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Abstract 

The adhesion between coating and a flat metal surface has 
been investigated by measurements. The setup is based on the 
formation of a blister by injecting nitrogen gas under pressure 
between the coating and the substrate. The adhesion energy is 
determined by recording the pressure as a function of the 
recorded blister radius development. A laser is moved over the 
blister in 2D with two programmable step engines to measure 
the blister profile and thereby the radius of the blister between 
successive pressure increases. The design and operation of the 
instrument are described and an evaluation of its performance 
and limitations is given. The method could be useful for accurate 
measurement of adhesion of many types of surface coatings to 
metal and, possibly, to other substrates, as well as for studies of 
the various factors that influence adhesion. A better accuracy of 
the laser for measuring the blister profile would improve the 
setup.  

We treated aluminium surfaces in different manners (sand 
paper, polishing and blowing using glass particles) but found no 
significant impact on the adhesion energy between the x-linked 
coating layer and the metal. The adhesion energy measurements 
however have a large scatter. The coating layer that was not x-
linked had a much lower adhesion energy. 

 

 Introduction 

Most of the work on constrained blisters has examined the 
de-bonding of the blister from the surface underneath as the 
pressure is applied from below (Figure 1). 

There are several methods to measure adhesion fracture 
energy [1-6] 𝐺a. When using the blister method this depends on 
how the loading pressure is applied, Williams expression from 
1969 [7]). 

𝐺௔ ൌ 𝐷
𝑎ସ

ℎଷ
∙ 𝑃௖௥  

 

The coating layer is lifted by the applied pressure and form 
a blister [8]. The blister radius stays fixed up to a critical pressure 
Pcr. D is a material constant [7] for the polymer coating or layer.  

The basis of the blister test was originally introduced [9] in 
1961 as a means of measuring the adhesion between solids and 
was developed by many authors thereafter. In its simplest form, 
the blister geometry consists of a coating against a rigid flat 
substrate 

 

 

 

Figure 1: Schematic of the experimental setup for blister test.
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The substrate has a hole (with an unbounded region around the 
hole initially prepared using Teflon spray-on) in the center. 
When the unbounded region is progressively pressurized by the 
pressurizing medium (with gas or a liquid in some cases), the 
coating forms a blister if it is relatively thin compared with the 
hole radius. The adhesion energy then can be calculated from the 
geometry of the blister and the pressure [5]. Any de-bond radius 
can be used in the test and in principle we can get many 
measurement points for each specimen if the debonding 
develops in steps related to corresponding pressure steps. The 
scan of the blister therefore needs to be fast to be able to detect 
the development of the blister. 

The characterization of surface and interfacial energies 
between materials is of interest to manufacturer, industry 
applying the manufactured item, and the scientific community. 
Eventually the consumers would be affected. The understanding 
of friction, wear, lubrification, mechanics, adhesive bonding, 
coating and cleaning of materials would here be an issue. 
Adhesion is defined as the molecular attraction between the 
surfaces of bodies in contact. The surface energies of solids are 
diffucult to measure because their large stiffnesses can often 
prevent the material from measurably changing shape when 
adhesive forces are present, that means the material applied to a 
metal surface might crack before the adhesive energy can be 
measured (i.e. high temperature cured epoxy becomes very 
stiff). 

In this article we will give a background for the study of the 
classical blister test and show some results 

 The focus will be on the classical blister test described in Figure 
1. It is possible to separate the blister test into three experimental 
situations explained by Gent and Lewandowski [10] which is 
descriptive regarding the blister theory. 

1. The blister diameter 2a << than the thickness h of 
the coating layer. 

𝑃௖௥ ൌ ൬
2𝜋𝐸𝐺௔
3𝑎

൰
ଵ/ଶ

 

giving an adhesion energy: 

𝐺௔ ൌ
𝑃ଶ3𝑎
2𝜋𝐸

 

 

2. The blister diameter 2a is approximately of the 
same size as the thickness h of the coating layer. 

𝑃௖௥ ൌ
ሺ128𝐸𝐺௔ሻଵ/ଶ

3𝑎ଶ
ℎଷ/ଶ 

giving an adhesion energy: 

𝐺௔ ൌ
9𝑎ସ𝑃ଶ

128𝐸ℎଷ
 

 

3. The blister diameter 2a >> than the thickness h of 
the coating layer. 

𝑃௖௥ ൌ
ሺ17.4𝐸ℎሻ

𝑎

ଵ/ସ
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giving an adhesion energy: 
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The classification into the three modes are connected to how the 
applied pressure will affect the substrate. The mode where the 
applied pressure affects the edge of the debonding the most and 
not the compression and stretching of the substrate material is 
preferable. If h becomes large compared to the blister diameter 
it would be impossible to monitor the blister diameter 
development. 

For the last expression (in 3) we observe that the critical 
pressure (Pcr) for debonding is less dependent of the tensile 
modulus (E) and the thickness of the layer (h) and more strongly 
dependent of the adhesion energy than the other expressions for 
the other experimental situations (in 1 and 2). 

With an elastic behaviour of the coating layer in response to 
an internal pressure a pressurised blister test could be a good 
method for measuring interfacial adhesion [10, 11]. Newer 
literature reviews [12] and [13] gives a good background and 
compares the different approaches depending on the 
applications. For the cases 1. and 2. the applied pressure is 
compressing the material and it will in addition be difficult to 
observe the curvature of the blister (like a pea under a mattress). 
When the thickness h of the coating is thin it is simpler to 
estimate the debonding diameter. 

 

 Experimental setup 

The semiconductor is moulded and x-linked on top the 
aluminium disc surface described in Figure 2. 

 

Figure 2: Disc used for the coating of the semi-conductor on the 
top, the numbers are related to the diameter. 

 

Outside the hole (1.2 mm) there is a slip zone (2.5 mm) 
where Teflon spay is applied in the slip zone. This is done before 
moulding the coating. A cover plate (Figure 3) with a hole for 
the spray is applied. The blue area is made of rubber material to 
avoid the Teflon spray to enter outside the slip zone. The slip 
zone is used to provide an initial defined area where the coating 
is not bounded to the aluminium surface. The small 1.2 mm hole 
is carefully blocked out using a defined plug to lift the coating 
outside the slip zone and during moulding of the coating the hole 
is blocked by a similar but slightly smaller plug. 
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Figure 3: Cover for applying the Teflon spray in the slip zone 
of the aluminium disc. 

 

The schematic of the setup is shown in Figure 1. In Figure 4 
we observe the coating layer (with white paint on top of the 
coating for reflection purposes) on top of the aluminium disc. 
Under operation a support ring pressing the disc downwards has 
been introduced to compensate for the gas pressure coming from 
below pushing the disc upwards. A non-supported disc would 
introduce a movement upwards in this setup and make the 
position of the disc unstable affecting the laser measurements. 
There will however be a slight drift upward due to the soft 
coating material being penetrated by the support ring when the 
gas pressure increases but this can be compensated for using the 
area outside the small blister zone as "baseline". 

 

 Experiment 

The engines are controlled by a XILab script controlling the 
scanning area grid, engine speed and acceleration between the 
grid points.  

 

 

Figure 4: Blister setup with coated and painted disc, engines for 
moving laser.  

 

 

3.1 Aluminium surface treatment 

Three techniques for treating the aluminium disc surfaces 
were used. 1. Sand paper of different gradings treating the 
aluminium surface (± 5-10 µm ripple variation) in Figure 5 
where the blister hole also is observed (black area) in addition to 
the scratches in the aluminium surface. In Figure 5 (below) we 
observe the variation in µm along two axis (X-axis and Y-axis) 
taken from Figure 5 upper picture. This illustrates that the 
surface variation is different in the two directions due to the one 
directional sandpaper treatment 2. Another surface treatment is 
using glass blown particles of 0.25-0.40 mm size on the 
aluminium disc giving a more random directional surface 
variation (also ± 5-10 µm ) and 3. Polishing the surface smoothly 
giving a smoother surface variation (± 0.5 µm). 
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Figure 5: Sand paper treatment (FEPA 320) of aluminium disc surface
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3.2 One axis measurement 

During the blister profile measurements we first moved the 
laser along one axis in a forward movement and thereafter in the 
opposite direction observed in Figure 6. This gives information 
that the blister has a dynamic movement (mostly in height) after 
each pressure rise. For the first pressure rise a drop in the 
pressure is observed between the forward and return movement 
due to the initial formation and stretching of the material forming 
the blister. For the higher pressures the pressure remains stable 
(between forward and return movement) consistent with a very 
small blister volume increase. To calculate the adhesion energy, 
we use the pressure observed when the edge of the blister starts 
to propagate which is an estimate of the critical pressure and the 
radius a of the blister before the edge moves. The thickness of 
the coating layer is measured outside the deformed area at three 
places after the coating layer has been blown off for the whole 
disc. The measurements also illustrate that a quick scan of the 
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Figure 6: Blister development during one axis scan with forward 
(dotted line) and return movement (solid drawn line) of the laser. The 
arrows mark the different edge movements. 

 

blister profile would give a better result since this would make it 
possible to follow the blister development. A more thorough 
scan of the whole blister surface in 2D would be preferable but 
this has a downside with respect to the increased scanning time 
and less ability to observe "rapid changes". The measurements 
here (Figure 6) are raw data without smoothing of the blister 
curve. Example of smoothed data are shown in Figure 8a.  

 

3.3 Two axis measurements 

When performing a one axis measurement only a small 
fraction of a potential blister development is covered. It is 
possible that the blister debonding happens outside the axis of 
measurement even though the debonding could cover a larger 
area. The ideal would be to instantaneous measure over the full 
blister area (such as a very high accuracy 3-D scanner) but our 
measurement 
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Figure 7: a) Blister development along X-axis scan (smoothed data plot 
for different pressures) and the arrows mark the different edge 
movements and b) 1.6 bar plot with Y=0, Y=500 µm and Y= -500 µm 
for the plot in Figure 7a.  
 
technique is using a laser which moves over the blister in a 
mapping grid with engines. A full mapping over the blister area 
will in our case be time consuming conflicting with the rapid 
development of the blister itself. We therefore have chosen to 
scan the blister quite accurate along the X axis over the blister 
maximum (Y=0) and two other positions (Y=±Y) giving three 
scanning lines over the blister. The 2-D mapping is time 
consuming. Another scanning along two axis would be over X=0 
and Y=0 probably covering a larger portion of the bubble.  

A 2D mapping of the blister was performed for several cases. As 
previous mentioned this laser technique is not ideal and even 
performed at engine maximum speed for the stepping engines 
the accuracy of the engine positioning makes it time consuming 
between scanning steps limited by the acceleration and 
retardation of the engine to maintain the position accuracy in the 
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X and Y direction. All curves in Figure 7 represent the average 
between the forward and return scan moving the laser. The 
averaging of the laser input for measuring bubble height at each 
position to compensate for a poor laser accuracy is also a 
limitation. Therefor a higher laser accuracy would help but the 
main issue is the time scanning the blister area. 

 

3.4 Adhesion energy estimation from blister 
measurements  

The adhesion energy measurements through the blister setup 
on different treated flat aluminium surfaces show a large scatter 
for the x-linked coating. No systematic trends (Figure 8) are 
observed regarding the adhesion. The FEPA 1000 sandpaper 
treatment of the aluminium surface seem to give the highest 
surface energy. During the experiment we also by accident 
measured on the non x-linked coating giving the lowest adhesion 
surface energy. 
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Figure 8: Summery plot of the adhesion energy measured for 
different treated surfaces. 

 

 Conclusions 

A rig using the blister technique for measuring adhesion 
energy between a coating layer and a flat aluminium surface has 
been developed. The experimental setup is in principle able to 
measure the adhesion energy but the time used for scanning the 
blister development is an issue. Improvements regarding the 
scanning speed needs to be further developed. 
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