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Abstract 

The IKEA customers are looking for new solutions to mount products in their 
homes and IKEA has embraced the request for this type of applications in 
bathroom environments as it is of the largest challenges for the customer. 
Double sided tape has been identified as a possible solution, hence why this 
project was put together. The research aims to give the reader a deeper 
understanding regarding double sided tape and the influences of external 
variables such as material, substrate and surface tension to mention a few. 
 
Extensive tests have been carried out where samples from double sided tape 
suppliers are examined. The test that was developed and carried out in this 
project aimed to include some of IKEA´s most commonly used materials 
together with common substrates in bathroom environments. The test data 
was compiled and the outcome was used to give recommendations to IKEA 
regarding future product development when using double sided tape and also 
recommend suitable tape suppliers for continued cooperation. 
 
Key Words: PSA, Double sided Tapes, Tack, Adhesion, Cohesion, 
Pressure Sensitive Adhesives, Non drill, Bathrooms 
 
  



Abstrakt 

IKEA-kunder söker efter nya lösningar för att montera upp produkter i sina 
hem, detta har IKEA tagit till sig och anser att badrumsmiljö är den tuffaste 
utmaningen att börja med. Dubbelhäftande tejp har identifierats som en möjlig 
lösning och detta projekt siktar på att undersöka ämnet. Syftet med rapporten 
är att försöka ge läsaren en djupare förståelse gällande dubbelhäftande tejp 
samt lyfta fram påverkan från yttre variabler så som material, substrat och 
ytenergi för att nämna några. 
 
Omfattande tester har utförts där prover från dubbelhäftande tejpleverantörer 
har undersökts. Testmetoden som togs fram och användes under projektet 
hade för avsikt att testa de vanligaste materialen inom IKEA samt de 
vanligaste förekommande substraten i badrumsmiljöer. Testdata analyserades 
och resultatet användes för att ge IKEA rekommendationer på framtida 
produktutvecklingsaspekter samt till att identifiera lämpliga tejpleverantörer 
för fortsatt samarbete inom området för dubbelhäftande tejp. 
 
Nyckelord: PSA, Tryckkänslig, Dubbelsidig Tejp, Klibbighet, 
Vidhäftning, Kohesion, Tryckkänsliga Lim, Ingen Borrning, Badrum 
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Glossary 

Adhesion – A state where two surfaces are held together by interfacial forces 
 
Adhesion Deposit (residue) – Adhesive (dried) left on the substrate after 
removing the tape 
 
Adhesive Failure – A failure where a fracture between the surface and the 
adhesive bond occurs, no adhesive residue is left on the substrate in this case 
  
Backing – A flexible type of film, fabric, foil or paper where the adhesive is 
applied 
 
Carrier – The base type of material to which an adhesive is applied, 
specifically on both sides in order to produce double sided tape 
 
Cohesion – The ability of an adhesive to withstand splitting of the interfacial 
bond 
 
Cohesive Failure – A failure where the fracture occurs within the adhesive 
interface, often leaving behind a trail of adhesive residue on the substrate 
 
Creep/flow – The movement or flow of the adhesive or backing during stress 
(load over time) 
 
Cross-Linked – The development of a 3D structure inside the adhesive in 
order to enhance the properties related to cohesive strength, temperature 
resistance etc 
 
Daltons – A unit of measurement of molecular mass/weight that also can be 
expressed as g/mol 
 
Double Coated/Sided – A tape which has both sides coated with one or two 
different types of pressure sensitive adhesive 
 
Foam – A softer material formed by the creation of bubbles in base materials 
 
Heat Resistance – The tapes ability to withstand a set temperature under set 
conditions 



 
Key Failure – a fracture of the adhesive bond where separation between the 
adhesive layer and the backing/carrier occurs  
 
Lamination – The combination of two or sometimes more materials that is 
supposed to function as one single backing 
 
Macroscopic – Commonly referred to as the length scale at which objects are 
visible by the naked eye 
 
Peel Adhesion – The force that is required to peel a tape from the substrate at 
a designated angle and speed 
 
Pressure Sensitive Adhesive (PSA) – A specific type of adhesive that is 
tacky at normal room temperature and once applied onto different types of 
surfaces they form a bond. The strength of this bond is often increased by 
pressure and/or over time 
 
Pressure Sensitive Tape – A tape that has been coated with a pressure 
sensitive adhesive on one or two sides. Also tacky at normal room 
temperatures and require no activation by water, solvent or (in most cases) 
heat in order to adhere to different types of surfaces. Curing speed may be 
increased by heating once applied onto the surface and the strength of the 
bond is often increased by pressure and/or over time 
 
Primer – A type of coating that act as an bonding agent, i.e. increases the 
chance of a successful adhesion, often used on surfaces with a low amount of 
surface energy 
 
Release Liner – A removable material that protects the adhesive faces of the 
tape 
 
Substrate – The surface onto which the PSA is applied 
 
Tack – The tapes ability to form an instant bond with the substrate (contact) 
by using a minimal to no amount of external force 
 
Tear Resistance – The tapes ability to withstand tearing forces 
 



Tensile strength – The amount of force required to break a designated area of 
the tape 
 
Transfer tape – A Double Sided PSA that does not use/need a carrier and 
often uses reinforced fibres instead 
 
Transparent – The tapes ability to allow the passing of light through its own 
medium 
 
Viscoelastic – The ability of a liquid or a solid to exhibit both viscous and 
elastic behaviour during deformation 
 
Viscosity – A term that describes a fluid’s inability or resistance to flow 
 

Abbreviations  

ABS – AcrylonitrileButadieneStyrene 
 
CAD – Computer Aided Design 
 
EVA – EthyleneVinylAcetate 
 
FEM – Finite Element Method 
 
PC – PolyCarbonate 
 
PE – PolyEthylene 
 
PET – PolyEthyleneTerephthalate 
 
PP – PolyPropylene 
 
PS – PolyStyrene 
 
PVA – PolyVinylAcetate 
 
PVC – PolyVinylChlorid
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1 Introduction 

The aim of this chapter is to provide the reader with information regarding the 
background, purpose and company objectives in relation to the project. It also 
includes a brief description of the methods that were used and the overall 
approach. 
 
 
1.1 Background 

The IKEA customers are looking for easy, durable, sustainable solutions 
when assembling and using the IKEA products. This is often possible but 
there are some areas that are more challenging for the customers. The 
bathroom environment is such an area with its wet room sealing layer. 
Insurance companies in many countries require qualified craftsmen when 
breaking the waterproofing layer in bathroom environments. 
 
It is estimated that this number will increase to 60% in just about two decades 
(2030). While living in rental departments it is often not allowed to drill in the 
walls, especially in the bathroom. Insurance companies often require any 
work done in the bathroom to be carried out professionally and also to follow 
some sort of developed standard for this kind of work (UN-HABITAT, 2007). 
 
An example of this can be found in Sweden where all insurance companies 
require work in bathroom environments to follow one of the two industry 
regulations provided from either GVK or Byggkeramikrådet 
(Byggkeramikrådet, 2014; GVK, 2014; Länsförsäkringar, 2014). 
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1.2 Problem 

The problem is that there are very few products on the market that does not 
break the wet sealing layer when used in bathroom environments. Those 
products that do exist often perform worse than the customer is expecting and 
has therefore damaged the credibility of tape solutions. 
 
 
1.3 Purpose 

The project aims to research the double sided tape subject and find a double 
sided tape for the customer that is trustworthy. This would enable the 
customer to purchase products that could be used in bathroom environments 
without breaking the wet sealing layer while at the same time increase the 
functionality and potential of non drill solutions.  
 
 
1.3.1 Problem Statements 

1. What knowledge must be acquired in order to be successful in non 
drill solutions with tape? 

 
2. Which is the best suited supplier and sample for IKEA to increase the 

credibility of tape solutions within bathroom environments? 
 

3. Is it possible to define some important factors to consider when 
designing for tape as non drill solutions? 

 
4. Can the authors of this report recommend double sided tape to be used 

as a non drill solution within IKEA in the future? 
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1.4 Company Objectives 

IKEA Components had a number of goals and key objectives that they wished 
to be fulfilled in the project assignment. These have been categorised and 
listed below. 
 
 
Develop a Competence Base 
 

 Search internal and external for knowledge regarding tape  
 

 Gather and apply knowledge based on industrial applications and 
supplier visits  
 
 

Carry out a Supplier Mapping Process 
 

 Identify and contact suitable suppliers within the tape industry 
 

 Request tape samples with respect to IKEA internal material and 
environment requirements 

 
 
Identify Potential Products Within and Outside IKEA 
 

 Identify products within the current IKEA range and evaluate their 
respective usefulness towards tape applications 

 
 Use suitable products in order to carry out tests and draw conclusions 

 
 Identify existing competitors that are using tape in similar 

environments and assess their performance 
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Compare Received Tape Samples 
 

 Develop consequent tests that reflect the real use of the products 
 

 Develop a testing method for IKEA that allows for multiple tests and 
takes multiple variables into consideration 
 

 Track the individual performance of every sample and compile the 
results. 

 
 
Evaluate the Results 
 

 Evaluate the received tape samples with respect to the result 
 

 Compile the data based on the different variables and use this as a 
basis for decision making 

 
 Carry out a selection process of all the tested tape samples with 

respect to their performance 
 

 Give recommendation on design, surface, material, area of application 
and load 

 
 Give recommendation on suitable tape suppliers for continued 

cooperation with IKEA Components with respect to tape performance, 
price and availability 
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1.5 Methods 

This project is divided into four main phases; Pre-study, Planning for testing, 
Results and Closing Analysis.  
 
The Pre-study phase aims to give a deeper understanding of the problem 
using academic research as well as industry proven know-how as a platform 
on which to build. The purpose of the Planning for testing phase is to identify 
a suitable number of products from potential suppliers on the market and test 
them in the intended environment. The Result phase aims to compile the raw 
data from the tests and display the data in a concise format for the reader, with 
focus on the best performing samples. The Closing Analysis phase aims to 
analyse the outcome of the tests made in the previous phase and to identify 
suppliers whose samples performed the best and initiate a later partnership. 
 
The processes have been carried out mainly using Ulrich & Eppinger’s 
Product Design and Development together with Polya’s Four Phases. These 
and additional methods have been used in specific stages of the process and 
are covered in their entirety in Appendix 1: Method Description. 
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1.5.1 Approach 

The project was started by reaching a deeper understanding of the company’s 
issue and then formulated to research questions that clearly defined the 
problem. After this, a rough plan was developed in the early stage of this 
project and was updated on a regular basis. Planning has been an important 
part of maintaining control and guiding the project from start to finish. 
 
The pre-study phase aims to develop a deeper understanding of the problem. 
In order to collect the required information for the project the following steps 
were carried out; literature studies, supplier visits and meetings with internal 
key personnel in the field of PSA tape. The testing phase that followed was 
essential for the project, overlapping with the pre-study phase and ends with 
the result phase where the raw data was compiled and presented. 
 
After all the tests had been completed, the project entered the evaluation 
phase. All data from the tests were compiled in different groups in order to 
create a basis for decision making as well as compiling statistics that can be 
used in other areas such as the product development process. All the 
participating suppliers were contacted and the best performing suppliers were 
carried over into the next stage. 
 
Last but not least a report of the project was put together along with 
presentations directed at the major stakeholders. The project spanned across 
20 weeks in total and an overview of the projects approach is shown in figure 
1 on the next page. 
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Figure 1 – Visual approach of the project 
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1.6 Delimitations 

As with most projects, there have been some boundaries that had to be taken 
into account which in turn had a direct impact on the scope of the project.  
 

 A time frame of 20 weeks  
 

 Only focusing on tape as a non drill solution and not suction cups or 
the likes 

 
 Only a selected number of substrates was included, the long term 

bonding performance of the tape was not tested and the removability 
of the tape was not addressed either 

 
 
1.7 Background of IKEA 

IKEA was founded in 1943 by Ingvar Kamprad at the age of 17. IKEA started 
by selling pens, wallets, jewellery and has since then grown over the past few 
decades and become one of the world’s largest furnishing companies. Today 
there are more than 151.000 co-workers in 345 stores in 42 different countries 
and they are generating sales of more than 29.2 billion Euros for 2013. This is 
achieved by following the vision; “to create a better everyday life for the 
many people” (IKEA Inside, 2014). 
 
IKEA Components purpose inside IKEA is to develop future, unique fittings 
and components solutions that are customer friendly to the overall IKEA 
range. IKEA Components is a part of the IKEA group and have the same 
values and vision. With more than 800 people based in Sweden, Slovakia and 
China the business is global. The idea is that; “Components at IKEA creates 
future IKEA components”. As such IKEA Components create quality and cost 
benefits for the IKEA business in the development and trade of areas such as 
components, raw materials and fittings. 
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Pre – Study 
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2 Introduction to Tape 

Double sided tape may strike most people as a rather trivial subject. While it 
is fairly simple to explain and understand it at a basic level it can be an eye 
opener once all the important aspects are presented. 
 
This part of the report will cover the fundamentals of double sided tape, or 
more correctly; double sided pressure sensitive adhesive tape (PSA). The 
structure, different types of tape and their performance, the defining 
characteristics of tape and much more will be addressed in the chapters to 
come.  
 
The field of PSA technology and PSA tape applications is notoriously hard to 
navigate and as such the aim of the pre study for this report is twofold;  
 

 To give the reader a chance to grasp some of the central aspects when 
it comes to these types of applications 
 

 To present the accumulated knowledge that is used in the later stages 
of the report where analyses are carried out and based on facts 
 

Regardless of the reader’s intentions, the following pre study offers a unique 
collection of information and knowledge related to double sided tape 
applications. It should be mentioned that this pre study was based on the 
objectives that have been previously addressed and different applications 
might require different knowledge. For the summary of this chapter, see 
Summary Introduction to Tape chapter 2.7.   
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2.1 The Structure of Single Sided PSA Tape 

Modern PSA tape is typically built up by two layers, a backing and an 
adhesive layer, see figure 2. The backing provides a main layer to the tape 
onto which other substances can be applied. It also has the performance of a 
liner on the opposite side of the adhesive which makes the tape easier to 
handle and prevent it from adhering to itself (IHS Globalspec [1], 2014). 
 
Common backing materials are paper, polyethylene/polypropylene films, 
cloth, metal foil, vinyl or foam and the layer is usually 50-100 μm thick. The 
adhesive material which gives the tape its properties can be tailored for 
specific environments and tasks for the best possible adhesive performance 
and bond (Petkewich, 2007).  
 
In some specific cases when it is necessary, a primer could be used between 
the backing and the adhesive to increase the adhesive’s ability to wet the 
backing, thus increase the total bonding strength of the tape (IHS Globalspec 
[2], 2014). 
 

 
 

Figure 2 – Structure of single sided tape (Wilde [2], 2014.) 
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2.2 The Structure of Double Sided PSA Tape 

The double sided PSA tape is similar to a single sided PSA tape in its 
structure and function of layers, though the backing is now called carrier, see 
figure 3. Contrary to a single sided PSA tape this is coated with adhesives on 
both sides and if necessary a primer is used in order to increase the wetting 
ability (IHS Globalspec [2], 2014).  
 
The adhesives on each side of the carrier can be different depending on the 
application. This means that adhesives with different base, composition, 
thickness etc. can be used to bond to different materials (IHS Globalspec [1], 
2014).  
 

 
 

Figure 3 – Structure of double sided tape (Wilde [2], 2014.) 
 
In the following chapters, different types of adhesives, carriers and liners are 
addressed. These are the components that make up the structure of different 
tapes and the number of different combinations and variants can sometimes be 
somewhat confusing unless they are understood at a basic level.  
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2.3 Defining Pressure Sensitive Adhesives 

Pressure sensitive adhesives (PSAs) as they are often called are one of the 
most common types of adhesives found in every day consumer products. 
PSAs are similar to other adhesives in the sense that they are often designed 
to join two surfaces together (Creton, 2003). 
 
PSAs are not normally found in structural applications, it is far more common 
to encounter different types of epoxy adhesives (adhesives that have to react 
with one another before they can form a joint) here. PSAs usually do not 
require any type of chemical reaction in order to stick to a surface. 
Furthermore the amount of adhesion is not strongly dependant of the applied 
pressure, in fact relative little pressure is required in order to start the bonding 
process. This is a bond that is formed at the molecular level upon contact and 
can do this even on “rough” surfaces (Creton, 2003).  
 
This type of bond cannot be formed if the distance between the molecules in 
the substrate and the molecules in the adhesive is more than 0.5 nm, anything 
more and a significant load transfer will be impossible. It goes without saying 
that the adhesive must be able to get very close to the surface, this is 
sometimes referred to as ”wetting”. If the tape manages to wet the substrate it 
is generally considered to be close enough, i.e. < 0.5 nm. Once this has been 
achieved the bonding process between the adhesive and the substrate can be 
described, as van der Waals forces (Casco Nobel, 1991).  
 
The companies and professionals who worked with PSAs had a hard time to 
understand why they adhered to any substrates. The often had to carry out 
empirical research by using a wide range of different tests that resulted in 
outcomes that were very hard to duplicate/replicate. Assistance from the 
academic world was also scarce, the complex relationship between a liquid 
and a solid material meant that relative few academic studies were carried out 
or did more than map correlations between molecular structure and 
macroscopic properties (Creton, 2003). 
 
A great deal of what is known today can be credited to a man called Albrecht 
Zosel who developed a mechanistic approach that became the first step 
towards understanding how PSAs works (Zosel A, 1992; 1989; 1985).  
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2.4 PSA Categorisation 

Generally speaking there are three types of PSA categories, see figure 4. They 
have different properties that make them suited for different purposes and 
applications, these are the categories that will be addressed in the following 
chapters. 
 

 
 

Figure 4 – The three main categories of PSAs 
 
 
2.4.1 Rubber 

Starting with rubber, it is the oldest type of adhesive. All branches in the 
rubber category are illustrated in figure 5 on the next page. 
 
Natural rubber is commonly harvested from the sap of Havea brasiliensis also 
known as “the rubber tree”. Natural rubber that comes from latex mainly 
contains polymerised isoprene with a degree of impurities in it. The 
coagulated latex is processed into pallets that in turn are mixed with low 
molecular weight resins, also known as tackifiers, and additives until it is 
finally diluted in solvents. Some tackifiers commonly used together with 
natural rubber are aliphatic, aromatic hydrocarbons, polyterpenes or rosin 
derivatives. (kew – Royal Botanic Gardens, 2014; Khan & Poh, 2011). 
 
This is due to the fact of natural rubbers by themselves are not able to provide 
the required adhesion and tack, see PSA Tape – Main Properties chapter 3. 
Most versions today are cross-linked in order to avoid flow, see Cross-
Linking chapter 5. There are two main ways of producing natural rubber; 
calendered and solvent-based. Solvent based rubbers often use either naphtha, 
which is a petroleum-based solvent, or turpentine (Wilde [1], 2014).  
 
Synthetic rubbers can be any type of artificially manufactured polymer 
materials that will act as an elastomer, a common component is SBCs 
(Styrenic Block Copolymers) which is a chemical designed polymer chain. 
They are commonly a blend of styrene-isoprene-styrene, also known as SIS, 
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triblocks and styrene-isoprene diblocks with a low molecular weight, it is this 
that gives the SBC’s their specific properties. While a SIS will give the 
highest peel strength, a styrene-butadiene-styrene, also known as SBS, 
provides much higher shear strength compared to SIS. A tackifying resin is a 
very important component for this type of PSA and rubber based PSAs in 
general, see Cross-Linking chapter 5 (Creton, 2003; Wilde [3], 2014). 
 
Hot-melt rubber adhesives or HMPSA (Hot Melt Pressure Sensitive 
Adhesive) are generally tacky at room temperature and able to form a bond 
under light pressure (SpecialChem, 2014; Wilde [1], 2014). These are applied 
to the substrate (carrier) in a molten state. Once applied the hot-melt usually 
cools within seconds and this is also known as “setting”, this makes it very 
attractive for many industrial applications (Brewis, 2005). 
 
Synthetic rubbers are often one of the three following; a hot-melt, solvent 
based or butyl, see figure 5.  
 

 
 

Figure 5 – The different branches of the rubber PSAs 
 

In most cases synthetic rubber is often superior to natural rubber in terms of 
mechanical strength, thermal stability and other material related properties as 
well as the bonding properties with other petroleum products. In general, 
rubber adhesives as a group have high tack properties, adhere to a great 
number of surfaces and are often relative cheap (Khan & Poh, 2011). 
 
Natural solvent rubbers can often be found in masking tapes as well as 
protection tapes while calendered natural rubber tapes are more commonly 
associated with duct tapes. Synthetic hot-melt tapes are more commonly used 
in packaging, carpet and low end bonding tapes. Synthetic solvent tapes could 
be foam and electrical tape (Wilde [1], 2014).  
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2.4.1.1 Rubber Properties 

The group of rubber PSAs and their properties are explained in the text below, 
see figure 6. 
 
Rubber adhesives are well suited for both low and high surface energy 
substrates, see Surface Energy of Solids chapter 4.3, but do not fare well 
when it comes to UV-lighting, temperature or chemical resistance (except for 
butyl). This makes indoor applications without the risk of contact with 
chemicals a well suited environment for these kinds of adhesives. Butyl is a 
sub-group within the synthetic rubber branch with similar properties as hot-
melt and solvent based though with modified properties that make it excellent 
to external conditions such as water and chemicals. This is one of the reasons 
why it is often found in different sealants applications (Wilde [1], 2014).   

 

 
 

Figure 6 - General properties for rubber PSAs 
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2.4.2 Acrylic 

Moving to acrylic tapes, they are quite different from rubber based adhesives. 
They generally consist of random copolymers of a side-chain acrylic, see 
figure 7. 
 

 
 

Figure 7 - Acrylic copolymer chains arranged in a random pattern (Wilde 
[2], 2014.) 

 
Sometimes small molecule additives (tackifiers), see Cross-Linking chapter 5, 
are added in order to alter some of the properties but are in no way necessary 
in order for a PSA to be useful. Also with this group, a cross-linking step is 
usually carried out after the adhesive has been coated and this is mainly to 
prevent creep behaviour, see glossary (Creton, 2003).  
 
As acrylic tapes are very versatile their applications span across many 
different areas.  
 
The different types of acrylic PSAs are shown in figure 8 on the next page. 
Modified solvent acrylics are well suited for low surface energy applications 
and protection tapes. Modified emulsion acrylics are often found in foam 
laminations and general bonding applications. Pure solvent acrylics are more 
common in high end foam tapes, graphical laminates, medical applications 
that come in direct contact with skin and long term masking and protection 
tape (exterior). Pure emulsion acrylics (sometimes referred to as water-based) 
are used as packaging tapes, over graphical laminations and protection tapes 
(interior), (Wilde [1], 2014).  
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Figure 8 – The different branches of the acrylic PSAs 
 
In essence, acrylic PSAs provide a variety of applications as a result of 
different mechanical properties. Assuming a good bond has been formed they 
are also very stable and has excellent ageing resistance. Acrylic PSA tapes are 
also used in medicine applications as they can be hypoallergenic and 
colourless, approximately 1% of the human population experience allergic 
reactions while in direct contact with latex, used in rubber adhesives. It should 
be mentioned that this number is between 5 – 15% for health care workers 
who frequently come into contact with this type of substance (Gerald et al, 
2000).  
 
Furthermore, acrylic PSA tapes are also non-corrosive and has good solvent 
resistance (although dispersion based acrylics have poor water resistance). In 
addition to this they also have high heat stability and generally better low 
temperature adhesion compared to rubber PSA tapes. It is also considered to 
be reasonably priced and can be used in many general applications (Wilde [1], 
2014). 
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2.4.2.1 Modified Acrylic Properties 

The first group of acrylic PSAs are the modified acrylic adhesives and their 
properties are explained in the text below, see figure 9. 
 
Solvent based acrylics are generally well suited for many applications and are 
often a good choice regardless of the application, though the down side is that 
it uses solvents in the manufacturing process and are generally more 
expensive compared to other types of adhesives. Dispersion (sometimes 
referred to as emulsion or water based) is the more environmental friendly 
alternative when it comes to modified acrylics. While it shares some of the 
good features of the solvent based acrylic adhesives it does lacks some of the 
water resistance and mechanical resistance (Wilde [1], 2014). 

 

 
 

Figure 9 – General properties for Solvent/UV based and Dispersion based 
modified acrylic PSAs 
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2.4.2.2 Pure Acrylic Properties 

The second group of acrylic PSAs are the pure acrylic adhesives. Their 
properties are explained in the text below, see figure 10.  
 
Solvent based are good to excellent in many fields but will only adhere to 
high surface energy substrates and has a very low instant tack. Dispersion 
based as the more environmental friendly alternative share some features but 
will not be suited for external water or mechanical conditions (Wilde [1], 
2014). 
 

 
 

Figure 10 – General properties for Solvent/UV based and Dispersion based 
pure acrylic PSAs 
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2.4.3 Silicone 

Finally there is silicone. For a very long time it has been seen as a niche 
market and few silicone PSA tape applications were ever considered. In 
recent years the potential areas of use have been expanded as the advantages 
of silicone based PSA tapes are more commonly known and accepted, see 
figure 11 (Lin et al, 2007). 
 
Solvent borne silicone based PSA tapes are generally dispersions of silanol-
terminated silicone polymer and silanol-functional siloxane resin (commonly 
referred to as MQ resin) combined in a hydrocarbon solvent (usually tolune or 
xylene) (Lin et al, 2007).     
 
The interesting aspect when considering silicone PSA options is the ratio of 
MQ resin and silanol content which in turn gives the silicone adhesives their 
unique PSA properties. The peel adhesion and shear strength, see PSA Tape – 
Main Properties chapter 3, both proportionally increase with a higher MQ 
resin, until a certain level has been reached. Once this point has been reached 
the PSA becomes to dry to cope with higher shear strength values (Lin et al, 
2007).  
 
It should be noted that different types of silicone adhesives and solutions are 
developed and due to the fast emerging market the amount of hybrids are 
continuously increasing (Lin et al, 2007).    
 

 
 

Figure 11 – The only branch of the silicone PSAs 
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As figure 11 shows there are only solvent based silicone PSAs. The fact that 
the production process is complicated compared to other types of adhesives 
means that this is generally one of the more expensive PSA alternatives. Also, 
compared to acrylic adhesives, the level of adhesion is generally lower, 
however it is somewhat comparable to most rubber PSA tapes. 
 
As a result of the MQ resin mixed in the solution to increase peel adhesion 
and shear strength silicone PSA tapes are less tacky than many other PSAs. It 
has got a high level of chemical resistance, it is non-corrosive and solvent 
resistant and has unrivalled high temperature resistance among all the PSA 
tapes. As such it is more commonly found in specific applications and 
solutions, it is for instance one of the few adhesives that adheres on silicone 
substrates (Lin et al, 2007). 
 
Other very problematic low surface energy substrates such as plastics that 
used to require different types of pre treatment, see Surface Preparation 
chapter 4.4, can benefit from this relative new type of PSA tapes (Wilde [1], 
2014).  
 
As silicone PSAs have a fairly low amount of tack, moderate adhesion to 
differet surface energy materials and excellent UV, water, chemical and 
aeging resistance their applications are very specific, see figure 12 (Wilde [1], 
2014).  
 

 
 

Figure 12 – General properties for silicone based PSAs 
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2.4.4 Manufacturing Technologies 

There are different manufacturing technologies that can be carried out when 
producing or applying the adhesives. In table 1 it is illustrated how the 
different technologies and the adhesive types are related (Levera Pte Ltd, 
2007). 
 
Table 1 – The three PSA categories and different manufacturing technologies 
 

  Rubber Acrylic Silicone 

Solvent Few Specialty High 
Temperature 

Emulsion Few Most Common None 

Hot Melt Common Developmental None 

UV Hot Melt Emerging Emerging None 

 
As previously addressed, silicone PSA is only produced using solvent 
technology. Acrylic PSA are most commonly produced using emulsion 
technology but solvent technology are used for some more demanding 
applications and UV combined with hot melt technology is possible but not 
nearly as common. Rubber PSA are usually made using traditional hot melt 
technology, relative few rubber PSAs are developed using solvent or emulsion 
technology. In recent years both acrylic and rubber PSAs have been looking 
to take advantage of the emerging UV hot melt technology which provides 
both some performance and economical benefits, as can be seen in table 1. 
 
Solvent manufacturing is done by coating and solvent evaporation from a 
solution. Generally speaking, this is the more traditional method and is only 
used when specific properties are desired and cannot be obtained in any other 
way. Emulsion of smaller particles is made possible by coating and water 
evaporation, this is most common on acrylic adhesives. Hot melts is done 
without solvent, this is achieved by low viscosity during the processing stage 
(by heating) and the adhesive receives its final properties later on in the 
process (Creton, 2003). 
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2.5 Backing/Carrier 

The backing/carrier is the name for the middle layer in the tape construction. 
It provides the tape with different features depending on the application, 
hence the different names. The layer is called backing for single sided tapes 
and carrier when used in double sided tapes due to their respective purposes 
and roles (Tesa [1], 2014).  
 
A backing often serves as a protection cover for the adhesive on single sided 
tapes. Depending on the application, the backing should protect against heat 
or abrasion all though some applications also use backings for sealing, 
conduction or insulation purposes. The carrier in double sided tapes should 
carry the adhesive and then has to fulfil a different role (Tesa [1], 2014). 
 
It is the adhesive that bond two surfaces together but the carrier could serve 
the purpose of filling gaps, dampening vibrations, compensating for 
elongations or help reducing an impulse load which otherwise would be 
absorbed by the adhesive bond. Some of the most common backings and 
carriers are paper, film, foam and acrylic core based (Tesa [1], 2014).  
 
In the radar chart below, see figure 13, different carriers are compared and 
their abilities to fill gaps or conform to surfaces are displayed. The most 
commonly used backings/carriers are those made from PE foam or acrylic 
foam (Wilde [1], 2014).  

 
 

Figure 13 – Different tape carriers and their properties 
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2.5.1 Paper Backings 

Paper backings are excellent for masking applications since they are easy to 
remove by hand, conform well to the surface and have good resistance to 
temperature and solvents. Paper backings are for example often used in the 
car painting industry (Tesa [1], 2014). 
 
 
2.5.2 Filmic Backings 

Filmic backings are often thin polymeric based materials most frequently used 
in the packaging industries. Applications that demands protection or holding 
two pieces or surfaces together are excellent for these types of backings. The 
most commonly used film backings are based on PVC, PE, PP or PET and 
these will be addressed separately underneath (Tesa [1], 2014). 
 
 
2.5.2.1 Polyvinylchloride Backings 

Even though PVC is considered being a harmful material and many countries 
have restrictions regarding the use of PVC (CHEJ, 2014) the features it posses 
should be mentioned since it is one of the most used filmic backings. PVC 
backings are durable and have good resistance against moisture & water. It is 
sensitive to temperatures even though it is considered to be low flammable 
(Tesa [1], 2014). 
 
PVC backings can be produced in two different options, a rigid and a soft 
configuration. The rigid backing is often used for packaging applications 
when sealing cartons and the soft backing is more commonly found in 
insulating and masking tapes due to its good conformability (Tesa [1], 2014). 
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2.5.2.2 Polyethylene and Polypropylene 

PE and PP are two alternatives that are more environmental friendly 
compared to PVC. PE can be manufactured at low cost and offers both good 
flexibility and conformability due to its softness. PE can often be seen 
combined with cloth in order to manufacture duct tape but due to 
environmental issues it is mainly used in packaging applications. PE can also 
be manufactured as a foam backing/carrier and this feature often serves well 
in sealing and bonding applications. The foam can be manufactured in a 
variety of thicknesses ranging from 0.1 mm to 10 mm (Tesa [1], 2014; Wilde 
[1], 2014). 
 
PPs are often used as filmic backings or carriers that are BOPP (biaxial) or 
MOPP (monoaxial) oriented. This means that when used as a biaxial film the 
carrier is able to withstand loads in two directions, lengthwise and cross 
section wise and MOPP carriers can normally only withstand loads in one 
direction, lengthwise (Tesa [1], 2014; Wilde [1], 2014). 
 
BOPP films are commonly used for packaging, low end filament and 
electrical applications while MOPP films are ideal for packaging and 
bundling applications due to their low elongation in cross section direction but 
high shear strength resistance lengthwise (Tesa [1], 2014; Wilde [1], 2014). 
 
 
2.5.2.3 Polyethylene Terephthalate Backing 

PET is one of the most commonly used backings/carriers in the current 
pressure sensitive adhesive industry due to it being easy to die cut into 
different shapes with the use of automated machinery. PET has good 
resistance when it comes to abrasion, tearing, solvents, UV light and 
temperatures. It can withstand temperatures up to 150˚C and for short periods 
of time even up to 205˚C (Tesa [1], 2014; Wilde [1], 2014). 
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2.5.6 Foam Backings 

As previously mentioned, foam carriers are excellent for applications that 
demand the tape to fill the gap between two surfaces that are being bonded. A 
foam carrier could also work as a dampening element, reducing sound and 
vibrations. Lastly it can compensate for different thermal extensions when not 
using the same materials or as a shock absorber, reducing the dynamic load on 
the adhesive bond by simply stretching. Though, when discussing solid foams 
the cell structure needs to be considered before choosing the backing or 
carrier (Tesa [1], 2014). 
 
There are two varieties of foams, open and closed cell structured. Both foam 
types will fill gaps, conform to the surface and bear an equal amount of load 
but the difference is how well they seal against moisture, water, vapour, air, 
dirt and sound (Saint Gobain, 2014; Wilde [1], 2014). 
 
An open cell structure let everything trough its cells in the foam and the 
closed cell will not. Depending on the application this needs to be taken into 
consideration. For example, in bathroom environment a foam with a closed 
cell structure is favoured since the cells will seal against both moisture and 
water meaning that the structural integrity of the backing/carrier remains 
unaltered and it performs as it should (Saint Gobain, 2014; Wilde [1], 2014). 
 
 
2.5.7 Acrylic Core Backings 

Acrylic core backings are the high-end solution for applications when normal 
foam tape is no sufficient. Due to its outstanding viscoelastic properties the 
backing can compensate for higher thermal expansions than PE foam tapes 
but can also generally withstand higher loads, see figure 13. Acrylic backings 
are exceptional for long lasting bonds due to their good resistance against 
environmental factors such as UV, water and temperature. Acrylic core 
carriers are also frequently used within the auto mobile industry (Tesa [1], 
2014). 
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2.6 Release Liners 

The release liner plays a significant role in the PSA tape structure. The main 
purpose of the liner is often to protect the PSA side of the tape until usage. 
Simply put, if a release liner does its job well it becomes an almost forgettable 
part of the system, the user does not even know it is there. On the other hand, 
a liner that does not perform the way it should can quickly cause many types 
of problems. Problems such as adhesives that do not perform once they are 
applied, automated processed that will not work properly and customer 
complaints that result in quality issues (Hutter et al, 2014).  
 
While an adhesive is often designed to stick on as many surfaces as possible, 
the liner has the opposite purpose, not to stick on anything, including the 
adhesive layer. This is achieved by a thin layer of coated silicone which 
prevents the liner to properly stick to the adhesive layer (Hutter et al, 2014). 
 
There are two main types of liners; single sided coated liner and double sided 
coated liner. Single sided coated liners are often used in automated die-cutting 
processes where only one side of the liner comes into contact with an 
adhesive layer, such as felt pads. A double coated liner is then used when a 
tape has to be wound up in a roll and both sides of the liner have to be coated 
to ensure that either adhesive side does not stick to the liner (Hutter et al, 
2014).  
 
It is common that double sided coated liners have different release values on 
either side. This means that the liner will come off more easily on one side, 
this is often preferred to always know what side of the carrier the adhesive 
will let go from. It means that rolls of tape can be used and that tape can be 
used in automated processes. As such the release value of the liner is closely 
related to the amount of silicone that has been coated onto the liner and it is 
often essential to know exactly what release value that is desired and what the 
application is (Polyonics, 2014).  
 
There are two main materials commonly used for release liners; paper and 
plastic films, both groups contain a number of sub-groups. Most paper liners 
are made out of different types of kraft paper, glazed paper or Glassine. The 
most common types of plastic liners are made out of PET or PP. A plastic 
liner can generally speaking be seen as more flexible in its applications as 
different mixes of plastic can be developed to perfectly suit the application 
(Polyonics, 2014).  
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2.7 Summary Introduction to Tape 

The different types of adhesives, carriers and liners used in PSA tape all 
contribute to give it its unique properties. Some applications sometimes 
require tailor-made solutions with a specific adhesive or carrier in mind. In 
some cases the liner might be of outmost importance when they need to be 
removed swiftly or at a predetermined force and speed, i.e. automated 
assembly.  
 
All and all, knowing the background as to why a certain type of tape is needed 
is about as important as knowing what types of adhesives, carriers and liners 
there are to choose from. As there are a lot of different combinations when it 
comes to PSA tape, it is often not a question of finding a tape, it is finding a 
combination of materials that make up a tape that is tailored to the specific 
requirements.  
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3 PSA Tape - Main Properties  

In the section below an overview of the most important properties of PSAs are 
addressed. These have an important role in understanding how and why PSAs 
work and why they do not. It should also be mentioned that there are a 
number of theories that attempts to explain the phenomenon of adhesion. 
 
The different theories can be sorted into different groups; the mechanical 
theories, the adsorption theories, the chemical theories, the diffusion theories, 
the electrostatic theories and pressure sensitive theories. Each of these 
theories contributes in some way of aiding the understanding of adhesion, that 
being said some of them are rather difficult to understand. In this report no 
specific theory will be in focus, although it should be mentioned that some 
subjects are more closely correlated with certain types of theories (Allen, 
2005). For a summary of this chapter, see Summary PSA Tape – Main 
Properties chapter 3.4. 
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3.1 Tack 

Tack can be referred to as the debonding force per area of contact and is often 
expressed as N/m2 (Khan & Poh, 2011). It can also be referred to as the 
adhesive ability to be quickly adhered to a surface at a slight to medium 
pressure (Lu et al, 2013). Tack is then the property that relates to the 
adhesive’s ability to bond formation. It can also be described as two materials 
ability to resist separation after bringing their surfaces into contact for a short 
time under light pressure (Hamed, 1981). 
 
All and all the perhaps most defining characteristic of PSAs, a tacky material 
is always sticky to the touch. As just a light contact with a PSA generates a 
peel resistance due to the wetting interactions with the surface the process is 
carried out without any chemical reactions taking place. It is this property that 
give PSAs the ability to adhere under relative low pressure and short time, i.e. 
a tacky PSA can be described as very “grippy” (Takahashi et al, 2013). 
 
 
3.1.1 Common Tack Measurement Methods 

There are a number of standardised tests that test the “tackiness” of different 
PSAs. The first variations are the rolling ball tack test, rolling cylinder and 
rotating drum test where distance travelled, energy lost or the force that is 
observed in the interaction of the mentioned objects with the PSA tape are 
measured (AdhesiveToolkit, 2014). 
 

 
 

Figure 14 – Rolling ball tack test 



32 
 

The rolling ball tack test is one of the oldest and one of the more widely used 
tests, see figure 14. A stainless sphere of a predetermined diameter is released 
at an elevation on an inclined path and its purpose is to roll down and at the 
bottom come into contact with the upward facing adhesive side of the PSA 
tape (Hammond, 1989). 
 
The distance the ball covers is a measurement of the PSAs tack. This type of 
test does come with a few disadvantages, the distance travelled on the 
adhesive side of the PSA tape does not only depend on the adhesives 
properties but also the adhesives anchorage to the carrier, the structure of the 
carrier surface as well as the thickness of the adhesive layer. In some cases the 
ball would not stop within the predefined length of the PSA tape. There are 
also some controversies regarding the reproducibility of the tests (Hammond, 
1989).  
 
The loop tack test can be seen as a modified peel test, see figure 15. A PSA 
layer is facing outward from the loop and brought into close contact with a 
substrate at a predetermined rate. The force required to immediately remove 
the loop at a predetermined velocity is measured as loop tack (Mecmesin, 
2014). 
 
This test is highly influenced by the relative stiffness or flexibility of the 
carrier in the PSA tape. That being said, the reproducibility of the test is often 
deemed as relative good compared to other testing methods (Hammond, 
1989).  
 

 
 

Figure 15 – Loop tack test 
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A probe tack test examines the butt tensile strength of the bond between the 
tip of the probe and the adhesive layer of the PSA and after a short contact 
time at low pressure the tack level is registered. Some important parameters to 
monitor in this type of test is; temperature, contact time, contact area, 
pressure, approach velocity etc. Below an illustration of the procedure during 
a standardised probe tack test is displayed, see figure 16 (Lestriez et al, 2014).  
 

 
 

Figure 16 – Probe-tack test 
 

In a probe tack test the idea is to simulate a finger or thumb tack test. In the 
initial stage a probe is approaching the adhesive side of a PSA tape at a 
predetermined velocity. In the next stage, the probe comes into contact with 
the adhesive side of the PSA tape and energy is added into the system, this is 
also the maximum amount of displacement in the system. In the final stage, 
the probe is moving in the opposite direction and this is the important part of 
the process. As it is being pulled away, the maximum peak force is recorded 
and regarded as the probe tack. In the debonding stage the separation process 
is monitored and often displayed in a stress-strain graph (Lestriez et al, 2014). 
 
The advantages of the probe tack test method is the reduced influence of the 
carrier and the adhesive thickness, that said these are not eliminated entirely 
and will still affect the result in some ways. Also this method has some 
controversial problems regarding the reproducibility of the tests. However a 
probe tack test has similar problems as other test methods, different standards 
and prerequisites means that the tests are hard to compare and in some cases 
results can even be misleading (Muny & Miller, 1994). 
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3.1.2 Factors Affecting Tack Properties 

Even though relative easily explained and easy to demonstrate, tack is by all 
means a complex property and has several factors that affect its performance 
(Khan & Poh, 2011). 
 
The formation of a PSA bond may depend on: 
 

 Surface properties; material, wettability of the material/substrate, 
surface energy of the substrate, porosity, flatness & roughness 
 

 Surface preparation; cleanliness, coating weight and uniformity, pre-
treatments, application of the adhesive, environmental conditions 
before the bonding process and drying time 

 
 Adhesive properties; type of adhesive, functional groups, surface 

energy of the substrate and flow properties 
 

 Bonding procedure; pressure during initial contact, contact duration, 
surface penetration, temperature 
 
  

The separation of a PSA bond may depend on: 
 

 The process; separation rate, peeling angle (if any) and clamping of 
the specimen 

 
 The adherent; flex, cohesive strength in the surface layers and the 

modulus 
 

 Adhesive properties; rigidity & cohesion, viscoelastic properties, 
extension to failure, creep and stress dissipation 
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3.1.3 Effect of Coating Thickness 

The amount of tack is often increased with increased coating thickness. 
Increasing the adhesive coating thickness will enhance the wettability of the 
adhesive which in turn will generally result in a higher tack (Wilde [1], 2014). 
 
 
3.1.4 Effect of Other Variables 

PSA tack builds on the formation of molecular interactions in the interface 
between the adhesive and the substrate which in turn relies on the surface 
energies of the adhesive and the substrate. This means that the adhesive 
should have a lower surface energy than the substrate in order to experience 
“good” tack, this is also a prerequisite in order to form an adhesive bond.  
 
The relationship between tack and other variables such as peel and shear 
strength are correlated. In user applications it is often hard to find a PSA tape 
that has maximal tack, a high peel resistance while still experiencing a high 
amount of shear resistance (Khan & Poh, 2011).  
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3.2 Adhesion 

Adhesion or peel strength is a phenomenon that will keep two surfaces in 
contact until a force great enough will separate those two. One of the most 
common types of separation is by peel and the PSA tapes ability to withstand 
this type of load is usually very important. Adhesion can be explained as the 
average load per unit width of the bond line that is required to separate 
bonded materials, this is commonly expressed as N/m (Khan & Poh, 2011). 
 
 
3.2.1 Common Adhesion Test Methods 

There are many variations and standards of peel tests, however most of them 
are based on one of two angles; 90° or 180°. As these tests can be performed 
in different angles they can also be carried out using different variables. 
Depending on the prerequisites these tests may yield very different results. 
Variables such as the rate of peel (can be static or up to 300 mm/min), 
cure/dwell time (ranging from 0-24 hours), surface preparation of the 
substrate and preparation of the PSA tape (Mecmesin, 2014).  
 

 
 

Figure 17 – Different types of peel tests  
 
During a peel test a lot of aspects besides the adhesive in the PSA tape are 
examined. The outcome of a peel test is strongly dependant on the physical 
properties of the carrier, the carrier thickness as well as the thickness of the 
adhesive layer on the PSA tape (Krenceski, 1986). 
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3.2.1 Factors Affecting Adhesion 

As adhesion is not an inherent fundamental PSA property it is interesting to 
consider the variables affecting the final peel force that is required. It all 
depends on what type of test method that is used, see figure 17, the rate of 
which the load is applied, the thickness of the adhesive layer and more. Even 
so the peel test is one of the most common tests and is used in many 
applications (Wilde [1], 2014).  
 
 
3.2.2 Effect of Coating Thickness 

It is well known that increasing the adhesive thickness will also increase the 
adhesion/peel strength. A thicker layer of adhesive will increase the 
wettability onto the substrate. 
 
Generally speaking, a thicker adhesive will cause a shift from cohesive to 
adhesive failure due to the transition from liquid-like behaviour (viscous) to 
rubber-like behaviour (elastic). The failure mode transition is further 
supported by the fact that cross-linked adhesives seldom fail cohesively at low 
peel rates since they do not experience the same amount of flow. Examining 
regions of steady adhesive failure, peel force resistance is increased with an 
increased adhesive layer, see figure 18 (Kaelble, 1969). 
 

 
 

Figure 18 – Relationship between peel strength (N/m) of a PSA tape and the 
adhesive thickness (mm) 
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Continuing to contemplate the effect of the coating thickness and adhesion, 
research by (Gardon, 1963) shows the following condition in equation (1): 
 

P = αt (1) 
 
Where P is the peel force, t is the thickness of the adhesive and α is a 
parameter that depends on substrate thickness, as well as the adhesive and 
substrate moduli. This shows that the thicker the adhesive layer the higher the 
required force has to be in order to separate the adhesive from the substrate by 
peel. 
 
In figure 19, a tensile test is carried out on the two substrates that are joined 
together by an adhesive layer. This means the two substrates are pulled apart 
in the direction perpendicular to the bond that joints them. The picture 
demonstrates a few simple but common scenarios that can occur during a 
failure (Khan & Poh, 2011).  

 

 
 

Figure 19 – Failures of an adhesive bond between two substrates  
 

In figure 19 (a) displays an adhesive failure, the failure occurs between the 
substrate and the adhesive layer. In the second picture (b) both the substrate 
surfaces would be covered by a layer of adhesive, meaning that the failure 
occurred within the adhesive layer itself, this is known as a cohesive failure 
(Khan & Poh, 2011). 
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3.2.3 Effect of Other Variables 

Increasing the rate at which an adhesive is peeled will increase the peel 
strength of that PSA. This is due to the simple fact that during low peel rates 
the PSA tape will respond in a predominantly viscous behaviour. In other 
words, the slower the pull rate, the more it will act like a liquid while at faster 
peel rates the response is more elastic, i.e. like a solid (Khan & Poh, 2011). 
 
As mentioned before, during a cohesive failure the adhesive sticks to both 
substrates but cannot hold them together. By increasing the peeling rate the 
mainly elastic behavioural response means that an adhesive failure is much 
more likely, which is also reflected by the higher peel strength (Khan & Poh, 
2011). 
 
Temperature is a very important factor when examining peel strength. At a 
certain temperature (different for different types of adhesives) a change can be 
seen, a transfer from adhesive failure to cohesive failure, this temperature is 
called splitting temperature. This splitting temperature is dependent on the 
type of the adhesive as well as the degree of cross-linking, i.e. a higher degree 
of cross-linking, see Cross-Linking chapter 5, will increase the splitting 
temperature for that adhesive (Khan & Poh, 2011). 
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3.3 Cohesion 

Cohesion or shear strength is a common engineering phenomenon that can be 
explained as the shear force per unit area during testing, measured in N/m2. In 
essence, this is the PSA’s property which relates to withstand different levels 
of tension. PSAs are not only expected to withstand peel forces but are also  
required to manage a moderate level of stress for an extended period of time, 
this is known as shear forces and can in some cases result in different degrees 
of creep (Khan & Poh, 2011).  
 
 
3.3.1 Common Shear Strength Testing Methods 

The shear strength test is visualised and is one of the most common test 
method used to determine a PSA’s shear strength. It measures the time it takes 
to pull the PSA tape from a predetermined area using a constant load and rate, 
see figure 20 (Mecmesin, 2014). 
 

 
 

Figure 20 – Shear strength test 
 
In other cases different loads, residence time and magnitude of loads are 
recommended by different institutions and standards, this makes comparative 
work increasingly difficult and a fair amount of caution is suggested when 
dealing with this type of values (Mecmesin, 2014).  
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The perhaps most important aspect of any shear strength test is to ensure a 
cohesive failure (it should leave a clear trail of residue on both substrates). 
The entire point of a shear test is to measure the internal strength of the 
adhesive bond, if it is an adhesive of key failure, see Failure Scenarios – PSA 
Tape chapter 6, it is not a measure of the internal adhesive strength but rather 
the strength of the substrate to adhesive bond strength or the strength of the 
carrier. Most standard shear strength tests are static but there are some tests 
that focus on dynamic shear where the force required to cause a cohesive 
failure of the bond is measured (Muny, 1996). 
 
Temperature has a large impact on the performance of PSAs due to the fact 
that they are thermoplastic materials. As such, a test that evaluates the PSAs 
performance in applications where it will be subjected to elevated levels of 
heat, i.e. higher temperatures, have been developed; shear strength failure 
temperature or SAFT. This type of test builds on the same structure as the 
standardised ones. The only difference is the part when the samples are placed 
in a chamber and the temperature is increased a predetermined rate (Muny, 
1996). 
 
It should be noted that the SAFT test is a somewhat unofficial test and even 
though commercially viable it does experience some problems with 
reproducibility (Afera, 2013). 
 
 
3.3.2 Factors Affecting Cohesion: 

Cohesion/shear resistance is often one of the most important properties of a 
PSA tape. Depending on the application, the amount of cohesion can be 
altered but generally the shear strength is one of the first defining properties 
that are considered.   
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3.3.2.1 Effect of Coating Thickness 

Contrary to adhesion which increases with adhesive thickness, cohesion will 
decrease as the adhesive layer is thickened, see figure 21. The decrease in 
shear strength performance is due to the decrease in cohesive strength which 
in turn would encourage flow or creep (Khan & Poh, 2010). 
 

 
 

Figure 21 –Relationship between shear strength (N/m2) of a PSA tape and the 
adhesive thickness (mm). 

 
 
3.3.2.2 Effect of Other Variables  

The shear strength of a PSA tape will increase with the rate of the load 
application or testing. This is due to the fact that an increased rate will 
increase the effect of the elastic component of the adhesive. The natural 
response of a PSA is viscoelastic in nature but depending on the rate of the 
application it will favour an elastic or viscous response. As such the rate at 
which a PSA tape is tested plays an important role in the process of 
comparing different samples (Khan & Poh, 2010). 
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3.4 Summary PSA – Main properties 

A triangle, see figure 22, can summarise the chapters above that addresses 
tack, adhesion and cohesion. It is clear that they together determines the 
potential use and applications for any PSA tape but one should note that there 
are rarely any tapes or adhesives that are considered to perform very well in 
all the areas, see figure 22. There is almost always a drawback in one area 
which in turns provides good qualities in another.  
 

 
 

Figure 22 - The adhesive triangle 
 
Properties such as adhesive thickness, rate of application, load and other 
factors have been addressed and put in perspective. A few testing methods 
have been addressed and their respective strengths and weaknesses have been 
noted. 
 
It is essential to have a firm grasp of the basics of PSA in order to accurately 
assess any tests or practical application. This is then aligned with the overall 
aim of this report.  
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4 Substrates 

When considering PSA tape or similar types of jointing methods that involves 
adhesives there is a definite need for closely examine the surface on which it 
is applied. Note that the equations used in this chapter exist to aid the 
understanding of the addressed subject. For a summary of this chapter see, 
Summary Substrates 4.6. 
 
 
4.1 Surface Topography 

It is important that the surface has the correct properties, both physical and 
molecular bonding aspects. The physical properties are often mentioned as the 
surface’s roughness, though the surface roughness includes three different 
values that should be considered before using and PSA taping application. 
These values are; roughness, undulation and flatness, see figure 23 (Falk et al, 
2005).  
 
 

 
 

Figure 23 – Illustration of different surface properties 
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The most common roughness value is the arithmetic average height (Ra) also 
known as the centre line average (CLA). This is measuring the vertical height 
amplitudes of a surface and the result is often displayed in μm. This value 
depends on a number of variables such as type of material, the manufacturing 
method, post manufacturing treatment and more. This value varies depending 
on the application but should be kept as low as possible when considering any 
PSA to enable the molecular bonding at <0.5 nm (Gadelmawla et al, 2002).  
 
There are barely any mechanical surface treatments that could make two 
surfaces get in the range of <0.5 nm of each other and thereby bond to each 
other. It is then wise to use conformable adhesive for the application to ensure 
a proper bonding and that is really the purpose of the adhesive (Casco Nobel, 
1991). 
 
Undulation and flatness are two similar but still important aspects that need to 
be considered before using any PSA tape. It is crucial for an adhesive 
application to have as much surface bonding area as possible, this to increase 
the overall bond strength. Though if the surface is either too undulate or non-
flat, the bonding area will be decreased and thereby decrease the bond 
strength of the joint. A PSA tape must then be able to conform with regard to; 
surface roughness, undulation and flatness otherwise the application might 
fail (Falk et al, 2005). 
 
Considering the underlying chemistry of an adhesive bond, there are 
differences in surface energies between the substrate, the adhesive and the 
interface that directly determine to which extent the wetting process will be 
successful or not (Casco Nobel, 1991). 
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4.2 Wetting – Surface Energy and Tension 

When an adhesive bond or joint is formed a clearly intimate molecular contact 
between the substrate and the adhesive is most desirable. As most types of 
adhesives can be considered to be in a liquid state at the time of the initial 
contact between the substrate and the adhesive, it is often treated as liquid. 
Even though the adhesive will often demonstrate viscoelastic properties once 
the curing process has begun or been completed. Depending on the affinity of 
the substrate, any given type of liquid that is applied onto the substrate will 
tend to; either remain in the shape of a drop with a finite contact area or 
spread out and attempt to cover the available surface of the substrate, see 
figure 24 (Shanahan, 2005). 
 

 
 

Figure 24 – Illustration of two substrates with low and high surface energy 
 
This is because on a molecular level the molecules of the liquid must have a 
stronger attraction to the molecules in the substrate in order to wet the 
material. If the molecules in the liquid are more attracted to each than they are 
to the substrate, the liquid will form a bead like shape and does not wet the 
surface in any sense. Most liquids prefer to be in a spherical shape if allowed, 
however external factors such as gravity tend to prevent this (Shanahan, 
2005).   
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It is also worth mentioning the different types of medium that are affecting the 
wetting process and how they interact. There are generally three types of 
mediums that form three separate types of interfaces that are of interest when 
addressing the subject of wetting. They are; the solid surface (S), the liquid 
(L) and the vapour (V). These will in turn create three interfaces; solid-liquid, 
liquid-vapour and solid-vapour, each of which can be attributed an amount of 
free interfacial energy or tension. In order to replicate the equilibrium state, 
horizontal forces must be at work and those are depending on the contact 
angle (θ) between solid-liquid interfaces (Shanahan, 2005).  
 
This means that the relationship between the solid-vapour (γ SV) must be equal 
to the relationship between the solid-liquid (γSL) and the liquid-vapour (γLV) 
that depends on the contact angle (θ). This is all according to Young’s 
equation (2) but slightly modified (Shanahan, 2005): 
 

γ SV = γSL + γLV * cos (θ)  (2) 
 
The term wetting is widely used for many applications, especially industrial 
ones but the term wetting is still relevant. Usually a material is considered too 
wet the surface if the contact angle is 90° or less. Beyond this some articles 
will judge different contact angles according to “partial” (often more than 
90°) to “complete” (less than 90°) wetting or in some more extreme cases, 
assign different values with the help of Young’s equation (2) (Shanahan, 
2005). 
 
Generally speaking, the smaller the contact angles the better for, adhesive 
applications. A smaller angle indicates a closer adhesive bonding scenario 
which is favourable. Furthermore, one should remember that the weak parts of 
most adhesive bonds tend to be the interface between the Solid-Liquid, often 
referred to as the adhesive bond. This interface is highly subjected to adhesive 
failure but by determine to lowest possible contact angle you have favoured 
cohesive failure and overall designed a stronger junction (Shanahan, 2005). 
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4.3 Surface Energy of Solids 

By knowing what different materials have in terms of surface energy it is 
often useful to have an overall view of how they relate to each other. In figure 
25 some common materials are listed and they are displayed using the SI-unit 
mN/m, which is the same as dynes/cm.  
 
Figure 25 has been divided with regard to the surface energy properties of 
different materials and has been grouped accordingly. The groupings are 
dependent on the materials relative high or low surface tension. The first 
group is known as high surface energy (HSE) and contains materials that have 
a relative high surface tension. The other groups are; medium surface energy 
(MSE) and low surface energy (LSE).  
 
A general rule of thumb is that a material has the ability to wet every material 
that has a higher surface energy than itself. For instance, an acrylic adhesive 
should be able to wet all the other materials included in the MSE and HSE 
groups, but none of the materials in the LSE group. It is also worth noting that 
even though a material with a lower surface energy has the ability to wet a 
material that has a higher surface energy, it does not make it a good adhesive 
(Casco Nobel, 1991) (Sowa et al, 2013). 
 
For practical applications the higher surface energy the better. It is not very 
hard to find an adhesive that has the potential to form a good bond with HSE 
materials. Once materials such as polypropylene (PP) are introduced some 
sort of pre-treatment is often required to form a potential good bond, see 
Surface Preparation chapter 4.4. 
 
As quite a few modern adhesive applications are acrylic based it is worth 
noting that an acrylic substance is a MSE substance and as such will have 
problems wetting materials within the LSE group. 
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Figure 25 – A summary of some materials measured in mN/m (ACCU DYNE 
TESTS, 2009; Fabrico, 2014; Kinloch, 1987; Nosova, 1957; ITW Stokvis, 

2014; Steven label, 2014). 
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4.4 Surface Preparation 

Different surfaces can be treated in different ways so that they are better 
suited for PSA tape applications. Some surfaces also might require cleaning in 
order to remove potential impurities that it might contain. Alternative surface 
treatments that can be applied in the shape of primers are also useful in the 
pursuit of the ultimate bond. These aspects and their respective impact are 
addressed in the chapters to come. 
 
 
4.4.1 Increase Surface Energy of a Substrate 

For low surface energy materials such as polymers, surface treatments are 
often necessary in order to improve the wetting ability of any adhesive and 
thereby increasing the adhesive bond strength. Numerous methods for 
increasing the substrate’s surface energy have been developed and corona 
treatment is one of them. This method is now widely used in industrial 
applications and is often considered as a method for increasing the surface 
energy of solid materials (Zhang et al, 1998).  
 
 
4.4.1.1 Corona Treatment 

The Corona discharge method introduces polar groups in the surface region 
while at the same time eliminating weak boundary layers as well as surface 
roughness as a result from corrosion. These aspects could be directly linked to 
an increased performance of adhesion without changing or deforming the bulk 
properties of the material, see figure 26 (Carradò et al, 2011). 
 

 
 

Figure 26 – Corona discharge effect (Dyne Technology [1], 2014) 
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The Corona treatment is carried out by the use of two electrodes, gas 
(normally air) and electricity. The electric field is generated between the 
electrodes creating a spark that will break down the gas molecules. Free 
electrons from the gas will displace or lift an orbiting electron in the substrate 
surface and by doing so, increase the total surface energy of the substrate for 
some time (Zhang et al, 1998). 
 
 
4.4.1.2 Plasma Treatment 

A similar method for increasing surface energy is the plasma treatment 
method. Though gas is now injected into the electrical corona discharge 
which then modifies the substrate surface, see figure 27. Different gases will 
yield different properties and surface energies which offers more freedom. 
Plasma treatment is the most commonly used method out of the two and 
necessary when the material does not react well to traditional corona 
treatment (Pillar Technologies, 2014).  
 
By injecting a gas into the corona discharge the surface can both be cleaned 
from organic contaminations/impurities and also be introduced to small 
groups of atoms (often referred to as functional groups) on the surface which 
will attract free electrons i.e. increase the surface energy (Sigma 
Technologies, 2011).  
 

 
 

Figure 27 – Plasma treatment effect (Dyne Technology [2], 2014) 
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4.4.2 Surface Cleaning 

Different types of cleaning methods can be performed before applying the 
adhesive to make sure the adhesive bond will be successful. Solvent cleaning 
is a generally accepted cleaning method for industrial applications but can in 
some cases remove the moisture from the surface and that could lead to a 
decrease in adhesive performance or even inhibit of the curing process (Goss, 
2010). 
 
The easiest and in many cases a very sufficient cleaning method for home 
users is the regular dish method for hand cleaning dishes (Casco Nobel, 
1991). 
 
The home user would need:  
 

 Soap 
 

 Hot water  
 

 Dish brush 
 
The substrate should be cleaned from contaminations using soap and water 
mixture and a dish brush. Finally the surface should be left to air dry in order 
to decrease the risk of adding impurities from the cleaning towel (Casco 
Nobel, 1991). 
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4.4.2.1 Industrial Applications 

It is not possible to clean surfaces within the range of 0.5 nm by wiping it 
with cloth or rags. The approach of cleaning surfaces with only liquid solvents 
in a container is also vividly discarded due to one aspect; the solvent dissolves 
the grease from the surface into the liquid. As an example; the first part that 
goes through the “bathing process” will be perfectly clean, the solvent now 
contains the impurities that were previously on the surface. The subsequent 
parts that are subjected to the same cleaning process will not be very clean, at 
least not compared to the first part. The solvent that are left onto the 
subsequent parts will evaporate, leaving the grease on the part and that is the 
reason why this approach is not effective (Casco Nobel, 1991). 
 
A radical but effective way of removing impurities is to mechanically remove 
the top layer of the surface. This could be done by for example grinding, 
shaving or abrasive blasting. All forms of mechanical cleaning processes have 
the purpose of cleaning and evening the surface, not to make it rough (Casco 
Nobel, 1991). 
 
If impurities cannot be removed by any of the mentioned methods, for 
example glass is not very well suited for grinding, then washing is the best 
alternative. 
 
There are many industrial implementations developed from this theme. 
 

 Hot water and solvents is used for occasional cleaning 
 

 Ultra sound baths for quick cleaning of small details 
 

 Pressure washer for bigger details 
 
All methods have the purpose of removing impurities but not mechanically 
removing the top layer of the surface (Casco Nobel, 1991). 
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4.4.3 Primers for Adhesive Bonding 

Adhesives are a great option for bonding due to their load distribution over 
the whole area, fatigue properties and the excellent dampening of mechanical 
vibrations and sounds. For surfaces that are either very inactive or for 
fastening on plastics, surface primers are often applied in order to make the 
adhesive bond possible. Primers are used to help filling the gaps between the 
two materials that should be bonded with an adhesive material. (Dunn, 2004) 
 
In figure 28, a comparison of the bond strength between a regular and a 
primed piece of polypropylene plastic is shown. The bond strength can be 
increased as much as 25-40 times when using a primer compared to a regular 
non treated piece. The values should not be seen as representative for all 
primers though it visually shows the performance increase that primers can 
have on some low surface energy materials (Goss, 2010).  
 

 
 

Figure 28 – Bond strength increase with different primers 
 
Pre-treatment of metals and plastics are often very important considering that 
some surfaces are only stable for less than 24 hours, so protection primers are 
often necessary. Also, the thickness of the primer coating can impact the 
effectiveness greatly (Bishopp J, 2005).  
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There are currently three different categories of primers used in the industry; 
surface protection primers, corrosion inhibiting primers and organosilanes. 
The last type is claimed to add protection to the surface and also enhance the 
adhesive performance. The most commonly used primer in commercial 
products is the corrosion inhibition primers (Bishopp J, 2005). 
 
Surface protections primers are in most cases either brushed, rolled or sprayed 
on the substrate and rarely enhance the mechanical performance of the 
adhesive. It is used to protect and keep the surface stable prior to the bonding 
procedure (Bishopp J, 2005). 
 
Corrosion inhibiting primers protects the surface similar to the surface 
protections primers but also impart some corrosion resistance that protects the 
joint from moisture and electrolyte corrosion attacks (Bishopp J, 2005).  
 
All plastics and therefore most plastic based adhesives absorbs water/moist 
and the adhesive substrate is supposed to do so since the water content is the 
normal state. A corrosion inhibiting primer is used to protect the substrate 
material from moist that often leads to an oxidised surface. If a metal surface 
starts to oxidise the surface will be rougher and cannot withstand the same 
loads as a non oxidised surface. Since an adhesive bond will only be as strong 
as the weakest substrate surface, a primer that counteracts oxidisation is 
preferred in order to be able to get the strongest possible adhesive bond 
(Casco Nobel, 1991). 
 
Primers should be applied and left in contact with the substrate before the 
adhesive is added. The longer time the primer is left without the adhesive the 
stronger the bond strength, up to a certain point. Most of the plastics can be 
successfully bonded together with the correct adhesive, joint design and 
surface preparation even if they are considered as a problem area and this is 
why primers are so important when trying to create adhesions with plastics 
(Goss, 2010). 
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4.5 Work done by Adhesive Bonds 

The overall definition of surface energy can be described as the excess energy 
associated with the direct presence of the surface itself, see Surface Energy of 
Solids chapter 4.3. The properties of the surface are often considered to be 
one of the most important aspects when addressing adhesion properties. The 
surface energies are directly associated with the creation of the adhesive 
bonds, a prerequisite for adhesion is close contact < 0.5 nm or < 5 Å. 
Furthermore, a surface has to be an interface between two phases (as with 
figure 23), it simply cannot exist on its own (Casco Nobel, 1991; Packham, 
2003). 
 
The surface energies are also connected to the failures of an adhesive bond. 
Essentially new surfaces are formed during a failure and sufficient surface 
energy has to be provided in order to create these new surfaces. As stated in 
figure 19, a failure can be either adhesive or cohesive and these can be 
defined by the following equations (3) and (4) (Packham, 2005): 
 

Adhesive –> Wa = γ1 + γ2 - γ12  (3) 
 

Cohesive -> Wc = 2γ1 (4) 
 
As it stands, equation (3) represents the amount of work (Wa) required to 
create new surfaces (i.e. the bond is failing) due to an adhesive failure. The 
amount of surface tension can be stated as (γ1) for the first phase and (γ2) 
represents the surface energy of the second phase. Should there be an 
additional interface between the two phases this must be taken into 
consideration and this is done by introducing a third variable (γ12) that is not 
always used. In equation (4) the amount of work required to create new 
surfaces through a cohesive failure is equal to 2γ1, where (γ1) again is the 
surface tension of the first, or in this case the only, phase. Figure 29 is 
illustration the differences between the energies required to form an adhesive 
failure (Wa) and a cohesive failure (Wc) (Packham, 2005). 
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Figure 29 – Work of adhesion (left) and the work of cohesion (right) 
 
Examining a realistic cases adhesion failure, the total sum of the fracture 
energy (G) will consist of the surface energy term (G0 which is either Wa or 
Wc depending on the type of failure) introduced in equation (3) and (4) and 
another variable (ψ) that represents the other energy absorbing processes. 
After all, fractures without any types of plastic deformation or similar are 
exceedingly rare. This result in the following equation (5) (Packham, 2003): 
 

G = G0 + ψ (5) 
 
In almost every case ψ will be greater than G0, meaning that typical fracture 
energies in reality are several orders of magnitude greater than the forces at 
work with respect to adhesion or cohesion. That being said, a minor increases 
in G0 may yield a major increase in adhesion. In other words, a greater G0 (a 
stronger adhesive bond) may result in much greater fracture energies since 
they facilitate far more bulk energy dissipation (ψ) during a fracture. 
(Packham, 2003; 2005) 
 
In order to calculate the amount of work required to create new surfaces the 
surface energies of these materials has to be known. The problem then is that 
while it is very possible to somewhat accurately assess the surface energy of 
low energy solids it is a lot harder once you start to consider high surface 
energy solids. 
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Already in the 1960’s there were some who came up with expressions that 
introduced variables such as the spreading pressure (πe) and the Good-
Grifalco interaction parameter (Φ). The problem here lies in the fact that the 
spreading pressure is very hard to determine and is commonly neglected 
altogether. This is then a minor source of error for low surface energy solids 
but a considerable one when dealing with high surface energy solids. On the 
other hand, high surface energy materials generally bond well with most types 
of adhesives and as such there is no clear need to define the exact amount of 
available surface energy for these materials (Good & Grifalco, 1960; 
Packham, 2005). 
 
That being said, attempts have been made to combine Good & Grifalco’s 
equation with Young’s equation. The problem here is that the interaction 
parameter (Φ) is not known/defined and as a result there is still no precise 
way of calculating the surface energy of high energy solids (Padday, 2005). 
 
Previous decades have shown several attempts to solve this problem by trying 
to circumvent the fact that Φ is not known. These will not be addressed in this 
report, instead see the work done by; (Kaelble and Uy, 1970; Owens & 
Wendt, 1969; Wu, 1973), all of which share one common solution, neglecting 
the spreading pressure (Φ). 
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4.5.1 With Respect to Surface Roughness 

How does the roughness of the surface affect adhesion? It seems as 
decreasing interfacial roughness often increases adhesion, put this into 
perspective using equation (5) once more: 
 

G = G0 + ψ (5) 
 
As before, G0 is defined as the surface energy term but instead of defining it 
as different failure types (Wa or Wc) a different approach will be used. The 
unit of the surface energy term can be expressed as the excess surface energy 
per unit area of surface and formulating it as an equation means it will look 
like equation (6) below (Packham, 2003):  
 

G0 = ∆G/A (6) 
 
Where (G0) is the change in total fracture energy (∆G) divided by the formal 
area (A), i.e. the macroscopic area of the interface (Packham, 2003).  
 
There are ways of increasing ∆G by adding chemicals onto the substrate 
surface and thus increase the surface energy. There are also ways of 
roughening the surface that will yield similar result, a higher ∆G. Reason 
being that an atom near an asperity peak will have a greater “atomic” surface 
energy (greater energy of position) compared to an equal atom in a plane 
surface, see figure 30 (Packham, 2003).  
 
When examining the area (A) it is worth to note that the traditional area of the 
surface does not accurately represent the real area of a rough surface. This 
essentially means that the total area of a rough surface is significantly larger 
than one might expect. 
 
  



60 
 

 
 

Figure 30 – A random surface area displaying the asperity peak on a surface 
 
Consequently, looking at equation (6), G0 should be increased due to the 
greater amount of surface energy on a roughened surface but also the larger 
area obtained by roughening the surface. Building on this understanding the 
practical adhesion will not become indefinitely larger as one might first 
expect. This is due to the cohesive failure in some other region where G0 is 
much smaller (Packham, 2003). 
 
Finally we can also briefly address the (ψ) in equation (3) which is already 
known and has a large impact on the overall surface energy term G. The 
energy involved may relate to other energy absorbing processes that occur 
during fracture and can be plastic and elastic in nature (Packham, 2003).  
 
Uneven surfaces may alter the distribution of the stress in the case of plastic 
deformation during a fracture, this in turn has a direct connection to the 
excess surface energy G0 addressed in the paragraph above. It seems then that 
rough surfaces may have the ability to redistribute the stress during failure.  
 
”By increasing the interfacial roughness between two incompatible polymers 
the mechanism may change from chain pull out to crazing or other forms of 
plastic deformation” (Packham, 2003, p. 447). 
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4.6 Summary Substrates 

The surface properties are very important to consider when using PSA tape 
(or any type of adhesives) as a bonding element. Factors such as surface 
energy of the material or cleaning procedure both affect the strength of the 
adhesive bond.  
 
Variables such as the Ra or CLA are usually addressed when considering 
different adhesive solutions and rightly so, they are quite important. That 
being said it is arguable even more important to first address the material and 
its surface energy and what type of adhesives that are being considered.  
 
Furthermore, pre treatments and primers should be considered depending on 
the material and the external conditions. For instance, if a surface is not 
properly cleaned the adhesive will bond to the surface impurities and thereby 
bond to the weakest link in the chain. 
 
Though one thing to consider, no matter how clean the surface is or how high 
surface energy it has one can never overlook the overall straightness of the 
substrate. If the surface is not straight the tape will never bond due to air 
pockets in between the adhesive layer and the surface. Ironically, it seems as 
the texturing and straightness of many applications are not ever considered, 
instead the focus lies on a microscopic level and not on the macroscopic.  
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5 Cross-Linking 

Cross-linking can almost be seen as a mandatory step of a modern, high 
performing PSA and are as such worth addressing. The main purpose of cross 
linking, the procedures as well as the advantages and disadvantages of cross-
linking are also addressed in the following chapter. For a summary of this 
chapter, see Summary Cross-Linking chapter 5.5. 
 
5.1 Rubbers 

Cross-linking, also known as “vulcanization” or in some rare cases; “curing”, 
is a process that transforms thermoplastic materials into more elastic or hard 
ebonite-like states (sometimes referred to as “hard-rubber”). This is done by 
introducing of macromolecules in-between the reactive sites. On a chemical 
level this is done by creating sulphur bridges between adjacent chains, see 
figure 31. It can also be explained as a reaction where two or more polymer 
chains are joined together in a three-dimensional network (Atieh et al, 2010). 
 

 
 

Figure 31 – Cross-linking, a sulphur bridge between two molecular chains 
 

Quite a few of the PSAs are cross-linked today. Looking at a rubber adhesive, 
the cross-linking process improves quite a few of its properties such as; 
tensile strength, chemical resistance and it no longer exhibit thermoplastic 
properties. In addition to this, it also makes the surface smoother, prevents it 
from interacting or sticking with plastic or metal chemical catalysts, gives it 
good resistance to moderate levels of cold and heat and it becomes a good 
insulator against electricity (Atieh et al, 2010).  
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5.2 Acrylics 

Cross-linking can also be explained as introducing additional substances into 
the original solution in a number of different ways and processes. Just as with 
rubber, cross-linking an acrylic adhesive will increase its cohesive (shear) 
properties and its chemical & heat resistance. On the other hand it will also 
decrease the adhesion (peel strength) and tack of the adhesive and can in some 
ways be seen as a trade-off although it should be noted that an acrylic PSA 
that is not cross-linked can hardly be cohesively loaded (Czech, 2007).  
 
A problem area can sometimes be a PSA’s ability to withstand heat. PSA 
polymers operate in temperature zones above their own glass-transition 
temperature (Tg). This means that they lose their cohesive strength during a 
certain amount of heat and start to flow, there are however ways of counting 
this problem. Just by adding a few per mille (‰) of cross-linking agents the 
PSA will receive fair to good mechanical and thermal properties as well as 
increasing its resistance to water and chemicals (Czech, 2007).  
 
Consequently, it is rare for acrylic polymers that are not cross-linked to be 
used as PSAs since the cross-linking process provides many of the thermal 
and mechanical properties required for the thermo-mechanical stabilities. The 
overall goal of the cross-linking procedure is to improve some of the main 
properties of the PSA. A cross-linked PSA can be connected by hydrogen 
bonds as supposed to a non cross-linked PSA that is only interconnected by 
van der Waals forces (Czech, 2007).  
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5.3 Bond Strength in PSAs 

Figure 32 illustrates the relationship between two different types of bonds that 
are common in adhesive applications. It is clear that hydrogen bonds are 
stronger compared to van der Waal bonds, especially as the distances are 
decreased (Casco Nobel, 1991).  
 

 
 

Figure 32 – Energy content in different bonds  
 
Two solid materials cannot get this close to each other. Most surfaces have 
surface profiles whose depths vary on orders of magnitude larger than the 
distances required to form an adhesive bond, see figure 32 (Casco Nobel, 
1991). 
 
What this means is that a properly cross-linked PSA should not fail 
cohesively in a normal scenario. As the adhesive is connected by hydrogen 
bonds internally and the connection between the adhesive and the substrate is 
only made up off van der Waals bonds the internal connection is stronger. As 
such, an adhesive failure is the by far likely type of failure (Czech, 2007).  
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5.4 Cross-Linking Factors 

There are a number of factors that are important to address in the topic of 
cross-linking. The following chapters will cover some of the most frequently 
used ones and attempt to explain their respective impact on the cross-linking 
process. 
 
 
5.4.1 The Glass-Transition Temperature (Tg) 

The glass-transition temperature or Tg is perhaps one of the most important 
parameter when addressing adhesion properties while looking at different 
polymers. It is the temperature where an amorphous/formless solid starts to 
become soft when exposed to heat. It can also be the opposite, the temperature 
where it becomes brittle when cooled. This can also provide information and 
some idea of how to best determine a specific type of PSA’s properties. Every 
polymer has a unique Tg-value and can provide important information, for 
instance; a low Tg-value means a higher level of tack (Czech, 2007).  
 
This being said, the Tg-value does not tell the entire story, it only provides 
indications on how a PSA will perform.  It is often necessary to conduct full 
scale tests on a specific PSA in order to accurately determine its uses and 
compare it to other PSAs (Czech, 2007). 
 
In this report we will not utilise the Tg-value to a great extent, but it should be 
brought to the reader’s attention as it is sometimes frequently used while 
addressing the subject of PSAs. 
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5.4.2 Monomer Selection 

Monomers play an important role in the polymerisation process and it is 
common to combine soft & hard monomers (low and high Tg-values) as well 
as functional monomers that can be included when certain materials are to be 
bonded. A list of some of the most common monomers can be seen in table 2 
(Czech, 2007). 
  

Table 2 – Monomers used in acrylic PSA synthesis 
 

 
 

The peel adhesion and tack is mainly influenced by the low glass-transition 
temperature (soft) monomers such as 2-ethylexyl acrylate, n-butyl acrylate or 
isooctyl acrylate. The cohesive properties are then mainly dependent on the 
higher glass-transition temperature (hard) monomers such as acrylic acid or 2-
hydroxyethyl acrylate (Czech, 2007).  
 
The monomers found in the functional group are used to increase adhesion to 
specific substrates as well as provide a base onto which the cross-linking 
process can take place (Czech, 2007). 
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5.4.3 Molecular Weight 

The molecular weight of any PSA is often deemed as very important as its 
mechanical and physical properties are strongly dependant on it, not to 
mention its adhesive performance. 
 
As it stands, both tack and peel performance are negative correlated with the 
increase in molecular weight. On the other hand, shear performance increases 
along with an increased amount of molecular weight, see figure 33 (Czech, 
2007).  
 

 
 

Figure 33 – Relationship between adhesion, tack and cohesion of an acrylic 
PSA versus its molecular weight 

 
It should also be mentioned that the molecular weight is dependent on the 
type of polymerisation process, process temperature, the chain transfer agents, 
initiator and selection (Czech, 2007). 
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5.4.4 Polymerisation Methods 

A polymerisation is a chemical process where the monomers are added to a 
solvent. This process is highly dependent on the concentration of monomers, 
initiators, and by the rate at which the heat is added and lost. Due to this it is 
often very difficult to up-scale laboratory work into industrial applications. It 
often requires incremental batch increases with numerous tests in order to 
determine the original mixture and it is one of the many challenges in the PSA 
industry (Czech, 2007).  
 
Different coating devices are designed for PSAs with a certain viscosity and 
the coating weight and drying speed are dependent on the solids content. The 
synthesis method is one of the most common ones and well suited for the 
preparation of high performing solvent based acrylic PSAs with a relative 
high molecular mass (600-1300 kDa). PSAs with even higher molecular 
weight are difficult to prepare using this method but are also notoriously hard 
to handle. After all, the highest performing PSAs are solvent based acrylics 
(Czech, 2007). 
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5.4.5 Additives (Tackifiers & Plasticisers) 

Tackifiers together with base polymers are arguably the most important 
component of PSAs. A number of different tackifiers can be added into the 
base polymers in order to improve the tack properties, much as the name 
suggests. 
 
Tackifiers are materials with a relative low molecular weight (500-2000 kDa) 
while at the same time experiencing a high glass-transitioning temperature 
(Tg). The tackifiers change the viscoelastic state of the PSA to a state that is 
slightly more favourable for bonding applications by increasing the glass-
transition temperature (Tg). Plasticisers (or other low molecular oils) do the 
opposite, they decrease the glass-transition temperature (Tg). They also have 
completely different effects on the PSA in other areas, all and all resulting in 
the conclusion that tackifiers can efficiently improve the tack properties in a 
way that plasticisers cannot (Yuan et al, 2005). Plasticisers are able to change 
a PSA to be softer and less rigid, often to match substrates and adhesive 
modulus (Tod, 2005). 
 
This can in turn increase the adhesive’s chance of wetting the surface and 
facilitate a greater number of points of contact. In addition to this, 
introduction of plasticisers can also decrease the cost of some rubber adhesive 
formulations. The components of an adhesive will almost always vary 
depending on the type and application. The different components of a rubber 
adhesive can be seen in table 3 (Martín-Martínez, 2005). 
 

Table 3 – Components for a rubber based adhesive along with their 
respective functions 
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5.5 Summary Cross – Linking 

Based on the information that has been presented thus far it is clear that there 
are a great many aspects to take into consideration when addressing any type 
of PSA applications. 
 
Navigating within this field can be difficult at the best of times and in order to 
give the reader an idea of how different types of PSAs perform this chapter 
will leave him/her with a simple comparison in figure 34 (Czech, 2007).  

 

 
 

Figure 34 – The relationship of different PSAs with respect to their shear 
strength and price 

 
It is important to note that figure 34 only illustrates the relationship between 
different PSAs with respect to; shear strength and price, nothing else. Also 
different types of PSAs can have a number of different compositions and in a 
fast changing market there are constant changes to the properties, 
performance and price of PSAs. 
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6 Failure Scenarios – PSA Tape 

Adhesive bonds sometimes fail, sometimes it is desirable and in some cases it 
is an undesired function that can cause all sorts of problems for the user. 
Regardless of the reason for failure, the failure itself can provide useful 
information as to why the bond failed. 
 
To put this in a perspective where PSA tapes are being used one has to look 
beyond the adhesive layer as there are additional layers in a double sided tape; 
carriers and liners. As the liner of a PSA tape often do not play a role in the 
final application it is rarely associated with failure scenarios even though the 
quality and type of liner should be carefully considered to the PSA 
application, see Release Liners chapter 2.6. 
 
Both a tape’s adhesive layer and carrier can be the source of a failure and this 
has to be taken into account when addressing failure scenarios. Also, in some 
rare cases, the failure occurs outside of the bond in one of the adherends.  
 
In the following chapter, each individual case will be covered briefly in order 
to provide the reader with some basic knowledge on how to assess different 
failures and be better prepared for the testing results later on. The failures will 
be displayed graphically in figures such as figure 35. 
 

 
 

Figure 35 – A PSA tape in contact with two substrates 
 
For a summary of this chapter, see Summary Failure Scenarios – PSA Tape 
chapter 6.8. 
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6.1 Adhesive Failure 

Perhaps the most common failure is where the failure is propagated in the area 
between the adhesive layer of the PSA tape and the substrate. This type of 
failure does not leave any adhesive residue onto the substrate and is relative 
easy to judge, see figure 36 (Wilde [1], 2014). 
 

 
 

Figure 36 – An adhesive failure 
 

It is important to remember that an adhesive failure can happen on both sides 
of the double sided tape. 
 
 
6.2 Cohesive Failure 

A cohesive failure is not as common as an adhesive failure, although this 
depends on the application, environment, load case and more. This is partly 
due to the fact that cross-linking becomes a more common trait among 
modern PSAs, see figure 37 (Dillard, 2005). 
 

 
 

Figure 37 – A cohesive failure 
 

Even so this is where the failure starts and is propagated within the adhesive 
layer itself. This is easiest identified by trail of adhesive residue left on the 
substrate (Dillard, 2005).  
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6.3 Combination of Adhesive and Cohesive Failure 

Sometimes it is not as clear as to judge a failure as adhesive or cohesive, what 
if there is only a small amount of adhesive residue left on the substrate? In 
that case it might be judged as a cohesive failure, even though it is mainly an 
adhesive one, see figure 38 (Wilde [1], 2014).  
 

 
 

Figure 38 – A failure that involves both adhesive and cohesive failure 
 
It is then more common to classify a failure as; “20 % cohesive failure” or 
something similar in order to make a fair assessment of the failure scenario. 
 
 
6.4 Interfacial Failure 

There are some cases where the failure is clearly transitional, i.e. there is an 
area where the type of failure switches from one case to another, this is also 
known as an interfacial failure, see figure 39 (Dillard, 2005).  
 

 
 

Figure 39 – An interfacial failure where there is a transition from cohesive to 
adhesive failure 

 
It is not uncommon to confuse this type of failure with a combined failure, in 
fact it might even be preferred to communicate the amount of cohesive failure 
in case there is no picture that can act as a point of reference (Dillard, 2005). 
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6.5 Key Failure – Foam Tear 

Similar to an interfacial failure but yet different, the foam tear is a more 
common type of failure. Instead of moving from a cohesive to an adhesive 
failure the foam tear is better explained as an adhesive failure on one side 
which then tears the foam and fails adhesively on the other side, see figure 40 
(Wilde [1], 2014). 
 

 
 

Figure 40 – A key failure that is subjected to adhesive failures on both sides 
and made possible by the tearing of the foam 

 
It could also be classified as a scenario where the carrier was not strong 
enough to manage the applied load and the carrier (sometimes incorrectly just 
referred to as the “foam” even though there are other types of carriers) failed 
before the adhesive did (Wilde [1], 2014).  
 
In some cases the failure starts as an adhesive failure but due to different 
reasons the failure is translated into a foam tear, see figure 41 (Wilde [1], 
2014). 
 

 
 

Figure 41 – A key failure that starts off as adhesive failure and propagates as 
a foam tear 

 
There are also scenarios where the foam tears with a minimum or no amount 
of adhesive failure. 
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6.6 Oscillating Failure 

One of the not so common failure cases but still worthwhile to mention. As 
the picture and name suggests the failure is shaped like a wave that shifts 
from adhesive failure on different substrates (adherend and carrier) with a 
given frequency, see figure 42 (Dillard, 2005). 
 

 
 

Figure 42 – An oscillating failure that shows the crack propagating in a 
“wave-like” pattern 

 
 
6.7 Adherend Failure 

In some rare cases the bond is the strongest part of the construction and the 
material to which the adhesive is bonded with will fail before bond. A failure 
within the adherend can be due to several reasons but a strong adhesive bond 
is often a prerequisite as well as some type of internal weakness within the 
substrate, see figure 43 (Wilde [1], 2014).  
 

 
 

Figure 43 – A failure within the adherend, not the bond itself 
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6.8 Summary Failure Scenarios – PSA Tape 

Unlike a chain, an adhesive bond does not always break at its weakest link. 
Imagine a piece of perforated paper, it does not always break at the perforated 
zone and it is much the same story with adhesive joints. The propagation of a 
crack is dependent on a number of variables, in which only a few are 
dependent on the adhesive itself (Dillard, 2005). 
 
As it is near impossible to accurately account for all these variables ahead of 
time, it gives the users in the industry another opportunities to design and 
perform different types of tests that can give some insight as to what might 
happen when these variables are changed. Yet this can mean little to nothing 
for the practical applications of the PSA tape and as such the only way to 
accurately determine the response of a PSA tape joint in any given application 
is to actually test it and assess the result based on that application (Dillard, 
2005). 
 
That being said, standardised tests can give some indications as to how some 
PSA tapes should perform relative different variables and each other. 
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7 Safety and Environment 

So far, the topics that have been addressed are related to the performance and 
the understanding of double sided pressure sensitive adhesive tape. While that 
is an essential part of the pre study the potential harmful aspects related to the 
environment or human health has to be taken into account.  
 
The following chapters will cover some of the basic safety aspects that are 
associated with the handling of PSAs and the direct and indirect 
environmental and human implications. For a summary of this chapter, see 
Summary Safety and Environment 7.7. 
 
 
7.1 Safety Aspects – PSAs 

Adhesives of different types are typically chemically containing formulas and 
as such their respective manufacturers, suppliers and users are in direct 
contact with products that fall under the regulations set by the Control of 
Substances Hazardous and Health regulations (HSE, 1999). 
 
The specific regulations are often dependant on the nationality in which the 
adhesives is active and thus tend to differentiate. Ultimately the goal is to 
protect humans and ecological surroundings from exposure to hazardous 
substances and this can be done in a number of different ways. When dealing 
with projects involving adhesives it is imperative that an early risk assessment 
of the hazards are carried out and presented (Fakley, 2005).  
 
A common way to convey this information is through material safety data 
sheets (MSDS), usually in the language of the user’s nation in order to avoid 
any confusion. These can be seen as mandatory according to those who 
operate within the standards of any active EC directives (EEC 91/155, 1991 or 
REACH). A MSDS that aims to fulfil the EC criteria must contain a date as 
well as the following 16 headings: 
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1. Identification of the substance/preparation and of the 
company/undertaking 

2. Composition/information on ingredients 
3. Hazards identification 
4. First-aid measures 
5. Fire-fighting measures 
6. Accidental release measures 
7. Handling and storage 
8. Exposure controls/personal protection 
9. Physical and chemical properties 
10. Stability and reactivity 
11. Toxicological information 
12. Ecological information 
13. Disposal considerations 
14. Transport information 
15. Regulatory information 
16. Other information 

 
It falls to the person responsible for placing the substance or preparation on 
the market to supply the information specified under the headings listed above 
(EEC 91/155, 1991). It then becomes interesting to know what is classified as 
hazardous and what is not, see figure 44. 
 

 
 

Figure 44 – Different warning symbols (Kemikalieinspektionen, 2014) 
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If an adhesive is required to be labelled as irritant, corrosive, harmful, toxic, 
very toxic, oxidising agent, flammable compound or is assigned an 
occupational limitation in terms of exposure it is considered hazardous. 
 
More recently, in 2007 the European Union presented the Registration, 
Evaluation, Authorisation, and Restriction of Chemicals (REACH) which is to 
be implemented fully by the year 2018. Over this time it will repeal a number 
of EEC regulations, including 91/155. This has no direct impact seeing 
REACH covers and includes everything that EEC 91/155 already did, only 
some areas have been updated and renewed (EC REACH, 2006). 
 
The overall goal is to limit the amount of potential hazardous materials on the 
European market by making sure that every substance that is produced has 
had its materials registered. In addition to this the materials properties and 
risks have to be assessed by the register. In cases where one seeks to produce 
dangerous substances a special permit is required and also the ones who 
handle these types of substances downstream (EC REACH, 2006). 
 
The REACH initiative is mainly directed to the industrial sector and its 
stakeholders, they are the ones who have to assess the risks associated with 
their products in the EU. The idea is that the most hazardous substances 
should be substituted with other, less dangerous ones (EC REACH, 2006). 
 
As an example; by the deadline of the dossiers for substances over 100 tones, 
69% of all the dossiers were found to be non-compliant (Eversheds, 2014).  
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7.2 Environmental Impacts  

The potential effects and consequences of any application should always be 
considered, today more than ever. In the case of PSA tape, even though a 
relative niche market, the same consideration has to be taken, with respect to 
human well being as well as the environment as a whole. 
 
In the chapter that follows a short breakdown of the materials, process, use 
phase and post use phase will be addressed. Following this, a brief coverage 
of potential problems related to each phase is carried out and these problems 
are in turn highlighted.  
 
 
7.2.1 In-going Materials 

Natural rubber is as previously mentioned in Rubber chapter 2.4.1 is 
harvested from “rubber trees” and the rubber has to be burned in order to 
remove some of the impurities that reside within it. Once this stage has been 
carried out it is mixed with different resins in order to make it function like an 
adhesive. 
 
Synthetic rubber on the other hand is often based on petroleum, coal, oil, 
natural gas or acetylene. Beyond the base material of the adhesive additional 
substances are often mixed in order to provide the adhesive properties that are 
desired. 
 
Acrylics are slightly different as seen in Acrylic chapter 2.4.2, they can be 
described as long, randomly formed copolymers of a one-sided acrylic chain. 
In some ways they can be seen as similar to synthetic rubber in that they are 
also a type of plastic and they are also commonly mixed with a number of 
additional substances, see Cross-Linking chapter 5. 
 
As these are the most commonly used types of adhesive these will be in focus, 
there are a number of different polymers and sub groups that are not assessed 
here. 
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7.3 Processes 

When discussing the manufacturing processes of adhesives there are generally 
two different methods. One of them needs to melt the adhesive mix using heat 
to receive a liquid and the other one need to dissolve the adhesives using 
solvents or water to receive a liquid that can be coated onto a tape backing or 
carrier. These methods are called Hot-melt, solvent based or emulsion based 
manufacturing and will be discussed below (Tesa [2], 2014). 
 
 
7.3.1 Hot-Melt 

The process starts with a roll that is assembled on a tape conveyer. By using 
heat the adhesive is blended with additives that could increase tack, bond 
strength, chemical resistance and more depending on what is desired. The heat 
will melt the mixture into a liquid that gets coated onto the backing/carrier, 
followed by a cooling drum that cools the tape so it can be rolled into a tape 
jumbo. The tape jumbo is later slit into different sizes and sent to the market, 
see figure 45 (Tesa [2], 2014). 
 

 
 

Figure 45 – A Hot-melt production process 
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7.3.2 Solvent & Emulsion 

A similar procedure as the hot-melt process is used for solvent/emulsion 
based processes, although with some differences. The adhesive is blended 
with different additives that change the adhesive’s properties, but instead of 
using heat to receive a liquid solvents or water is used to dissolve the solid 
materials into a liquid state. The liquid mixture is coated onto the 
backing/carrier which is transported through an oven/heater. The heat will 
evaporate the solvent or water depending on the process and left is only the 
adhesive tape. The tape is rolled into a tape jumbo and sent to the market, see 
figure 46 (Tesa [2], 2014). 
 

 
 

Figure 46 – A solvent/emulsion production process 
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7.4 Effect on Humans 

Looking at different types of PSAs used in direct contact with humans the 
best place to search is in different medical applications.  
 
There are many different types of PSA medical applications such as; wound 
coverings and closures and more. Today the most common polymer is 
acrylics which have very good overall adhesive properties as well as relative 
low levels of allergic reactions. Prior to this, natural rubber was the most 
commonly used PSA but as it could not match the adhesive properties of the 
acrylics nor guarantee allergy free applications it has been all but phased out 
from modern medical applications (Webster, 1996).  
 
Of course, the processing methods of a PSA are also important as they might 
interfere with human health indirectly. The need for developing solvent less 
PSAs is according to some of outmost importance due to the environmental 
issues sometimes associated with this type of processing method. As solvent 
based acrylics are less desirable from an environmental point of view the 
development of hot melt PSAs (HMPSAs) have been explored in recent years 
(Webster, 1996). 
 
HMPSAs also offers a number of advantages, for instance they can be 
formulated to contain minimum amount of chemical functionality and as such 
are less likely to interact with the medical substances they might come into 
contact with. A common problem would be that acrylics swell once they come 
into contact with alcohol, HMPSAs are less likely to do this. There are some 
downsides to consider when addressing HMPSA applications, they are often 
associated with high peel force. This is can be especially traumatic for 
patients that are either very young or older, i.e. patients with delicate skin 
(Webster, 1996). 
 
However, there are ways of modifying different PSAs in order to make them 
more suited for medical applications. Overall, looking at the most common 
applications of PSAs that are related to direct contact to humans (medical 
applications) there are few things that suggests that the common blend of 
PSAs should be harmful or dangerous to humans. The perhaps most harmful 
aspect is the traumatic experience of removing a tape with a high peel 
strength. (Webster, 1996)  
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7.5 Effect on Environment 

Waste disposal is one of the most daring and frightening challenges that 
mankind is faced with in modern times. The world total rubber production is 
increasing annually, see figure 47. In 2010 alone the production increased 
with 10.9%, from 22.1 million tonnes in 2009 to 24.5 million tonnes in 2010 
(Malaysian Rubber Board, 2013). 
 

 
 

Figure 47 – Rubber production in the world 2009 – 2013 
 

As there is a fair amount of rubber being produced, both natural and synthetic, 
the question is what to do with it? Both types of rubbers have usually been 
modified together with a number of other materials and/or chemicals which 
could have hampered their ability to degrade naturally.  The truth is that most, 
or at least quite a few, polymeric materials do not decompose all that easily, 
and thus becomes a rather serious environmental problem (Shah et al, 2013). 
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The majority of the natural rubber that is produced today is used in 
automobile tyres, see table 4 (Malaysian Rubber Board, 2013; Muller E, 
2000; Shah et al, 2013). 
 

Table 4 – Potential environmental impacts based on the in-going materials 
used in rubber products  

 
Material Source Application Potential impacts 

Natural rubber Harvested from the sap of 
the Havea brasiliensis  

Currently makes up 30-
40% of the total rubber 
produced in the world 

Loss of habitat in tropical 
forests, impacts from the 
transportation to other 
markets as well from 

processing 
Synthetic rubber Petrochemicals Currently makes up 60-

70% of the total rubber 
produced in the world 

Resource depletion of 
petroleum. Energy 

consumption and waste 
during manufacturing 

 
The good news is that natural rubber is biodegradable, some micro organisms 
are able to decompose natural rubber and use their hydrocarbon as a carbon 
source (Linos & Steinbuchel, 1998). 
 
Examining synthetic rubber reveals that this is also biodegradable, although 
the difficulty increased along with the level of polymer emulsion. Cross-
linked synthetic rubbers are even harder to degrade due to the internal inter-
linkages. Even though made biodegrading is made possible by microscopic 
organisms, it is a slow process and considering the amount of tyres that are 
used every year (numbering in the hundreds of millions) it is a question 
whether it is a viable option to use micro organisms (Shah et al, 2013). 
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7.6 Sustainability 

The organisation The Natural Step has together with researchers developed 
four sustainable principles that must not be violated in the pursuit of a 
sustainable society. 
 
These sustainable principles are called SP1-4 from the top and down, see 
figure 48. They work as a tool to highlight areas, for example a process, 
which should be improved towards becoming more sustainable.  
 

 
 

Figure 48 – The four sustainability principles (The Natural Step [2], 2014) 
 

As mentioned before, rubber PSAs are either based on natural rubber or 
synthetic rubber. Natural rubber is harvested from rubber trees and a majority 
of the world’s rubber plantations are located in the Southeast Asia. 
 
The top three natural rubber producers are Thailand, Indonesia and Malaysia. 
The biggest area of use for natural rubber is the tyre industry (Trelleborg. 
2014) and with an increasing number of automotives in the world (OICA, 
2014) it also affects the total natural rubber industry. 
 
The domestic forest and wildlife is affected due to a growing area of rubber 
plantations (East-West Center, 2014) (Sverigesradio, 2008). The expansion of 
rubber plantations is unsustainable due to the degradation by physical means 
(SP3) on the forest and the wildlife. 
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Petroleum is the main ingredient in both synthetic rubber and acrylic PSAs 
and thus violates SP1 according to figure 48. Synthetic rubber is 
biodegradable although it is a very slow process. Depending on where the 
finished synthetic rubber product ends up post use phase, it will affect the 
society and could violate SP1 and SP2 due to an increased concentration of 
substances from the earth’s crust and also substances produced by the society. 
 
Adhesives that have been produced by hot-melt technology are believed to 
have the least environmental impact due to that it should not increase any 
substances from either the earth’s crust or society.  
 
However the solvent and emulsion based processing of PSAs could 
potentially violate SP2. Both processes evaporate the solvent/water and create 
emissions that must be taken care of. In most countries there are regulations 
that control the emission to air but it might vary depending where on the 
globe the production is located and should then be highlighted as a possible 
issue (PSTC [2], 2014). 
 
There are some cases when natural rubber PSA tapes have been documented 
as a problem when used in medical applications. Both patients and medical 
personnel have developed allergies from using natural rubber in bandages and 
gloves. This violates SP4 since people were negatively affected by natural 
rubber products and were then restricted of meeting their needs. 
 
Last but not least, the waste is almost always considered an issue, even so for 
PSA tapes. Though comparing the PSA tape industry to the total amount of 
rubber produced, including both natural rubber and synthetic rubber, the 
amount of waste from the PSA industry is very low. Documented numbers in 
the United States shows that the PSA waste stand for 0.01% of the total 
amount of rubber that become waste (PSTC [2], 2014). 
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7.7 Summary Safety and Environment 

Any type of chemicals should always be handled with care and consideration 
proportionate to their potential impact. In the context of PSA tape this is 
usually not a major concern but should still be held in the highest regard. 
 
Any impact on humans or environment is more likely to originate from either 
pre or post use of the tape, i.e. the production or disposal of the product. Even 
so the PSA tape industry only has a minuscule impact relative the total 
production and disposal in the world of similar products.  
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8 Competitor Analysis 

Even though IKEA is a big and successful player in the market of selling 
home furniture they need to stay ahead of their competitors, both in offering 
new design and features but also keeping a competitive price point. 
 
There has been slight to moderate interest regarding non drill solutions within 
the IKEA range and the customers could only find a small amount of 
solutions with either suction cups or double sided tape as a non drill option as 
supposed to the screw. 
 
IKEA’s interest for this category has now intensified and in the case of 
offering customers the best possible double sided tape solutions, a mapping of 
competitors within this field is carried out. By mapping competitors and 
understand what they are offering in terms of non drill solutions to their 
customers, IKEA can benchmark similar products and design to improve their 
own solutions. 
 
IKEA competitors that offer any kind of non drill solutions for hangers or 
shelves are listed in table 5, though note that most of the competitors do not 
design or manufacture their own products. These are often produced and 
manufactured by other sub-suppliers. 
 

Table 5 – IKEA competitors within the field of non drill solutions 
 

Distributors of non drill solutions 
 

 Bauhaus 
 

 Home retail Group 
 Bed Bath & Beyond  JULA 
 Beslagsboden  Jysk 
 Clas Ohlson  K-Rauta 
 Command  Wal-Mart 
 Home Depot  XXXLutz 
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Many of the competitors in table 5 offer very similar products within the field 
of hooks and hangers and most of the Scandinavian competitors sell hooks 
that are designed by a Scandinavian company called Beslagsboden.  
 
Beslagsboden and Command seem to be the most commonly self adhesive 
hooks producers in Scandinavia, although Command also has a strong 
presence worldwide. 
 
Products from these two competitors have been implemented in the test phase 
as a reference benchmark. The benchmark products that will be implemented 
in the test scenarios at IKEA TestLab’s facilities from Beslagsboden and 
Command are displayed below, see figure 49. These hooks will follow the 
exact same testing scope and schedule as the rest, see Appendix 13: 
Competitor Analysis. 
 

 
 

Figure 49 - Hooks from the competitor analysis 
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Planning for Testing 
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9 External Stakeholders 

The following chapters will cover the three stages of how tape samples were 
found.  
 

 A mapping process that spanned across several continents was 
conducted, see Supplier Mapping Approach chapter 9.1 

 
 A supplier document was developed, see Supplier Document 

Development chapter 9.2 
 

 A selection process was carried out, see Supplier Selection Process 
chapter 9.3 

 
In essence, these three steps will cover the process and give some idea of how 
it was developed and how the samples were collected. 
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9.1 Supplier Mapping Approach 

The procedure of finding tape suppliers and manufacturers around the world 
started off with a scanning of the domestic market for different tape suppliers 
and from that standpoint, continue to expand to other markets. Also, by using 
the domestic suppliers, an estimation of their competitors could widen the 
range of suppliers that could be introduced in the project. 
 
This was the original approach of finding tape suppliers though the discovery 
of tape organisations helped this project even further with respect to the 
number of serious tape suppliers that were found and the time it took to find 
these. 
 
By limiting the search for suppliers in prominent tape manufacturing markets, 
North America, Europe and Asia, three different tape organisations/mapping 
services were used: PSTC – North American tape organisation, AFERA – 
European tape organisation, Alibaba – search engine for manufacturers 
(Afera, 2014; Alibaba, 2014; PSTC [1], 2014). 
 
By using these organisations and search engines and by defining the search to 
suppliers with double sided tapes in their product range, the number of 
suppliers drastically reduced. 
 
The selected suppliers were contacted through their sales/info-mail with a 
prewritten text. This to give all suppliers the same prerequisites and time 
frame for sending IKEA Components tape samples of their choice specific for 
the project description. 
 
In the mail there were two files attached, a supplier document outlining the 
purpose of the project and the specifications for the desired tape sample as 
well an IKEA chemical compounds and substances document called MAT-
0010, see Appendix 6: IOS_MAT_0010. 
 
The contacted tape suppliers were asked to send 4-5 sheets in A4 sizes of each 
PSA tape instead of asking for die cut samples in order to enable enough tape 
for IKEA to perform own tests. 
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9.2 Supplier Document Development  

In order to approach suppliers in an effective manner and supply them with 
the correct information, a supplier document was developed. This document 
contained the relevant information as well as instructions on how to best 
succeed with the testing phase. 
 
Seeing as the document originated from IKEA Components, a short 
introduction regarding the current state of this company was included to give 
the reader an idea of what IKEA Components is and how it relates to the 
IKEA business in general. 
 
Following this, a short introduction to the reason behind the project and the 
goal/ambitions of IKEA regarding non drill solutions were presented. In 
relation to this, an estimated quantity of products with double sided tape that 
IKEA is currently selling and also what volumes that are projected in the 
future was included. The aim is to provide the supplier with an incentive to 
take the project seriously while at the same time provide them with the overall 
scope of the project. 
 
A list of specifications that contains the necessary information that is deemed 
relevant when addressing the subject of PSA tape was also included. 
Information such as what materials are being used, type of adhesive 
performance that is desired, in what environment it is supposed to be used and 
during what load cases, are all critical to determine the correct sort of tape for 
the task. 
 
There are numerous recorded cases where not enough information was 
available and the outcome of those projects was a direct result of insufficient 
information. However, there is also the risk of providing too much 
information and in turn discarding options that are perhaps “good enough” 
and leaving only expensive options that in turn are not viable either. Due to 
this fact, information such as type of adhesive or carrier thickness or 
minimum shear/peel values were not specified so that no options would be 
overlooked or discarded without any testing being carried out (Supplier visit, 
2014). 
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In order to communicate how the best option will be selected, a section that 
outlined the process of evaluation was also included. This explains that IKEA 
Components will contact several suppliers and test the tape in their own 
testing environment. It also clearly states that the price plays an important role 
in the final decision after the testing stage. The purpose here is to give all the 
suppliers an equal insight in the procedure and avoid any sort of 
misunderstandings regarding the process itself.  
 
In relation to this a simple load case was presented visually in order to further 
strengthen the explanations that were given in the specifications. Even though 
there is a difference in the type of products and the different materials that 
have been tested, the way the load is applied is similar regardless of 
application. 
 
Finally a section dedicated to the criteria IKEA Components is looking for in 
order to conduct the best possible tests. Here clear instructions are presented 
regarding type of tape, shape, the time constraints, safety and data sheets as 
well as a contact person. The purpose was to control the incoming type of 
samples in order to facilitate a fair testing process with the same prerequisites 
for success. 
 
 
9.2.1 Development Approach 

The supplier document was developed with the idea of what a tape supplier 
would need in order to provide the best possible solution and building on this 
concept. Those ideas were cross-merged with industry standards to create a 
uniform document that contained all the relevant information without being 
too constraining. 
 
The document was also developed using the input of professionals who have 
experience in dealing with external suppliers in order to ensure the overall 
quality of the document and assess the underlying message and tone, it should 
be professional and clear without being strict or forcing. 
 
The document not only directs the necessary knowledge to potential suppliers 
but also solidifies the vital knowledge that IKEA Components requires in 
order to create and maintain this type of dialogues.  
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9.3 Supplier Selection Process 

Due to time limitations in this project all of the acquired tapes from the 
contacted suppliers will not be evaluated. Considering that the test facility has 
two different surfaces, moisture conditions and products, each supplier’s tape 
sample will be tested in 20 different combinations. 
 
With this in mind, a method for selecting a few had to be made in order to 
prevent the number of tests to increase out of proportion. To make sure the 
most prominent tape samples would be benchmarked in IKEA’s testing 
facility each tape was evaluated according to the following criteria:  
 
The supplier/sample needs to: 
 

 Pass the criteria in the supplier form 
 

 Manage IKEA’s desired production volumes 
 
And also: 
 

 Follow environmental legislations 
 

 Follow human rights 
 

 Become evaluated by the offered price 
 
In the case where a few samples would all be considered for testing but there 
was a limited amount of space, a B-test was carried out. The B-test only used 
a few products on one substrate and in one environment. During this stage a 
number of B-tests could be carried out simultaneously and indications of the 
sample’s performance could be assessed with minimum amount of work.  
 
 

  



97 
 

9.3.1 Criteria explained 

The supplier form sets different criteria that have to be fulfilled to make sure 
that the offered tape will work as a non drill solution for all of their customers 
in bathroom environments. The criteria are developed by IKEA to ensure that 
the selected tape will work in real life scenarios with respect to safety and 
quality expectations. 
 
IKEA has the desire to implement double sided tape as a non drill solution 
option for their bathroom range. In order to do this the tape supplier needs to 
have the production capacity of producing volumes in time with the 
appropriate quality.  
 
It is of great importance to IKEA that all of their suppliers, sub-suppliers, sub-
sub-suppliers etc, follows the guidelines and standards of IWAY (an IKEA 
supplier code of conduct) to ensure good working conditions and working 
environment. IKEA Components believes in the possibilities of doing good 
business while at the same time being a good business. 
 
The price point will be one of the final criteria that compare suppliers and 
finally decide who will become a valued partner for IKEA. A good product 
during tests might not be chosen if the pricing is too high. 
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10 Concept Generation - Test Rig 

IKEA TestLab was able to perform tests in their bathroom environment prior 
to the start of this project. The existing equipment consisted of a plastic 
container with a shower nozzle attached to aluminium profiles. When tests 
were to be performed in the shower environment, glass plates would be 
attached to a string hanging inside the container. This enabled testing to be 
carried out but not in the scale that the project required.  
 
A new solution was necessary, a solution that would enable IKEA TestLab to 
carry out larger scale testing during more controlled conditions. As tile and 
glass are two of the most common substrates used in bathroom environments 
these would have to be used, both inside and outside the shower container. 
The new solution should also be able to contain as many tests as possible, 
even a few larger hooks and hangers such as Enudden which measures in at 
140 mm should be able to be placed inside the container.  
 
Two different concepts for the new solution were developed, both included a 
module where the tape and products should be applied on. The shower 
container and its measurements are displayed, see figure 50. 
 

 
 

Figure 50 – Bathroom environment 
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The proposed modules should consist of two different surfaces; glass and tile, 
this can be seen in figure 51. They have to fit within the current container and 
should be relative easy to handle considering lifting, adding or correcting 
tests. 
 
With this in mind the module length was set to 470 mm so it could fit inside 
the plastic container but also enabled three pieces of tile, 150x150 mm, to be 
attached on each side of the glass plate. The height is not a deciding factor in 
the test but should be large enough for different products to be tested and it 
was set to 290 mm.  
 

 
 

Figure 51 – Test module 
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After the module’s design with glass and tile had been decided, two different 
concepts to keep the module in place inside the plastic container were 
proposed. Both concepts would increase the consistency of tests that IKEA 
TestLab personnel could perform, see figure 52. 
 

 
 

Figure 52 - The two evaluated concepts 
 

Concept 1 has a structure that is placed at the bottom of the current shower 
container and allows for three modules to be placed with adequate space in-
between each of them. The material of the construction in concept 1 is set to 
be aluminium. 
  
Concept 2 is more similar to the current way of testing products. Three bars 
(preferably made in stainless steel) are positioned horizontally in trails cut out 
on the top of the container. Each module is fastened by eight 5mm holes in 
the glass and attached to the bars by either using hangers or string. 
  



101 
 

In order to determine which concept to proceed with, a Pugh-matrix was 
carried out with the assistance and input from testing personnel at the IKEA 
TestLab facility. 
 
The Pugh-matrix evaluated the two concepts with respect to a number of 
variables as well as the original concept of using only strings. It also weighted 
each variable to see how important it was relative the other variables and 
resulted into a sum total for each concept, see table 6. 
 

Table 6 – Pugh-matrix comparing the two concepts with the current testing 
solution 

 

Nr. 

Concept 1 2 3 
Weighting SUM 

Concept 1 
SUM 

Concept 2 
Criteria String 

Frame 
construction Hanging 

1 User friendly / 3 1 3 9 3 
2 Production cost / -2 -1 1 -2 -1 
3 Life time / 3 2 2 6 4 
4 Test capacity / 3 2 5 15 10 
5 Consistency / 3 2 5 15 10 
6 Load capacity / 3 2 4 12 8 

   
SUM 
TOTAL 55 34 

 
The Pugh-matrix result declared concept 1 to be the concept of choice with a 
total of 55 points. The concept will be covered in more detail, see Final Test 
Rig chapter 10.1. 
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10.1 Final Test Rig 

The final testing construction is based on a combination of the glass/tile 
module and concept one which scored the highest in the Pugh-matrix. It is 
assembled using aluminium profiles that have been assembled and the module 
can easily be positioned, see figure 53. The testing rig was then placed inside 
the shower container where it is supposed to operate during the testing cycles, 
see Appendix 3: Test Rig Drawing.  
 

 
 

Figure 53 – Final test rig 
 

The modules are the same as the concept stage; 290 x 470 x 6 mm. Three tile 
plates are fastened on either side of the glass plate leaving only a small 
spacing of 10 mm on each side, see figure 54. This will facilitates easy 
installation and removal in the test rig during usage. Furthermore, while the 
modules are in place they are fixed and will be a stable platform for the tests. 

 

 
 

Figure 54 – Assembly of test module 
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11 Testing Scope 

In this chapter the scope of the tests that have been carried out at the IKEA 
TestLab and the project will be addressed. The ideas behind some of the 
decisions are presented together with the testing schedule and the 
cycles/phases. For a summary of this chapter, see Summary Testing Scope 
11.8. 
 
 
11.1 Reasoning behind Testing Methodology 

In order to evaluate the properties of PSA tapes in a bathroom environment 
they have to be thoroughly tested under similar conditions. While this may 
seem trivial and straight forward two options presented themselves, not 
related to the testing environment, but rather to the types of products that can 
be tested. 
 
First off there is the option of testing already existing products within the 
current IKEA range. Products with different materials and shapes exist and 
can be assembled with relative little effort and cost. The products do not have 
to be designed for bathroom use, they do have to cope with the conditions and 
have the correct type of properties, i.e. none corrosive material etc. 
 
The downside of using already existing products within the IKEA range is 
that the design and geometry will vary depending on what products that are 
chosen. As the products are commonly unique in terms of material and shape 
one has to try different products in order to come to any conclusions regarding 
the shape and material properties. 
  
This will in turn present a problem, comparing the results of tapes used on 
products with different geometries and materials. Consider the following; a 
total of two wall substrates, two environments, five products and a given 
amount of tapes will be tested, numbering in the hundreds of tests already. 
Comparing a tape sample between different products is not feasible when 
controlling for this many variables. 
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The entire point of conducting this high number of tests is to compare the 
individual impact of a certain type of wall substrate in combination with an 
environment, product or tape respectively. As every combination is unique, it 
is the variable that is in focus (in this case it is largely the performance of the 
tape). 
 
It can be assessed by comparing the tests with the same prerequisites and 
conditions, i.e. in the case of five tape suppliers, 100 tests will have to be 
carried out but only five of these will be using the exact same combinations 
(wall substrate, environment, product) and the variable that differs; the tape. 
Likewise the same approach can be used while overseeing trends such as 
surfaces that perform better overall, the direct impact of water or the type of 
product geometry that can perform the best. 
 
Another important aspect is the value this provides to the future tests and 
benchmarks that will be conducted. Typically there is no such thing as a 
“custom product”, more often than not a product is not optimised for the best 
load distribution but to be sellable which in turn involves pricing, design, 
transport etc. 
 
In this case it would be preferable to have methods and experience in testing 
products of different types and materials, i.e. develop an approach that allows 
for less than perfect scenarios even though it presents some challenges. 
 
The second option is to design a custom made product that can be 
manufactured in different types of materials and finishes. This product can be 
designed with the testing conditions in mind and thus have the best possible 
prerequisites when it comes to geometry and load distribution. The downside 
is that the process of developing and creating these types of products often has 
a cost and a timeframe associated with it. 
 
As the test involves products of five different materials the designed product 
would have to be produced in at least 20 versions in each material. More 
importantly the idea of making custom made testing products may seem 
appealing and certainly have its uses but it does not accurately represent a 
finished product. 
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Finished products have had a development cycle and are more often than not 
subjected to a set of important decision making processes revolving around its 
design, safety, ability to be transported and the ability to sell. A custom made 
product usually does not face all if any of these and as such it cannot be seen 
as an accurate representation of a finished product. In addition to this, while 
addressing the topic of adhesion to the extent covered in this report it is of 
paramount importance to have a firm understanding of the surfaces upon 
which the adhesive is to be applied. 
 
While the most commonly used substrates in terms of tile and glass can be 
accounted for, the materials in the products tend to vary more. In this case it is 
hard to control for the surface finishers and impurities that may or may not 
occur during production in an industrial context. 
 
In short, the advantages of having an optimised design do not outweigh the 
disadvantages of introducing another source of error regarding the material 
properties that may render the results themselves obsolete. Furthermore, the 
added production cost and waiting time almost certainly associated with these 
prototypes. 
 
In addition to this, using a variety of different products also enables analyses 
to be made with respect to different designs. The design of the hook or any 
application for that matter is a very central and important aspect in making a 
fully functioning tape solution, in some cases the design is the defining 
variable of success for a hook, not the tape itself. 
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11.2 Test Setup 

When suppliers were contacted they were asked to send tape samples that 
were suited for bathroom environment along with the other specifications, see 
Appendix 5: Supplier Document. Also, the companies only received a general 
load case to get an idea of how the load cases in the testing procedure would 
look like, see figure 55. 
 

 
 

Figure 55 – General load case  
 

There are five different products used in the tests with materials that are 
commonly used by IKEA, such as; ABS, PET, aluminium, stainless steel and 
an epoxy based powder coated metal product. Combining the five products 
with two different environments (outside and inside the shower container) and 
two types of substrates (tile and glass) will result in a total of 20 tests per 
sample.  
 
The products are placed groupwise both on the modules inside the shower and 
on the walls outside the shower. Inside the shower that means that each 
module with it´s ten products being tested contain the same sample, see figure 
56. Every product is also assigned a number that is unique with reagrd to that 
sample, supplier, product, substrate, environment and other variables in order 
to thuroughly track each sample’s performance with respect to the unique 
variables. 
 

 
 

Figure 56 - Five products with the same tape sample grouped together 
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11.3 Prerequisites 

An example on how archiving can be managed during testing is shown below 
in table 7. The number is connected to a specific supplier, sample, product, 
environment and substrate. 
 
After a cycle is completed it is possible to see at what date and in which phase 
the failure occurred. For more information and the final collection of data see 
Appendix 11: Master File. 
 

Table 7 – Archiving system 
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11.4 Test Cycles 

There are six cycles included in the testing phase, each of which will include 
three different tape samples. Each cycle contains five different phases where 
the tape samples are subjected to different types of loads, see table 8 below. 
 
The testing phase of this project was divided into six different cycles. Each of 
these cycles included five phases and three different tape samples. During 
each phase an incremental load was applied to stress test the tape sample to its 
limits. Table 8 below shows how the different cycles and phases were 
distributed  
 

Table 8 – Testing schedule 
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11.4.1 Test Phases 

 Phase 1: The cycle begins with 72 hours cure/dwell time 
 

 Phase 2: The first load case of 2 kg is initiated and will last for 48 
hours 

 
 Phase 3: The second load case of 3 kg is initiated and will last for 48 

hours 
 

 Phase 4: The third load case of 4 kg is initiated and will last for 48 
hours 

 
 Phase 5: consists of two different cases: 

 
o Outside the shower, the total load will be increased to 5 kg and 

will last for 48 hours 
 

o Inside the shower, the load case remains at 4 kg 
The remaining tape samples inside the shower are subjected to 
two different set of chemicals; shampoo and bathroom 
cleaning agents 
This is carried out in two stages;  
 

 First the shampoo is applied and left to “work” for 15 
minutes. The shampoo is then removed (by water) and 
once the effect of the shampoo has been analysed the 
next set of chemicals, the bathroom cleaning agents, is 
applied 
 

 The bathroom cleaning agents are also applied and left 
to work for 15 minutes. These are then removed (by 
water) and the effects of the bathroom cleaning agents 
are examined over a period of 48 hours 
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11.5 Test Preparation 

Before the test cycle could begin some preparations were needed. These will 
be explained in the text that follows, see figure 57. 
 

 
 

Figure 57 - Preparation before testing 
 
In order to remove impurities of different sorts on the surfaces isopropanol, 
micro fibre cloth and a spray can was acquired. These were later used to wipe 
of the substrate surfaces to receive similar prerequisites for each tape sample 
that should later be tested. 
 
Laser cut metal templates were used to cut out the tape geometries that should 
be applied on the products. Once the shapes had been cut out they were 
applied onto the products with even pressure and during similar time. When 
all products were ready the last liner could be removed and the products were 
taped onto the different substrates inside each environment. 
  
During this stage all of the products were also assigned their numbers as 
discussed in Prerequisites chapter 11.3 The number is taped on the product 
and not the wall substrate so it stays with the product if it fails.  
 
The application process is carried out to be as similar as possible in order to 
minimise inconsistency. Every sample is applied by the same person using the 
same technique. Also the cleaning procedure and the die cutting process were 
carried out by the same person in order to receive consistency. 
 
  



111 
 

11.6 Bathroom Testing Environment 

At the IKEA TestLab facility there is a bathroom installed for the purpose of 
testing products that should function in an environment such as this. The 
bathroom was a necessity in the project as the tests that were to be carried out 
required an environment such as this. 
 
In order to replicate normal home use, a shower was installed inside the 
bathroom. The shower was programmed to run twice a day for 20 minutes to 
mimic a family of four using the shower on a regular basis (morning and 
evening). 
 
The room dimensions are 3x3.8 m = 11.4 m2 with different substrates on the 
walls. Two of the walls are covered in different types of tile wall 1 and 2, see 
Appendix 2: Bathroom Environment. The other two walls and the floor is 
covered in a plastic carpet and as there are no glass substrates a set of 
aluminium profiles have been installed in which sheets of glass can be placed, 
see figure 58. This way there is no need to drill any holes in the walls as the 
aluminium profiles also are modulus and can slide around. 
 

 
 

Figure 58 – Outside the testing environment 
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11.6.1 Substrates 

Tile and glass are two very common substrates in bathroom environment and 
will therefore be used in the project as the main substrates. The tile is a white 
glazed tile with a smooth surface commonly found in bathrooms, see figure 
59. The surface energy of glazed tile can vary but roughly around 250-430 
mN/m, see Surface Energy for Solids chapter 4.3. 
 
The glass is a 6 mm thick floated glass window commonly found in shower 
environments and is mounted between the two aluminium profiles, see figure 
59. Glass has a similar but slightly higher surface energy than the glazed tile 
around 250-500 mN/m, see Surface Energy for Solids chapter 4.3. 
 

 
 

Figure 59 - Glazed tile (left) and window glass (right) 
 
 
11.6.2 Environments 

The bathroom environment can usually be divided into two or more areas. 
Here two of the most common ones are addressed; wet-zone 1 and wet-zone 
2.  
 
Wet-zone 1 is the area which is subjected to the highest degree of water 
exposure, this is where a shower or a bathtub would be placed. The areas in 
the wet-zone 1 environment are classed as walls that are in direct contact with 
the shower and 1 meter away from these as well as the floor. 
 
Wet-zone 2 is the area which still needs water protection but is not found in 
the direct shower or bathtub vicinity.   
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11.6.3 Common Impurities 

The most commonly found impurities in bathroom environments and worth to 
think about on both tile and glass, will be the remains of lime scale, bathroom 
products (such as shampoo) and potentially mould. These are impurities that 
potentially could interferes with the prerequisites for each tape sample and 
should then be removed following the same strategy mentioned in Test 
Preparation chapter 11.5 or Surface Cleaning chapter 4.4.2. 
 
 
11.6.4 Temperature & Moisture 

During the testing period a temperature and humidity meter constantly 
monitored the bathroom and logged the values in a graph, see figure 60 & 61. 
 

 
 

Figure 60 - Temperature & humidity meter 
 
The room temperature is regular between the range of 20-24˚C and the 
relative humidity ranges from 35-100%. The water temperature from the 
shower is typically 37˚C and varies by ±1˚C. Temperature and relative 
humidity are being logged by the temperature/humidity meter. The changes in 
temperature, humidity etc. are due to the start and stop of the shower and the 
opening and closing of the door, see figure 61 and Appendix 4: Humidity 
Graphs. 
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Figure 61 - Conditions inside the bathroom 
 
 

11.7 Sample Selection Process 

The first approach of selecting which tape samples that should be tested was 
planned to be decided based on the information received from the requested 
sample data which were addressed in the Appendix 5: Supplier Document. 
Based on the information regarding peel strength, shear strength and tack 
some samples could be discarded in favour for others. Though the information 
provided could not be used as are being discussed in Sample Data – 
Challenges chapter 14.4. 
 
Instead the first three samples that were chosen consisted of pure acrylic, 
modified acrylic and synthetic rubber adhesive. All three adhesives have the 
prerequisites of performing well in bathroom environments as can be seen in 
PSA Categorisation chapter 2.4. A similar approach was adopted on the 
subsequent cycles. 
 
The reasoning behind selecting three different PSAs was to receive some sort 
of reference on how each PSA category generally would perform in 
conditions like these. This would in turn provide some idea of what could be 
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expected from future samples similar to these. No suppliers sample was 
discarded based on the performance of another supplier sample. In the event 
that a supplier had sent multiple samples and faced with the knowledge that 
all of them probably would not be tested they would in some cases provide an 
order in which their samples should be tested. 
 
Table 9 below shows the different types of adhesives and carriers with their 
respective supplier. It also shows in what cycle each test was carried out, for 
more information see Appendix 8: Supplier Data Sheets.  
 

Table 9 – Tape samples sorted by test cycle 
 

 Tape Suppliers 
Test Cycle 1 Supplier 1 Supplier 2 Supplier 3 

Adhesive type Adhesive X Adhesive X Adhesive X 
Carrier type Carrier X Carrier X Carrier X 

Test Cycle 2 Supplier 4 Supplier 5 Supplier 6 
Adhesive type Adhesive X Adhesive X Adhesive X 
Carrier type Carrier X Carrier X Carrier X 

Test Cycle 3 Supplier 7 Supplier 8 Supplier 9 
Adhesive type Adhesive X Adhesive X Adhesive X 
Carrier type Carrier X Carrier X Carrier X 

Test Cycle 4 Supplier 10 Supplier 11 Supplier 12 
Adhesive type Adhesive X Adhesive X Adhesive X 
Carrier type Carrier X Carrier X Carrier X 

Test Cycle 5 Supplier 13 Supplier 14 Supplier 15 
Adhesive type Adhesive X Adhesive X Adhesive X 
Carrier type Carrier X Carrier X Carrier X 

    
Test Cycle 6 Supplier 16   

Adhesive type Adhesive X   
Carrier type Carrier X   
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11.8 Summary Testing Scope 

The idea behind the testing scope was to perform relevant tests that were not 
only based but very closely resembled the real life applications and load cases 
of tape products. 
 
Furthermore, different tape samples would be evaluated based on products, 
environments and substrates during different phases. This would facilitate 
new ways of accessing the performance of different tape samples and give 
additional approaches to identify the best non drill double sided tape solution. 
Additional information regarding the load case can be seen in Appendix 17: 
Product Load Case. 
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12 Overall Performance and Analysis 

This section covers the different aspects of the test results that are not sample 
specific but rather the indications and trends of different types of samples. 
The overall performance of the samples are addressed relative a number of 
different variables such as phases, type of failures, environments, substrates, 
products and more. For a summary of this chapter, see Summary Overall 
Performance and Analysis 12.4. 
 
 
12.1 Overall Performance 

In this chapter, analyses on how different samples performed, type of failures, 
adhesive and carrier performance relative different variables are all addressed. 
This section deals with the results that are not directly connected to the 
individual samples but rather gives an overall view of the tests, for 
information regarding some of the specific tests, see Sample Based and 
Analysis chapter 13. For more information and a full list of the tape samples 
individual cycle performance see Appendix 11: Master File. 
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12.1.1 Overall Cycle Performance 

Analysing the overall cycle performance shows the number of samples that 
failed in each phase and how many samples that passed the tests all together. 
Below is a summary of all the tests and each area of the chart and colour 
represents a different phase.  
 
A sample that failed during the cure phase (phase 1) would be displayed as 
red in the chart below. A sample that failed during the first load case of 2 kg 
(phase 2) would be displayed in the orange area of the chart and so forth. A 
sample that passed all the phases is represented by the green area of the chart. 
 

 
 

Figure 62 – Total tape samples performance 
 

More than half of the tested samples failed during a load of 3 kg or less, see 
figure 62. Roughly a quarter of the samples failed during the 2 kg load or less 
while another quarter passed all the tests. 
 
  

26 (8%) 

84 (26%) 

61 (19%) 
35 (11%) 

41 (13%) 

73 (23%) 

Total sample performance 
Failed in Phase 1 (cure) 

Failed in Phase 2 (2kg) 

Failed in Phase 3 (3kg) 

Failed in Phase 4 (4kg) 

Failed in Phase 5 
(chem/5kg) 

Passed the Tests 
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Each area of the pie chart reveals different types of information, first off it 
tells us that 8% of the received samples did not manage to wet the surface in 
any sense as they fell during phase 1, the cure phase. Arguable this could also 
be due to the fast that some of the adhesives that were tested were not 
designed for direct contact with water and as such experienced difficulties in 
performing in wet-zone 1 environments.  
 
The second phase also reveals that there are a number of samples, roughly a 
quarter, that did not manage to form a strong adhesive bond as they failed 
during the first load case of 2 kg. While a similar argument regarding wet-
zone 1’s impact can be made even here and the following phases, the more 
likely explanation is that the adhesive bond that was formed was very weak or 
that the carrier was not designed for this type of load. 2 kg is not a high load 
considering the type of application that is being tested and while it can be 
seen as a high number the quality of the received samples are shown here, 
conventional “normal” PSA tape is not going to perform during these types of 
conditions and this phases eliminated quite a few of these samples.  
 
Phase 3 showed similarities to phase 2 where another 19% of the samples 
failed and this analysis can be seen as identical to the one presented in phase 
2.  
 
Phase 4 and 5 exhibited a somewhat lower amount of failures, 11 and 13 % 
respectively, compared to phase 2 and 3. This is where a transition from low 
performing to high performing samples can be seen. 4 kg can be seen as a 
relative high load in the context of static load of PSA tapes, especially 
considering that the products that have been used are not mainly designed for 
tape and this is also shown in the later analyses. Even so, samples that failed 
during a load of 4 or 5 kg still would have formed a fairly strong adhesive 
bond and this stage of the tests is approaching the point of what is even 
plausible for tape to manage in combination with some of the products that 
have been used. 
 
In relation to this, the samples that were placed inside wet-zone 1 were 
subjected to a chemical test. The chemical resistance will be evaluated in 
Adhesive Performance – Chemical Resistance & Carrier Performance – 
Chemical Resistance chapters 12.2.4 & 12.2.8. However, the different types 
of chemicals that have been used are not something that PSA tapes are 
commonly designed to be subjected to, thus why some additional samples 
failed even though no additional load was applied.   
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Finally, the samples that passed all the test phases exhibited a good 
performance throughout the tests and were able to perform very well 
considering the conditions that they were subjected to. There is also a clear 
relationship between some samples, substrates, environments and products 
which shows that some combinations were far more favourable than others as 
will be addressed in the chapters to come.  
 
 
12.1.2 Product Failure Mode 

In this section the different failure modes are analysed in total and with regard 
to the different products. All the types of failures are covered in Failure 
Scenarios – PSA Tape chapter 6 and it is useful to have a grasp of the 
different types of failures when examining information such as this, see figure 
63. 

 
 

Figure 63 – Failure types in total 
 
The overall trend is somewhat clear, most failures are adhesive failures from 
wall substrate, meaning that they will still stick to the product after the failure 
has occurred. It also means that there is no adhesive residue left on the wall 
substrate as the failure was purely adhesive. The number of adhesive failures 
from product substrate are much fewer compared to the adhesive failures 
from wall substrate although it should be noted that these types of failures 
varies depending on variables such as products.  
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For example, in the case of key failures it is almost exclusively due to foam 
tear failure types and while it affects some products more than others it is 
predominantly common in combination with Losjön products due to its 
design, see Failure Scenarios of Products chapter 14.2.4. 
 
Only a single case of an interfacial failure was recorded and not a single 
cohesive failure occurred during the 320 tests that were included in the cycles. 
The low amount of cohesive failures can most likely be attributed to the 
effects of the cross-linking procedures that most likely have been carried out 
on all the PSA tapes that were tested. For more information on how the effects 
of cross-linking can affect the behaviour of PSAs see Cross-Linking chapter 
5. Of course there are a few failure modes that were not, strictly speaking, 
failures as they passed all the phases.   
 
 
12.1.3 Individual Failure Mode 

There is also the option of analysing individual failures on specific products 
used on a specific substrate and in a specific environment (20 combinations in 
total). This can be used in order to draw conclusions based on a number of 
variables such as; the products that were used, the substrates and the 
environments in which it was placed.  
 

 
 

Figure 64 – Failure types of Blecka, the wet-zone 2 and the tile substrate 
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Figure 64 shows the types of failures recorded in combination with the 
product Blecka, the wet-zone 2 and the tile substrate. The total number of 
failures with this combination is 16 (the number of tape samples that have 
been tested in the cycles) and as expected, the most predominant type of 
failure is adhesive failure from wall substrate.  
 
The many ways in which this information can be used and displayed is 
beyond the scope of this project and will not be presented in its entirety. 
However, in order to provide the reader with an idea of one of the ways it can 
be used figure 65 will display the combination of the product Gnugga, the 
wet-zone 2 and the tile substrate. It is the exact same combination as the one 
displayed in figure 64. 
 

 
 

Figure 65 – Failure types of Gnugga, the wet-zone 2 and the tile substrate 
 
As figure 65 indicates, the total number of failures is distributed in another 
pattern compared to figure 64. In this case one or two things happened, either 
the samples failed adhesively from the wall substrate or it did not fail in any 
phase of the cycle and thereby passed the test. The only difference between 
the two comparisons is the type of product that has been used and that can 
provide us with some idea of how much of an impact it has.  
 
Similar analyses can be made in order to address the impact of substrates, 
environments and different tape samples. For more information related to the 
types of failures see Appendix 14: Failures & Appendix 15: Compiled 
Results. 
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12.1.4 Environment and substrate  

In this chapter, four different analyses will be made, each one with respect to 
a specific variable. The purpose is to illustrate each environment and 
substrate’s respective impact in the tests and provide the reader with an idea 
of how that variable impacts the result.  
 
It is worth noting that the phase 1 values do not have to start at the same 
value, as this value is related to the number of samples that passed the first 
phase, not the total number of samples that started in the tests.  
 
The following spider diagrams in figure 66-69 are divided into 5 phases, 
starting with phase 1 at the top and continuing clockwise with phase 2 and so 
on. The type of analysis is made relative an environment or substrate. 
Depending on which the main type of analysis that is addressed, two 
additional variables are included to show the performance relative the main 
variable.  
 
The important distinction to make is that the value displayed in each phase 
represents the number of samples that passed that specific phase, i.e. the 
number of remaining samples after each respective phase. For information 
related to the performance of the samples in wet-zone 1, wet-zone 2 or on the 
glass/tile substrate see Appendix 15: Compiled Results. 
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12.1.4.1 Total Wet-Zone 2 Performance 

Figure 66 below illustrates the total performance of the tape samples included 
in the cycles in wet-zone 2 relative the two substrates; glass and tile. 
 

 
 

Figure 66 –Total number of tested tape samples in wet-zone 2 
 

Figure 66 shows that samples applied to the glass substrate performs better in 
all phases compared to the ones applied on the tile substrate.  
 
The relative straightforward conclusion then becomes that the glass substrate 
exhibits more favourable adhesive properties compared to the tile substrate. It 
would appear that a higher number of samples managed to form a stronger 
adhesive bond to the glass substrate relative the tile substrate. The difference 
becomes even more noticeable when test phases 4 and 5 are examined. Here 
the numbers of samples that are still managing the load on glass outnumber 
the number of samples on tile with a ratio of nearly 2 to 1.  
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12.1.4.2 Total Wet-Zone 1 Performance 

A similar approach for displaying information can be seen in figure 67 below. 
One can see the total performance of all tape samples included in the tests that 
were placed inside wet-zone 1 relative the two substrates, glass and tile. 
 

 
 

Figure 67 - Total number of tested tape samples in wet-zone 1 
 

Figure 67 shows each phase combined with all samples that have been placed 
in wet-zone 1 on the glass substrate. One can see that samples attached to 
glass perform better compared to those that were attached on tile. This 
supports the previous conclusion made in chapter Total Wet-Zone 2 
Performance 12.1.4.1. 
 
The overall drop in performance across the different phases is even more 
noticeable in wet-zone 1 compared to wet-zone 2. The relationship between 
the number of samples that are still managing a load on glass relative tile 
substrate in wet-zone 1 is very similar to wet-zone 2, in phase 4 and 5 it is 
close to 2:1. 
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12.1.4.3 Total Glass Substrate Performance 

Figure 68 below illustrates the total performance of the tape samples included 
in the cycles on the glass substrate relative the two environments; wet-zone 1 
and wet-zone 2. 
 

 
 

Figure 68 – Total number of tested tape samples on the glass substrate 
 
Figure 68 shows that in all phases, tape samples performed better in wet-zone 
2 compared to wet-zone 1 when one only compare samples attached to the 
glass substrate.  
 
The conclusion is clear; the preferred environment is wet-zone 2. The drop off 
is noticeable from the start and becomes significant in phases 3, 4 and 5. In 
phase 3 and 4 the relationship is close to 2:1 between wet-zone 2 and wet-
zone 1, this grows to a 5:1 relationship in phase 5. 
 
Note that the wet-zone 1 environment has seen no increase in load in phase 5, 
instead they have been subjected to chemical tests as explained in Test Phases 
chapter 11.4.1. This also indicates that the chemicals that were used had a 
larger impact compared to the increased load.  
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12.1.4.4 Total Tile Substrate Performance 

The result from all tape samples’ performances placed on the tile substrate 
which were subjected to the conditions in either wet-zone 1 or wet-zone 2 can 
be seen in figure 69 below. 

 

 
 

Figure 69 - Total number of tested tape samples on the tile substrate 
 

As was stated earlier, this graph in figure 69 also shows that samples on tile 
performed better in wet-zone 2 compared to wet-zone 1. 
 
Similar to the previous analysis the drop-off in wet-zone 1 is larger compared 
to wet-zone 2 across all the phases. The previously used relationship 2:1 
between wet-zone 2 and wet-zone 1 is reached in phase 2, 3 and 4. In phase 5 
this grows to a 7:1 relationship and the difference is quite clear at this point.  
 
Note that even here wet-zone 1 has seen no load increase in phase 5 instead a 
chemical test was conducted which is explained in Test Phases chapter 11.4.1. 
This also indicates that the chemicals that were used had a larger impact 
compared to the increased load.  
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12.2 Selective Analysis - Adhesives & Carriers 

Every tape sample is often treated and assessed individually, however the data 
from all the samples can be comprised to analyse variables such as; what type 
of adhesive has the best chemical resistance or what substrate is preferable? A 
similar analysis can be made when addressing the different types of carriers. 
 
Previously the total number of samples has been examined, in this chapter the 
individual components of different tape samples will be addressed and only 
10 samples will be used, as supposed to all of the 16 that have been used thus 
far. An overview of the total performance requires all the samples, a selective 
analysis will only include some of these.  

 
If a similar approach were to be used when addressing the individual 
performance of acrylic adhesives or PE foam carriers the result would be very 
strange. The reason is that a number of tape samples that were tested did not 
perform very well, the combination of carrier and adhesive could be identical 
to tape samples that performed very well and that would result in an average 
overall result at best. 
  
While this is not a problem in itself, in fact that is the overall performance, the 
aim is to draw conclusions that could be of future use when examining the 
usefulness and potential of different types of adhesives and carriers. 
 
As such, the potential of a specific type of adhesive should not be limited due 
to a similar, poor performing tape sample using the same adhesive. There are 
still some differences between the tape samples included in the following 
chapters, they are however significantly smaller compared to the ones that 
were excluded at this stage.  
 
All data in the graphs are based on the relative good performance of any type 
of adhesive or carrier. A “good” sample is classified as a sample that has 
passed phase 4 or passed the test. A success higher success rate is the mark of 
good performance and the success rate is calculated using the amount of 
samples that passed phase 4 divided by the total number of samples subjected 
to that environment, variable or product. For a full list of the failure types see 
Appendix 14: Failures & Appendix 15: Compiled Results. 
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12.2.1 Adhesive Performance - Substrate 

Figure 70 below illustrates the two main groups of adhesives that have been 
included in the tests; rubber and acrylic based adhesives. The data is based on 
the relative success rate where the number of samples (of that adhesive) that 
passed phase 4 was divided by the total number of samples tested (of that 
adhesive). 
 
In figure 70 below the two different types of adhesives are plotted against the 
two substrates; glass and tile.  
 

 
 

Figure 70 – Adhesive’s performance on different substrates 
 

Based on the information that was displayed in the Total Wet-Zone 2 & 1 
Performance chapters 12.1.4.1 & 12.1.4.2 it is clear that the favourable 
substrate is glass over tile. Figure 70 shows that both adhesives perform better 
on glass substrate than they do on tile, there are some minor differences in 
their performance. While the Rubber adhesive shows a higher success rate on 
the glass substrate compared to the acrylic adhesive, the opposite can be said 
for the tile substrate.  
 
The conclusion here is that acrylic adhesives shows a slightly more consistent 
performance across the two substrates whereas the rubber adhesive had a 
success rate that was three times higher on glass than it was on tile.  
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12.2.2 Adhesive Performance - Environment  

Figure 71 below illustrates the two main groups of adhesives that have been 
included in the tests; rubber and acrylic based adhesives. The data is based on 
the relative success rate where the number of samples (of that adhesive) that 
passed phase 4 was divided by the total number of samples tested (of that 
adhesive). 
 
In figure 71 below the two different types of adhesives are plotted against the 
two environments; wet-zone 1 and wet-zone 2. 
 

 
 

Figure 71 – Adhesive’s performance in different environments 
 

As with the data analysed in the Total Glass/Tile Performance chapters 
12.1.4.3 & 12.1.4.4 it is clear that the most advantageous environment is wet-
zone 2. Figure 71 also supports this and shows a 20% higher success rate in 
wet-zone 2 compared to wet-zone 1 on both adhesives. The interesting aspect 
is that the rubber adhesives have a higher success rate in both environments 
compared to the acrylic adhesives. With that being said the differences are 
quite small and should not be seen as a major impact on the performance in 
any case.  
 
Note that the success rate is not dependent on any adhesive’s chemical 
resistance, as this is first introduced in phase 5 it will not have an impact in 
figure 71. The chemical resistance of the different adhesives will be presented 
in Adhesive Performance – Chemical Resistance chapter 12.2.4. 
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12.2.3 Adhesive Performance - Product  

Figure 72 below illustrates the two main groups of adhesives that have been 
included in the tests; rubber and acrylic based adhesives. The data is based on 
the relative success rate where the number of samples (of that adhesive) that 
passed phase 4 was divided by the total number of samples tested (of that 
adhesive). 
 
In figure 72 below the two different types of adhesives are plotted against the 
five products; Losjön, Enudden, Blecka, Bjärnum and Gnugga.  
 

 
 

Figure 72 – Adhesive’s performance in combination with different products  
 

Figure 72 show that both adhesives had a rather high success rate on both 
Gnugga and Losjön. There are some subtle differences in the success rate in 
relation to these products, acrylic adhesives showed a 14 % higher success 
rate on Gnugga while rubber adhesives had a 7 % higher success rate on 
Enudden.  
 
Both adhesives performed very similarly on Blecka, the major dip in 
performance can be seen when addressing the Losjön and Bjärnum products. 
Rubber adhesives displayed a higher success rate on both Losjön and 
Bjärnum, 22 % and 29 % respectively.  
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12.2.4 Adhesive Performance - Chemical Resistance 

Figure 73 below illustrates the two main groups of adhesives that have been 
included in the tests; rubber and acrylic based adhesives. The data is based on 
the relative success rate where the number of samples (of that adhesive) that 
passed the chemical tests was divided by the total number of samples (of that 
adhesive) that was subjected to the chemical tests 
 

 
 

Figure 73 - Chemical resistance of different adhesives 
 

As figure 73 shows, nearly half of the acrylic based adhesives passed the 
chemical tests while less than 10% of the rubber based adhesives did so. The 
total success difference between the two adhesives was 40 % and was 
arguable one of the most defining performance differences between the 
adhesives. 
 
It is important to note that only the samples in wet-zone 1 were subjected to 
the chemical test. Furthermore, no test samples suffered any failures as a 
result of the first set of chemical tests. Only the second chemical tests had any 
effect or impact on the performance of the samples. 
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12.2.5 Carrier Performance - Substrate  

The same type of analysis that has been made on the adhesives in the previous 
chapters will be done on the different carriers that were used in the tests.  
 
Figure 74 illustrates the two main groups of carriers that have been included 
in the tests; foam and acrylic carriers. The data is based on the relative success 
rate where the number of samples (of that carrier) that passed phase 4 was 
divided by the total number of samples tested (of that carrier). 
 
In figure 74 below the two different types of carriers are plotted against the 
two substrates; glass and tile. 
 

 
 

Figure 74 – Carrier’s performance on different substrates 
  

As figure 74 shows, the acrylic carriers had a slightly higher success rate on 
the glass substrate compared to the foam carriers. Contrary to this, the foam 
carriers had a slightly higher success rate when used on the tile substrate 
compared to the acrylic carriers. Overall both carriers performed better on 
glass compared to tile and the differences are somewhat small. 
 
The performance of the carriers relative the substrate is arguable not a 
defining factor for the success of a tape sample. As both the substrates that 
have been used in the tests are somewhat smooth and flat, the carrier’s ability 
to conform to any undulations on the substrate’s surface have been off less 
importance.  
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12.2.6 Carrier Performance - Environment  

A similar approach for illustrating the two main groups of carriers can be seen 
in figure 75. Both foam and acrylic have their data based on the relative 
success rate where the number of samples (from each carrier) that passed 
phase 4 was divided by the total number of samples (of the same carrier).  
 
In figure 75, the two different types of carriers are plotted against the two 
environments; wet-zone 1 and wet-zone 2. 
 

 
 

Figure 75 – Carrier’s performance in different environments 
 

Figure 75 shows only very small differences in success rate between the two 
types of carriers used in different environments. Overall the carriers 
performed better in wet-zone 1 compared to wet-zone 2, 25 % and 33 % for 
the foam carriers and acrylic carriers respectively. 
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12.2.7 Carrier Performance - Product  

Figure 76 below illustrates the two main groups of carriers that have been 
included in the tests; foam and acrylic carriers though it connects them to the 
different products that were included in the tests. The data is based on the 
relative success rate where the number of samples (of that carrier) that passed 
phase 4 was divided by the total number of samples tested (of that carrier). 
  
In figure 76 below the two different types of carriers are plotted against the 
five products; Losjön, Enudden, Blecka, Bjärnum and Gnugga. 
 

 
 

Figure 76 – Carrier’s performance in combination with different products 
 

Both carriers perform well when used in combination with Gnugga, acrylic 
carriers have a 10 % higher success rate than foam carriers. While foam 
carriers perform fairly well when used in combination with Enudden the 
acrylic carriers have a noticeable drop in comparison, the success rate is 29 % 
higher for foam carriers. The remaining carriers perform similar or equal on 
the other products. 
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12.2.8 Carrier Performance – Chemical Resistance  

Figure 77 below illustrates the two main groups of carriers that have been 
included in the tests; foam and acrylic carriers. The data is based on the 
relative success rate where the number of samples (of that carrier) that passed 
the chemical tests was divided by the total number of samples (of that carrier) 
that was subjected to the chemical tests 
 

 
 

Figure 77 – Chemical resistance of different carriers 
 

As figure 77 illustrates, the foam carriers had a higher resistance towards 
chemicals such as the ones used in the test. The success rate was 16 % higher 
for foam carriers compared to acrylic carriers and while the difference is 
considerable smaller than the differences in success rate for adhesives, see 
Adhesive Performance – Chemical Resistance chapter 12.2.4, it is still 
noteworthy.  
 
It is important to note that only the samples in wet-zone 1 were subjected to 
the chemical test. Furthermore, no test samples suffered any failures as a 
result of the first set of chemical tests. Only the second chemical tests had any 
effect or impact on the performance of the samples. 
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12.3 The Master File – Test Results 

All the graphs and analyses that have been introduced so far have been mined 
from a single document. This document was used during the actual tests and 
contains all the raw data and information. While the data in this document is 
very straightforward it can be hard to interpret the information and base 
decisions on it. For more information on the raw data, see Appendix 11: 
Master File. 
 
 
12.4 Summary Overall Performance and Analysis 

Judging by the different analyses that have been made, it is clear that some 
substrates, environments and products are preferred over others. Furthermore 
different adhesives and carriers generally follow these preferred indications 
with small to significant variations between them, often resulting in a trade-
off where one option (one type of adhesive or carrier) performs slightly better 
than the other. 
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13 Sample Based Performance and 
Analysis 

This chapter analyses a few specific samples that have received additional 
attention due to their competitive performance in the tests. Unlike Overall 
Performance and Analysis chapter 12, the analyses that have been made here 
are all aimed at a few specific samples and as such the approach is slightly 
different. For a summary of this chapter, see Summary Sample Based 
Performance and Analysis 13.6. For more information and a full list of the 
tape samples individual cycle performance can be found in Appendix 11: 
Master File. 
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Closing Analysis 
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14 Discussion 

In the following chapter different topics such as the result of the tests, both 
related to tape samples and product design are further addressed. The ideas 
and limitations of the testing method that has been used are also addressed. 
Finally some recommendations based on the work that has been carried out, 
contributions and future work are also presented. 
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14.1 Addressed Problem Statements 

1. What knowledge must be acquired in order to be successful in non 
drill solutions with tape? 

 
2. Which is the best suited supplier and sample for IKEA to increase the 

credibility of tape solutions within bathroom environments? 
 

3. Is it possible to define some important factors to consider when 
designing for tape as non drill solutions? 

 
4. Can the authors of this report recommend double sided tape to be used 

as a non drill solution within IKEA in the future? 
 
A general understanding of how double-sided PSA tape works and behaves in 
different situations based on a number of variables is important. Furthermore, 
insight in how adhesive bonds are formed and identifying the possibilities as 
well as the limitations in PSA tape solutions. Finally, highlighting the 
essential aspects in product design and deliver said feedback in a compressed 
format. 
 
Defining the “best” suited supplier have been based on a number of criteria 
such as world-wide presence, transparency towards IKEA, innovation drive, 
pricing, product performance and more. Potential suppliers have been 
identified and narrowed down to a handful, all of which can be considered as 
valuable partners in the future.  
 
The importance of the product design is a central part of providing quality and 
reliable solutions to customers. These factors play a very important role in the 
performance of the non drill solutions and it is crucial that these are 
understood and made available to the key personnel, see Appendix 10: 
Designer’s Guide to Tape.    
 
Based on the current understanding of PSA tape, the tests that have been 
carried out, the result from the tests that have been analysed and insight in the 
potential areas of use within IKEA there is a substantial potential in using 
double sided tape as a non drill solution. 
 
  



144 
 

14.2 Result-based Discussion 

The chapters that follow will address some of the subjects that have been 
included in the analyses in the previous chapters 12 and 13. The discussion is 
based on the results from the tests, some of the have been addressed briefly 
but the link between the result and the impact it might have is now in focus. 
 
 
14.2.1 Rubber VS. Acrylic Adhesive - Products 

Based on the data from the results it is now possible to make a somewhat 
direct comparison to the literature that has been reviewed earlier in this report. 
Starting with the surface energies of different materials it is clear that the 
higher the surface energy the greater the chance of a successful adhesive bond 
between the adhesive and the material. 
 
Figure 85 below shows the performance of 10 tape samples (see Selective 
Analysis - Adhesives & Carriers chapter 12.2) in combination with different 
products. The data in the graph shows how many tests that passed phase 4 
divided by the total number of tests, i.e. the success rate is the same as in 
previous chapters and these can be seen as somewhat high demanding 
applications. 
 

 
 

Figure 85 – Adhesive’s performance in combination with different products  
 
At first glance the chart appears to bear no resemblance to the surface energy 
chart that was presented in the Surface Energy of Solids chapter 4.3. 
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However, the design of the product has played an important role in the 
performance of the tests. In theory the same hook made in different materials 
would show a different picture, i.e. steel and aluminium have the highest 
surface energy out of the current product materials. This would result in the 
highest likelihood of an intimate adhesive bond and thus maximising the 
overall performance. After all, the surface energy is only one prerequisite for 
a successful bond, not the one defining factor. Judging from figure 85 the best 
performing products are made either in ABS or coated with an epoxy-based 
powder coat, both MSE materials. 
 
Based on this information, the conclusion is that the majority of the tape 
samples tested did not experience any difficulties in wetting the surface on 
any of the products that were included in the tests, regardless of what surface 
energy they had. If a tape sample managed to wet an ABS or PET surface it 
was, by design, able to wet the aluminium and steel surface.  
 
The poor performance of Blecka and Bjärnum can to some extent be 
explained by their respective small amount of surface area. In the case of 
Losjön it is mainly due to the texturing on the surface that comes into contact 
with the PSA tape. The texturing prevents the tape from getting into close 
contact with the surface, i.e. only a small part of the area is used. 
 
If a tape sample would not be able to wet the surface the failure would occur 
relative early when subjected to a load. However, failures could also be due to 
factors such as a very poor performing carrier or the tape’s inability to resist 
water, heat, UV light etc. 
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14.2.2 Impact of Environment 

As with the substrates, there is a clear difference in performance based on the 
environment among the 10 selected samples. Also here the success rate is 
based on the number of samples that passed phase 4 in each environment 
divided by the total amount of samples that was subjected to each 
environment. 
 

 
 

Figure 86 –Adhesives performance in different environments 
 

As can be seen in figure 86, the different adhesives in the wet-zone 2 
performed better compared to the samples that were in wet-zone 1. While it 
can be seen as a clear drawback to have jets of water sprayed on the sample 
twice a day, even during the curing phase where the adhesive bond is formed 
its worth thinking about why that is.  
 
The first and perhaps most important thing to address is that regardless of 
environment the samples were applied on a dry substrate, i.e. no water was 
caught between the PSA tape and the substrate during the application. 
 
Then why do the samples in wet-zone 1 have a lower success rate? Is it 
because the water that is sprayed on the samples during the curing phase 
disrupts the curing process and forms a less intimate bond? It certainly could 
be, the thing to point out though is that the water that is sprayed is mixed with 
air and the chance of a water molecule finding its way in the very small 
spaces between the adhesive and the substrate is somewhat small. 
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That being said, a water molecule is only about 1.2 Å across and will fit inside 
the space of 5 Å or less that is the critical distance when forming adhesive 
bonds. The thing is that air bubbles can easily form when in direct contact 
with water and that would further prevent the water from coming into contact 
with the area between the adhesive and the substrate. 
 
A more plausible explanation would be that molecules in the vapour could 
enter this layer and could start to affect the substrate (corrosion etc) or simply 
fill the small spaces between the adhesive and substrate. Water molecules in 
the air generally have an easier time penetrating the adhesive layer and a 
warm, moist climate will in some cases prove a more hostile environment 
than a temporary shower (Casco Nobel, 1991). 
 
In the case addressed here it seems more likely that any interference between 
the adhesive layer and the substrate is mainly due to the higher degree of 
water molecules in the air. The samples closest to the source will be subjected 
to this more frequently compared to the ones in the wet-zone 2 environment 
which are some distance away from the source (shower nozzle). 
 
Up until this point we have only addressed the adhesive layer and its 
interference with the substrate, in this case the carrier of the PSA tape should 
also be addressed and discussed. Most of the carriers included in the test 
cycles had a closed cell structure which meant that they would be less 
susceptible to the impact of water and the likes. 
 
However, it is equally likely that the carrier could be affected by the direct 
contact with water or the higher degree of water molecules in the vapour and 
that it could be an additional reason for the higher success rate in wet-zone 2. 
As can be seen in figure 75 the success rate difference between the carriers is 
somewhat similar. 
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14.2.3 Failure Scenarios of Tape Samples  

The failure of a tape can provide valuable information about what went 
“wrong”. A tape sample that experienced many key failures could suffer from 
a bad carrier, or possibly a too thick carrier for this type of application. 
 
Likewise, a tape sample that suffers from many adhesive failures from the 
wall substrate could have problems to wet the surface. Below are two figures, 
figure 87 and 88) that show the failure types of two different tape samples. 
 

 
 

Figure 87 – Tape sample with a higher degree of foam tear 
 

The tape sample in figure 87 can be seen as an example of a tape that seems to 
have a poor performing carrier. The key failures recorded in this case are not 
the most common type of failure but are fairly high compared to other tape 
samples. A weak carrier can in some cases be seen as a part of a poorly 
balanced tape. The carrier can very well be suited for other types of 
applications but when subjected to these types of tests it shows that it might 
not be designed for this purpose. 
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Figure 88 – Tape sample with a high degree of adhesive failure from wall 
substrate 

 
The tape sample in figure 88 is an example of a tape that experienced a high 
number of adhesive failures from wall substrate. The interesting aspect in this 
particular case is that according to the supplier the failures they experienced 
in their lab tests were mainly foam tears. 
 
Whereas in the tests carried out on real products and substrates, the adhesive 
was the component that seemed to cause most of the failures. The difference 
between a very high surface energy test substrate and a common product 
really shows in the type of failure and the performance of the PSA tape.  
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14.2.4 Failure Scenarios of Products  

In the chapters that follow the different products that have been used are 
addressed, mainly with respect to their respective good or bad designs in the 
context of PSA tape applications.  
 
 
14.2.4.1 Losjön 

While different tape samples will experiences different failures the failure can 
also provide a lot of information about the product that is used. Below are a 
few graphs that show the different failure scenarios associated with different 
products.  
 
First out is Losjön, a product that did not perform very well compared to some 
of the other products, see figure 89. 
 

 
 

Figure 89 – Failure types in combination with Losjön 
 
Compared to the other products, Losjön experienced a higher amount of key 
failures than any of them combined. This is mainly due to the load case 
associated with Losjön where the actual load is placed high up meaning that 
any moment affecting the tape will only have a small area of tape to work 
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with. This means that when the moment builds up and the reaction force is 
distributed over a small area it tears. The tear is almost always recorded in the 
small zone which is subjected to a positive reaction force (pull) and the larger 
zone which is subjected to the negative reaction force (push, compression).  
 
In figure 90 below an example of how a foam tear of Losjön might look like 
is presented. As can be seen, the area that has been torn is still attached to the 
product and that is the area that was doing most of the work of the moment. 
The rest of the tape that has been torn off has mainly been compressed while 
the piece that is still left was stretched. 
 

 
 

 
Figure 90 – Foam tear on a Losjön product 

 
Losjön also have some additional problems. Apart from the fact that the load 
point is placed so high up on the product. Looking at figure 90 it is clear that 
the surface is not smooth, there are different types of symbols, text and 
undulations on it and this is referred to as texturing. 
 
All this texturing on the surface prohibits, to some degree, a close intimate 
bond between the tape and the surface. More to the point, if it is not forming a 
bond it leaves an area that is not used, an area that is most likely filled with 
air. These air pockets are places where a failure can start to propagate during 
load and cause a failure.  
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Furthermore, Losjön has an edge around the side, measuring at 1 mm. The 
edge could work in Losjön’s favour, but as it currently stands it does not.  
 
One of the problems experienced is where the tape is both compressed and 
stretched, most often in a load case where the load is centred higher up and 
this often causes key failures. The edge around the side would in theory stop 
the tape from compressing beyond a certain point and instead the product 
would “push” on the wall and while the strain would still be acting on the tape 
as a reaction force, the critical area between the compression and stretching 
would be reduced.  
 
The downside of the edge on Losjön is that it is too thick. The majority of the 
PSA tapes that were considered for this type of applications were usually no 
more than 1 or 1.2 mm thick. Any tape thicker than this would have problems 
managing the shear forces in either load case. The combination of a 1.1 mm 
thick tape and an edge of 1 mm meant that the tape could only compress about 
0.1 mm in total. While this deformation is very small it brings forth a big 
problem, the wetting of the substrates.  
 
Usually when the goal is to wet the surface, especially when the surface is 
textured, some level of compression is required in order to get the adhesive 
close enough (5 Å) to the substrate, see Work done by Adhesive Bonds 
chapter 4.5. In the case of Losjön, it could very well be that the edge could 
prohibit a proper bond between the adhesive layer of the tape and the 
substrate due to the small compression that is allowed.  
 
A solution would be to change the thickness of the edge to 0.5 – 0.8 mm, this 
would not drastically prohibit the wetting process, while at the same time it 
would prevent some of the unwanted compression during load. Also, 
removing some of the texturing on the product would further improve the 
performance of the product when used in combination with PSA tape. 
 
Overall, Losjön has some properties that make it less than ideal for PSA tape 
applications, that being said the things that work against it are relative easy to 
address in future applications. 
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14.2.4.2 Enudden 

Looking at another product, Enudden, it performed somewhat well overall in 
the tests, most likely due to its large surface area. Initially the epoxy based 
powder coat was an area of concern for some of the contacted suppliers, even 
though the coating is specified as a medium surface energy material, see 
Surface Energy of Solids chapter 4.3. 
 
It could very well be that different mixtures of coatings contain substances 
that could prohibit the bonding process and this is sometimes hard to control 
for. It should be mentioned that Enudden was the second best performing 
product that was included in the tests. Most tapes showed no apparent 
difficulties in forming fairly strong adhesive bond to the epoxy powder coated 
surface as can be seen in figure 91 below. 

 

 
 

Figure 91 – Failure types in combination with Enudden 
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Enudden did not experience a single foam tear even though the load was 
orientated somewhat high up, the reason is thought to be twofold; 
 

 The large amount of area was able to distribute the stress better 
compared to the Losjön case. 

 
 The backside of the product is not completely straight, the distance 

between product and substrate is more than 1.1 mm in some places 
meaning that no contact is formed between some areas of the product 
and substrate. 

 
The flatness of Enudden is its biggest disadvantage. Looking at figure 92 
below which has been taken through a piece of glass, we can see that the tape 
only manages to wet the outside area of the product, the area in the middle 
does not have any contact with the tape.  
 

 
 

 
Figure 92 – Insufficient wetting on Enudden 

 
In this case there is no problem with any sort of texturing on the surface, the 
surface is not flat and that is another, potentially larger problem compared to 
texturing. It could be argued that this is a problem that is somewhat more 
common among products with a larger surface area.  
 
As with the texturing on Losjön, the area containing air pockets is a place 
where the failure can start to propagate. Both texturing and non-flatness can 
be seen as relative large surface irregularities, see Surface Topography 
chapter 4.1. 
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14.2.4.3 Gnugga 

Gnugga was the best performing product of all the ones that were included in 
the tests. It is a testament to the importance of the shape and load point, the 
material used in Gnugga is ABS, the lowest surface energy material included 
in the tests. This meant that almost all the samples managed to form a fairly 
strong adhesive bond to the ABS surface as only 1 out of 64 failures were 
adhesive failure from product substrate, see figure 93 below. This also 
supports the fact that a flat, non textured surface is required to reach the 
optimal performance, the type of material matters less as long as it has a 
higher amount of available surface energy than the adhesive.  

 

 
 

Figure 93 – Failure types in combination with Gnugga 
 

There is not much to be said about Gnugga, it is a “good” hook. It is 
manufactured from a material that from a surface energy point of view would 
work well with PSA tapes. The load point has a good technical design with its 
load cantered and placed far down from on the back plate resulting in a 
minimal moment. 
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14.2.4.4 Bjärnum 

Bjärnum is one of the products with the smallest surface area and has a load 
point that can be placed very far from the wall substrate. It is made in 
aluminium and is one of the HSE material products that were included in the 
tests. Even so, the failures that were recorded in combination with this 
product are interesting, see figure 94 below. 

 

 
 

Figure 94 –Failure types in combination with Bjärnum 
 

First off, very few samples on Bjärnum passed all the tests. Bjärnum also 
experienced the most adhesive failures from product substrate. This was 
surprising at first as aluminium is a high surface energy material and should 
be easy to wet and form an intimate bond with.  
 
However, examining the surface of Bjärnum reveals that it is somewhat rough 
and while some theories support the fact that a rough area could be beneficial, 
the common way of forming a strong adhesive bond is to have a smooth 
surface, see With Respect to Surface Roughness chapter 4.5.1. Furthermore 
the roughening of the surface is linear in one direction, running lengthwise on 
the product. In theory it would be more beneficial to have the linear 
roughening to run perpendicular to the shear direction which is acting on the 
tape.  
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Figure 95 – Surface of Bjärnum 
 
Bjärnum is a good example of a hook where even a flat surface and a HSE 
material do not make a good design for PSA tape applications. The texturing 
on the surface most likely prevents the adhesive layer of the tape to come into 
close contact with all the area. Furthermore, the load point is placed very far 
away from the area where the tape is working, building a very high moment 
on a small area, see figure 95.  
 
Overall Bjärnum is not an optimal design, it is fairly small and its surface and 
load point is not well suited for PSA tape bonding. 
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14.2.4.5 Blecka 

Blecka is the product with the smallest available surface area of all the tested 
products, made in stainless steel. Stainless steel is like aluminium, a high 
surface energy material and the adhesives now have one of the best 
prerequisites for wetting the surface of the material. The failures of the tape 
samples tested in combination with Blecka can be seen below in figure 96.  

 

 
 

Figure 96 – Failure types in combination with Blecka 
 
While it is not the most successful product it is not the worst either. Looking 
at the number of samples that passed all the tests on Blecka it is the third best 
and that is not bad considering that it is got the smallest available surface area.  
 
Overall it is got a centric load point, far down and very close to the wall 
substrate. These types of hook designs would work fairly well as long as the 
target load is somewhat low.  
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14.2.5 Analysis of Product – Environment - Substrate 

All and all, the different environments and substrates have their respective 
impacts on the outcome of the tests. Based on the information in this and the 
previous chapters it is hopefully somewhat clear to the reader that the “best” 
possible combination would be a glass substrate in wet-zone 2 using a 
Gnugga hook. 
 
Building on the information from the previous chapter where different failure 
modes in combination with different products was addressed the performance 
of the combination Gnugga – wet-zone 2 – Glass should good, see figure 97 
below. 
 

 
 

Figure 97 – Failure mode for Gnugga hook, wet-zone 2 and glass substrate 
 

As figure 97 suggests, there are only 3 failures, with a total of 13 who passes. 
This supports the previous statements made on the results from the tests. For a 
full list of the failures see Appendix 14: Failures & Appendix 15: Compiled 
Results. 
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14.2.6 The Performance of PSA Rubber Tapes 

When reaching out with a request for samples such as the one that was used in 
this project, quite a few acrylic PSA tapes were expected, based on their 
reputation in these types of applications. While acrylic PSA tapes were 
dominant there were still some rubber adhesive tapes to be considered. For 
instance, out of the 16 tape samples subjected to the cycle tests, 4 of them 
were rubber PSA tapes. While the relationship between acrylic and rubber 
PSA tapes among the grand total of submitted samples were in favour of the 
acrylics, the number of rubber adhesive tapes were more than expected, and 
more to the point, performed better than expected. 
 
The suppliers who submitted rubber based PSA tapes most likely knew that 
they would perform well even though acrylic based PSA tapes are commonly 
used in these types of demanding circumstances. The main reason is thought 
to be that the rubber based PSA tapes that were submitted were well proven 
and the suppliers knew the specifications well and could draw the conclusion 
that this type of rubber based PSA tape would work well. 
 
Other suppliers that either did not focus on the specifications or were unsure 
of their own product range submitted the type of PSA tape that they thought 
best suited for the task. This can be seen as pure speculations but was further 
developed during communication with different suppliers that were not too 
confident in their own products which also showed later on in the tests.  
 
As seen in the results chapter, both rubber and acrylic based adhesives can be 
seen as prominent options when considering these types of applications. They 
do show some differences in different areas but generally perform fairly even 
in most categories. The area where acrylic adhesives do prove to be 
considerably better is in the chemical resistance category. Overall the 
performance of the rubber based PSA tapes was positively surprising but not 
unexplainable as much of their properties can be explained in the Cross-
Linking chapter 5. 
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14.3 Testing Method 

The test method in this project was developed in such way that it could be 
used in the future and also has the possibility of testing other products. All 
should be operated by personnel at the IKEA TestLab. 
 
 
14.3.1 Equipment and Planning 

There were mainly two limiting factors for this project; the amount of 
available space inside the testing facility and time. There had been tests made 
on tape samples earlier but on a smaller scale. Due to the fact that this project 
should evaluate a greater number of tape samples in a short time, the limited 
space inside the shower container along with the current testing method was 
of great concern.  
 
As mentioned in Concept Generation – Test Rig chapter 10, the solution was 
to put a frame inside the current shower container with modules mimicking a 
wall. This solution increased available space inside the shower container 
which solved the problem to some extent. Even though the new testing 
method had more available space the maximum amount of samples that could 
be tested inside the shower was 30. This meant that only 3 different tape 
samples could be tested at the same time which was a limitation since the 
scope of the project included a lot of tests.  
 
As stated earlier, time was a limitation. The reason being that with the new 
test method each test cycle would run for less than 2 weeks. If one then 
consider that the project scope was 20 weeks it quickly becomes clear that a 
maximum of 10 cycles would be possible to perform. Note that this was in 
theory. In reality there were no tape samples delivered from suppliers until 
week 11, which meant a total of 9 weeks of testing, see Test Cycles chapter 
11.4. Connecting this back to the time aspect, there had to be a selection 
process of which tape that should be tested or not. 
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Even though the new test method was versatile, one weakness was the 
limitation of testing for long term bonding. A requirement for the project was 
to find a tape sample that would manage 4 kg of load over a period of 2.5 
years, see Appendix 5: Supplier Document. But how can a test that only span 
for less than two weeks then say if a tape would last 2.5 years? The simple 
answer is that it cannot and this is a limitation with this approach and testing 
method.   
 
Finally as one can see in Test Phases chapter 11.4.1, tests for comparing the 
chemical resistance of the tested tape samples were conducted. The method 
only included two different chemicals that were considered common in 
bathroom environments. However, there are of course multiple other options 
on the market and these have not been tested. With this being said, the scope 
of the project was not to assess the chemical resistance of PSA tapes, but as it 
is a potential important aspect from a user point of view it has been addressed 
to some extent.  
 
 
14.3.2 Preparation 

In order to being able to draw conclusions from tests, consistency is of great 
importance. Either when preparing or applying the test samples, all variables 
needs to stay the same in order to receive the same prerequisites. Therefore, 
all products and substrates were cleaned in the same manner before applying 
the tape. This should in theory prevent surface impurities which could lead to 
inconsistency. 
The procedure can be seen in figure 99 below. 
 

 
 

Figure 99 – Preparation before testing 
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To create the same prerequisites as mentioned earlier a decision was made 
that the same person should do the same process during all tests carried out in 
this project. This meant that the same person should always do the cleaning 
procedure, cutting of tape samples or applying tape samples to the surface 
substrates. The most significant limitation with this approach is that no human 
can control itself in such way similar to replicate a "machine". This means 
that the force that was used when applying samples or cutting out the shape 
for each tape sample could vary and influence the result.  
 
 
14.3.3 Cleaning 

In Surface Cleaning chapter 4.4.2, it is clear that soap and water would be 
sufficient for cleaning but during this project all cleaning preparation was 
done by using isopropanol and a micro fibre cloth. It could be argued that 
since isopropanol probably will not be used in very many customer 
applications. However this ties back to the reproducibility of the tests and in 
order to create an accurate base of comparison the preparation has to be the 
same. Future work will most likely include tests that are not prepared to any 
extent, instead these would be focused on assessing the PSA tape performance 
on less than ideally prepared surfaces.  
 
 
14.3.4 Removal 

One aspect that the test method has not addressed is the removal of tapes. 
Even though the focus and scope of this project was to find a tape that would 
manage conditions inside a bathroom (i.e. stick to the substrate), the customer 
might have the wish to remove a tape in the future. The current test method 
only considers the load capacity with respect to different environments and 
substrates but one could argue that a valid aspect would be to also investigate 
the removal stage of the tape samples. This, along with the cleaning 
procedures, would most likely be included in future tests as it is currently not 
addressed to a great extent. 
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14.4 Sample Data - Challenges 

During the process of sending out requests of tape samples to the different 
suppliers there was also a request for sample specific data (Material Data 
Sheets - MDS), see Appendix 5: Supplier Document. These would be used in 
order to determine how the tape samples would perform when subjected 
certain standardised tests. This was the original approach which can be seen in 
Sample Selection Process chapter 11.7. In theory this was a good approach, 
however it turned out to be many different testing methods depending on 
which company or tape organisation the MSD was received from. Each 
method was often modified and variables such as velocity would have a major 
impact on the overall result of that test. Depending on if a shear test was 
carried out at 100 mm/min or 300 mm/min the outcome would be very 
different. The sample with the high pull rate would display much higher shear 
resistance and any sort of comparison between the two was thus impossible. 
  
This meant that even though the different testing methods in the tape industry, 
see PSA Tape – Main Properties chapter 3, were standardised they could be 
modified which made those numbers even harder to draw conclusions from. 
Furthermore the number of different standards makes any sort of comparison 
very difficult. Even if followed, the amount of different standards in existence 
would not facilitate a good comparison. 
 
An attempt of doing this was however made and can be seen in Appendix 7: 
Specific Sample Data. All the data in that chapter was normalised and even so 
the tests were deemed to different to be compared directly. Instead the 
deciding factors of what samples to include in the cycles were more often 
based on types of adhesives and carriers along with the performance of the 
additional tests, see Appendix 12: Additional Tests. This can to some extent 
be seen as a limiting factor in terms of sample selection but even if explicitly 
required the data from these types of tests would only provide a rough idea of 
how that tape sample would perform in a realistic environment. 
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14.5 Recommendations 

Below is a short list of recommendations as suggested by the authors of this 
report. 
 
Design 
 

 Continue to test and work towards finding suitable designs that work 
well with double sided tape applications. Critical parameters such as 
material, surface area, shape, finish, load case and more are all vital 
for the success of any non drill solution 

 
Tape 
 

 Identify and source a double sided tape that manages wet-zone 1 
environments well 
 

 Depending on the availability, price and requirements, identify and 
source an additional double sided tape that manages wet-zone 2 
environments well 

 
Supplier 
 

 In relation to identifying a tape sample that performs well in either 
environment, identify a supplier that shares IKEA’s values and is 
willing to work on future development projects 

 
Competence 
 

 Maintain and further develop the current level of competence that 
IKEA Components need in order to develop future successful non drill 
solutions and similar applications  
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14.6 Contributions 

The tests that have been carried out in the project at IKEA Components have 
included a supplier mapping and the inquiry of suitable PSA tape samples to 
be sent for testing. A survey of this magnitude that include suppliers across 
the world and do not distinguish between big or small, producer or converter 
and perform tests based on real life applications in realistic environments are 
all but unprecedented in modern science. Furthermore, the tests have been 
evaluated based on both conventional and new literature in order to further 
cement the understanding of the tape industry and its products. 
 
The outcomes of the tests are analysed and compiled in order to find PSA tape 
samples that perform according to the desired standard. In addition, the 
findings made in the tests have been used to draw conclusion on suitable 
design aspects when it was clear that the design of the product played a very 
important role in the overall performance of a non drill solution. This 
information was compiled and compress and distributed to the internal 
designers and engineers in order to build the best possible foundation for non 
drill solutions using double sided PSA tape.  
 
As the subject of PSA tape can be difficult to grasp for the average person, the 
aim of the report is also to adopt a popular-science-approach where the reader 
does not require any previous knowledge in the area in order to grasp the 
essential information. This way the knowledge is made somewhat 
understandable for a great many although there are other (rare) sources where 
the subject is addressed somewhat clearly as well.   
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14.7 Future Work 

Future work would include the continuation of the supplier evaluation process 
where the five suppliers that are currently considered are narrowed down until 
one final supplier remains. The supplier’s products should also be evaluated 
with additional constraints and variables to accurately determine its exact 
limitations and limits.  
 
At this stage the start-up should be fairly quick, assuming the previous stages 
in the process have been executed accordingly, and the implementation of a 
new double-sided PSA tape can be introduced to the product range. In relation 
to this, the new knowledge should be used to strengthen current solutions but 
also to develop new and flexible ones that have the potential to exist on a 
scale that is non-existing today.  
 
This type of non drill solutions could also be expanded upon, spreading to 
other areas where they would bring value to the customers. As the market is 
ever changing other types of solutions should also be considered, easy 
removal PSA tapes that are high performing but still economical.  
 
Armed with new business partners and newfound information the future is 
very promising for this particular type of non drill solutions. As this type of 
solutions are still relative new to the market and it is by no means saturated 
quite a lot remains to be done and that is a glorious future! 
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Appendix 1: Method Description 

ABCD-model 
 
The ABCD-model consists of four steps that envision a sustainable future and 
using back casting with different actions to achieve the vision. The model 
helps to highlight key areas that is unsustainable and must be considered to 
become sustainable in the future (The Natural Step [1], 2014). 
 
This is a great tool that considers sustainability in a project and where other 
tools might miss this aspect this tool will not, but if this tool should be used 
correctly it is very time consuming. It is also hard to find all the in data that is 
required to get a good result from the tool, this is the tool’s cons. The ABCD-
model was used in this project to highlight areas that might be unsustainable 
with in the area of pressure sensitive adhesives. 
 
 
CAD 
 
Computer Aided Design (CAD) can be described as a tool that can be used in 
the creation of virtual models and is often use in modern engineering 
applications. “Computer aided design involves any type of design activity, 
which makes use of the computer to develop, analyse or modify an 
engineering design” (Narayan et al, 2008). 
 
The pros of using CAD are that the user will be able to design a model before 
an expensive prototype has to be manufactured. CAD can also be used to 
mediate an idea or a concept. The limitations can be found when designing 
complex models. It is then easy to miss a detail that in reality will not work. 
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Competitor Analysis 
 
Competitor analyses are often conducted in order to scan the market for any 
potential threats and can also be used as a benchmark when comparing 
different solutions (Bergen & Peteraf, 2002). 
 
The pros with this method/tool is that the user scans the market for products 
that are similar to the user’s own product and can then perform similar tests 
on competitors products and see if those products should be considered as 
threats on the market or not. Limitations can be to find products on the market 
that is similar and also to perform tests on those products. If the user’s 
company are international it can be different competitors depending on the 
geographical location. This method can be and are in most cases time 
consuming if a good result is wanted. 
 
 
FEM-Analysis 
 
The Finite Element Method (FEM) is a numerical method that aims to provide 
an approximated solution dependant on the field variables that have been used 
by solving differential equations. This is often done by dividing the model in 
smaller parts, often called “elements” and these are in turn subjected to 
different constrains. Common areas of interest are stress distribution or 
displacement as a result of an applied load or gravity (Liu & Quek, 2013). 
 
FEM is a useful tool, to use the computers strength of calculating complex 
problems and locate the models weaknesses. This was used to simulate the 
PSA tape applied with load to see how the tape reacted to load. The limitation 
of this tool is accuracy, it is often hard to perform hand calculations and then 
receive the same answer in the computer. 
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Gantt-schedule 
 
The Gantt-chart is a planning tool often used in project management. The tool 
gives a clear overview on the processes in the project, when they should be 
carried out and for how long (Gantt, 2014). 
 
This tool is a great planning tool to use in any kind of project basically. It 
gives a clear overview of the project if carried out correct. The limitations 
would be the same as for other planning tools, if not updated regularly the tool 
will lose its strength. It is useful to update the Gantt-schedule every week and 
start with a rough plan and then include more details along with time in the 
project. 
 
 
KJ-method 
 
KJ-method after the inventor Jiro Kawakita is a brainstorming method with 
the purpose to compile all information from a session into smaller groups that 
is easier to manage. The KJ-method can also be referred to as affinity diagram 
(Leanyourcompany, 2014). 
 
This method was used in this project when all the raw data were compiled in 
charts, tables and graphs. The pros from using this method are that a lot of 
data can be compiled in to smaller groups that are easier to manage. It can be 
hard to see which smaller groups all data should be compiled in to and that is 
the Con of this method. If these groups are not easy to find it can be very time 
consuming. 
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Polya´s Problem Solving Method 
 
Polya’s Four Phases was frequently used in a number of processes and stages 
to overcome problems in a structured and precise manner. With the structure 
from the four phases the method will guide to understand the problem, make a 
plan to solve it, carry out the plan and evaluate the process to solve the 
problem (Polya, 1957). 
 
This method is very useful in almost all kind of projects and that is where the 
pros can be found. The method is vide and very general and this is also a 
limitation when using this method. One can use the four phases as a big 
overview and then this has to be zoomed in and applied on a specific problem. 
So the user needs to zoom in and out to get a good use out of the method. 
Same as with Ulrich & Eppinger’s Product Design and Development method 
supporting tools/methods are needed for specific situations. 
 
 
Pugh-Matrix 
 
Pugh matrix is often used by engineers in order to evaluate design concepts 
relative each other as well as a reference (often current) design. This is also 
known as the decision-matrix method (Ulrich & Eppinger, 2012).  
 
The benefits from using this method/tool is that the user will in a structured 
manner compare and evaluate i.e. two or more concepts/products with respect 
to the criteria that the user sets. The criteria are also the limitations of this 
tool, since the user will come up with the criteria by him/her self. This makes 
it important that the criteria are relevant so the best concept in the end comes 
out as a winner from the tool. It also includes a weighting that the user 
decides and this must be relevant as well. The result from a Pugh-matrix 
should not be that the winner was discarded and the second best solution won. 
If this is the case the weighting or the criteria must be changed. 
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Snowball Sampling 
 
Snowball sampling is a method used mainly in sociological research studies 
when people share information or know of someone else that possesses 
information that is well suited for the case study (Biernacki et. al. 1981). The 
method can be applied in other situations as well and during this project it was 
used for finding different tape suppliers around the world. Started with one 
supplier and found competitors to that one, found new competitors to them 
and the snowball moves on. 
 
This tool was useful when no specific key word to search for existed. When 
then a key word was found this lead to knowledge increase around the subject 
and after a while also a wanted result. That was the pros of the method and the 
limitations of the method is that it can be very time consuming depending on 
the subject and if the user has some “luck” with the search and there are the 
cons. The method is time consuming and will not always give a result that can 
be used. 
 
 
Supplier Mapping 
 
A supplier mapping shares some similarities with a competitor analysis in the 
sense that it requires a systematically survey of a specific market where key 
players and stakeholders are identified. In relation to this, all the relevant 
stakeholders should be evaluated, not as competitors, but as more or less 
suited for a specific task with regard to market presence, technology, industry 
standards, environmental objectives, capacity etc (Bergen & Peteraf, 2002). 
 
This is a good method to create an overview of suppliers related to the 
specific subject. In this case the result from it was a data base of suppliers of 
double sided pressure sensitive adhesive tape that could be useful in the 
future. It can also create a list of contacts to each supplier and the result is 
therefore a big network of contacts. The limitations are that the result from 
this is depending on the research carried out to find suppliers and will in that 
case miss suppliers that were not found in the previous stage.  
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Ulrich & Eppinger – Product Design and Development 
 
Ulrich & Eppinger’s Product Design and Development was used as the 
guiding method throughout the project. While it is well suited for a variety of 
processes and tasks it can also be customised to fit various scenarios. The 
development process includes five phases, from concept development to 
production ramp-up with respect to resources needed in respective phase. It 
also describes what the focus should be in each phase (Ulrich & Eppinger, 
2012). 
 
The pros of using this product and development method are that it gives a 
good structure to this kind of projects. All though the limitations and the cons 
are that extra tools or methods must be used since the method in itself only 
provides a basic structure to lean back on. 
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Appendix 2: Bathroom Environment 

Dimensions inside the bathroom environment 
 
Each wall in the bathroom has a specified name as can be seen in figure A1 
below. On wall 1 & 2 there are five different types of tiles with different types 
of roughness and in this project the white tile at the top of wall 1 will be used. 
Aluminium profiles as been mounted on wall 2 & 3 to prevent the walls being 
damaged from drilling holes. 
 

 
 

Figure A1 – Overview of the bathroom environment with dimensions 
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Details of the bathroom environment 
 
A weather strip is mounted around the door in wall 4 to prevent moisture from 
the shower to come out where it is not supposed to. The shower is mounted on 
aluminium profiles over a plastic container to ensure the water flows out in 
the drain. The container also creates an area where it will be a higher level of 
moisture than in the rest of the room, see figure A2 below. 
 

 
 

Figure A2 – Testing environment with dimensions 
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Appendix 3: Test Rig Drawing 
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Appendix 4: Humidity Graphs 
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Appendix 5: Supplier Document 
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Appendix 6: IOS_MAT_0010 
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Appendix 7: Specific Sample Data 
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Appendix 8: Supplier Data Sheets 
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Appendix 9: Interface 
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Appendix 10: Designer’s Guide to Tape 
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Appendix 11: Master File 
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Appendix 12: Additional Tests 
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Appendix 13: Competitor Analysis 
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Appendix 14: Failures 
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Appendix 15: Compiled Results 
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Failure Scenarios 
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Sample Based Failure Scenarios 
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Appendix 16: Sample Based Performance 
Graphs 
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Appendix 17: Product Load Case 

Below is a chapter that addresses the different products that have been used in 
the tests. Each of these products have a different surface area, load joint, lever 
arm, material. Some of these will be addressed along with a load case, by the 
help of FEM software as well as the real life response.  
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Losjön 
 

 
 

Figure A4 – Losjön product 
 

Material: Polyethylene teraphthalate (PET) 
Measurements: Diameter – 62 mm, Length – 50 mm  
Available surface area: 3000 mm2 

Load joint: Approximately 25 mm from the join (horizontal direction) and 
centre of the tape (vertically) 
 

 
 

Figure A5 – Losjön during load 
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Enudden 
 

 
 

Figure A6 – Enudden product 
 
Material: Steel coated with an epoxy and polyester powder coat 
Measurements: Length – 142 mm, Width – 36 mm & Height – 50mm  
Available surface area: 6840 mm2 

Load joint: Approximately 20 mm from the joint (horizontal direction) and 
centre of the tape (vertically) 
 

 
 

Figure A7 – Enudden during load 
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Blecka 
 

 
 

Figure A8 – Blecka product 
 

Material: Stainless steel  
Measurements: Length – 171 mm, Width – 28 mm & Height – 48 mm  
Available surface area: 1560 mm2 

Load joint: Approximately 17 mm from the joint (horizontal direction) and 
bottom of the tape (vertically) 
 

 
 

Figure A9 – Blecka during load
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Gnugga 
 

 
 

Figure A12 – Gnugga product 
 
Material: Acrylonitrile butadiene styrene (ABS). 
Measurements: Length – 100 mm, Width – 60 mm & Height – 30 mm  
Available surface area: 5530 mm2 

Load joint: Approximately 17 mm from the joint (horizontal direction) and 
bottom of the tape (vertically) 
 

 
 

Figure A13 – Gnugga during load 
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Bjärnum 
 

 
 

Figure A10 – Bjärnum produt 
 

Material: Aluminium 
Measurements: Length – 75 mm, Width – 25 mm & Height – 10 mm 
Available surface area: 1764 mm2 

Load joint: Approximately 25 mm from the joint (horizontal direction) and 
bottom of the tape (vertically) 
 

 
 

Figure A11 – Bjärnum during load 
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FEM 
 
All products have been modelled using CAD (Computer Aided Design) 
software (both Autodesk Inventor and SolidWorks) however only Bjärnum is 
simulated in FEM to give an example. The 3D model was imported into an 
assembly along with a tile and a piece of tape. The 3D part was assembled 
using a variety of constrains and later imported into Autodesk Simulation 
Multiphysics. 
 

  
 

Figure A14 – Meshed Bjärnum hook 
 
In this software, a static linear stress analysis was performed on the imported 
assembly. The three different parts in the assembly (tile, hook and tape) were 
all treated individually in order to replicate the real life scenario.  
 
The first thing that was created was a mesh, using solid, 3D brick elements on 
all parts. After this, each part was assigned its own material properties. The 
tile was treated in such a way that it can be seen as complete solid and non 
deformable material. As this is not a part of major interest it should not 
interfere with the other parts and is only here as a visual placeholder. 
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The hook was also treated as a solid and was given material properties that 
somewhat accurately represent its real-life properties.  
 

 
 

Figure A15 – FEM-tree and the settings used 
 
The tape on the other hand is the interesting part of the analysis and as the 
majority of the tapes that have been tested have PE based foam carriers, a low 
density PE-plastic was chosen in the software.  
 
This material had a similar density to the ones that have been tested and is in 
relation to the other parts (tile and product) much less stiff due to its much 
lower module of elasticity. While a foam can be seen as an elastic (albeit, soft 
material) the adhesive layer of the tape is as stated prior, viscoelastic. 
However, as the adhesive layer only makes up roughly 10% of the total tape 
thickness the majority of the tape properties can be described using the carrier 
properties when it comes to deformation of the tape during load.  
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Once the material properties are in place the boundary conditions have to be 
assigned. The tile is fixed in all directions with regards to translation and 
rotation. The product and tape receives no further boundary conditions as that 
could interfere with the real life representation. Note that the product could be 
fixed from translation and rotation in some directions depending on your 
orientation but should not be necessary assuming that the force is applied in a 
correct way. 
 
The force was applied on the product surface in such a way that it represented 
the real life tests that were carried out.  
 
The analysis then shows the maximum displacement from the side in mm. It 
is important to note that the product has “merged” with the tile and this is 
because it is sometimes hard to see the illustrations in the displacement 
scenarios and as such the software tends to exaggerate to make it at least 
visible.  
 

 
 

Figure A16 - Illustration of hook and tape deformation (displacement) 
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As the product’s final displacement is of little to no interest lets shift the focus 
towards the deformation of the tape. This is, while still exaggerated, 
interesting to note that this is the same behaviour as have been noted in the 
tests conducted during this project. The top part of the tape is stretched while 
the bottom part is heavily compressed, together forming an angle where the 
product seems to tilt relative the substrate as one can see in figure A5, A7, 
A9, A11 & A13.  
 
Examining the reaction forces of the model instead of the displacement it 
becomes clear that the residual forces applied by the load mainly affects the 
tape, the weakest material in the model assembly.  
 

 
 

Figure A17 – Tape displacement as a result of applied load 
 
 


