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Background 
 
Usbergo, Inc. is requesting a study to demonstrate the Exterior Shield polymer is stable 
when exposed to high temperatures.  Theoretically, thermal degradation of this polymer film 
should occur at about 500 °F.  This study will push  the limit of the film integrity at elevated 
temperatures.   
 
Historically, the presence or absence of a coating can be demonstrated by placing a single 
drop of liquid on the surface and measuring the contact angle where the leading edge of 
the drop meets the surface.  When comparing coated and uncoated samples of similar 
surfaces, a difference of this contact angle can be observed.  
 
 
Project Objective    
 
The objective is to use interfacial tension measurements to demonstrate the presence and 
integrity of the cured Exterior Shield polymeric film.   
 
Interfacial tension is defined as the contractive force per unit length around the perimeter of 
a surface where two phases meet.  This “contractive force” can be thought of as the ability 
or inability of the liquid to flow across the surface. 
 
In this work, the interfacial tension will be represented by the flow characteristics of the 
liquid standard against a solid surface that has been coated with the Exterior Shield 
polymer.  Coated and uncoated test pieces will have different interfacial tensions.  The 
presence of the film can be confirmed based on these measurements.   
 
Once the presence of the film is established using this method, the next step is to evaluate 
the integrity of the film by the same means.  For this, we look closely at the molecular 
forces at work.   
 
A cured polymer film will have a certain polarity.  Polarity refers to the arrangement of the 
electrical charges (bonds) in a molecular structure.  The polarity of a surface will influence 
the interfacial tension between that surface and certain liquids.  Once the bonds of the 
polymer are broken, the polarity of the polymer structure will begin to change.  As the 
polarity changes, so will the interfacial tension. 
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Resources 
 
Exterior Shield liquid will be used to treat test areas.  Standard procedure is to apply two 
coats of the liquid at 15-minute intervals and allow to dry 30 minutes at room temperature 
prior to testing. 
 
A-35 polished metal test panel was chosen as the substrate for its lack of surface 
roughness. Surface roughness can contribute to irregular results in contact angle 
measurement.   
 
Liquid Standard EG  is a high polarity, low volatility liquid.  The low volatility will allow for 
extended measurement times and more precise data collection.  The highly polar nature of 
the liquid will act to exaggerate the contact angle of the drop when it is placed on the 
surface.  If the liquid polarity were too low, differences in interfacial tension may be difficult 
to observe. 
 
Lindberg High Temperature Oven  is capable of accurately maintaining temperatures of 
100 to 2000 °F . 
 
Krüss DSA-20  is an optical 
tensiometer for fast, automatic 
measurement of interfacial tensions 
based on the shape analysis of 
liquid drops on a flat surface. Liquid 
injection volumes are 5 µL at 
ambient temperature. 

 
 
 
 
 
 
 
Test Procedures 
 
Prior to data collection, preliminary instrument settings were adjusted to obtain optimal 
droplet measurements.  Backlight was set to 1° abov e horizontal.  5 µL droplets were used 
for the drop shape analysis.  Baseline and leading edge areas were identified.  Multiple 
measurements were required for each data point.  Contact angles of the EG liquid standard 
were measured and snapshots were taken to capture various stages of the testing.  
 

 
Baseline 

Leading Edge 
Contact Angle 



 

Confidential Page 3 of 3  

 
Test surfaces were cleaned and dried and marked for tracking based on the time, 
temperature, coating variation and drop positioning.  Untreated areas served as a reference 
points.  Treated surfaces were placed into an oven at an initial temperature of 200 °F.   The 
oven temperature was increased by 50 °F between eac h test set.  At one hour intervals, 
substrates were removed and allowed to cool to room temperature prior to placing in the 
IFTA fixture.   
 
 
Test Results 
 
The contact angle of the liquid drop against the test substrate is measured in degrees.  To 
avoid confusion with the temperature in this project, the contact angle will be reported as a 
unit-less number.  Reported here with select pictures is the average and spread of values 
collected. All contact angle data was well within the control limits of the instrument.   
 
 

 
 
 

 
CONTROL INITIAL 200 °F 250 °F 300 °F 350 °F 400 °F 450 °F 500 °F 550 °F 600 °F 650 °F 700 °F 750 °F 800 °F 

Set A 31.10 59.20 87.10 86.00 87.70 91.10 91.90 86.20 90.00 84.00 83.00 85.30 90.90 64.40 40.30 

Set B 31.10 58.80 87.20 85.50 86.50 90.70 85.60 86.30 90.20 86.20 87.00 85.50 90.80 62.30 39.80 

Set C 33.60 58.70 86.70 89.20 86.30 91.20 90.70 85.90 90.10 85.30 86.40 84.90 90.70 63.80 41.10 

Set D 30.40 58.70 88.20 89.30 84.20 90.30 87.60 87.10 89.90 86.90 87.10 84.60 90.50 65.20 38.00 

Set E 29.50 58.70 87.20 90.30 86.10 91.80 90.90 86.80 90.50 86.70 86.10 85.60 90.70 61.10 40.20 

Overall Mean 31.14 58.82 87.28 88.06 86.16 91.02 89.34 86.46 90.14 85.82 85.92 85.18 90.72 63.36 39.88 

Deviation  ± 2.05 ± 0.25 ± 0.75 ± 2.40 ± 1.75 ± 0.75 ± 3.15 ± 0.60 ± 0.30 ± 1.45 ± 2.05 ± 0.50 ± 0.20 ± 2.05 ± 1.55 

 
 

20

30

40

50

60

70

80

90

100

0 200 400 600 800

C
on

ta
ct

 a
ng

le

Temperature (ºF)



 

Confidential Page 4 of 4  

UNTREATED PANEL INITIAL TREATMENT 200 °F 

   
31.14 ± 2.05 58.82 ± 0.25 87.28 ± 0.75 

 
400 °F 600 °F 800 °F 

   
89.34 ± 3.15 85.92 ± 2.05 39.88 ± 1.55 

 
 
Observations & Conclusions 
 
First, looking at the treated and untreated samples, we conclude that the polymeric film is 
present.  Measurement of the contact angles shows an increase of almost 30 degrees with 
the addition of the coating.  
 
After the initial treatment, an interesting finding came up.  The contact angle had increased 
yet again after exposure to elevated temperatures.  Additional data was collected using the 
same techniques described above, except no test areas were heated.  Contact angle 
measurements taken after 8, 16 and 24 hours showed that the interfacial tension increases 
as the film continues to dry out and crosslink.  This information made observation of the 
deterioration point more visible. 
 
The duration of the test data from 200 to 700 °F wa s very consistent.  Multiple 
measurements of each test area showed tightly grouped contact angles.  The polymer film 
was still intact.  Considering the drop in contact angle, it is likely that the bonds are 
beginning to fail between 700 and 750 °F and polyme r degradation is occurring between 
750 and 800 °F.   
 
To sum up, the film formed by the Exterior Shield polymer is stable well above the designed 
temperature threshold of 500 °F.  In fact, the film  gains integrity as temperatures begin to 
exceed 200 °F.  This bond strengthening characteris tic of the product may provide an 
additional advantage, increasing the stability of coatings under it.  


