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Abstract 
This master thesis in physics mainly treats Auger spectroscopy of interfaces that has been 

adhesively bond together with so called controlled delaminating materials (CDM). CDM is a new 
technology which involves adhesives with the distinctive property that they by the appliance of 
electricity can be released from a substrate. The reason for using Auger spectroscopy was that it 
gives a surface sensitive view of the chemical composition of the samples examined and this was 
believed to give hints of the mechanisms behind loss of adhesion. The samples were so called 
laminates which is an aluminium foil, CDM adhesive, aluminium foil structure. As expected 
Auger spectroscopy produced some promising results, especially regarding the breakdown of a 
certain anion contained into the examined CDM adhesive. This awoke new questions regarding 
how this anion was decomposed and the idea that it could be due to hydrolysis took form. The 
by far most important result within this work is that the anion breaks down. This could lead to 
the formation of hydrofluoric acid if this breakdown in fact is due to hydrolysis and the 
hydrofluoric acid could then react with the aluminium causing loss of adhesion. This could be the 
good starting point of a continuing work on CDM. 

 
Sammanfattning 

I denna fysikuppsats behandlas framför allt Auger spektroskopi på gränssnitt som varit adhesivt 
sammanfogade med så kallade controlled delaminating materials (CDM). CDM är en ny teknologi 
som innefattar limmer med den utmärkande egenskapen att man genom applicerandet av 
elektricitet kan få dem att släppa från sitt underlag. Auger spektroskopi användes för att detta ger 
en ytkänslig bild av den kemiska sammansättningen på de undersökta proverna och detta skulle 
då kunna ge ledtrådar till vilken mekanism som ligger bakom adhesionssläpp. Proverna bestod av 
så kallade laminat vilka är en aluminiumfolie, CDM lim, aluminiumfolie struktur. Då Auger 
spektroskopin genomförts framkom mycket riktigt en del lovande resultat. Speciellt angående 
nedbrytningen av en anjon som ingår i det undersökta CDM limmet. Detta ledde till att nya 
frågor uppstod angående hur dessa anjoner bröts ned och bland annat dök tanken upp att det 
kunde vara genom hydrolys. Det absolut viktigaste resultatet i arbetet är påvisandet att anjonen 
bryts ned. Om detta verkligen sker via hydrolys skulle fluorsyra kunna bildas som i sin tur 
reagerar med aluminiumet och ger upphov till adhesionssläpp. Detta kunde vara en bra 
utgångspunkt på ett fortsatt arbete om CDM. 
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1 Introduction 
Clichés like: “let us turn this failure into success” or perhaps: “we shall try to make something 

good come out of this bad experience” are very often heard and they sound good. To learn from 
mistakes and improve from them is a great human ability. Even better is when we take a known 
phenomenon which causes some kind of problem and turn things over to gain benefit from it. 
Why fight against something if we can smoothly flow with it? It is therefore a pleasure to present 
this master thesis on the subject controlled delaminating materials (CDM) which is a new 
technology which includes adhesives that can bond strongly to a substrate, only to fail in 
adhesion by the simple appliance of a small electrical current. Loss of adhesion is an undesirable 
event when it comes to for instance organic coatings for corrosion protection like paint on a car 
or perhaps the degradation of a lithium ion battery due to the detachment of the electrodes from 
its solid electrolyte. CDM on the other hand takes advantage of this phenomenon and turn it into 
something good. It goes with the flow! The key is that the detachment from the substrate can be 
achieved exactly at the instant we want it to. Before that instant the CDM provides a reliable and 
strong adhesive force to the substrate it is applied to. 

In this era of recycling and environmental friendliness it is not hard to think of applications for 
CDM. Being able to easily separate mixed materials into their ingoing components makes them 
so much easier to recycle and the impact on our earth will be reduced. Another great advantage 
with CDM, related to environmental friendliness, is the reduction and enhancement of 
packaging; this is where Stora Enso enters the scene. This work is done in cooperation with Stora 
Enso. They see the need to reduce packaging by using CDM adhesives to hold things together in 
the logistic chain. Let us take the example of aluminium drink cans. Today the cans are packed in 
clusters of 24, they are placed in a brick made of paper board and surrounded by plastic 
wrapping. Now, if we would use a CDM adhesive instead, we could get rid of both the brick and 
the wrapping. In fact the only thing we would need is a small drop of CDM glue between each 
can. These drops would then fixate the cans towards each other which would protect them good 
during transport. Once in the store, the 24 cans are placed on the shelf where they finally are 
released from each other by an approximately 5 second appliance of a few milli-amperes. This 
was merely an example and it is not hard to find others, almost everything that we buy from a 
store have been enclosed in excess packaging in addition to the ordinary packaging which 
contains the actual product. Stora Enso wants to get rid of this excess packaging! 

So, we have an adhesive with the described properties but what are the mechanisms that cause 
detachment from the substrate? The answer is that we do not know. The work presented within 
this master thesis intends to investigate and perhaps illuminate some probable causes. It is likely 
that it could be due to metal breakdown similar to corrosion. One thing about delaminating that 
is known is that it takes place in the interface between the CDM adhesive and the substrate. It is 
therefore likely, together with the fact that loss of adhesion is very quick once the power is 
switched on, that the electrochemical reactions take place in a very narrow vicinity of the 
delaminating interface. This makes the method Auger electron spectroscopy (AES) very useful 
for finding residues of some mechanism reactants on the surfaces that used to be attached. The 
method which basically gives us information about chemical composition is namely extremely 
surface sensitive. AES is the primary tool of investigation used in this work. The AES 
measurements will be performed on a particular CDM epoxy laminate where the substrate is 
aluminium. Therefore the next section will treat some epoxy related theory. The section will also 
dig deeper into the subject of CDM and a hypothesis of the mechanisms of detachment is 
presented. 
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2 Background 

2.1 Epoxy Adhesives 
An epoxy polymer is defined as a molecule with more than one epoxy group that can be cured 

to a useable plastic [1]. An epoxy group is shown in Figure 2-1. The actual epoxy resin is easily 
synthesized from simple chemicals like epichlorohydrin and bisphenol-A. An example is 
displayed in Figure 2-1. 

 

 
 

This particular epoxy is called Diglycidyle-ether Bisphenol A, (DGEBA). Inside the ellipse is a 
group that can occur, as the n indicates, in various numbers. Here n=0, 1, 2, 3… This uncured 
epoxy can be cured if mixed with some sort of hardener of which amine will be mentioned here, 
this is namely the hardener used into ElectRelease™ which is the substance primarily examined 
in this work. Amines are related to ammoniac, NH3. Anyway, when mixing the epoxy resin with 
the amine hardener the two following reactions take place: 
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This amine then continues to react with a second epoxy group.

 
Reaction 2-1.        Amine curing of an epoxy. As can be seen, one amine reacts with two epoxy groups. 
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Figure 2-1.      An epoxy group attached 
to an organic compound R is shown inside 
the rectangle whereas the big molecule shows 
an uncured epoxy resin, namely DGEBA 
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Now, since the epoxy resin (DGEBA) contains two epoxy groups per molecule it is 

understandable that Reaction 2-1 also needs to take place at the other epoxy group for the 
complex to fully cure. Curing like this thus forms a cross linked epoxy amine resin which in a way 
can be seen as one, or perhaps clusters of several, macromolecule. This effect is only added by 
the fact that diamines, i.e. two nitrogen groups per molecule, are commonly used as hardener. 
The reaction between the curing agent and the epoxy resin is an irreversible and exothermal 
reaction. 

That about the formation of the epoxy matrix, but how does the epoxy bind to the surface of 
the substrate onto which it is applied? The answer is that the diamines allow the metal oxide of 
the substrate to be partly dissolved which thus allows metallic ions to diffuse into the diamine 
epoxy phase and react with the amino groups of the diamine curing agent [2]. The reaction forms 
crystalline complexes that are organized in direction like sharp needles parallel to the metallic 
surface. These needle-like crystals act as fibres in the organic surroundings and add mechanical 
strength to the interface. For a glued joint the crystal fibres influence the entire joint since the 
thickness of the described interface is of the order 200-600μm [2]. 
 

2.2 Controlled Delaminating Materials 
Controlled delaminating materials (CDM) offer a new and unique opportunity to separate 

strong glued joints without using hazardous chemicals or brutal force. CDM is a technology 
which consists of an adhesive which conducts ions as result of adding an appropriate salt. In this 
sense a CDM adhesive is an electrolyte. If we allow this electrolyte to cure on two separated 
conducting surfaces the two pieces will be held together with a strong adhesive force. If, for 
some reason, we now want to separate the two pieces all we need to do is to apply a potential 
difference between them thus allowing an ion current to flow through the joint. The joint will be 
considerably weakened by this and disassembling of the pieces becomes easy. 

  
ElectRelease™ from EIC laboratories Inc. 

Epoxy adhesives with the property that the bond strength can be significantly weakened by 
applying electricity were originally developed by EIC laboratories Inc. for the US Air Force. The 
name of their product is ElectRelease™. The intent was to supply a reliable bonding system that 
could temporarily attach monitoring instruments to supersonic aircrafts without damaging the 
plane at the point of removal [3]. 

The principle of controlled disbonding with ElectRelease™ is shown in Figure 2-2. 
 

 
Figure 2-2. Figure that shows the behavior of an 
ElectRelease™ joint during controlled disbonding [3] 
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When the voltage, typically in the range 10-50V, is applied, negatively charged ions move towards 
the positive metal substrate. The current into the closed circuit starts at about 5mA/cm2 and 
drops to approximately 1mA/cm2 [4]. The time for this is between 1s-20minutes depending on 
voltage. Both metal substrates can be seen as electrodes electrochemically speaking and by 
definition; the positive substrate is the anode since an oxidation takes place there. This oxidation 
could for instance be the ionization of aluminium but this is yet not known. Anyway, once the 
negative ions have been allowed to be transported through the joint they will be concentrated at 
the adhesive-anode interface (of course there are also positive ions into ElectRelease™ that are 
being transported to the cathode). At this interface some electrochemical reactions takes place 
that leads to the significant weakening of the adhesive strength. Some residual bond strength is 
left but can be overcome easily by finger force as long as the glue does not cover a surface that is 
to large, meaning about 12 times 12 centimetres [3]. 

Now, let us have a look at the ingredients into ElectRelease™ model E4. The actual epoxy is 
made from bisphenol A and epichlorohydrin; remember from the previous section that these two 
substances are the building blocks of DGEBA. The curing agent is a mixture of 
tetraethylenepentamine, tetraethylenetetramine and polyethylene-polyamine mix with a little 
DGEBA in it. In other words it is amine cured. So far this is a normal mixture for an ordinary 
epoxy. But now we come to the ingredients that make ElectRelease™ exhibit its special 
properties. Both the epoxy and the curing agent contains poly ethylene glycol, a trade secret 
(dimethicone surfactant) and another trade secret (salts). The so far presented ingredients have 
been presented from the ElectRelease™ material safety data sheet [5]. 

The trade secrets contained into ElectRelease™ called for an analysis and thus this was 
performed at Stora Enso [6]. Table 2-1 presents the analyze values of the ingoing elements and 
ions contained into the epoxy resin and the curing agent. The analysis was performed by the 
method ion chromatography and inductively coupled plasma technology. 
 

Element/Ion Part A (resin) 
Percent by mass 

Part B (curing agent) 
Percent by mass 

Fluorine F- 5,8 4,1 

Chlorine Cl- 0,08 0,05 

Bromine Br- 0,2* 0,06* 

Phosphorus P 1,8 1,5 

Silicon Si 2,3 2,1 

Aluminium, Al 0,05 0,05 

Calcium Ca 0,05 0,06 

Iron Fe 0,002 0,002 

Magnesium Mg 0,008 0,01 

Sodium Na 0,14 0,15 

Zink Zn 0,0006 0,0007 
Table 2-1. Table that shows mass percentage of the various 
elements contained into the two components of ElectRelease™. *) 
this value has been estimated [6] 

 
The analysis was also performed with attenuated total reflectance Fourier transform infrared 

spectroscopy to see the organic content of ElectRelease™. This showed that the epoxy resin to 
the most part contains epoxy and that the curing agent mainly contains tetraethylenepentamine. 

Finally the method headspace gas chromatography/ mass spectroscopy was used to get an idea 
of the volatile organic compounds contained into the glue. This test showed that of these kinds 
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of substances it mostly contains siloxanes. And, the test shows a tenside (tenside is another name 
for surfactant) that contains silicon so therefore the surfactant from the material safety data sheet 
probably is a surfactant containing siloxanes. Some other compounds were also found namely 
toluene and aldehydes. When the parts were mixed together no other volatile organic compounds 
were formed. 

If we suppose that Part A from Table 2-1 has a total mass of a 100g we could easily calculate 
the number of moles of phosphorus and fluorine. The number of moles of fluorine would be 
5,8g/19gmole-1 ≈ 0,31mole and the number of for phosphorus is 1,8g/31gmole-1 ≈ 0,058mole. 
This gives a ratio of between 5and 6 fluorine atoms per phosphorus. The same calculations for 
the hardener part gives somewhere between 4 and 5 fluorine per phosphorus atom. EIC indicates 
that hexafluorophosphate is one preferred salt to provide ion conductivity [7]. The ratio is not 
perfect but it is still pretty close so hexafluorophosphate could very well be a part of 
ElectRelease™. Some fluorine could be lost due to some yet unknown process that for instance 
forms a volatile gas which contains fluorine or perhaps phosphorus is a part of some other 
molecules in addition to hexafluorophosphate. Anyway, the point is that hexafluorophosphate 
could be a part of the product. 

 
Sandwich Laminates 

One of the big problems with CDM adhesives is that the substrates to be joined by adhesion 
really must be conductors, preferably metals. This problem is taken care of by supplying a pre-
glued foil patch. The idea is to glue two sheets of aluminium foil together with a CDM glue. This 
produces a sandwich laminate that itself can be glued into the seal of an insulating substrate. The 
laminates are produced by both EIC who call their product ElectRelease™ Foil Patch (EFP) and 
by Stora Enso which call theirs Sinuate which contrary to the EFP also contains a glass fibre web 
between the substrates to prevent them from coming in direct contact with each other. In this 
report both foil patches will be referred to as laminates.  

 

2.3 Hypothesis of Disbonding 
It has been proposed by Doctor Danielsson [8] that the mechanism of disbonding is similar as 

that when paint detaches from a metal surface due to corrosion. Covering a metal with an organic 
coating to protect it from corroding is a widespread method but as almost every car owner 
knows; the method does not provide a perfect protection, cars rust and so do bridges and ships 
etc. The damage caused by corrosion costs astronomical sums of money, in the United States the 
cost “has been estimated to be well over 100 billion dollars a year” [9]. However, if the 
mechanism of CDM release is corrosion we could finally be able to make money from corrosion 
instead. 

We begin by the corrosion of iron as an example from [9]. For iron to rust it must be water, 
oxygen and protons present. When iron corrodes one area of the surface acts as anode, another 
as cathode. The anode oxidation reaction is: 

       
−+ +→ eaqFeFe 2)(2  Reaction 2-2. 

 
At the cathode area the electrons can go on to reduce oxygen gas as: 
 

OHaqHOe 22 )(2
2
12 →++ +−  Reaction 2-3. 

 
The actual rust is then formed when the Fe2+ ions are further oxidized to iron (III) by oxygen gas 
as: 
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)(4)2(
2
1)(2 23222

2 aqHOxHOFeOHxOaqFe ++ +⋅→+++  Reaction 2-4. 

 
The x here displays the variation in water amount. Now, this example did not include a protective 
organic coating but merely stated the reactions of unprotected iron rusting. So the question is 
how does corrosion take place when, for instance, paint covers the corroding area? The next 
paragraph will try to answer this question for the case of anodic undermining. 

The case of anodic detachment is treated in “Underfilm Corrosion Currents as the Cause of Failure of 
Protective Organic Coatings” by E.L. Koehler which is a paper into [10]. Koehler states: “Underfilm 
corrosion currents are dependent on both the nature of the organic coating and the nature of the 
metal substrate”. He continues by stating that “all cases of underfilm corrosion (personally 
observed) have been anodic in nature”. This is interesting for the case of CDM and this report 
since ElectRelease™ on aluminium is the case treated here, and all controlled detachments take 
place at the anode. The case of anodic detachment is displayed in Figure 2-3. 

 

 
Figure 2-3 This image shows how the organic coating is undermined. 

Here the coating detaches in the front of the cavity, the anode [10] 
 

The crevice is water filled and very sharp in nature and the loss of adhesion takes place at the 
indicated anode by the anodic dissolving of the metal. This dissolving takes place at a very thin 
layer on the surface and the propagation of detachment is slow. Now, Koehler states that even if 
the rate of corrosion is pushed it has certain limitations and this agrees badly with the controlled 
detachment of ElectRelease™ since that happens very fast. But, in order for this to occur at all 
we must first have a crack in the coating or a defect on the substrate surface or some salt of some 
kind on the surface etc. It is also absolutely crucial that water is present. If we add something of 
this into the epoxy resin we could actually end up with a lot of starting points on the entire 
surface that is glued and the anodic dissolving of aluminium would then take place in a severe 
number of clusters and so the delaminating process could be very rapid anyway. 

The theories of controlled detachment of CDM adhesives will be discussed later in the 
conclusion section. Hopefully by then, we will know a lot more of it. 
 

2.4 Objective of Research 
Stora Enso which is a big supplier of carton board would like to see the CDM technology 

applied to a thermo melt adhesive which is the kind of glue most often used on paper products. 
This, of course, is easier to achieve when understanding the mechanisms controlling disbonding. 
Even if a hot melt adhesive should be invented by trial and error or qualified guesses it would be 
easier for Stora Enso to further develop and enhance this product once the mechanisms are 
known.  
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Therefore, the primary goal of this master thesis is to sustain and strengthen the hypothesis of 
disbonding. This is to be done primarily with the aid of Auger Electron Spectroscopy (AES) in 
order to find proofs of the believed existing substances on the electrical delaminated surfaces. 
The results will be compared to Auger spectra that will be acquired from substrates that have 
been bonded in the same way but where disbonding have been performed with crude mechanical 
force without the appliance of electricity. The substrates will be made of ElectRelease™ foil 
patch. Both the aluminium and the epoxy side will be examined in the Auger chamber. Another 
basic objective of the research is to see whether or not AES can provide any information of the 
mechanisms responsible for disbonding at all. Perhaps it cannot. Other methods like optical 
microscopy and mass spectrometry are also to be used but nevertheless, AES is the main method 
of investigation covered in this master thesis. 
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3 Techniques of  Investigation 

3.1 Production of Ultra High Vacuum  
“The development of modern surface and interface physics is intimately related to the advent 

of UltraHigh Vacuum (UHV) techniques” [11]. This is a brilliant sentence that really says it all; no 
UHV, no surface physics. The word vacuum derives from the Latin word vacuus meaning empty. 
This is a widely used word, even though there is not anything such as a perfect emptiness. A 
perfect vacuum is only a gedanken-experiment in the same spirit as a point or a straight line. 
There are however different levels of imperfect vacuums. The degree of vacuum is measured in 
pressure. The pressure at sea level is denoted 1 atmosphere, or 101,325 kPa. This is essentially the 
same as 1 bar which is 100 kPa. Another frequently used unit is torr (mm Hg), 1 atm being 760 
torr. UHV is most often measured in torr or mbar which do not differ that much from one 
another. 

UHV is reached when the pressure gets beneath 10-9 Torr [11]. In order to translate this to a 
number of gas molecules per cm3 we start by assuming a typical temperature of 293 K, i.e. room 
temperature. We continue by converting Torr to Pascal, 10-9 Torr = 1,33-7 Pa. By applying the 
ideal gas law we end up with the number of molecules per cm3: 
 

7
23

67

1029,3
2931038,1

101033,1
⋅≈

⋅⋅
⋅⋅

== −

−−

Tk
PVN

B

 (eq. 3-1) 

 
Here N is the number of gas molecules in the specified volume, V. T is the temperature and kB 
Boltzmann ’s constant. So, 33 million molecules per cubic centimetre may sound a lot. But 
compared to the value at atmospheric pressure, 2,5 ·1019, it of course is not. 

 
The Chamber 

UHV-chambers with small surface areas compared to their volume are preferable. The mean 
free path of the gas molecules at UHV is large, at 10-9 Torr and 298K about 50km [12]. Compared 
with the size of the vessel this means that a molecule interacts with the surface walls many times 
before hitting another molecule. Every time the molecule hits the wall it has a chance of getting 
stuck there, and if it does it can not be pumped out of the system. 

The material making up the chamber is also very important. A dense material that resists 
diffusion is preferred. Of course, all materials allow diffusion but of different extent. Most UHV-
chambers are made of stainless steel. 
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Rotary Pumps 
To initially decrease the pressure in the vacuum chamber from atmospheric pressure is usually 

called roughing out the system. Therefore the pumps used in that process are often referred to as 
roughing pumps. Two kinds of them will be mentioned here, rotary pumps and sorption pumps. 

The rotary pump is a mechanical type of pump whose main components are described in 
Figure 3-1. 

 

 
 

As the eccentric rotor turns the spring-loaded blades (impeller) constantly scrapes the surface, 
tightened and protected by a thin oil film, of the pump chamber. The volume of the intake side is 
increased during rotation until the next blade passes the inlet, thus letting in more gas. On the 
exhaust side on the other hand the volume is decreased which forces the compressed gas through 
the exhaust valve. The gas load intake is supported by a wall and functions as a way to get rid of 
condensation. This is achieved by letting in a controlled amount of air into the compressed gas. 
The pumped gas is compressed into a finite volume and therefore the lowest obtainable pressure 
is limited to that obtained when the pressure of the compressed gas finally has a pressure lower 
or equal to atmospheric. In numerical form this means pressures of about 10-2 Torr. A similar 
description can be found in [11] and a slightly different approach in [12]. 

 
Sorption Pumps 

An in my eyes slightly more sophisticated pump is the sorption pump. It is made of a stainless 
steel vessel containing a pulverized material with a large surface area. The material used for this is 
often zeolite but it can also be active coal or porous metals. This material adsorbs gas and thus 
reduces pressure. When the material is cooled it becomes particularly good at soaking up gas. It is 
after a while necessary to increase the temperature in order to release the collected gas as the 
adsorbent will become saturated. As this is done the pressure in the vessel will increase and 
therefore the main chamber is protected by a backing valve and the pump chamber is thoroughly 
ventilated. These kinds of pumps can with great advantage be operated in pairs to achieve a 
continuous pumping. The pumping range for the sorption pump stretches from atmospheric to 
about 10-2 Torr or less. [11] [12] 

 

Figure 3-1. The main parts of the 
rotary roughing pump. Here the rotor 
turns clockwise 
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Turbomolecular Pump 
The principle making the turbomolecular pump work is fairly simple. A series of rotors or 

turbines rotates at high speed next to a stator. Because of the angle that the stator and rotor 
blades make the probability for a molecule to pass trough the pump is much greater in one of the 
two possible directions as is illustrated by Figure 3-2. 

 

 
 
But, a problem with the pump is that it has low compression ratio for light molecules [12]. This 

means the ratio between the pressure on the high pressure backing side and the UHV side of the 
pump, which can be achieved under zero flow, is low. There are however ways to deal with this 
problem. One obvious way of increasing the efficiency is by adding more sets of rotors and 
stators. Then the ratios between the steps just multiply to give the total ratio. Also, the rotating 
speed can be increased. Turbo pumps operate as the name implies at very high speed, as high as 
90000 rpm [12] but more typically in the range 15000-30000 [11]. This puts a lot of strain on the 
bearings and it also require that the rotors are well balanced. Rotors made of metals can also 
exhibit eddy currents if they rotate in a magnetic field. If the magnetic field is large the pump can 
be extremely hot. For this reason pumps with ceramic rotors have been developed. 

Finally it should be mentioned that these kinds of pumps can be used for a wide range of 
pressures, from, in theory, atmospheric down to about 10-10 Torr. It is mainly the presence of 
hydrogen which back diffuses that sets the lower limitation. It should also be mentioned that a 
turbomolecular pump always has to be supported by some kind of backing pump. Otherwise the 
pressure difference between UHV and, in that case, atmospheric side of the pump would be 
much too large. 

 

revolving  
directions 

pumping  
direction 

Figure 3-2. The principle of the turbomolecular 
pump illustrated with the rotors as seen from the side.  
Here the white fields indicate the route a molecule 
could take whereas the grey ones represent solid 
material. The discs without arrows are called stators  
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Ion Pumps 
The ion pump takes advantage of electromagnetism to reduce pressure from a gas. Two 

titanium plates oppose each other and act as cathodes. Stapled between them are a lot of stainless 
steel cylinder cells acting as anodes as is illustrated in Figure 3-3. 

 

 
 

The magnetic field, B, is produced by magnets that surround the system. Now, since the voltage 
between the anode and the cathode is of several thousand volts electrons are being emitted from 
the cathode to the anode. But, the magnetic field makes these electrons move in a helical path 
which makes the electrons more probable to collide with gas molecules that are undesired into 
the system. These gas molecules thus becomes ionized and can themselves be accelerated by the 
potential difference and in the end they end up buried into the titanium cathode were they no 
longer can contribute to the pressure. As they hit the cathode, titanium is sputtered away and can 
react with more free gas molecules as it propagates through the cylinders. The sputtered titanium 
can also become stuck on the anode walls where they in turn can catch more gas molecules. 

The ion pump is suitable for maintaining UHV during long periods of time and they are used 
for pressures in the range 10-4 to 10-12 Torr or less. More of these kinds of pumps can be found in 
[11], [12] and [13]. 

 
Sublimation Pumps 

The final pump treated here is the (titanium) sublimation pump. In [13] a sublimation pump is 
described as basically nothing else than a titanium filament surrounded by a stainless steel vessel. 
Through the filament a large current is driven which heats it up so it discharges titanium onto the 
chamber walls. This titanium reacts with unwanted gases of the system and makes them as well 
bind to the wall which reduces the pressure into the chamber. The described pump can produce 
pressures down to about 10-10 Torr and should not be used over 10-6 Torr. See more of these 
kind of pumps in [12] and [13]. 

Figure 3-3. This figure from [13] shows a 
principle sketch of a sputter-ion pump 
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3.2 The Mass Spectrometer 
Mass spectrometry is a widely used method to establish the composition of, basically, a gas. The 

method gives a mass to charge ratio. It was developed 1919 by Francis William Aston as a 
valuable tool to determine the masses of different isotopes [14]. Today the mass spectrometer is 
an invaluable tool in various fields stretching from medicine to physics. 

 
Function 

Mass spectrometers come of different kinds but here we will only briefly describe the magnetic 
deflection mass spectrometer. In this kind of mass spectrometer a gas is irradiated by an electron 
beam. This ionizes the atoms of the gas of interest and these ions can thus be accelerated in an 
electric field through a narrow slit. Now, a magnetic field perpendicular to this ion beam deflects 
it 60-180 degrees. The ions all have the kinetic energy: 

 

Vezmv ⋅⋅=2

2
1  (eq. 3-2) 

 
Where m is the mass of the ion, v its velocity, z the number of charge carriers, e the electron 
charge, and V the accelerating potential. When the ions are deflected by the magnetic field B their 
path can be described as a semicircle of radius r: 
 

Bez
vmr
⋅⋅

⋅
=  (eq. 3-3) 

 
Now we can solve eq. 3-2 and eq. 3-3 for v and with a little cleaning up get the mass to charge 
ratio as: 
 

V
Br

ez
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⋅
⋅

=
⋅ 2

22

 (eq. 3-4) 

 
With this simple equation we can easily detect mass to charge and thus elements and molecules 

reaching the detector by varying one of the parameters, for instance the voltage, it is possible to 
scan a spectrum of all incoming ions. More information about other kinds of mass spectrometers 
is available in [12] and [14].  
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3.3 The Scanning Electron Microscope 
Scanning electron microscopy (SEM) is a powerful method that uses electrons to visualize very 

small objects or small details of larger objects. In the later to be described Auger system at the 
University of Karlstad the SEM detector is merely an aiming tool for better knowing where the 
Auger spectrum is acquired from. 

 
SEM Image Production 

Have a look at Figure 3-3 which shows the basic parts of a scanning electron microscope. 

  
Figure 3-4. This figure from [13] shows the fundamental parts of a SEM 
 
 

First an electron gun produces electrons, this is done by producing a large current through a 
filament which is then heated and thus emits electrons. These electrons can now be accelerated in 
an electrical field that typically gives them energy of up to 30 keV, or even more sometimes. 
Now, if we want to produce a SEM image of good resolution we must focus the beam of 
electrons. The focusing can be done by electrostatic lenses or, for a better result, magnetic lenses. 
To avoid spreading of the electron beam it is led through an aperture of selectable size. The 
smaller the aperture the easier it is to focus the beam onto the sample. But then, on the other 
hand, we will have fewer electrons to detect.  Now the electron beam passes through a second 
lens which narrows the beam to a minimum onto the sample. If the lenses have been well tuned 
the spatial resolution could be as good as about 10Å in the very best kinds of scanning electron 
microscopes. 

Now, if we want to acquire a meaningful image we can not just let the beam hit the exact same 
spot during image gathering. We must scan the surface of interest. This is done by deflecting the 
beam in a controlled way using two magnetic coils that are arranged at a right angle from one 
another. Although not shown in Figure 3-4, these kinds of coils are seated before the final lens 
and after the aperture according to [11]. 
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So, we have yet only treated the incoming electrons but what produces the image? The answer 
is that it is too electrons, only this time scattered from the sample. These scattered electrons are 
emitted from the surface at various intensities and these variations are translated to a TV screen 
as a SEM image. That is, first the magnitude of the emitted electron current is detected, then 
amplified and finally the signal is translated to the screen. Now, this is what happens if the 
electrons are back scattered elastically. But, there are also electrons that lose energy while 
interacting with the sample through various processes for instance electron transitions in an 
atom. These kinds of electrons can be used in determining the chemical composition of a sample 
since different elements have different transition energy etc. One example of this is very essential 
for this master thesis; namely the Auger process. Auger electron spectroscopy is the subject for 
the next chapter. Check [11] and [13] for more details about SEM. 

 

3.4 The Auger Electron Spectrometer 
Residues at the metal CDM adhesive interface inherited from the electrochemical reactions 

when disbonding could give important hints helping to understand the mechanism of controlled 
disbonding. Auger Electron Spectroscopy (AES) offers a possibility for this since it gives a 
surface sensitive chemical analysis of a substrate. The electrons emitted by the Auger process 
have a maximum escape depth limited by their mean free path. This explains the surface 
sensitivity. The mean free path and so the examination depth, for typical Auger energies, is in the 
span 10-30 Å where the lower value would correspond to Auger electrons of low energy whereas 
the more energetic electrons can come from further down in the bulk. 

 
The Auger Process 

In AES a primary electron from an incoming electron-beam (the same electron beam as in the 
previous chapter) ionizes a core level electron from some surface element of a sample. The two 
so far participating electrons are then lost from the process, thus leaving an inner shell vacancy. A 
higher level electron can then be deexcited to fill the hole. This process releases energy which can 
be carried away by an Auger electron. An example is displayed in Figure 3-5.  

 

 
 

Observe that no lighter elements than lithium can be analyzed with AES due to, of course, the 
number of electrons involved in the process. The kinetic energy of the Auger electrons is 
detected and matched with the differences in core level energies of the electrons of different 
elements. With notations from Figure 3-5: 
 

K 

L1 

L2 

Figure 3-5. The Auger process 
visualized, this particular case is a so 
called  KL1L2 process 
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Here the terms on the right hand side refers to the ionization energies of the different electrons, 
known from experiments with x-ray photoelectron spectroscopy (XPS). All in all the process 
creates two holes in the atom examined. These holes affect the binding energy of the remaining 
electrons in a way not considered in (eq. 3-5). Following the reasoning in [11] we therefore need a 
correction term ΔE. The holes make the outer electrons bind harder to the nucleus. This can be 
seen as relating the ionized atom in question with atomic number Z with the next atom with 
nucleus charge Z+1. This reasoning increases the binding energy of an electron in an arbitrary 
shell A with: 
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Thus, (eq. 3-5) can be modified to the more precise expression: 
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More of the Auger process can be found in [11], [13], [15], [16] and [17]. 
 

Nomenclature 
Figure 3-5 depicts a special case of the Auger process, namely the KL1L2 process. The Auger 

nomenclature is based on which shells are involved in the energy transitions. The kicked off core 
level electron contributes with the letter from its shell, in Figure 3-5 it is a K (1s). The next letter 
comes from the deexcited electrons shell, the L1 shell (2s) in Figure 3-5. The Auger electron 
contributes with the final letter, namely L2 (2p) in the example of Figure 3-5. It could also happen 
that the deexcited and Auger electron originates from the valence band of a solid. This kind of 
process is logically called an AVV, V denoting valence, process if we suppose that the initially 
kicked off electron came from the hypothetical A shell. 
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Electron Analyzers 
There are basically two types of electron analyzers; of which the first one treated here is called 

the Cylindrical Mirror Analyzer (CMA). A schematic overview of its basic components is shown 
in Figure 3-6. 

 

 
 
The electron gun that produces the primary electron beam is here situated at the centre of two 

concentric cylinders. The ejected Auger electrons is then allowed to enter through a narrow slit 
that is situated in the inner cylinder supposed they have the correct path. Now, the outer cylinder 
is at a negative potential which deflects the electrons. Supposed the deflected electrons have the 
correct kinetic energy they then is let out from a second slit in the inner cylinder. If this happens 
the electrons hit a detector. The outer cylinders potential can be slowly varied so that a count 
verses energy spectrum can be acquired. 

The second kind of analyzer to be discussed here is the so called HemiSpherical Analyzer 
(HSA) which can be seen in Figure 3-7.  

 

 
 

Originally developed for XPS where chemists saw the need for an accurate electron analyzer. 
Anyway, the Auger electrons are first allowed to enter a slit at one end of the analyzer. Then they 
are deflected by electrostatic plates and allowed through a second slit at the other end of the 

Figure 3-7. This figure comes from [13] and 
shows the composition of a HSA 

Figure 3-6. Figure from [11] which shows the 
principle parts of a CMA 
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analyzer where they can be detected by an electron multiplier. The energy spectrum is acquired by 
decelerating the electrons with a potential before they enter the first slit. Compared with the 
CMA the HAS leaves fewer electrons to detect whereas the energy resolution is better. The 
number of detectable electrons can fortunately be increased by focusing the Auger electrons with 
a lens system. 

The description of both kinds of analyzers has been inspired by [11] and [13]. 
 

The Auger Spectra 
All previously mentioned theory is of course very interesting but in order to get some useful 

information of it we need something more. We need to be able to interpret the Auger spectra. 
This could be represented by a graph in a number of ways, but basically the kinetic energy of the 
detected electrons are represented on the horizontal scale and the number of them, counts, for 
each energy on the vertical. This kind of graphs which are actually from measurements of the 
aluminium anode of delaminated EIC laminate is shown for five different measuring points in 
Figure 3-8. Here the counts have been normalized by multiplying them with the energy at all 
given points and the graphs have also been smoothed as a way to reduce noise. The vertical scale 
also needs to be multiplied by a given factor in order to get the correct number of counts for 
each energy. Anyway, the peaks visible in Figure 3-8 are typical of an Auger spectrum. From 
quantum mechanics we know that different transitions of electrons in atoms corresponds to 
different energies and therefore a peak at a given energy can be used to track the element 
responsible for producing it. Of course, some transitions of different elements could produce 
Auger electrons with essentially the same energy as in the case of nitrogen KLL, one of the 
titanium LMM and also one of the cadmium MNN transitions who all have energies of about 
380eV [16]. But in the Auger spectrum these peaks looks different and therefore can be 
distinguished from one another. It is also likely that the elements of the sample to be examined 
are somewhat known and conclusions about composition etc. easier to make. 

 

 
Figure 3-8. This graph visualizes a typical Auger spectrum (or actually five) with some typical peaks. Three of 

them are in this case clearly visible, the ~120eV LMM phosphor, the ~270eV KLL carbon and the big ~510ev KLL 
oxygen peaks [16]. Some other peaks can be hinted but are so small that nothing can be said about them for sure.  

 
Although some of the peaks from Figure 3-8 are clearly distinguishable there are however those 

who are not. The trick to make materials characterization by identifying those peaks easier is then 
to differentiate the acquired spectrum. This move significantly increases the prospect of getting 
some useful information from the sample examined as is illustrated by Figure 3-9. There can be 
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seen the differentiated spectra of Figure 3-8. Now some hidden information becomes clearly 
visible, namely several peaks below 100eV and one peak at about 650eV. 

 

 
Figure 3-9. It is common to differentiate the obtained Auger spectrum to clearer see the characteristic peaks. 

The previously vague peaks now becomes clearer and we se that besides the peaks from Figure 3-8 we also have 
several peaks below 100eV which inherits from aluminium LMM and a ~650eV KLL peak from fluorine [16]. 

 
What have been described here are the basic properties of the Auger spectra. Once we know 

how it works we can of course play a bit with it. It is possible to acquire surveys from a line or an 
area if we can decide what elements to look for. It can often be a good idea to do this in order to 
examine the homogeneity of the samples composition. 

 
Relative Sensitivity Factor 

Different elements and different Auger processes are unequally likely to occur. This property 
can be a bit deceiving when an untrained eye beholds an Auger spectrum, differentiated or not. 
To express it more clear, a small peak can in fact come from an element that occurs in greater 
number than those elements with a peak that is large. There is however a method to calculate for 
this and thus get an exact surface composition regarding elements at it. 

The mentioned method, taken from [17], builds on the fact that the peak intensity, I, in the 
Auger spectra is proportional to the concentration of the element that produced it.  Taking this 
into account one introduces the relative sensitivity factor, F, which is utterly dependent on several 
parameters. Besides the elemental dependency, which is a consequence of the Auger transition 
probability, the relative sensitivity factor also varies with primary electron beam energy, matrix 
composition and even elemental oxidation state. The relative sensitivity factor is also dependant 
on the energy resolution and acceptance angle of the electron analyzer The relation between the 
elemental concentration, C, and the two previously mentioned parameters is: 

 

Matrix

Element
ElementElement I

IFC =  (eq. 3-8) 

 
The notation Element here means the element of interest whereas Matrix is from all elements. 

Now, to express the occurrence of an element in percent of all elements we combine the 
following equation with (eq. 3-5) which yields: 
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Thus we end up with a useful expression to calculate the percentage at which an element of 

interest occupies a surface and a few monolayers beneath it. Of course, here the summation 
means that all elements, X, should be considered. This is often not possible since all elements do 
not produce visible peaks due to low concentrations or background noise etc. 

 
Brief Comparison with XPS 

When AES is described to chemists they tend to ask what the difference is between it and XPS 
or as it is sometimes referred to ESCA (Electron Spectroscopy for Chemical Analysis). Therefore 
this section will, hopefully, clear this out. 

In XPS it is not an electron beam but x-rays that is beamed on the sample to be examined. The 
x-rays have known wavelength and thus energy. When a single x-ray photon hits an electron of 
an atom in the sample it could happen that this electron gets knocked out. The kinetic energy of 
this electron equals the x-ray photon energy, hν, minus the binding energy of the knocked out 
electron. This directly produced electron is then the one being detected or shall we say its energy 
is. 

The main advantage with XPS compared with AES is the ability to distinguish what chemical 
state an element is in. This however is done on expense of spatial resolution. The best available 
resolution for XPS is of the order micrometer compared with nanometre for AES. Regarding 
bulk noise XPS like AES offers very little of this i.e. both methods are equally surface sensitive. 
Of course this makes perfect sense since our argument of mean free path still must hold for the 
emitted electrons regardless if they come from an AES or a XPS process as long as they are on 
the same energy scale. [15] 
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4 Methods of  Investigations                                                                                     
 

4.1 Introductory Examinations 
Before releasing the big artillery the sandwich laminates were examined with a straight forward 

kind of approach. So in order to show that the conductivity of the electrolyte, i.e. the CDM 
adhesive, is the limiting factor for the current density and not the kinetic of the electrochemical 
reactions the following easy experiment, hereby called the half delaminating experiment, was 
performed. 

 
Method 

A piece of approximately 1x3 cm2 was cut out from EIC laminate. It was then stripped from 
half the aluminium on one side as illustrated in Figure 4-1.  

 

 
 

The foil was carefully removed with a scalpel and caution was taken not to affect the glue.  
Next, the sample was mounted to a volt source and a potential of 40 V was applied over the 

adhesive joint with the positive potential on the full-size aluminium side. In other words, this side 
was made anode. The voltage was applied for about 15 seconds, which is more than enough for 
delaminating to occur. Gentle hands then started to rip of the anode from the glue to see 
whether delaminating had occurred or not. 

The procedure described above was repeated with the Stora Enso laminate. 
 

4.2 Optical Microscopy 
 

Method 
First the laminates from Stora Enso and EIC were investigated from the side. These sides were 

first grinded on a rotating disc in order to make them even and thus easier to focus on. After 
grinding they were placed with the grinded side up into a piece of clay and placed into an optical 
microscope. The sides were examined and a few pictures were acquired. 

Next a piece of approximately 1cm2 of the EIC laminate was subject to a voltage of about 36V 
for ~5s. This procedure caused the two pieces to delaminate; the aluminium and glue side were in 
turn placed under the microscope to undergo investigation. As before a few pictures were taken 
this time as well. So far all of the investigations had been done at the University of Karlstad. 

Figure 4-1. Before the delaminating  
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Finally the surface of a delaminated piece of aluminium from the Stora Enso laminate was 
examined into an optical microscope at Stora Enso research centre in Karlstad. 

 

4.3 UHV Compatibility & Mass Spectrometry 
One could suspect that the CDM adhesive on the aluminium samples should vaporize and 

therefore not be compatible in an ultra high vacuum-chamber. This would contaminate the AES 
apparatus and in the end lead to a time consuming and difficult cleaning process of it. Very 
unwanted! The samples were for this reason tested in a mass-spectrometer, thus giving a hint of 
which elements the samples released when exposed to a high vacuum. It also gave an idea of how 
much the samples outgas. 

 
Method 

First the vacuum-chamber of the mass-spectrometer was pumped for about 24 hours while 
containing no sample. This was done as a reference to be compared with the pressures that were 
achieved in the chamber when it contained the samples. No mass-spectrum was recorded. 

Next the chamber was loaded with first the EIC and later the Stora Enso laminate. Both were 
delaminated with area 0,25cm2 and the pieces inserted were the ones still containing the glue. The 
chamber was pumped and the pressure recorded. At about 10-7 mbar the emission filament was 
turned on. The pressure immediately rose with approximately a factor 2,5. After allowing the 
pressure to stabilize the mass-spectra was recorded. 

After the mass-spectra had been recorded the filament was turned off and the pumps were left 
running for about 24 hours. The pressure was then recorded and considered as the minimum 
pressure obtainable without baking the system. 

 

4.4 AES & SEM Measurements 
Since the AES equipment at Karlstad University is a bit expensive and complex in nature the 

actual measurements of the real samples was preceded by a lot of supervised practice. When the 
skill handling the apparatus had increased to a reasonably high level the real samples was 
mounted into the chamber. This had to be done by experts though. 

All samples examined here heritages from the EIC laminate. 
 

Sample 1, Half Delaminated Alumina Sample 
The first sample inserted into the UHV-chamber of the AES was pretty much equal to the 

anode of Figure 4-1. The part of the anode where controlled delaminating had occurred came off 
easy and the rest of the anode was simply stripped from the epoxy with crude force. The 
delaminating voltage had been set to 50 V applied for 20 seconds. The interface between the area 
of delaminating and ripping on the anode was marked by scratching it with a scalpel. Also, the 
delaminated area was a little bigger than the other in order to distinguish between them. The size 
of the sample was of the order 3 times 10mm. It should also be mentioned that it prior to 
separation had been carefully cleaned with ethanol and a cotton stick, i.e. the backside of the 
sample. 

After the sample had been prepared it, of course, becomes sensitive for contamination. The 
surface to be examined is directly exposed to the atmosphere of our earth. For this reason 
delaminating was done as close as possible to the insertion into the AES. During the small time 
when it was exposed it at least was protected by a package made from aluminium foil. 

Although the insertion of the sample into the AES vacuum-system, as previously mentioned, 
was performed by experts on the subject (i.e. not the writer of this text) it nevertheless will be 
described briefly. The sample was locked to a cylindrical holder by two clamps. This holder was 
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then placed into the intro chamber, which was back filled with nitrogen with a steady flow, of the 
AES system, held by a horse shoe shaped fork on the end of a lever. Now the lid of the intro 
chamber which was tightened by an o-ring was reattached and the nitrogen flow turned off. The 
intro was pumped with the turbomolecular pump until a high vacuum was indicated. A button 
named intro sample that controls the sealant door between the intro and UHV chamber was 
pushed and this door opened. In the blink of an eye afterwards the pressure into the UHV 
chamber rose to approximately 10-8 Torr from about 10-10 scale. The pressure directly started 
declining rapidly, slowing down but still decreased at low 10-9 Torr. At this moment the lever was 
pushed into the main chamber as far as it could reach which placed the holder directly above 
another holder, made to fixate the sample holder onto the coordinate table of the AES. When in 
the right position the z-coordinate was turned on the knobs until the sample holder snapped into 
place, it was held by blade springs. The lever was pulled out from the chamber and a sensor 
closed the door to the intro chamber once it had passed thus leaving the UHV-chamber sealed to 
the outer world. This also concluded the insertion of the sample and measurements could begin. 

To initiate measurements the filament current first had to be turned on. To avoid cracking of 
the filament this had to be done “friendly” meaning allowing the current and thus the 
temperature of the filament to increase slowly. Increasing of 0,2A with a minute between steps 
from 0 to 1 ampere and then 0,1A steps up to 1,8A was suggested and done. The high voltage 
accelerating the electron beam was set to 3,0kV and turned on. The coordinate knobs were then 
roughly adjusted so the electron beam hit the sample and manual z alignment, i.e. adjusting the z 
knob for elastically scattered electrons, was performed. When this had been done a fairly good 
SEM picture became visible which could be further tuned by changing the focus and adjusting 
the brightness. Also the aperture size which narrows the incoming electron beam was adjusted a 
bit to see what the impact would be on the SEM image before putting it to the recommended, 
for AES, value of 4. Once the SEM image of the sample had been good the sample was 
examined optically. Especially the scratched area was localized in order to distinguish between the 
controlled delaminated area and the area stripped by force. A few pictures were acquired and will 
of course be shown in the results section. 

The SEM investigation, although very fascinating, was of course not the primary examination 
method intended in the Auger chamber, AES was. These kinds of surveys were to begin with 
performed point wise, a point was chosen visually with aid of the SEM image and an Auger 
spectrum was acquired. This procedure was repeated multiple times to get a good feeling of the 
homogeneity of the two examined areas, i.e. the delaminated and the ripped. When the sample 
composition became clearer some elements of interest was chosen, in this case phosphorus and 
fluorine, and mapped by searching for its characteristic peaks in an “acquire area” mode and in 
an “acquire line” mode. Unfortunately at this point the condenser value had not been set. This 
controls a voltage on the sample that helps the Auger electrons escape the surface. This voltage 
gives rise to a sample current that should be about 100nA. In this case it had not been adjusted 
and the sample current for the measurements are unknown. Anyway, by adjusting this current the 
acquired spectra would have been less noisy and this especially would have improved the line and 
area mapping which now became more or less mumbo jumbo.                                                                                                                          

So, when the surface of the sample had been thoroughly investigated it became time to dig 
down through it and reveal the underlying composition. This was done by sputtering with argon 
ions at a sample tilt angle of 30 degrees at a rate of approximately 1Å per second. The sputtering 
rate had been determined by sputtering a sample with an oxide layer of known thickness. The tilt 
angle enhances the probability that surface elements are removed from the sample or pushed to 
the side instead of just being knocked down into the bulk. Unfortunately the sputtering beam had 
not been calibrated so the sputtering centre differed a bit from were the electron beam resided. 
This was not a big problem since it could be located in the bottom left corner of the SEM image 
as can be seen in Figure 4-2.  
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Initiation of sputtering included turning on a heating filament to ionize the argon gas, starting a 
differential pump to get rid of excess gas and opening the actual argon gas bottle. Ones these 
activities had been performed sputtering was done manually be turning on and off the high 
voltage accelerating the ions and keeping track of the time. While sputtering the pressure became 
higher so it was important to monitor that it did not turn too high. A magnitude of about 2, from 
10-10 to 10-8 Torr, was considered acceptable. After each sputtering sequence an Auger spectrum 
was acquired, the procedure continued until no major changes could be determined between two 
adjacent spectra. 
 

Sample 2, Delaminated Alumina Sample 
Sample 2 was sized, prepared and handled exactly as sample 1 with the exception of it being 

half delaminated; this sample had instead been fully delaminated with the same voltage, 50V, for 
the same time, 20s.  

The surveys on this sample were acquired in the same manner as for the previous sample but 
this time the spectra were fine tuned by adjusting the important condenser value, aiming for a 
sample current of about 100nA. This resulted in smooth and clear spectra and the line and map 
acquiring produced a more reliable view of the surface concentration for the elements examined. 
Sputtering did not differ from sample 1. 

 
Sample 3, Alumina Sample Stripped by Force 

This the third sample required a little more delicate handling when preparing it since it had to 
be released from the CDM epoxy with crude force without harming it. To achieve release in this 
way is easiest done by peeling away the aluminium foil starting from a corner. Beside from this 
uncontrolled delaminating the sample was exactly like the others. Measurements were performed 
as for sample 2 in order for comparison to be as relevant and comparable as possible. 

 
Sample 4, Alumina Sample 

When the three samples from above had been examined an aluminium sample that had not 
been exposed to a CDM adhesive was examined for comparison regarding aluminium alloy. I.e. it 
could be interesting to know if the peaks come from the alloy or elsewhere. The sample used was 
actually the backside of the EIC laminate which was assumed not to contain any glue. The 
sample was meticulously washed with ethanol to get rid of contamination since this side of the 

Figure 4-2. The dark area of this SEM image 
displays the area hit by the sputtering beam and the 
little white dot is the centre of sputtering where the 
Auger spectra were acquired 
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laminate had been handled by a lot of human hands. The measurements again did not deviate 
from those on sample 2 and 3 and sputtering was performed. 

 
Sample 5, Delaminated CDM Sample 

The fifth specimen required a little more gentleness than the previously examined since it 
consisted of the glue side of the delaminated, 50V for 20s, interface. It was made as small as 
possible. The intro chamber was pumped for a longer time, about 30 minutes, before inserting 
the sample into the main chamber to avoid organic out gassing from occurring there. 

Also, although the CDM adhesive is a conductor it does not conduct electrons that good. Thus 
bombarding the sample with an electron beam charges the surface which could be seen in the 
SEM image as a white spot, see Figure 4-3.  

 

 
 
This made zooming virtually impossible. Also, when trying to do Auger surveys charging led to 

complete nonsense in the spectra acquired because the first spectra were acquired from points 
which further narrows the beam. This was compensated for by turning down the condenser 
value, which implied a much smaller sample current, and collecting the spectra from an area 
instead of from a single point. When the sample current was in the range 2,5nA the surface 
charge was eliminated. Before reaching this small enough sample current the collecting of Auger 
spectra produced charging patterns like the one in Figure 4-4.  

 

 
 

Figure 4-4. A charging pattern which adds an artistic 
touch to this thesis 

Figure 4-3. This SEM picture of sample 5 has a 
whiter rectangle in the centre which is due to surface 
charging when zooming in on the sample 
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The pattern shows how the Auger spectrum is acquired from an area, a tiny spot is measured for 
a short time then the next spot is measured and so on. Anyway, when the charging spots had 
been eliminated some spectra with meaningful information could be collected from various areas 
of the sample but since the sample current was so low they became kind of noisy as will be 
shown in the result section of this master thesis. 

Sputtering of this specimen was performed but could not be done for more than 20 seconds 
since it would risk contaminating the vacuum system. When bombarding the surface with argon 
ions the surface of course became charged so after each sputtering cycle the sample was left to 
rest a few minutes thus allowing it to neutralize a bit before acquiring an Auger spectrum. 

 
Sample 6, CDM Sample stripped by Force 

The sixth and final sample was again the epoxy side but this time separated from the aluminium 
foil without the use of electricity. The data gathering was performed exactly as for the previous 
sample but with one exception, when sputtering the areas of Auger acquiring were a bit 
dislocated from one another since the actual measurements were found to destroy the surface by 
charging it. In other words, acquiring the same area two times in a row made the result the 
second time less reliable than the first time regardless if sputtered or not. 
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5 Result and Discussion 
 

5.1 The Half Delaminating Experiment 
The part of the anode opposing the cathode was, as suspected, delaminated at the foil-epoxy 

interface. But the part of the foil that did not have any cathode material opposing it did not let 
go, see Figure 5-1. 

 

 
 
This result was the same for both types of laminates. This shows that it is the CDM adhesive 

that limits the current density in the closed circuit. If the entire anode would have released it 
would have been the kinetic of some of the interface reactions whereas now it merely is the 
mobility of the ions. The result also gave a clear go to the creation of a sample with both a 
controlled delaminated part and a part that has been liberated with crude mechanical force for 
examination with AES. 

 
 
 

40V, 15s 

Figure 5-1. Before and after delaminating  
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5.2 UHV Compatibility & Mass Spectrometry 
 

Vacuum Compatibility 
The pressure was as suspected a little higher in the chamber when the laminate-pieces were 

present. But, as can be seen in Table 5-1 and Figure 5-2 the difference was not big. 
 

 
As also can be seen the pressure was highest with the EIC laminate present, which is not a big 

surprise, since this laminate has the thickest epoxy layer. But, since the difference is so small it 
can also be other factors like the relative humidity that day or perhaps the chamber had gotten 
cleaner since it had been pumped with the EIC sample previously. Anyway, the low pressures 
obtained gave a clear go on continuing to the UHV-chamber of the AES by [18] but only with 
small pieces of the aluminium side, not the glue side, at least to begin with. 

No sample EIC 0,25 cm2 StoraEnso 0,25 cm2  
Pressure (mBar) Pressure (mBar) Pressure (mBar) Time (min) 

- - 1,2E-4 2 
- 3,0E-5 - 2,5 

1,0E-5 1,6E-5 1,9E-5 3 
6,3E-6 8,6E-6 1,0E-5 4 
2,5E-6 - 4,0E-6 8 

- 2,5E-6 - 10 
- - 1,6E-6 16 
- - 8,6E-7 40 
- 4,6E-7 - 56 

1,2E-7 - - 120 
- - 3,0E-7 125 
- 1,6E-7 - 177 

1,20E-8 1,9E-8 1,4E-8 ~24h 

Table 5-1. The vacuum evolution in numerical form 

Figure 5-2. The three graphs depicts how the 
vacuum evolved in the chamber. In (a) the Stora 
Enso laminate is present and (b) the EIC variant 
and finally (c) the empty chamber 
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Mass Spectrometry 
The mass-spectra of the two samples are shown in Figure 5-3. 

 
As can be seen they experience peaks at the same atomic mass numbers, the horizontal axis. The 
lowest peak regarding mass number comes from hydrogen. The peak at 12 amu should be 
carbon. At 16, 17 and 18 amu we probably have oxygen, hydroxyl and water. It also looks like the 
EIC peak at ~18 stretches a little closer to the 20 amu mark which could indicate that we have 
fluorine present since it has amu of 19, but this is uncertain. Also the peaks at 16 amu could very 
well be methane. Some ammoniac, 17 amu, or ammonium, 18amu, could also be present The 
final peaks seen were the ones at ~28 amu which comes from nitrogen gas. 

It is likely that the spectra would have looked like this even with no samples present. This is 
because the samples were so small and that they did not seem to outgas that much. 

Stora Enso

-2,50E-13

-2,00E-13

-1,50E-13

-1,00E-13

-5,00E-14

0,00E+00

5,00E-14

1,00E-13

1,50E-13

2,00E-13

2,50E-13

3,00E-13

0 5 10 15 20 25 30 35 40

EIC

-2,00E-13

0,00E+00

2,00E-13

4,00E-13

6,00E-13

8,00E-13

1,00E-12

0 5 10 15 20 25 30 35 40

Figure 5-3. The mass spectra of the two samples shows good consistency, the EIC sample is placed to the 
right and the Stora Enso variant to the left 
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5.3 Results from Optical Microscopy 
 

Acquired Images 
The following two images show the EIC and Stora Enso laminates from the side, giving an idea 

of their thicknesses. 
 

 
Picture 5-1. Here the left image shows the EIC laminate whereas the right is the Stora Enso variety. The total 

thickness of the EIC laminate is about 250μm compared to ~150μm for Stora Enso’s. Both laminates have 
aluminium foil thickness of about 30μm 

 
At this point it should be mentioned that this particular version of the Stora Enso laminate had 
been hand made, nowadays Stora Enso calls the foil patch Sinuate and produces it industrially 
which further reduces its total thickness to about 130μm. Anyway, an interesting thing that can 
be seen is the glass fibre cloth visible as whitish lines in the CDM epoxy of the right Stora Enso 
laminate. 

The next two images shows the surfaces of the delaminated aluminium and CDM adhesive 
interface, both EIC model of laminate. 

 

 
Picture 5-2. The left image is aluminium and the right is CDM epoxy.  
 

The first thing that becomes apparent in Picture 5-2 is the deep scratches that can be seen on 
both surfaces. These scratches probably come from sanding the aluminium surface prior to 
gluing. Unfortunately this is not too good regarding the Auger measurements where we want a 
well defined surface. Anyway, let us look at the left aluminium surface; we see that there are some 
kinds of blobs on this surface. Especially a big one to the right can be seen, could it perhaps be a 
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piece of epoxy? It is hard to say at this point since we cannot analyze it regarding chemical 
composition into the optical microscope. Now, let us turn our focus towards the right image of 
Picture 5-2. The striking thing here is the many fragments of white residue on the surface. Could 
this perhaps be some products from the delaminating reactions? 

The final image shown here was acquired from an optical microscope at Stora Enso research 
centre in Karlstad and shows a delaminated aluminium surface from the Stora Enso laminate. 
 

 
Picture 5-3. This delaminated aluminium surface clearly shows a pattern from the 

glass fibre web 
 
The surface shows marks from the glass fibre web which awakes the questions how this web 
affects the conductivity and the electrochemical reactions. It is possible and likely that the current 
of ions will be greater through the small openings of the web which could show on the surface if 
a more sophisticated method of investigation, like AES, is used. This however will not be 
covered in this work but it could still be interesting for others to investigate. 
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5.4 Results from AES & SEM 
Here will follow a presentation of the acquired results from primarily AES but also a little from 

SEM measurements of the different samples. The concentrations have been calculated with aid 
of eq. 3-6 where the intensities of the various peaks simply have been determined by measuring 
their peak to peak value with a ruler on the printed differentiated Auger spectra. 

The nomenclature here is very important. Delaminated means controlled delaminated with 
electricity and Not Delaminated means that the sample has been ripped apart without applying 
any electricity at all. The peaks of interest are the: aluminium LMM at 66eV, silicon LMM at 
91eV, phosphorus LMM at 120eV, carbon KLL at 273eV, oxygen KLL at 510eV and fluorine 
KLL at 647eV. Other elements could be present but are believed to exist in a negligible amount 
since no other peaks appear as compared to the background noise.  

 
Sample 1, Half Delaminated Alumina Sample 

Although the spectra were very disturbed by background noise, especially at higher energies, 
when acquiring surveys for this, the first, specimen some facts were brought to light. 

 

 
Figure 5-4. Two typical spectra of this, the first, sample. The top spectrum is the smoothed 

and differentiated spectrum from the not delaminated part whereas the bottom is from the 
delaminated surface. As can be seen these spectra suffer from noisiness, especially at higher 
energies 
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 Sample 1 Not Delaminated 

 
Aluminum 
LMM 66eV 

Silicon 
LMM 91eV 

Phosphorus 
LMM 120eV 

Carbon 
KLL 273eV 

Oxygen KLL 
510eV 

Fluorine 
KLL 647eV 

Mean Molar 
Concentration 9,3% 2,5% 4,9% 9,6% 73,8% 0,0% 
Standard 
Deviation 1,0% 1,3% 0,1% 1,4% 3,7% 0,0% 
       
 Sample 1 Delaminated 

 
Aluminum 
LMM 66eV 

Silicon 
LMM 91eV 

Phosphorus 
LMM 120eV 

Carbon 
KLL 273eV 

Oxygen 
KLL 510eV 

Fluorine 
KLL 647eV 

Mean Molar 
Concentration 4,7% 3,5% 13,7% 10,9% 54,0% 13,2% 
Standard 
Deviation 1,2% 1,9% 2,9% 2,4% 7,0% 2,0% 

Table 5-2. The average molar concentrations of the appearing elements for the different surfaces, the lack of 
fluorine in the top, not delaminated, sample is probably due to that the noisy spectra hid the fluorine peaks.  
 
The obvious differences between the delaminated and not delaminated part of sample 1 
regarding surface concentrations is: 
Less oxygen, less aluminium, more phosphorus, more fluorine on the delaminated surface. The 
complete lack of fluorine can be because the peaks were hidden in the noise. It is likely that some 
fluorine was present. 
An interesting fact is that the concentrations of phosphorus and fluorine are about the same on 
the delaminated side. This is strange since we believe that the glue contains hexafluorophosphate, 
i.e. one phosphorus atom for every six fluorine. Thus hexafluorophosphate cannot be intact! 

Next follows the sputtering of sample 1. 
 

Sputtering of Sample 1 (Not Delaminated)
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Figure 5-5. The sputtering of the not delaminated side of sample one 
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Sputtering of Sample 1 (Delaminated)
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Figure 5-6. These graphs describe the depth profile of the delaminated side of sample 1 

 
The sputtering particularly showed that the oxygen was present deeper into the not delaminated 
surface and that the carbon ended closer to the surface on this side. The differences in the 
oxygen layer could be due to anodic dissolving of the delaminated side if the aluminium oxide 
layer on the aluminium surface has dissolved and ended up on the epoxy side during the 
delaminating of the sample. More likely though is that it is due to the roughness of the surface. 
The morphology of the surface could then cause these variations depending on where on the 
surface one sputter and therefore we should be careful not to jump to hasty conclusions. 
Unfortunately there was no fluorine, silicon or phosphorus visible on the point of sputtering 
regarding the not delaminated side. 
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Sample 2 and 3, Delaminated and Not Delaminated Alumina Sample 
The spectra acquired from these the second and third sample were nice and free of noise since 

the condenser value had been adjusted which resulted in a higher sample current. They also 
showed good consistency between the various measuring spots. 

 
Figure 5-7. These two graphs are each very representative for their respective sample. The 

upper one is from the delaminated sample 2 and the one at the bottom from the not delaminated 
sample 3.  
 Sample 2 Delaminated 

 
Aluminum 
LMM 66eV 

Silicon 
LMM 91eV 

Phosphorus 
LMM 120eV 

Carbon 
KLL 273eV 

Oxygen 
KLL 510eV 

Fluorine 
KLL 647eV 

Mean Molar 
Concentration 2,6% 4,1% 13,8% 14,1% 54,8% 10,7% 
Standard 
Deviation 1,0% 2,0% 3,4% 4,2% 2,9% 1,1% 
Table 5-3. Compare these concentrations to the ones from the delaminated part of sample 1 

 Sample 3 Not Delaminated 

 
Aluminum 
LMM 66eV 

Silicon 
LMM 91eV 

Phosphorus 
LMM 120eV 

Carbon 
KLL 273eV 

Oxygen 
KLL 510eV 

Fluorine 
KLL 647eV 

Mean Molar 
Concentration 5,0% 3,2% 4,9% 14,8% 66,1% 6,1% 
Standard 
Deviation 0,5% 0,6% 1,6% 0,6% 2,5% 2,8% 
Table 5-4. These concentrations of the not delaminated sample 3 should be compared to the ones from the 

not delaminated part of sample 1  
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As can be seen in Table 5-3 and Table 5-4 we still have less oxygen, less aluminium, more 
phosphorus, and more fluorine on the delaminated surface compared to the not delaminated. 
But, the differences are a little smaller this time compared to the differences of the not and the 
delaminated part of sample one, mainly due to that the not delaminated sample where we this 
time can see the fluorine concentration. It could also be due to many different reasons. The glue 
might not be very homogeneous for instance and thus sticks differently onto different spots of 
aluminium. Another interesting possibility is that the mechanism of disbonding could be a 
spontaneous reaction; the not delaminated sample seems to have properties more like the 
delaminated sample, as regarding the ratio between phosphorus and fluorine that is, this time 
than for sample 1. With spontaneous is thus meant that the reactants causing disbonding could 
be provided without the appliance of electricity supposed that some crucial substance is added. 
The crucial substance is believed to be water provided by our climate in the form of relative 
humidity. The reason for believing this is simply that it has been noticed by Dr. Danielsson [8] 
that delaminating occurs faster in higher relative humidity than when the weather is dry. More 
speculations of this will come later in the conclusions section. 

Continuing with the results follows a mapping of phosphorus on a surface on each sample. 
 

 
Figure 5-8. The above images shows the area mapping of phosphorus on sample 2 (the left) and 3. Note that 

the scaling where intensity is shown as brightness is different from the two samples. The markings in the left corner 
of each image indicates the scaling, 10μm 

 
Basically what this confirms is that we have a lot more phosphorus on the delaminated surface 
than on the one just ripped apart. It also shows that the laminates are not completely 
homogeneous since variations on the surfaces can be seen. Note especially the brighter spot on 
the left, delaminated, image of Figure 5-8. Could this perhaps be an impression from the 
morphology of the epoxy, this could be very interesting to do more research about but it is not 
done in this work. Unfortunately the mistake was performed not to do a mapping regarding 
fluorine, this really should have been done. The scaling indicators in the left corner of each image 
should read 10μm. 

The next results acquired are so called line spectra. A line spectrum is a mapping of a certain 
element, phosphorus in this case, along a line on the sample. The point was to see if some 
differences could be seen in a scratch as compared to a flat surface. The results basically just 
confirmed the results from the area mapping as can be seen in Figure 5-9 and Figure 5-10 
regarding the higher concentrations of the element on the delaminated sample. It is hard to say 
for certain but perhaps the deep scratch of the delaminated sample contained a little more 
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phosphorus. Draw no conclusions. The two upper spectra of Figure 5-9 were acquired from the 
lower lines of Figure 5-10 and the two lower spectra from the two upper lines. 

 

 
Figure 5-9. The concentration of phosphorus along two lines per sample, the two left spectra were acquired on 

the delaminated sample and the two on the right on the not delaminated sample. Note the difference in scaling and 
hence intensity of the two samples 

 

 
Figure 5-10. SEM images of the samples and the lines of survey. Here the left image is delaminated and the right 

is not. The lower lines produced the top line spectra of Figure 5-9 and the upper lines the bottom spectra 
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The last results from sample 2 and 3 are from sputtering them. 
 

Sputtering of Sample 2 (Delaminated)
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Figure 5-11. Sputtering profile of sample 2, delaminated aluminium 
 
 

Sputtering of Sample 3 (Not Delaminated)
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Figure 5-12. Compare this sputtering profile of the not delaminated sample 3 to the profile in Figure 5-11 
 
The sputtering shows a greater depth of fluorine and phosphorus on the delaminated sample. 

Compared to the first sample the depth before sputtering away all fluorine is about the same 
whereas for phosphorus it is greater. The trace of fluorine on the not delaminated surface is 
removed instantly after the first seconds of sputtering. 
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Sample 4, Alumina Sample 
The Auger spectrum and chemical composition of the aluminium backside of the EIC laminate 

looked as follows. 

 
Figure 5-13. This graph displays a typical spectrum of sample 4, the aluminium backside.

  

 Sample 4 Aluminium Backside 

 
Aluminum 
LMM 66eV 

Silicon 
LMM 91eV 

Phosphorus 
LMM 120eV 

Carbon 
KLL 273eV 

Oxygen 
KLL 510eV 

Fluorine 
KLL 647eV 

Mean Molar 
Concentration 4,4% 2,7% 0,0% 19,1% 73,9% 0,0% 
Standard 
Deviation 0,7% 0,0% 0,0% 0,6% 0,1% 0,0% 
Table 5-5. The concentrations of the aluminium backside 
 

Worth noting is that the concentrations of oxygen and aluminium are about the same as for the 
not delaminated part of sample 1. We also see that the aluminium alloy contains silicon if this 
does not come from contamination and that we not surprisingly have a higher percentage of 
carbon on the surface. This is due to human carbon emitting hands and the exposure to 
atmosphere etc. 
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The result of the performed sputtering is visualized in the following graph. 
 

Sputtering of Sample 4 (Aluminium Backside)
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Figure 5-14. The sputtering profile of sample 4 

 
We see that silicon disappears after some 50 Å. This could mean that it came from 
contamination. Perhaps from sanding the aluminium which it shows obvious marks from. 
Another thing seen is that oxygen is present a lot deeper into the sample than for the previous 
samples, perhaps due to some surface treatments performed on the sides meant to be adhesively 
joined which could have reduced the thickness of the oxide layer that is always present on 
aluminium. 
 

Sample 5 and 6, Delaminated and Not Delaminated CDM Sample 
These samples suffered so gravely from noise so the calculated concentrations cannot be 

considered reliable. However, the calculations have been performed anyway just to give a hint of 
the surface compositions. 

 
 Sample 5 Not Delaminated 

 
Aluminum 
LMM 66eV 

Silicon 
LMM 91eV 

Phosphorus 
LMM 120eV 

Carbon 
KLL 273eV 

Oxygen 
KLL 510eV 

Fluorine 
KLL 647eV 

Mean Molar 
Concentration 1,8% 14,5% 2,5% 21,1% 35,2% 25,0% 
Standard 
Deviation 2,0% 3,5% 2,7% 2,4% 4,8% 3,6% 
Table 5-6. These concentrations of delaminated CDM epoxy should really be taken with a pinch of salt. They 

more describe if a substance is present or not 
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 Sample 6 Not Delaminated 

 
Aluminum 
LMM 66eV 

Silicon 
LMM 91eV 

Phosphorus 
LMM 120eV 

Carbon 
KLL 273eV 

Oxygen 
KLL 510eV 

Fluorine 
KLL 647eV 

Mean Molar 
Concentration 1,9% 17,3% 4,0% 29,7% 41,0% 5,7% 
Standard 
Deviation 1,9% 3,3% 8,9% 4,2% 7,4% 12,8% 

 

 
Figure 5-15. These very noisy graphs shows the delaminated epoxy, sample 5, at the top and the 

not delaminated  sample 6 below 
 

The results merely state that we have more fluorine onto the delaminated epoxy and less carbon 
and oxygen. The delaminated sample also contained more phosphorus although we cannot say 
for sure.  It is also likely that the samples both contained aluminium. This is an interesting fact 
that supports the hypothesis of disbonding, anodic dissolving of aluminium would most 
definitely lead to the presence of aluminium into the epoxy, in that case in the form of a salt. 
Perhaps this salt could be aluminium fluoride since we also see a much higher presence of 
fluorine on the delaminated sample. But on the other hand, why do we have aluminium on both 

Table 5-7. The concentration of the not delaminated sample of CDM showed differences between the 
delaminated sample  
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samples? We cannot know for sure, but perhaps XPS could help us in determining this fact and 
the differences of the samples as regarding what form the aluminium we are dealing with.  

Next the samples were sputtered. 
 

Sputtering of Sample 5 (Delaminated CDM)
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Figure 5-16. The sputtering of sample 5 produced the following vague result 
 
 

Sputtering of Sample 6 (Not Delaminated CDM)
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Figure 5-17. The depth profile of sample 6, not delaminated CDM 
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Sputtering of Sample 6 (Not Delaminated CDM, 
Altered Measurement Points)
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Figure 5-18. The depth profile of sample 6 with altered measuring areas 
 
The sputtering did not produce any reliable results since the samples suffered from a grave 

form of charging due to the bombardment of positive argon ions. This was tried to compensate 
for by altering the measuring areas between each interval of sputtering for the last sample 6. The 
procedure was not successful! It would be great to repeat the measurements of the CDM samples 
with the appliance of a gold layer on their surfaces in order to reduce the charging and get better 
results. This would be a good idea for someone else to try since the presence of aluminium on 
the epoxy is very promising for the hypothesis of disbonding due to anodic dissolving. But, we 
really need more reliable results of the aluminium concentrations to be able to distinguish the 
differences between the samples and thus be able to say for sure. 
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6 Conclusions & Recommended Future Work 
So far the results have been a bit spread out in the text and perhaps this fact has made it a bit 

difficult for the reader to follow the reasoning. Therefore this paragraph will hopefully clear 
things out as the conclusions are briefly summarized. 

 
• The half delaminating experiment showed that a sample containing both a delaminated 

and a not delaminated part (ripped without appliance of electricity) could be made. It 
also showed that the conductivity of the CDM resin limits the speed of the 
delaminating process, not the kinetics of the electrochemical reactions. It would be 
interesting to make such a sample for Auger spectroscopy with more refined methods 
so the interface between delaminated and not would become more distinct. 

• The vacuum compatibility of the laminates was good, low pressures were achieved and 
therefore it was no problem to proceed from the mass-spectrometer chamber to the 
Auger chamber. The recorded mass-spectra revealed no surprises. 

• Inspection of the laminates with optical microscopy showed that the ElectRelease™ 
foil patch was full of scratches. Another interesting thing discovered was the presence 
of some white residues on the surface of the epoxy. This could be some products from 
the reactions of disbonding, perhaps aluminium fluoride (see the final hypothesis later 
in this section). The laminate provided by Stora Enso contains a glass fibre web which 
could be seen on the aluminium side in the optical microscope. It would be interesting 
to examine this pattern further with AES to see if it affects the surface composition 
after delaminating. 

• From AES we conclude that the ratio between phosphorus and fluorine contradicts 
that these elements occur in the form hexafluorophosphate at the interface of 
disbonding. At least not all of it. This was the same for both electrified and just ripped 
samples which leads us to the conclusion that the disassembling of 
hexafluorophosphate is a spontaneous reaction. Perhaps involving water. 

• The fluorine and phosphorus concentrations were a lot higher on the interfaces that 
had been electrified than on the interfaces merely ripped apart. And, from the little 
acquired information we got from sputtering we saw that these elements also were 
contained further down into the electrified samples. 

• The examinations of the epoxy sides of the interface of disbonding were gravely 
disturbed by noise due to charging especially at lower energies where the aluminium 
peak should be and at higher energies where the fluorine peak resides.  However, 
aluminium was present at these samples, but we basically cannot say how much. And, 
we saw that the presence of both oxygen and carbon was to a less extent on the 
delaminated sample while the presence of fluorine was higher. This could indicate some 
residue after delaminating has occurred which involves fluorine.  

• Auger Electron Spectroscopy was indeed a suitable method to investigate the interfaces 
of interest, but further efforts can be done to improve the results. 1) Eliminate charging 
of epoxy surfaces by either using a positive ion gun neutralizer or 2) covering the 
surfaces with a gold layer. 3) Reduce the surface roughness of the delaminated 
interfaces e.g. by using pre treated aluminium substrates. 4) Let the current run through 
the joint for a longer time, ~1 minute, on the samples to get further differences 
between the electrified and force-delaminated samples. I also recommend that the Stora 
Enso variety of the laminate is subject to similar investigations with Auger spectroscopy 
as the EIC laminate has. 
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Hypothesis of Disbonding 
The interesting fact that hexafluorophosphate was not kept intact brings us to the following 

interesting hypothesis. Suppose that hexafluorophosphate undertakes hydrolysis: 
 

−+− ++↔+ FHPOFOHPF 32326  Reaction 6-1 
 

The reactants on the right hand side of the equilibrium arrow go on according: 
 

−+−+− ++→++ FHPOFHFPOF 2223 43  Reaction 6-2 
 

The reason for including the observer ions into the reaction is merely to point out the fact that 
2HF(aq) is produced, hydrofluoric acid. Reaction 6-1 and 6-2 (without the observer ions) can be 
found in [19]. Next follows the actual hypothesis of disbonding: 

 
−− +→+ eAlFAlF 33 3  Reaction 6-3 

 
If this reaction occurs it is very similar to the dissolving of aluminium in hydrofluoric acid. The 
difference however is that the electrons build up a current in the circuit instead of reducing 
protons to hydrogen gas. If this is the mechanism of disbonding the loss of adhesion would be 
explained by the dissolving of the anode. The CDM adhesive would simply become undermined 
and have nothing left to bind to. The reason why detachment will not happen spontaneous is that 
the concentration of hydrofluoric acid probably is very low. The concentration at the interface as 
the electricity is applied on the other hand will probably become very high. 

This newly developed hypothesis of disbonding opens up the opportunity to continue the work 
in this master thesis. For the theory to hold we should answer a few questions. 1) Is water 
necessary for disbonding to occur? 2) Does disbonding happen in an acidic environment? 3) Is 
aluminium fluoride formed at the interface of disbonding during the delaminating process? If all 
of these questions are answered yes the hypothesis will become stronger, but perhaps more 
questions must be answered before we can determine the disbonding mechanism for sure. They 
will not be answered in this master thesis however. But perhaps they could form a good starting 
ground for a continuation of this work. 
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