
Introduction

Adhesive bonding provides strong, reliable attachment between 

similar and dissimilar materials.  Often, adhesive bonds can pro-

vide greater breaking strength than the materials which are being 

bonded together.  Additionally, the use of bonding can produce 

stronger, lighter components through the elimination of heavy 

mechanical fasteners and the holes which are required to use 

such fasteners.

Although adhesives can produce a very strong bond, the ultimate 

strength is often determined by the cleanliness of the two surfaces 

which are being bonded.  Adhesives applied to a contaminated 

surface will only bond to the contaminant, leaving only a weak 

bond between the two substrates.  For some applications, even 

trace amounts of contaminants can severely decrease the ultimate 

bond strength.

In order to insure that bonding surfaces are free of contaminants, 

extensive cleaning procedures have been developed for critical 

bonding applications.  It has been shown that even small devia-

tions in these cleaning procedures can produce substandard 

bonds.  To guarantee strong bonding, surfaces should be ana-

adhesives.  A good testing technique should be non-destructive, 

The technique must also have the sensitivity required to see low 

levels of contamination on bonding surfaces.

Infrared spectroscopy is a non destructive method which can both 

quantify and identify many contaminants on metal surfaces.  All 

organic chemicals and many inorganic chemicals can be measured 

by infrared.  Using a grazing angle sample interface, infrared is 

sensitive enough to measure contaminants at very low levels.

These are all positive properties; however, grazing angle infrared 

using traditional bench-top FTIR spectrometers in laboratory 

environments.  The A2 Technology’s Exoscan now overcomes this 

limitation by offering a sensitive, hand-held infrared spectrometer 

that can be applied to the analysis of components of virtually any 

size in manufacturing or maintenance facilities.  This application 

will demonstrate the use of the Exoscan with a grazing angle 

sample interface to measure small amounts of contaminants on 

metal surfaces.

Grazing Angle Infrared Reflectance
There are many ways to measure samples using infrared spectros-

copy.  In all cases, the infrared light from the spectrometer must 

interact with the sample, and then be directed to the detector.  The 

simplest example of this is a transmission measurement, where the 

-

the light from the spectrometer passes once through the sample, 

sample a second time before being collected on the detector.  A 
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Absorption Spectroscopy (IRRAS) in both the grazing angle (red) and specular 
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The intensity of an infrared absorbance measurement is directly 

proportional to both the concentration of the sample and the path 

length of the light traveling through the sample according to Beer’s 

very shallow angle with respect to the substrate surface.  If the angle 

of incident light is greater than 75 degrees from normal, the experi-

ment is typically referred to as a Grazing Angle measurement.   Fig-

of the p-polarized light at the surface.  One can visualize the p-polar-

ize light as creating a standing wave on the surface thus greatly in-

creasing the effective path length.  The greatest enhancement in the 

normal; this is instrumentally unpractical, so grazing angle sample 

The Exoscan is a portable, handheld infrared spectrometer for 

techniques; one if the three available sampling interfaces is a grazing 

angle geometry.  The Exoscan grazing angle has a nominal angle 

throughput, producing excellent signal to noise even on short mea-

-

ing it a versatile instrument for many sample types.  The Exoscan is 

fully portable, requiring no power or computer connections.  The data 

-

atmospheric conditions.

Measurement of Contaminants Using 
the Exoscan
All infrared spectrometers, including the Exoscan, are sensitive to 

many different organic and inorganic contaminants.  Figure 2 shows 

spectra obtained with the Exoscan of a thin layer of hydrocarbon oil 

and a thin layer of silicone, each on an aluminum surface.  As can be 

seen from the spectra, the Exoscan can easily distinguish different 

types of contaminants, allowing the user to select the proper cleaning 

procedure to remove the contaminant.

The Exoscan was designed to provide easy to understand answers 

for both skilled and unskilled users.  The spectra shown above and 

below are informative for a skilled user to determine the amount and 

results related to the amount of sample on the surface.  Limits are 

provided, allowing the results to be displayed as red, yellow or green if 

the sample is in a critical, marginal or safe range respectively.  Figure 

3 shows the results screen for a measurement of oil contamination.  In 

this case the amount of silicone was above the marginal but below the 

critical limit, so the result is display in yellow.  This indicates to the user 

that the area should be cleaned and re-measured before proceeding.  

Limit of Detection of Surface 
Contamination
To determine the limit of detection for contaminants on smooth metal 

a series of test samples were made by spray coating a silicone mold 

applied by spraying a precise amount of material on the surface in two 

-

ratory infrared spectrometer with an established method.  The average 

concentration of six measurements for each panel was calculated; 
2

average concentrations of each sample in this test set.

Figure 2 – Hydrocarbon oil (blue) and silicone oil (red) on an aluminum 

Figure 3 – Exoscan results 

screen showing a marginal 

oil contamination on a metal 

2

centrations of silicone 

mold release agent on 
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 spectral 

collection time.  Representative spectra from this sample set 

 are easily distinguished, even at the 

lowest concentration measured.

A calibration curve was plotted using the area of the silicone 

.  The calibration is shown in Figure 5. The 

limit of detection was calculated by measuring baseline area 

2.   It 

-

surement of entire silicone band area or measurement over a 

Figure 4 – Spectra of silicone mold release agent on aluminum measured 

collected at 8 cm

Figure 5 – Calibration curve for silicone mold release agent on aluminum 
2

Conclusion
The quality and strength of an adhesive bond is directly 

proportional to the cleanliness of the surface being bond-

ed.  In addition to stringent cleaning procedures, measure-

ment of bonding surfaces post cleaning can provide a 

needed quality control step.  A2 Technologies’ Exoscan 

system, equipped with grazing angle sample optics, can 

provide the level of sensitivity required for the detec-

inorganic contaminants on metal surfaces.  Even with a 

2 was obtained for a silicone mold release agent on 

the measurement results in easy to understand categories 

measurement of surface cleanliness at detection levels 
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