surfaces and materials based on 

its cleanliness to obtain the most suitable material/surface for Getinges autoclaves. 

1.2.1 Problem definition 

Autoclaves are devices with high requirements on hygiene and cleanliness 

properties to ensure that patients are treated with disinfected and sterilized 

equipment. A large amount of the work load for staff in sterilizing departments is 

maintaining a clean environment. 

The most common material on the fascial part is stainless steel. In this thesis 

different structures of surfaces will be examined to determine materials 

cleanliness. If different material and structure has an impact on the ability to repel 

substances as proteins and lubricants but also the simplicity to clean it when it is 

already contaminated.  

Hence a suitable method will be chosen and studies will be made to understand 

surfaces repelling ability of biofilms. This will be assessed by experiments 

performed with the contact angle measurement method.  

Questions to be answered: 

1. How does different material and structures impact the cleanliness and ability to 

repel substances? 

2. How does the material and structure contribute to the ease of cleaning? 

1.3 Limitations 

The limitations of this thesis are to only study the material and the surface ability 

to repel biofilm. The biofilms that are going to be used is common existing 

lubricants and proteins that are similar to those on the human hands and water. 

Because of the endless possibilities of this project the time is the only limitation to 

immerse and investigate other materials. Studied materials are at first different 

brushings of stainless steel ordered from Outokumpu which is a supplier to 

Getinge Infection Control.  

1.4 Individual responsibility and efforts during the project 

This thesis will be made in a group of two students at Halmstad University’s 

computer rooms and laboratories. Because of the difficulties of understanding the 
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contact angle measurement concepts it has been advantageous to corporate 

therefor there has not been any individual responsibilities.  

1.5 Study environment 

The thesis has required a lab room at Halmstad University in order to perform 

measurements with the contact angle equipment as well as the usage of existing 

equipment like the interferometer. To perform the measurements the environment 

had to be separated to make sure that the proper results were obtained. The 

contact angle equipment requires stability to prevent vibrations which would 

affect the end results.   
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2 Method 
This thesis started with a literature research of scientific articles, books and other 

relevant documentation regarding cleanliness and contact angle measurements. 

Articles have mostly been collected from the database “Compendex” from 

Halmstad University’s homepage. 

2.1 Alternative methods 

Vibrations 

An alternative method that can be used before measuring the contact angle is to 

vibrate the sample after the droplet has been applied. This is done to reach global 

energy minimum (GEM) which refers to the lowest energy out of all possible 

metastable states. In this way the droplet is able to find the most stable position to 

reach the most ideal contact angle. Parameters that are important in this approach 

is the droplet volume, vibration time, frequency of vibration and amplitude of 

vibrations. This is something that needs to be tested and adapted for each sample 

and each liquid. [8] [11] [12] [13] 

Laser shadowgraphy method  

The laser shadowgraphy method is a way to measure the dynamic contact angle of 

a sessile drop while it also visualize flow motions inside the drop. This method is 

not like the conventional methods where you watch the sessile drop from the 

edge, instead a top-view image is received. In this case a laser beam is being sent 

to refract into the drop to then refract in the substrate surface and finally refract 

once more as the beam lefts the drop. A shadowgraphic image is shown on a 

screen as a result. [22] 

Surface tension methods 

The Wilhelmy method is often used to measure contact angles of materials, this 

method also goes under the name the Wilhelmy plate method. A properly cleaned 

plate is then completely wetted to a set depth. When the plate is later returned to 

the zero depth of immersion, the force it registers can be used to calculate surface 

tension. [26] This can be seen in Figure 1.  
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Figure 1: The Wilhelmy method [26] 

 

The De Nöuy ring method can be used to determine the interfacial surface tension 

of a liquid-liquid interface or vapor-liquid interface and can be seen in figure 2. 

Thus this method cannot be applied on the chosen application area to generate 

information in this study. [9] [33] 

 

Figure 2: The De Nöuy ring method [26] 

Another common way of measuring surface tension is with the pendant drop 

shape method. By injecting liquid/molten material into a syringe and then form a 

drop on the top of the syringe a lot of information can be gathered. The shape of 

the drop determines the balance of forces which also includes the surface tension. 

The information is collected and determined by computer software that makes it 

possible to easily perform this type of experiments in a reliable way. [6] [26] The 

pendant shape method is illustrated in figure 3.  
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Figure 3: The Pendant drop method [26] 

  

Sessile drop method (static and dynamic) 

The static approach is conducted by applying a single droplet on a sample. The 

contact angle is then measured between the sample and the liquid which is based 

upon Young´s Laplace equation. [2] [32] 

For dynamic contact angle measurements, the volume is continuously increased 

and then decreased while the angle is recorded, an example is illustrated in figure 

4. By injecting liquid slowly into a drop and removing it again the contact area is 

not changing. The advancing and receding angle called the hysteresis are often of 

more use than the equilibrium angel. [2] [16] 

 

 

Figure 4: Drop in drop out approach [32] 
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Another dynamic method that is used instead of adding and removing liquid from 

the applied droplet is the tilting approach. The tilting method is easily performed 

simply by tilting the sample. Just before the droplet starts to move the receding 

and advancing angle is recorded as in figure 5. [2] [32] 

 

Figure 5: Tilting approach [32] 

 

Cassie-Baxter and Wenzel 

Instead of using Young´s equation, Cassie-Baxter and Wenzel are two equations 

that can be used to measure the contact angle in both static and dynamic 

approaches. The Wenzel model that is often compared with Cassie-Baxter model 

has it differences. The important of this model is that the water droplet makes full 

contact with the surface so that no air is trapped under the droplet as in figure 6. 

Wenzel equation only applies when the liquid penetrates into the roughness 

grooves and in other cases the Cassie equation is used instead. [2] [5] [26] [32] 

 

 

Figure 6: Cassie-Baxter and Wenzel model [32] 

 

2.2 Chosen methodology for this project 

The different methods within the area have been evaluated in accordance to 

requirements and the goals of the project. Since the goal is to determine surface 

cleanliness and ability to repel many of the studied approaches can be eliminated. 
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Many of the approaches have been excluded due to their focus on surface tension 

rather than the repelling ability and cleanliness determination.  

The chosen methodology for this thesis is to use the static and two dynamic 

approaches in combination with the interferometer to be able to study the surface 

structure. The different liquids that have been used during the measurements are 

water, lactic acid and oil.  

The contact angle equipment, Theta and the software Attension has been delivered 

by Biolin Scientific to make the measurements possible. The static approach is 

performed by simply applying single droplets of the different liquids on the 

chosen samples and then monitoring the contact angle. The software is using 

Young’s equation by adding a tangent on the three point line on both sides of the 

droplet which determines the contact angle. The droplet is monitored by a video 

camera during an adapted time to make sure that the droplet is stabilized.  

The two dynamic approaches drop in drop out and tilting has been chosen to 

complement the static measurements and establish a deeper understanding of the 

surfaces and their abilities. Drop in drop out is performed by applying a droplet on 

the surface and the adding or removing volume while it is monitored by the 

camera. The volume is added until the contact area starts increasing, just before 

the movement the advancing angle is captured. In the same way the volume is 

being removed until the contact area starts to decrease, and the receding angle is 

given. Both the procedures are conducted with a small syringe that is injected into 

the droplet and this can affect the result.  

The tilting method has been chosen to corroborate the results from the drop in 

drop out approach. It is also considered to be more reliable since there is no 

manipulation of the droplet. The tilting approach is done by applying a droplet on 

the sample and then tilting the surface. Just before the movement of the droplet 

occurs, the advancing and receding angle is captured. This approach can be hard 

to perform depending on the liquid since some liquids get stuck on the surface and 

will therefore not give any result.  

By using the interferometer the connection between the contact angle and the 

surface structure has eased the understanding of the results. The interferometer 

uses light to measure the surfaces structure. The results from the interferometer 

will be examined in MountainsMap to get a picture of how the surface looks like 

and provide information regarding the surface parameters. 
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2.3 Preparations and data collection 

The preparations for this thesis have been to study the state-of-the-art to see which 

methods that can be used to measure the cleanliness of surfaces. The studies have 

been done to provide a deeper understanding and knowledge within the area to be 

able to order proper equipment for the studies and further work.  
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3 Theoretical framework 
In this chapter relevant literature has been summarized to create an understanding 

about the state-of-the-art. 

3.1 Summary of the literature study and state of the art 

Recent years the interest in repelling surfaces has grown due to the desire of 

finding a surface that is self-cleaning. In order to find or make a surface that is 

repelling water or other liquids it is important to understand the interaction 

between a surface and water droplet. [5] 

To determine if a surface can be self-cleaning there has been an increasing interest 

in evaluating a droplet on a solid surface.  Different contact angle methods can be 

used to examine if a surface is repelling a liquid so that contaminations cannot 

attach. Hydrophobicity is when a surface repels liquid effectively and the opposite 

is when the liquid is instead attaching called hydrophilic. A surface can be 

hydrophobic if the surface is roughened which makes drops bounce of the surface 

and can in that way become self-cleaning. But to understand how this works it is 

necessary to understand how surfaces become wetted and dirty. Contact angels 

measurement is of great value to comprehend this information. [1] [17] 

Contact angle measurements have become very important in many diffrent 

industrial processes as it studies the wettability when a liquid and a solid surface 

interact. Contact angle measurement involves dripping a liquid onto a surface to 

measure the angle between the surface and the drop. The angel is defined by the 

intersection of the liquid-solid and liquid-gas interface by applying a tangent at 

which the liquid droplet makes contact with the surface as visualized in figure 7.  

Small contact angles <<90° correspond high wettability and angels >>90° 

corresponds to low wettability. A contact angle that is more than 90° is favored, as 

the solid then is repelling the liquid. The contact area between the droplet and the 

solid is then minimized and form a compact liquid droplet. The higher the contact 

angle, the more hydrophobic a surface is and if the angle is less than 90°, then the 

surface is hydrophilic. [2] [3] [5] 
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Figure 7: Different contact angles [25] 

When the angel is greater than 150° almost no contact between the droplet and the 

solid then the surface is superhydrophobic as the “lotus effect”. [5]  

The plant Indian Lotus Nelumbo nucifera is demonstrating this which has self-

cleaning leaves and has been applied in many applications. [18] Water droplets 

will almost be spherical if the leaves show high enough hydrophobicity and will 

roll of across the surface instead of sliding shown in figure 8. The leaves of the 

Lotus plant has a waxy surface and is highly roughed which in combination 

allows water droplets to roll and not slide. These two features make plants far 

more superior self-cleaning properties than those with smooth waxy surfaces.  

Surfaces that show the lotus effect demonstrate a hierarchical micro- and 

nanoscale roughness. [5] 

 

 

Figure 8: Sliding and rolling droplets [25] 

 

Studies have shown that roughness enhances the surface characteristics regardless 

of hydrophobicity or hydrophilicity. If the roughness of a material that is 

hydrophobic is being increased the hydrophobicity character improves as well. 

This rule can also be applied on hydrophilic surfaces with the opposite result 

which means that the angle will be decreased with higher roughness. [2] [18] [21] 

[24]  

The equilibrium angle that forms is known as the Young’s angle and is 

determined by the surface tension of the liquid. Tomas Young was first describing 
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this in his equation where 𝛾𝑙𝑣, 𝛾𝑠𝑣 𝑎𝑛𝑑 𝛾𝑠𝑙  represents the liquid-gas, solid-gas and 

solid-liquid interfacial tensions and 𝜃 is the contact angle.  

𝛾𝑙𝑔𝑐𝑜𝑠𝜃 = 𝛾𝑠𝑔 − 𝛾𝑠𝑙[2] [3] 

The interaction of a water droplet with a solid can be measured with the surface 

specific energy. The surface energy inside and outside the droplet are the same if 

the equilibrium angel remains the same. The droplet is liable to expand if the 

surface energy inside the droplet is lower than the surface energy outside. Water 

droplets will not attract as strongly if the specific energy of a solid is relatively 

low and therefore a solid with a lower surface energy will tend to be hydrophobic. 

[5] But this theoretical relation of the equation is only true if the surface is ideally 

smooth and homogeneous. The observed contact angle does not in general match 

for rough surfaces. [10] 

The specific energy of a solid also called surface free energy can be determined 

by applying different liquids with known parameters as surface energy, density, 

molecular weight and viscosity.  

3.2 Chosen topic 

This is a vast subject with a lot of application areas which all are suitable for 

certain topics. Different approaches can be made to establish understanding of the 

surface cleanliness as well as within other circumstances when the goal is to 

determine other surface characteristics like absorption, adhesion, surface 

heterogeneity, wettability and spreading.  

3.2.1 Summary of approaches state-of-the-art 

Vibration 

A common approach is using vibrations to determine the contact angle by 

achieving GEM to eliminate the impact of the surface structure. The benefits with 

this method are that the droplet has the same contact angle around its 

circumference and will not be affected by the roughness. But the drawback with 

the method is that it is hard to establish the GEM condition without affecting the 

droplet shape the system parameters must be correct. The method is mostly used 

on rough surfaces because the droplet will penetrate the groves of the structure 

due to the vibrations. Hence Wenzels equation then has be used to measure the 

contact angle. [8] [11] [12] [13] 

In this study different structures will be investigated to compare the contact angle 

of different brushings of the surface, therefor this approach is not applicable. [11] 
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Laser shadow 

An unusual approach is the laser shadowgraphy method which observes the top-

view and the motion in the drop. It provides information about the instant contact-

diameters to be able to determine the instant contact angles of the sessile drop. It 

also is registering the local contact angle along the periphery of the drop and the 

deformation of the drop shape. In addition the flow motion of the drop and its 

spreading rate can be observed with a recording system. [22] 

This method is more focused on the liquids behavior rather than the surfaces 

ability to repel biofilm/foreign material. As the contact angles anywhere on the 

circumference can be determined at different stages. Previous researches also 

limits this technique to smooth opaque surfaces and are therefore not applicable in 

that many cases. [22] [23] 

Surface tension approaches 

Wilhelmy  

The Wilhelmy plate method measures the surface tension of different liquids. To 

be able to generate valid values the material/plate has to be uniform since the 

capillary force is being monitored when the plate gets immersed.  This method is 

commonly used for materials with a well-defined wetting length, since the 

capillary force is known the contact angle can be calculated. The plate can easily 

be coated which makes it useful concerning measurements of soils and other 

porous materials.  

Some flaws with this method has been identified, the advancing contact angle 

tends to be underestimated if the plate surface is rough. Thus this method is not as 

reliable as others, even though this method has been used with success in many 

cases. [16] [26]  

De Noüy ring 

De Noüy ring method is similar to the Wilhemly plate method, due to this they are 

sometimes employed in parallel to validate the accuracy of different 

measurements. The ring is submerged and then raised to form a meniscus of liquid 

and the meniscus tears from the ring and returns to its original position. Prior to 

this event, the volume, and thus the force exerted, of the meniscus passes through 

a maximum value and begins to diminish prior to the actually tearing event. 

Pendent drop 

The pendant drop method is also used to determine the surface tension where the 

densities of the two fluids in contact are known, the surface tension may be 
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measured based upon the Young-Laplace equation. This approach is easy and 

accurate in comparison with traditional methods. The advantages of this method is 

that it is able to use very small volumes of liquid, measure very low interfacial 

tensions and can measure molten materials easily. Since this method focuses on 

only liquid/molten material it will not be investigated further in this thesis. 

Static and dynamic contact angle 

For static contact angle measurements a drop shape is monitored where the 

contact angle, drop diameter and volume is recorded. The volume of the droplet 

can shift and the purpose is to get the same contact angle because the contact area 

between the liquid and solid varies with the volume. [1] [16] This does not always 

work since the gravitation has an effect when the volume changes, therefore the 

volume should be the same when comparing different material. [5] The contact 

angle was then described with the Young’s equation. [7] [32] 

Dynamic & Tilting 

The first dynamic approach when adding and removing liquid is often called drop-

in drop-out. This method can be performed on a big variety of liquids. It is 

important to control the volume being added/removed and measure the contact 

angle just before the interfacial area changes. The syringe used to add and remove 

liquid has a disadvantage since it might affect the drop shape and thus impact the 

contact angle as well. When performing this method it is essential to use a syringe 

as thin as possible to prevent manipulation. [1] [7] [14] [16] 

The other dynamic method which is known as the tilting method is more reliable 

and trustworthy since a syringe is not used to manipulate the drop shape and 

contact angle. The disadvantage with this approach is that some liquids requires a 

very high angle before it starts to move. Some liquids have a high wettability so 

even if the sample is turned upside down the droplet will still not show any 

movement. [32] 

Cassie-Baxter and Wenzel 

The Cassie-Baxter and Wenzel model is also using both advancing and receding 

contact angles in different ways. By tilting a surface with a droplet and noting the 

angle just before the movement of the droplet. The droplets advancing and 

receding angles can also be measured by removing some of the water from the 

droplet just as in the dynamic sessile drop method. The contact angles are 

measured just when the contact area begins to decrease. And the advancing angles 

are measured by adding water to the droplet and noting the angle when the contact 

area starts to increase. [5]   
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The movement of a drop on a surface is made harder with the Wenzel model 

because there is a greater contact area between the surface and water droplet. The 

Wenzel model will not be applied in our study because a Wenzel-type surface will 

be characterized as sticky and lotus-type self-cleaning is less likely to be 

observed. However for the Cassie-Baxter model because air is trapped underneath 

there is a lower contact area which makes droplets move easily across. It is this 

type of surface that is desirable for the lotus-effect self-cleaning. [5] [32] 

The reason that the air remains under the droplet in a Cassie-Baxter surface is 

because the water cannot penetrate the surface porosity to remove it, due to the 

water is repelled by a surface with low energy material and because the air cannot 

flow through the surface with displaced microstructure, which means that the 

surface microstructure is not sinusoidal. If a surface was sinusoidal then the air 

would not be trapped underneath the droplet therefore a not sinusoidal surface act 

to improve hydrophobicity. Since the study is performed on unknown structures 

the equations cannot be used solely in this case. [5] [32] 

3.2.2 Fingerprint 

There is no definitive data on the chemical composition of a fingerprint. Since 

every fingertip has a slightly different surface film mixture depending on what it 

has been in contact with. For instance a person who smokes will have traces from 

nicotine, tobacco and other smoking related substances on their fingertips, as a 

result of the physical contact as well as from inside the body itself. Hence the best 

data available are from the assumption that the film on the fingertip will consist of 

a mixture from sebaceous glands, eccrine gland and keratinizing epidermis 

sources.  
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Concentrations of the main constituents of sweat as seen in table 1: 

Compound/electrolyte 
Approximate concentration 
(vgmr1) 

Water   

Lactic acid 2000 

cr 1750 

Na+ 1350 

Amino acids 900 

Urea 850 

K+ 550 

Ammonia 125 

Protein 80 

Glucose 40 

Ca2+ 30 

Creatinine 10 

Mg2+ 9 

Acetic acid 8 

Uric acid 6 

Zn2+ 1 
 

Table 1: Main constituents of sweat [29] 

 

Lipids present on the skin surface as seen in table 2: 

Lipid Surface (%) 

Squalene 10 

Sterol esters 2.5 

Sterols 1.5 

Wax esters 22 

Triglycerides 25 

Mono- and diglycerides 10 

Fatty acids 25 

Unidentified 4 
 

Table 2: Lipids present on the skin [29] 
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Triglycerides 

Triglycerides can be found in many organisms since it is the most common 

storage of fat. They consist of neutral lipid molecules via esterification of three 

fatty acids to a single glycerol molecule. Fats and oils are both called triglycerides 

since they have the same structure. Fats differ from oils only in the way that they 

are solid at room temperature while oils are liquid. [15] [27]  

Lactic acid 

Lactic acid is a colorless or yellowish liquid which is odorless and organic. It is 

soluble in water, alcohol and ether. The solvent is a fermentation product of 

lactose which is present in sour milk, yogurt and cotton cheese for instance. The 

protein in milk is coagulated by lactic acid. [34] 

3.2.3 Oleophobicity 

Low energy material is also desirable not only because it provides hydrophobicity 

and hence eases of cleaning. Other properties that also are desirable that low 

surface energy material can provide are oleophobicity, reduced adhesion and 

friction. Rough surfaces increase the hydrophobicity as well as oleophobicity 

properties and therefore a micro – nanoscale patterning in the structure is 

desirable in both manners.  

Since the autoclaves are highly vulnerable to fingerprints this is an important 

subject that needs to be investigated in this thesis. But not just in the use of 

autoclaves but also in device industries, a fingerprint proof surface or coating is a 

subject that has drastically increased. The subject is about coatings that have been 

used in many applications but especially on display to reduce the appearance of 

fingerprint oil.  

Oleophobic literally means “fear of oil” and refers to the physical property of 

molecular that is repelled from oil. Flourocarbins is a substrate with which a 

monolayer can be created to resist common fingerprint oils. Oleophobic treatment 

of a surface is a solution that is used today since there is no fingerprint rejecting 

coating yet. Studies have showed that oleophobic treatments tend to be 

hydrophobic as well, but do not mean that all hydrophobic treatments are 

oleophobic.  

The oleophobic treatment does not reject fingerprints per se but they do force the 

oils in the fingerprints to facilitate cleaning and since the fingerprints do not stay 

intact due to the oils the appearance of the fingerprints is much less noticeable. 

Furthermore this means that an oleophobic coating tends to be easier to clean. 
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Oleophobicity can also be measured through contact angle and surface energy but 

an olephobic treatment with interaction with water have an contact angle of 105-

120°, whereas a hydrophobic coating typically have a contact angle of 90° and 

more.  

Recent studies indicate that when using different liquids like for example water 

and oil different contact angles can be expected. Even though a surface provide 

both hydrophobicity and oleophobicity that contact angle with interaction with oil 

is expected to be much lower than the contact angle of water. [20] 

3.2.4 Material  

Metal surfaces that have not been altered do not display characteristics of 

hydrophobicity. Even though it is easy to structure the surface of a metal it is hard 

to make them hydrophobic because of metals hydrophilic nature. Metals most be 

chemically altered before they can display hydrophobic characteristics by first 

roughening the metal and coating it with a low energy material that is 

hydrophobic. [5] The metals that are being studied in this thesis are two different 

brushings of stainless steel and a material called Corian. The two brushings of 

stainless steel are being used currently by Getinge on their autoclaves.  

3N has a linear texture finish and can be produced by either mechanical polishing 

or rolling. Average surface roughness (Ra) may generally be around 0,4-0,6 µm.  

4N has a linear texture finish and can also be produced by either mechanical 

polishing or rolling. Average surface roughness (Ra) may generally be around 

0,2-0,4 µm. This surface has a wet ground finish which is smooth with a satin-like 

look, this should provide easy cleaning. Typical uses includes interior surfaces 

and household appliances.  

Corian is also used on the autoclaves but on the front panel around the display and 

is therefore highly exposed to fingerprints. Corian is a solid, non-porous, 

homogeneous surfacing material composed of ± 1/3 acrylic resin also known as 

PolyMethyl MethAcrylate or PMMA. The rest consists of ± 2/3 natural minerals 

and the main mineral is aluminum TriHydrate derived from bauxite, an ore from 

which aluminum is produced. This makes it a synthetic material.  

Corian is solid through its entire thickness and can be fabricated with 

inconspicuous seams, which makes the surface hygienic and do not support the 

growth of bacteria or fungi. The applications for Corian are limited only by 

imagination and can be glued together inconspicuously to create a seamless look, 

giving virtually unlimited design possibilities for surfaces. It can be thermoformed 

in wooden or metal molds at controlled temperatures in order to create various 2D 



Theoretical framework 

19 

 

and 3D design objects. Corian is environmentally friendly and is manufactured in 

compliance with strict standards in order to limit waste and energy consumption at 

all stages of the production process. [28] 

3.2.5 Surface parameters 

The Rz value expresses the sum of the maximum value of the profile peak height 

Rp (Zp) on the profile curve and the maximum value of profile valley depth Rv 

(Zv) in a sampling length. The Rz value is illustrated in figure 9. 

 
 
 
 

 

  

 

 

 

 

 

 

 

The Rt expresses the sum of the maximum value of the profile peak heights Zp 

and the maximum value of profile valley depth Zv on the profile curve but in the 

entire evaluation length. The Rt value can be seen in figure 10. 
 
 
 
 

 

  

 

 

 

 

  

Figure 9: Rz [30] 

Figure 10: Rt [30] 



Theoretical framework 

20 

 

The Ra expresses the arithmetical mean of the absolute values of Z(x) in a 

sampling length. The Ra value can be seen in figure 11. 

 

 

 

 

 

 

 

The Rq expresses the root mean squared of Z(x) in a sampling length. The Rq can 

be seen in figure 12. 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

Figure 11: Ra [30] 

Figure 12: Rq  [30] 
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This is a 3D parameter expanded from the roughness (2D) parameter Ra. It 

expresses the average of the absolute values of Z(x,y) in the measured area. It is 

equivalent to the arithmetic mean of the measured region on the three-dimensional 

display diagram when valleys have been changed to peaks by conversion to 

absolute values. The Sa value can be seen in figure 13. 

 

 

 

 

 

 

This is a 3D parameter expanded from the roughness (2D) parameter Rq. It 

expresses the root mean squared of Z(x,y) in the measured area. It is equivalent to 

the average mean squared of the measured region on the three-dimensional 

display diagram when valleys have been changed to high peaks by squaring. The 

Sq value can be seen in figure 14. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Sa  [31] 

Figure 14: Sq  [31] 
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This is a 3D parameter expanded from the roughness (2D) parameter Rz. It 

expresses the sum of the maximum value of peak height Zp and the maximum 

value of valley depth Zy on the surface within the measured area. The Sz value 

can be seen in figure 15. 

 

 

  

Figure 15: Sz [31] 
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4 Results 
The studies began with experimental tests of the surfaces structure using an 

interferometer. This was done to provide essential information regarding the 

surface parameters. Measurements with 10 respectively 50 times magnification 

were used and 5-10 different measurements were performed with each 

magnification on every sample. When enough reliable data was collected it was 

imported into MountainsMap to evaluate the surfaces more closely. The results 

had a few unmeasured points which was easily solved in the software. The same 

filter and operations were later performed for the other samples this can be 

followed in appendix 1-6.  

The next step in the studies was to perform the experimental tests with the contact 

angle meter. The decision was taken to use three different liquids were two of 

them represented substances that exist on human hands. This substances are lactic 

acid and oil which corresponds the proteins and triglycerides in fingerprints. 

These liquids were used to compare the results of the contact angle of water.  

The samples were cleaned according to a certain procedure with a microfiber 

fabric to prevent scratches on the samples. A 70% alcohol solvent was used to 

clean the samples before the measurements and between the changes of liquids. 

This procedure is based on previous studies considering cleanability performed at 

Halmstad University. Where the results indicated that microfiber fabric and 70% 

alcohol was the best choice. [4] 

During the measurements with water 10 seconds was recorded to obtain the 

contact angle and make sure that the droplet was stabilized. The time was 

increased during the measurements of oil and lactic acid to 35 seconds since the 

droplet kept expanding over time which is dependent on the used volume. The 

used volumes were two, three, respectively five μl during the measurements with 

water. The volume had to be adopted to the other liquids since it was hard to 

obtain the desired volume. In this case it was decided to use 2 µl of lactic acid and 

3 µl of oil during the experiments. The volumes were measured several times on 

each sample to obtain a reliable result.  
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4.1 Presentation of experimental results 

During the measurements it was noticed that the droplets of lactic acid and oil 

behaved different from water droplets. The droplet of water showed a circular 

circumference while the droplet of lactic acid and oil showed a tendency to 

expand with the linear direction of the surface. Hence the contact angle became 

different when monitoring from different views. In table 3 and 4 the “W” 

symbolizes the measurements with the linear direction of the surface and the “A” 

symbolizes the measurements in the opposite direction. In table 5 are the results of 

Corian.  

 Water Lactic 

Acid 

Oil 

  2µl 3 µl 5 µl 2 µl 3 µl 

    W A W A 

3N 62 59 61 23 34 38 52 

 57 60 60 23 35 36 50 

 58 59 60 22 34 40 50 

Average 59 59 60 23 34 36 51 
 

Table 3: Contact angles of 3N with different liquids 

In figure 16-19 contact angles obtained from the measurements on 3N can be 

seen. 

 

 

 

 

 

 

  

 

 

 

 

Figure 16: Water 3N Figure 17: Oil 3N 

Figure 18: Lactic acid (A) 3N Figure 19: Lactic acid (W) 3N 
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 Water Lactic 

Acid 

Oil 

 2 µl 3 µl 5 µl 2 µl 3 µl 

    W A W A 

4N 57 60 68 30 40 43 58 

 59 60 68 32 41 43 55 

 62 61 66 31 41 41 57 

Average 59 60 67 31 41 42 57 
 

Table 4: Contact angles of 4N with different liquids 

 

Pictures from experiment on 4N with oil can be seen in figure 20-21.  

 

 

 

 

 

     

 

 

 

 

 

The two stainless steel samples shows the similar results during contact with 

water, but 4N has better contact angles in the experiments performed with oil and 

lactic acid. The measurements also reveals that both the surfaces are hydrophilic 

since none of them fulfills the criteria of 90°. When using lactic acid and oil on 

the stainless steel samples the droplets tended to expand with the surface structure 

direction and therefore showed a smaller contact angle from this view.  

Corian showed the best contact angles with water and lactic acid. However it had 

the worst contact angles with oil. The droplets on this material showed a circular 

shape and did not expand in one direction.  

 Water Lactic 

Acid 

Oil  

 2 µl 3 µl 5 µl 2 µl 3 µl 

Corian 66 67 71 40  28  

 67 67 70 40  30  

 68 63 71 42  28  

Average 67 66 71 41  29  

Table 5: Contact angles of corian with different liquids 

Figure 20: Oil (W) 4N Figure 21: Oil (A) 4N 
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Relevant surface parameters obtained from MountainsMap has been concluded in 

the table below. The measurements with ten times magnification were made ten 

times while the measurements with 50 times magnification were performed five 

times. The values in table 6 represents the average value gathered from the 

experiments.  

 

 

The values of the different parameters seem realistic over all. A high value was 

obtained of the Sz parameter with ten times magnification, however the ten values 

were in the same range.  According to information from the supplier of the 

samples 3N has greater roughness than 4N, hence the Sz value might be realistic. 

Figures 22-27 shows 3D pictures of the different samples, for more information 

about the surfaces see appendix 1-6 

 

 

 Rz 

x10 

Ra 

x10 

Sa 

x10 

Sz 

x10 

Rz 

x50 

Ra 

x50 

Sa 

x50 

Sz 

x50 

3N 1,94 0,27 2,88 14,99 1,08 0,20 0,50 3,89 

4N 1,33 0,20 0,54 4,30 1,03 0,24 0,32 2,73 

Corian 1,66 0,20 1,15 13,73 1,02 0,19 0,40 7,79 

Table 6: Surface parameters 

Figure 22: 3N x10 Figure 23: 3N x50 

Figure 25: 4N x50 Figure 24: 4N x10 
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4.2 Discussion  

3N and 4N are both stainless steel with different structure and therefore they can 

be compared directly. As theory indicates most metals are in nature of a 

hydrophilic character. 3N possess a greater roughness and a lower contact angle 

than 4N. This seems to be a realistic result since roughness enhances the surface 

properties whether the surface is hydrophobic or hydrophilic.  

So in this case 3N which is a hydrophilic surface should show a lower contact 

angle which it does. Also the Rz measurements from the interferometer differs 

between the samples, since the peaks and valleys are greater in value considering 

3N. In the 3D pictures the samples have a linear structure in the surface which 

also affect the contact angle in reaction with liquids with higher viscosity than 

water. The droplet tends to expand according to the direction of the surface 

structure, thus the contact angle is lower. If the structure was like a grid the 

contact angle should probably show a greater angle since droplet would get 

trapped within the structure. This might be a good solution in cases where the 

surface is of a hydrophilic nature, since the droplet behaves like the Wenzel 

model. But if the surface is hydrophobic it behaves according to Cassie-Baxter 

model, the linear structure should then impact the droplet in a different way. The 

droplet should in this case roll of the surface more easily if the surface is of a 

linear structure. The linear structure should therefore be kept on a hydrophobic 

surface.  

The results obtained from the experiments with corian reveals that the surface is 

hydrophilic as well. Since this material is molded it does not have any regular 

Figure 26: Corian x10 Figure 27: Corian x50 
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structure. It is proven that corian is hygienic and anti-bacterial in other studies but 

this is not proven in this thesis, since solely the contact angle can provide enough 

information to corroborate this claim. However corian appeared to have the best 

contact angle with the use of proteins but not enough completely repel it.  

None of the investigated surfaces fulfilled the requirements of an oleophobic 

ability. It was expected to have a lower contact angle with oil in comparison with 

water. Since all of the surfaces were hydrophilic it was expected to be oleophilic 

as well. All the samples possess a high wettability which is not preferable 

according to the theory.  

The first question in the problem definition has been answered according to the 

authors. Regarding the second question it is hard to make any statements in this 

stage of the experiments. More information is required to evaluate the ease of 

cleaning in a reliable way. The dynamic approaches would have been a good 

complement.  
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5 Conclusions 

5.1 Conclusions 

The project goal has been reached since a practical case was conducted. This 

could later on be connected to corroborate the state-of-the-art study. Since there 

has been a lot of different suppliers involved, to be able to achieve the goal the 

project has been depending on delivery times. This could have been planned 

better in advance to prevent lost time. In the beginning of the project the only 

thing taken into consideration was the delivery time of the equipment necessary to 

build a functional equipment for the cause. It later on came to notice that this was 

an impossible task do, since it would be both too hard to do and to prove that the 

measurements were correct and reliable compared to other studies. Other studies 

performed within the research area used existing equipment accessible on the 

market. Therefore the approach of the project changed slightly in an early stage. 

This resulted in a received equipment earlier than expected and before any other 

necessary material as liquids, computer and samples were coordinated.  

After the state-of-the-art the goal was to perform both static and dynamic 

measurements, the dynamic method could not be done since the equipment 

needed other features for this kind of experiments. The parts however were 

ordered in an early stage but did not arrive in time. These parts were essential to 

complement the static measurements to get a better understanding and conclusion 

regarding the surface characteristics and properties. For instance to prove the 

statement in the discussed result regarding the linear structure.  

However the results obtained in this study is more than a good foundation to keep 

the investigation regarding the cleanliness ongoing.  

It is hard to know how reliable the results from the interferometer and 

Mountainsmap are. Since the knowledge within these areas are utterly limited. 

5.2 Recommendation to future activities 

For future activities it is recommended to perform dynamic experiments on the 

surfaces to gain a better knowledge and prove the results from the state-of-the-art. 

Both the tilting and drop in drop out approaches should be evaluated thoroughly 

to see which one is the most suitable for different liquids.  

During the state-of-the-art it was discovered that surface tension has an impact on 

the contact angle. Measurements were done to establish values but after further 

investigations it was shown that this is a big research area itself. Investigations 

within this area can proceed to find correlation with surfaces cleanliness.  
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Other materials should be examined as well to get a bigger picture and 

understanding within the field. Firstly the same material with different surface 

structure should be looked into and compared with each other. Previous studies 

and this study indicates that metals are in nature hydrophilic and therefore other 

materials should be considered as well. Coatings is also an option which has been 

proven in other studies, to be beneficial to enhance surfaces cleanliness. When a 

satisfying coating or material is found that repels desired matter the aim should be 

to improve the structure and roughness. The roughness has shown to be essential 

regarding surfaces cleanliness.  

Another way is to compare different material with the same roughness and also 

compare the same material with different roughness. Since question number two 

has been hard to answer without the dynamic approaches, this is a good of 

starting. The results from these experiments could be complemented with a 

cleanability investigation like the one performed at Halmstad University [4].  
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6 Critical review 

6.1 Environmental and sustainable development 

This aspect has not been taken into consideration during the thesis. A life cycle 

analysis demand from the different suppliers could have been a criteria in the 

public procurement. The chosen equipment will be used for a long period of time 

since it is possible to be upgraded. The recycle aspect has not been of importance 

due to that fact. 

6.2 Work environment 

The environment where the experiments have been performed have more to wish 

for. The table for the equipment should be more stable because it has a great 

impact of the results. The room could be better organized to prevent disturbances 

from other equipment and ongoing projects.  

6.3 Health and safety 

Protection and safety equipment can in some cases be necessary when handling 

corrosive and toxic liquids. When choosing liquids the safety data sheets have 

been thoroughly examined.    

6.4 Economy 

The economy aspects have been considered during the public procurement and 

choice of supplier. Though it was not of great importance this ended as one of the 

key factors for the choice of supplier.  

6.5 Ethical and social aspects 

Handling the equipment does not require any special abilities, anyone is capable 

to use the equipment and perform experiments regardless of gender, physical 

abilities and body size.  

6.6 Literature 

In this thesis mostly scientific articles have been reviewed and a few books. Some 

of the articles are written a few years back but since the research are is developing 

all the time newer articles have been used to complement older information. The 

subject is a pretty new research area, thus it is still in the experimental phase.  

6.7 Software and equipment 

MountainsMap have been used to examine the results accumulated from the 

interferometer measurements. This could be considered from a critical point of 

view since the knowledge of the software and the equipment is limited. The thesis 

started with no knowledge within the area and has emerged during the studies. A 
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person with more knowledge and experience within the field should review or 

supervise during these steps to maintain reliable data.   
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Appendix 1: Mountainsmap 3N x10  
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ISO 4287

Amplitude parameters - Roughness profile

Rp 0.775 µm Gaussian filter, 0.25 mm

Rv 0.804 µm Gaussian filter, 0.25 mm

Rz 1.58 µm Gaussian filter, 0.25 mm

Rc 0.602 µm Gaussian filter, 0.25 mm

Rt 1.58 µm Gaussian filter, 0.25 mm

Ra 0.247 µm Gaussian filter, 0.25 mm

Rq 0.318 µm Gaussian filter, 0.25 mm

Rsk -0.349 Gaussian filter, 0.25 mm

Rku 3.12 Gaussian filter, 0.25 mm

Material Ratio parameters - Roughness profile

Rmr 79.4 % c = 1 µm under the highest peak, Gaussian filt…

Rdc 0.489 µm p = 20%, q = 80%, Gaussian filter, 0.25 mm

ISO 25178

Height Parameters

Sq 0.302 µm

Ssk -0.3

Sku 3.28

Sp 1.13 µm

Sv 1.65 µm

Sz 2.78 µm

Sa 0.239 µm
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Appendix 2: MountainsMap 3N x50 
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ISO 4287

Amplitude parameters - Roughness profile

Rp 0.447 µm Gaussian filter, 0.025 mm

Rv 0.689 µm Gaussian filter, 0.025 mm

Rz 1.14 µm Gaussian filter, 0.025 mm

Rc 0.691 µm Gaussian filter, 0.025 mm

Rt 1.34 µm Gaussian filter, 0.025 mm

Ra 0.209 µm Gaussian filter, 0.025 mm

Rq 0.263 µm Gaussian filter, 0.025 mm

Rsk -0.797 Gaussian filter, 0.025 mm

Rku 2.91 Gaussian filter, 0.025 mm

Material Ratio parameters - Roughness profile

Rmr 93.1 % c = 1 µm under the highest peak, Gaussian filt…

Rdc 0.464 µm p = 20%, q = 80%, Gaussian filter, 0.025 mm

ISO 25178

Height Parameters

Sq 0.345 µm

Ssk -0.347

Sku 2.80

Sp 1.07 µm

Sv 1.40 µm

Sz 2.47 µm

Sa 0.281 µm
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Appendix 3: MountainsMap 4N x10 
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Functional Parameters

Smr 3.52 % Areal material ratio

Smc -4.69 µm Inverse areal material ratio
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ISO 4287

Amplitude parameters - Roughness profile

Rp 0.453 µm Gaussian filter, 0.25 mm

Rv 0.680 µm Gaussian filter, 0.25 mm

Rz 1.13 µm Gaussian filter, 0.25 mm

Rc 0.634 µm Gaussian filter, 0.25 mm

Rt 1.15 µm Gaussian filter, 0.25 mm

Ra 0.206 µm Gaussian filter, 0.25 mm

Rq 0.253 µm Gaussian filter, 0.25 mm

Rsk -0.555 Gaussian filter, 0.25 mm

Rku 2.81 Gaussian filter, 0.25 mm

Material Ratio parameters - Roughness profile

Rmr 95.2 % c = 1 µm under the highest peak, Gaussian filt…

Rdc 0.440 µm p = 20%, q = 80%, Gaussian filter, 0.25 mm

ISO 25178

Height Parameters

Sq 0.268 µm

Ssk -0.506

Sku 3.24

Sp 0.828 µm

Sv 1.20 µm

Sz 2.02 µm

Sa 0.214 µm
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Appendix 4: MountainsMap 4N x50 
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Functional Parameters

Smr 2.15 % Areal material ratio

Smc -3.64 µm Inverse areal material ratio
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ISO 4287

Amplitude parameters - Roughness profile

Rp 0.407 µm Gaussian filter, 0.025 mm

Rv 0.400 µm Gaussian filter, 0.025 mm

Rz 0.806 µm Gaussian filter, 0.025 mm

Rc 0.524 µm Gaussian filter, 0.025 mm

Rt 1.06 µm Gaussian filter, 0.025 mm

Ra 0.201 µm Gaussian filter, 0.025 mm

Rq 0.234 µm Gaussian filter, 0.025 mm

Rsk 0.0646 Gaussian filter, 0.025 mm

Rku 1.91 Gaussian filter, 0.025 mm

Material Ratio parameters - Roughness profile

Rmr 98.6 % c = 1 µm under the highest peak, Gaussian filt…

Rdc 0.456 µm p = 20%, q = 80%, Gaussian filter, 0.025 mm

ISO 25178

Height Parameters

Sq 0.248 µm

Ssk -0.177

Sku 2.60

Sp 0.808 µm

Sv 0.910 µm

Sz 1.72 µm

Sa 0.203 µm
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Appendix 5: MountainsMap Corian x10 
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Height Parameters

Sq 1.75 µm Root mean square height

Ssk -0.0181 Skewness

Sku 1.97 Kurtosis

Sp 4.30 µm Maximum peak height

Sv 7.48 µm Maximum pit height

Sz 11.8 µm Maximum height

Sa 1.50 µm Arithmetic mean height

Functional Parameters

Smr 0.788 % Areal material ratio

Smc -33.1 µm Inverse areal material ratio
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ISO 4287

Amplitude parameters - Roughness profile

Rp 0.535 µm Gaussian filter, 0.25 mm

Rv 0.508 µm Gaussian filter, 0.25 mm

Rz 1.04 µm Gaussian filter, 0.25 mm

Rc 0.461 µm Gaussian filter, 0.25 mm

Rt 1.04 µm Gaussian filter, 0.25 mm

Ra 0.169 µm Gaussian filter, 0.25 mm

Rq 0.218 µm Gaussian filter, 0.25 mm

Rsk 0.334 Gaussian filter, 0.25 mm

Rku 2.87 Gaussian filter, 0.25 mm

Material Ratio parameters - Roughness profile

Rmr 98.9 % c = 1 µm under the highest peak, Gaussian filte…

Rdc 0.369 µm p = 20%, q = 80%, Gaussian filter, 0.25 mm

ISO 25178

Height Parameters

Sq 0.282 µm Root mean square height

Ssk -0.498 Skewness

Sku 5.04 Kurtosis

Sp 2.22 µm Maximum peak height

Sv 3.91 µm Maximum pit height

Sz 6.13 µm Maximum height

Sa 0.218 µm Arithmetic mean height
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Appendix 6: MountainsMap Corian x50 
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Functional Parameters

Smr 2.36 % Areal material ratio

Smc -14.6 µm Inverse areal material ratio
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ISO 4287

Amplitude parameters - Roughness profile

Rp 0.592 µm Gaussian filter, 0.025 mm

Rv 0.557 µm Gaussian filter, 0.025 mm

Rz 1.15 µm Gaussian filter, 0.025 mm

Rc 0.691 µm Gaussian filter, 0.025 mm

Rt 1.52 µm Gaussian filter, 0.025 mm

Ra 0.249 µm Gaussian filter, 0.025 mm

Rq 0.292 µm Gaussian filter, 0.025 mm

Rsk 0.166 Gaussian filter, 0.025 mm

Rku 2.06 Gaussian filter, 0.025 mm

Material Ratio parameters - Roughness profile

Rmr 71.9 % c = 1 µm under the highest peak, Gaussian filte…

Rdc 0.505 µm p = 20%, q = 80%, Gaussian filter, 0.025 mm

ISO 25178

Height Parameters

Sq 0.306 µm Root mean square height

Ssk -0.425 Skewness

Sku 3.82 Kurtosis

Sp 1.32 µm Maximum peak height

Sv 2.53 µm Maximum pit height

Sz 3.86 µm Maximum height

Sa 0.240 µm Arithmetic mean height
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