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ABSTRACT
The purpose of this research is to evaluate Fourier transform infrared spectroscopy measurement
methods (FTIR) as a potential technique to monitor surface preparation processes for adhesive
bonding of composite substrates. The recent availability of handheld FTIR instruments enables
application of infrared spectroscopy in manufacturing or repair environments. This motivates
research to understand the capabilities of FTIR as a potential technique for surface preparation
inspection. Infrared spectroscopy can be used to identify chemical bonds on a composite surface
prepared for secondary bonding. This information can help understand one requirement of
adhesion: the formation of primary chemical bonds between the adherend and adhesive as well
as the identification of contaminants. Mid-infrared spectroscopy measurements are made using a
bench-top infrared spectrometer (Bruker Vertex 70) and a handheld infrared spectrometer
(Agilent Technologies Exoscan). The bench-top FTIR is configured with a single-bounce
diamond crystal attenuated total reflectance (DATR) sampling interface. The handheld FTIR
uses a diffuse reflectance sampling interface. The materials examined are 177 °C cure carbon
fiber reinforced epoxy laminates prepared with various surface preparation methods, including
peel ply preparation and manual abrasion. Infrared spectroscopy measurements characterized
surfaces with various surface preparations and contaminants. The sensitivity of both devices will
be discussed and referenced to surface preparation and bond quality data.

1. INTRODUCTION
With the advent of the Boeing 787 and Airbus A350, adhesive bonds are now being used
extensively for large aerospace structures. In comparison to mechanical fasteners, bonding
reduces weight, eliminates stress concentrations and eliminates the need for sealants to protect
against environmental damage.
The purpose of this research was to evaluate infrared spectroscopy techniques as a possible
inspection method for pre-bond surface preparations. The most important step in the formation of
adhesive bonds is surface preparation to create chemically active surfaces that maximize bond
strength and to prevent or remove contaminants that can adversely affect bonding. Adhesive
bonding predominantly depends on the formation of primary chemical bonds and less on
mechanical factors, thus surfaces must be properly prepared for formation of strong adhesive
bonds [1, 2].
The surface preparation methods of focus for this research were peel ply and manual abrasion
with use of a random orbital sander. A peel ply is a polymer fabric, such as polyester or nylon. It

is the last layer applied to a composite part before cure and is removed directly before bonding.
Figure 1 displays the removal of a peel ply and the resulting surface. Infrared spectroscopy
techniques examined used the Bruker Vertex 70, a desktop instrument, and the Agilent
Technologies Exoscan, a handheld device. The Vertex 70, configured with attenuated total
reflectance (ATR), was used to measure the surface chemistry of composite substrates for
comparison with the Exoscan, configured with diffuse reflectance. Surface characterization is
important in the aerospace industry, where adhesive bonding of composites is desired, because it
can aide in the understanding of adhesion. This paper will discuss processing conditions that can
affect infrared spectroscopy measurements: peel ply type, peel ply contamination and manual
abrasion of peel ply surfaces.

Figure 1: Removal of peel ply from a carbon fiber reinforced epoxy composite (CFRP).
1.1 Peel Ply Type
Traditional peel ply surface preparation is material system (prepreg and adhesive) specific [3, 4].
Certain peel ply, composite and adhesive systems result in strong bonds whereas others result in
weak bonds. For example, previous research shows that polyester peel ply prepared 177°C cure
CFRP shows cohesive failure and a GIC = 812±35 J/m2 when bonded with MB1515-3 adhesive
[5]. However, when this same CFRP material is prepared with nylon peel ply and bonded with
MB1515-3, adhesion failure is observed with resulting GIC = 122±15 J/m2 [5]. Similarly, when
this CFRP is prepared with Super Release Blue (SRB) release ply (polyester peel ply coated with
siloxane) and bonded with MB1515-3, adhesion failure and GIC < 94 J/m2 are observed [5]. Table
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1.2 Peel Ply Contamination
Surface contamination is detrimental to bonding because the adhesive is in contact with the
surface contaminant rather than the surface itself. This creates an unreliable bond that can
fracture at loads well below design specifications. Because contamination cannot be completely
eliminated in all composite fabrication environments, we need to be able to detect it prior to
bonding. This research examined peel plies that were intentionally contaminated with siloxane, a
common processing agent that has been shown to degrade bond quality for 177°C cure CFRP
bonded with MB1515-3 at mixed target levels as low as 1% siloxane contamination levels [6].
Refer to section 2.1.2 for definition of contamination levels. This is supported by figure 2, which
shows Backing Rapid Adhesion Test (B-RAT) results, where the red arrows denote a
contaminated bond [6].
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Figure 2: B-RAT results showing bond quality is degraded of CFRP substrates bonded with
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3.3.4 Results from XPS Analysis
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levels [6].

The current research examined CFRP surfaces prepared with the same contaminated peel plies as
reference 6 with handheld diffuse-reflectance FTIR (Exoscan) to determine if it can be used as a
quality assurance technique for siloxane contamination.
1.3 Manual Abrasion to Remove Peel Ply Texture
Surface roughening by means of abrasion to expose a fresh surface and remove contaminants is a
surface preparation method for composites bonding [7,8]. Previous research has shown that
abrasion (grit blasting and sanding) can remove mold release agents that can be detrimental to
bonding, changing the surface chemistry and surface energy [7]. For grit blasted specimens, the
grit material and grit size also has an affect on surface chemistry and energy [7]. It has also been
shown that 177°C cure composites prepared with polyester peel ply and bonded with paste
adhesive do not form reliable bonds, failing in adhesion using the DCB test [9]. Surface abrasion
can be used to remove peel ply texture from the composite resulting in cohesive failure when
bonded with paste adhesives [9]. It is thus important that the peel ply surface be removed before
composites should be bonded with paste adhesives. Surface abrasion can be achieved by
techniques such as manual abrasion or grit blasting. Often times, composites are prepared with
peel ply to keep contaminants from settling onto the surface prior to bonding. Directly before
bonding, the peel ply is removed and the surface is abraded to remove the peel ply surface.
CFRP surfaces were prepared with nylon and polyester peel ply and abraded to various levels of
surface removal. These surfaces were measured with FTIR to determine if FTIR can detect
differences between the various levels of sanding. Such differences could include chemical
differences due to peel ply or contamination removal as well as physical differences due to
roughness.

2. EXPERIMENTATION
2.1 Specimen Preparation
2.1.1 Peel Ply Type
The effect of peel ply type on surface chemistry was examined using 4-ply panels of carbon fiber
reinforced epoxy prepreg composite (Toray 3900/T800 unidirectional tape) surfaces prepared
with various peel plies. These included a polyester peel ply (Precision Fabric Group 60001), a
nylon peel ply (Precision Fabric Group 52006) and a siloxane coated polyester peel ply
(Precision Fabric Group Super Release Blue). These panels were prepared by laying up [0/90]s
CFRP laminates, vacuum bagging the panels and curing them in an autoclave. The autoclave
cure cycle for the specimens were as follows:
1. Heat to 57.2°C (135°F) at a rate of 1.1°C/min (2°F/min), increase pressure to 0.6MPa
(89psi) at a rate of 0.1MPa/min (20psi/min), soak for 0 min
2. Heat to 177°C (350°F) at a rate of 5.6°C/min (10°F/min), maintain pressure of 0.6MPa
(89psi), soak at 177°C and 0.6MPa for 120 min (2 hr)
3. Cool to 10°C (50°F) at a rate of 5.6°C/min (10°F/min), maintain pressure of 0.6MPa
(89psi), soak for 0 min
4. Decrease pressure to 0Mpa (0psi) at a rate of 0.1MPa/min (20psi/min), while maintaining
a temperature of 10°C (50°F), soak 0 min

2.1.2 Peel Ply Contamination
Peel ply contamination was achieved by preparing solutions with predetermined weight percent
of siloxane concentrations, defined as grams mixed solids per 100 grams of solution, (0%
(control), 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 1% and 2%) and applying these solutions to Precision
Fabrics 60001 polyester peel ply [6]. The processing and characterization of the siloxane
contaminated peel plies are described by VanVoast, et. al in reference [6]. Panels with 1% and
2% siloxane contamination were provided by Boeing. Panels with 0.1%-0.5% siloxane
contaminated peel plies were made from 4-ply CFRP prepreg (Toray 3900/T800 unidirectional
tape) with a [0/90]s layup. These panels were autoclave cured as described in section 2.1.1.
2.1.3 Manual Abrasion to Remove Peel Ply Texture
The effect of Manual abrasion on surface chemistry was examined using 4-ply panels of carbon
fiber reinforced epoxy prepreg composite (Toray 3900/T800 unidirectional tape) prepared with
nylon (PFG 52006) and polyester (PFG 60001) peel ply. These panels were prepared by laying
up [0/90]s CFRP laminates, vacuum bagging the panels and curing them in an autoclave. The
autoclave cure cycle is described in section 2.1.1.
Manual abrasion was performed with a random orbital sander, using 120 grit ceramic abrasive
sanding discs. Three levels of abrasion were studied for each peel ply surface preparation. The
first two levels were partial abrasion with peel ply texture still evident and the third level abraded
far enough into the surface to remove all peel ply texture. After abrasion, the dust was removed
from the samples using a vacuum. No solvent was used to clean the surface to avoid adding other
chemical species to the surface. This was done to understand how abrasion affects the surface
chemistry before adding other chemicals. Representative images of each level of sanding for
nylon and polyester peel ply surface preparation are shown in table 2.
Table 2: SEM micrographs of nylon prepared surface and polyester prepared surface with
various levels of abrasion after peel ply removal.
Peel Ply Texture,
No Abrasion

> 75% Peel Ply
Surface Evident

< 50% Peel Ply
Surface Evident

No Peel Ply
Surface Evident

Nylon
Prepared

Polyester
Prepared

2.2 Fourier Transform Infrared Spectroscopy Measurements
FTIR measurements were performed using a Bruker Vertex 70 FTIR bench-top instrument
configured with a DATR sampling interface and an Agilent Technologies Exoscan handheld

portable FTIR configured with a diffuse reflectance sampling interface. Figure 4 shows pictures
of both instruments.

(a)
(b)
Figure 4: (a) Agilent Technologies Exoscan FTIR [10] and (b) Bruker Vertex 70 FTIR [11]
An SOC400 bench-top FTIR (by Surface Optics Corporation) configured with an integrating
sphere sample interface was used to determine siloxane contamination levels via hexane
extraction of the surfaces prepared with siloxane contaminated peel plies. The SOC400 was not
used to examine the surfaces directly.
2.2.1 Bruker Vertex 70 DATR FTIR
After the composite panels were cured, they were removed from the autoclave and cut into test
strips, approximately 5 cm (2 in) by 10 cm (4 in) in dimensions. Immediately before testing peel
ply prepared specimens, the peel ply was removed. Manually abraded specimens were prepared
2 days before testing and were kept in covered petri dishes and stored under vacuum to keep any
contaminants from settling on the surface. A single bounce diamond ATR was used to collect
spectra in the mid-infrared region (MIR: 4000 cm-1 to 400 cm-1) from 16 scans with 4 cm-1
resolution for background and specimen spectra. A background spectrum of air was collected
before each run. The specimen was then placed onto the DATR crystal and the sample spectrum
was collected. A pressure clamp was used to ensure good contact between the crystal and the
sample, always applying the maximum pressure (30,000 psi). A pressure clamp is necessary
because ATR requires intimate contact between the crystal and the sample. The background
spectra were ratioed to the specimen spectra for analysis. Figure 5 shows an infrared beam path
for the DATR.

Figure 5: An infrared beam path for a single bounce DATR
2.2.2 Agilent Technologies Exoscan Diffuse Reflectance FTIR
An Exoscan FTIR was also used to collect spectra from the prepared surfaces for comparison
with DATR spectra. Immediately before testing samples prepared with peel ply, the peel ply was
removed. Manually abraded specimens were prepared 2 days before testing and were kept in
covered petri dishes and stored under vacuum to keep any contaminants from settling on the
surface. The Exoscan, which was configured for diffuse reflectance, used one background
spectrum for a series of specimens. Note that this is different from DATR data collection where a

background spectrum was collected before each sample spectrum. The background was then
ratioed to the specimen spectra. Data collected was 90 scans with 16 cm-1 resolution in the MIR
data range (650-4000 cm-1). Note a pressure clamp was not used, as diffuse reflectance sampling
does not use a crystal that the specimen must be in contact with. Figure 6 shows the beam path
for diffuse reflectance.

Figure 6: An infrared beam path for diffuse reflectance.
2.2.3 Surface Optics Corporation (SOC) FTIR with Vertical Integrating Sphere for Analysis
of Hexane Extraction of Siloxane Contaminated Specimens
The SOC400 FTIR was used as a reference method to determine how much contamination
transferred to the composite surfaces prepared with siloxane contaminated peel plies. This
technique was chosen because it has been proven capable of detecting low concentrations due to
the integrating sphere. Samples with contamination levels ranging from 0.1%-2% were examined
as well as a control surface, referred to as 0% (prepared with polyester peel ply) and a sample
prepared with SRB (polyester peel ply heavily coated with siloxane). One 2” x 2” test specimen
was cut from each sample for hexane extraction. Clean vials (one for each sample) were filled
with 5mL hexane used to swab each surface. Immediately before testing, peel ply was removed
and using a clean glass swab, each 2”x2” surface was wiped four times. Between each wiping,
the glass swab was submerged in the hexane to extract any siloxane removed from the surface.
The hexane containing contamination from the surfaces was filtered using a syringe attached to a
PALL Life Sciences Acrodisc CR 25mm Syringe Filter with 0.45µm PTFE Membrane. During
the swabbing, glass fibers from the glass swab broke off into the vials. The purpose of filtering
was to remove these fibers, which could influence the spectra. All hexane solutions were filtered
through the same syringe. The syringe was cleaned with hexane between each sample and
samples were filtered from lowest to highest siloxane contamination. The filtered solutions were
placed in individual gold coated half-sphere cups that were confirmed to be clean from
contaminants prior to use. The hexane was evaporated leaving behind the residue removed from
the surfaces in the cups. Data collection was 64 scans with 8 cm-1 resolution in the MIR data
range (4000-650 cm-1) for background and specimen spectra. One initial background of an empty
cup was collected.
2.3 Multivariate Analysis of FTIR Spectra
The Unscrambler X software package was used for multivariate analysis of FTIR spectra.
Multivariate analysis is a powerful tool for the examination of chemical spectra because it can

help identify differences in peak locations and peak intensities that are not otherwise obvious.
Principal component analysis (PCA) was used to determine if differences existed between the
spectra. Generally, 2 principal components were used. Some spectra required preprocessing
before PCA for a difference to be observed. Preprocessing used was a Savitsky-Golay first
derivative with 5 smoothing points fit to a 2nd order polynomial. This derivative was used to
amplify differences between spectra by amplifying changes in slope of the spectral peaks, while
reducing effects of baseline offsets. Smoothing points were used to reduce the influence of noise.

3. RESULTS AND DISCUSSION
3.1 Peel Ply Type
3.1.1 Bruker Vertex 70 DATR FTIR Results
Figure 7 shows representative spectra for polyester, nylon and SRB peel plies, with arrows
pointing to peaks of interest with table 3 showing which peak can be attributed to what peel ply
material. Since these surface preparation materials are clearly chemically different, a difference
in CFRP surfaces prepared with each of these materials could be observed.

Figure 7: DATR-MIR-FTIR spectra for polyester, nylon and SRB peel plies, with arrows
indicating peaks of interest.
Table 3: IR peaks identified by wave number peak location and peel ply material [6,12,13,14].
Peak
Polyester Peak: C=O
Amide II Band: C-N stretch + CO-N-H bend
CH2 wagging mode of trans conformer of
glycol moiety
Silicone peaks
Trans configuration of ethylene glycol unit
Amide IV Band: C-CO stretch

Peak Location (cm-1)
1730
1530
1340

Peel Ply Material
Polyester, SRB
Nylon
Polyester

1260, 1100, 1022, 800
975
930

SRB
Polyester
Nylon

Gauche configuration of –OCH2CH2- group
Benzene ring
Amide V Band: N-H out-of-plane bend

896
795
680

Polyester
Polyester
Nylon

Figure 8 shows spectra for polyester, nylon and SRB prepared CFRP surfaces. Other than the
potential silicone band observed at 1260 cm-1 for the SRB prepared surface, no differences were
visually observed between spectra for different CFRP peel ply preparations. PCA analysis of the
fingerprint region of 5-6 spectra for each surface preparation showed no difference between
polyester, nylon and SRB surface preparations.
Silicone band at
-1
1260 cm ?

Polyester prepared
SRB prepared
Nylon prepared

Figure 8: DATR-MIR-FTIR spectra for polyester, nylon and SRB prepared surfaces.
3.1.2 Agilent Technologies Exoscan Diffuse Reflectance FTIR Results
Shown in figure 9 are spectra collected using diffuse reflectance with an Exoscan FTIR. The
black box denotes the range (fingerprint region) over which multivariate analysis was used to
identify differences between spectra, as all spectra showed CH and OH stretches.

1=Nylon prep
2=SRB prep
3=Polyester prep

Figure 9: Range analyzed with multivariate analysis.
PCA of two principal components with preprocessing identified differences between spectra.
Preprocessing was a Savitsky-Golay first derivative with five smoothing points fit to a 2nd order
polynomial. The scores from this analysis are shown in figure 10. A scores plot is a multivariate
tool that shows differences between samples, where PC-1 shows the greatest source of variation
between all sample spectra and PC-2 shows the second greatest source of variation between
sample spectra. This shows that PCA analysis was successful in identifying differences between
peel ply surface preparations, as it separated them all on the first principal component (PC-1).

1=Nylon prep
2=SRB prep
3=Polyester prep

Figure 10: PCA analysis results of peel ply surface preparation detected by diffuse reflectance.
These specimens were used as calibration samples for a partial least squares (PLS) regression
method for the Exoscan. PLS is a multivariate technique that relates variation in spectra to
specific values or properties. The test method developed using PLS correctly identified polyester,
nylon and SRB prepared specimens. Thus, the Exoscan, configured with a diffuse reflectance
sampling interface, has a potential application in the bonding process as a quality assurance
method to test for peel ply preparation.

3.2 Peel Ply Contamination
3.2.1 Hexane Extraction Results
Silicone materials have characteristic IR peaks at 800, 1022, 1100 and 1260 cm-1. All spectra
showed these four peaks. The silicone peak at 1260 cm-1 was used to determine the amount of
siloxane extracted from each of the surfaces. Figure 11 shows the fingerprint region of the
spectra resulting from hexane extraction with a zoomed-in view of the peak at 1260 cm-1 used for
quantification of the amount of siloxane contamination transferred to the surface. Also shown is
the hexane only (“Hexane blank”) extraction, which showed a small peak at 1260 cm-1. Figure
12 shows a plot of the peak areas for each contamination level, showing a general trend of an
increase in surface contamination with an increase in peel ply contamination, as peak area is
directly proportional to amount of siloxane contamination [6].

Figure 11: FTIR spectra of hexane extracted residue with gray box highlighting analysis peaks
at 1260 cm-1.

Figure 12: Plot of 1260 cm-1 peak areas as a function of peel ply contamination.
3.2.2 Agilent Technologies Exoscan Diffuse Reflectance FTIR Results
Initial PCA analysis with no preprocessing of siloxane contaminated samples showed clusters of
each sample type without any one sample or spectra as an outlier. This is displayed in figure 13.
From this analysis, it may be possible to detect the presence of siloxane contamination, as all
contaminated specimens are separated from the 0% (control) specimen. However, further

research is necessary determine if a detection limit exists. Observed separation of samples may
be attributed to potential processing differences between 1% and 2% (manufactured at Boeing)
and the rest of the samples (manufactured at University of Washington), slight color differences
between the samples affecting the signal or other unknown experimental factors.

Figure 13: PCA analysis of siloxane contaminated surfaces.
3.3 Manual Abrasion to Remove Peel Ply Texture
3.3.1 Bruker Vertex 70 DATR FTIR Results
DATR spectra collected from polyester peel ply prepared surfaces with various levels of
abrasion were examined with PCA from 1900-600cm-1. These levels varied from no abrasion
(polyester peel ply surface) to partial abrasion with peel ply texture still present to complete
removal of peel ply texture. Initial PCA analysis of manually abraded surfaces originally
prepared with polyester peel ply display some difference between abrasion conditions, as shown
in figure 14. PCA with two principal components and preprocessing were used to identify
differences between spectra. Preprocessing was a Savitsky-Golay first derivative five smoothing
points fit to a 2nd order polynomial. No difference was observed between conditions 0 and 1 or
between conditions 2 and 3, as the spacing between specimens within each group was the same
as the spacing between the individual groups. This means that PCA identified conditions 0 and 1
as the same and conditions 2 and 3 as the same but could identify 0 and 1 separate from 2 and 3.

0=polyester peel ply surface
1= >75% peel ply surface evident
2= <50% peel ply surface evident
3=no peel ply surface evident

Figure 14: Scores plot showing differences between DATR spectra of non-abraded (peel ply
surface) and abraded surfaces.

Nylon peel ply prepared surfaces were also abraded to various levels of peel ply texture removal
ranging from no abrasion (nylon peel ply surface) to partial abrasion with peel ply texture still
present to complete removal of peel ply texture. Initial PCA analysis without preprocessing of
the fingerprint region (1800-600 cm-1) of manually abraded surfaces originally prepared with
nylon peel ply showed even less of a difference between conditions than PCA analysis of
surfaces originally prepared with polyester. Though there were separate groups for each
condition (as also apparent in figure 14), the spacing between the groups and individual
specimens within a group was about the same, suggesting that PCA did not differentiate between
the abrasion conditions.
3.3.2 Agilent Technologies Exoscan Diffuse Reflectance FTIR Results
Diffuse reflectance spectra collected from polyester peel ply prepared surfaces with various
levels of abrasion were examined with PCA from 2000-650cm-1. These levels varied from no
abrasion (polyester peel ply surface) to partial abrasion with peel ply texture still present to
complete removal of peel ply texture. Initial PCA analysis without preprocessing of manually
abraded surfaces originally prepared with polyester peel ply display a difference between the
conditions along PC-1, as shown in figure 15. No difference, however, was observed between the
peel ply surface condition (0) and >75% peel ply surface evident condition (1), as the spacing
between specimens in a group is about the same as the spacing between the groups. This could
have been due to the low level of abrasion of the sample, as observed previously in table 2.

0= polyester peel ply surface
1= >75% peel ply surface evident
2= <50% peel ply surface evident
3=no peel ply surface evident

Figure 15: Scores plot showing differences between diffuse spectra of non-abraded (peel ply
surface) and abraded surfaces.
Nylon peel ply prepared surfaces were also abraded to various levels of peel ply texture removal
ranging from no abrasion (nylon peel ply surface) to partial abrasion with peel ply texture still
present to complete removal of peel ply texture. Initial PCA without preprocessing of the
fingerprint region (2000-650 cm-1) of manually abraded surfaces originally prepared with nylon
peel ply showed a difference between properly (3) and improperly (0, 1, 2) abraded conditions.
All specimens were grouped into clusters, with separation of specimen groups along PC-1.
There was no separation, however, observed for the partial abrasion conditions (1&2). This could
have been due to the very similar level of abrasion for both specimens, as shown previously in
table 2.
For applications of bonding with paste adhesives, analysis with diffuse reflectance showed that
surfaces properly prepared (no peel ply texture) versus surfaces improperly prepared (peel ply
texture still evident) can be distinguished with PCA. This shows potential as a quality assurance
method.

3.4 DATR Sampling Interface vs. Diffuse Reflectance Interface
From the results presented in this paper, it was observed that the diffuse reflectance sampling
interface showed greater sensitivity than the DATR sampling interface to both peel ply surface
preparation and manual abrasion to remove peel ply surface. This could be due to the sampling
volume difference between diffuse reflectance and DATR. DATR spectra come from the surface
of the material that is in contact with the DATR crystal. Thus, DATR is well suited for smooth or
compliant surfaces where a large fraction of the surface will contact the crystal. Rough, stiff
surfaces are not as well suited, as there is less sample contact with the crystal. Figure 16 shows
the area of a polyester peel ply surface that has been plastically deformed during application to
the DATR crystal. As this figure shows, the entire surface is not in contact with the crystal, thus
much of the surface does not contribute to the signal measured using DATR (i.e. no/little signal
from the peel ply channels). Diffuse reflectance may be better suited for rough surfaces as
contact with the surface is not required. Thus, individual peel ply channels contribute to the
signal measured using diffuse reflectance. This difference in sampling volume between the two
interfaces could explain the differences in sensitivity to the surface examined during this
research.

Figure 16: Electron micrograph of polyester prepared CFRP surface after removal from DATR
crystal. Ovals are drawn to highlight where surface shows contact with the DATR crystal.

4. CONCLUSIONS
FTIR could be a potential quality assurance method for surface preparation for composites
bonding. However, further research is necessary to understand the effects of surface preparation
on IR spectra before application of FTIR as a quality assurance technique.
4.1 Peel Ply Type
It was observed that DATR (bench-top instrument) showed no significant difference between
peel ply surface preparation materials (nylon, polyester, SRB). Diffuse reflectance (handheld
instrument), however, showed a difference between peel ply types. Using PLS, a method was
developed for the Exoscan FTIR that correctly identified peel ply preparation type as polyester,
nylon or SRB. Due to this success, diffuse reflectance FTIR has a potential application as a QA
technique in the adhesive bonding process to identify peel ply preparation.

4.2 Peel Ply Contamination
Previous residue test results show that DATR can detect siloxane contamination below which
that it affects bond quality [6]. Initial analysis of siloxane contaminated samples with diffuse
reflectance shows differences between samples but further research is necessary to understand
these differences, as they do not appear to correlate to the amount of siloxane contamination
transferred to the CFRP surfaces. However, PCA analysis of spectra collected with the Exoscan
was able to differentiate between control samples (0%) and contaminated samples (0.1-2% and
SRB). Hence, Exoscan FTIR could have application as a QA method for siloxane contamination
but further research is needed to determine if a detection limit exists.
4.3 Manual Abrasion to Remove Peel Ply Texture
PCA analysis of abraded samples examined with diffuse reflectance showed a difference
between proper (peel ply surface removed) and improper (peel ply surface evident) abrasion
levels. Use of the DATR sampling interface yielded less sensitivity. Therefore, diffuse
reflectance shows potential as a QA tool for inspection of abraded surfaces to ensure the proper
level of abrasion is reached before bonding applications such as those for use with paste
adhesives.
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