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 Motivation and Key Issues

— Adhesive bonding has been used in the manufacture and
repair as a direct competition to mechanical fasting.

— Adherend surface preparation is a critical issue to the
structural integrity and durability of bonded structures.

 Objective
— benchmark surface preparation quality assurance methods

— 1dentify and validate definitive analytical chemistry methods
to provide sufficient in-field quality assurance.

« Approach
— Literature review and analysis
— Surface chemistry analysis
— Electrochemical sensor development
— Experimental validation
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Main Results
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— Literature database

— Summary of literature review
e Surface treatment
e Surface chemistry analyses

— An electrochemical sensor for surface
chemistry analysis

— Novel carbon nanotube sensor for humidity
sensing

— AFM study of the peel plies
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Covalent bond formation between adherend and
adhesive-Effect of Surface O- and N- Functional
Groups (Anchor Groups)
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Concentration of O versus Strength
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Quality Control
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e«  Materials certification,
 Pretreatment certification
 Adhesive application certification,
* Bonding certification,

e« Technician certification,

* Process flow management

Nadsorbed < Nadsorbed (Critical)
No-gN- > No-g N—( critical)
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Electrochemical Sensor
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Solid-State Electrochemical Sensor
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Solid-state Electrochemical Sensor
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Solid-state Electrochemical Sensor
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Impedance (KQ)
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Carbon Nanotube Based Humidity Sensor
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Atomic Force Microscopy Study of
Peel Ply
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Atomic Force Microscope
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Previous SEM and XPS Results on
Peel Ply Surfaces
. -

 Polyester (PF 60001): No transfer, strong
bonds

« SRB (PF 60001): Siloxane coating transfer,
weak bonds

 Nylon (PF 52006): Fiber transfer, bond
strength depends on adhesive
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P11 # 2

Polyester Peel Ply Surface
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Force vs. distance for nylon peel

ply surface
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Force vs. distance for SRB peel ply
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Conclusions
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® Certification of pre-bond surface preparation
guality requires implementation of effective
surface chemistry inspection technologies for
each and every step of the surface preparation
procedure to ensure the strength and durability
of the bonded aviation structures.

® Solid-state electrochemical sensor is a
promising candidate technology for in-field
surface chemistry analysis
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Conclusions

. — =

No sign of contamination was found on
polyester peel ply surface

Some small size particles were found on
nylon peel ply surface

Some contaminating particles were found
on SRB peel ply surface

The SRB surface shows a more
complicated force spectrum than the nylon
peel ply surface.
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A Look Forward
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Benefit to Aviation

— Better understanding of the pre-bond surface preparation
methods

— Better understanding of bond strength and durability versus
surface preparation

— Novel in-field, online certification and assurance technology for
surface preparation

— Reduced costs for surface preparation and adhesive bonding

processes
Future needs

— In-field, online analytical detection and monitoring technologies
for manufacture, chemical, environmental, and energy industries.
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