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Improving Adhesive Bonding Through 
Surface Characterization  

• Motivation and Key Issues  
– Most important step for bonding is surface 

preparation 
– Inspect the surface prior to bonding to ensure proper 

surface preparation 

• Objective 
– Develop quality assurance (QA) techniques for 

surface preparation 

• Approach 
– Investigate surface preparations, process variables  
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Peel Ply Surface Preparation  

• Materials system specific[4-7] 

– Difference in bond quality (failure mode, Mode I strain 
energy release rate (GIC•







Material Systems 
• Toray T800/3900-Nylon PP- MetlBond 1515-3M 
• Toray T800/3900 - 60001 PP- EA9394 paste 
• Hexcel T300/F155 - 60001 PP- EA9696 film 
�¾Weak Bonds (low G1C with interfacial failures) 
 
 
•  Surface Preparation 

Atmospheric pressure plasma treatment: PlasmaTreat 
1. no plasma (control )  
2. 1 in/s plasma treatment (high)  
3. 6 in/s plasma treatment (low ) 
4. Out time up to 30 days after plasma 
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FTIR Methodology – Surface Chemistry  

• Diffuse reflectance FTIR for 
rough surfaces 
– Chemical information from 1-10 

���P[15]  

• Mid-IR data range (4000-650 
cm-1) 

• 90 scans with 16 cm-1 resolution 
• 7 spectra averaged per sample 
• GRAMS IQ software used for 

principal component analysis 
(PCA) of spectra 
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An IR beam path for 
diffuse reflectance  



























XPS Measurements – High -Resolution Spectra  

• Amide groups on control surfaces 
– From nylon peel ply 

• No nylon groups on plasma treated 
surfaces  

• Oxygen containing functional 
groups after plasma treatment 
– Polar groups promote adhesion[16-18] 

– Carboxyl groups bond with epoxy 
adhesive during cure?[21] 





• Plasma treatment turned a bad surface prep. good 
(reversed the curse of the nylon peel ply!) 
�9 Surface energy 
�9 Surface chemistry 
�9 Fracture energy 
�9 Failure mode 

• Strong bonds produced up to 30 days after plasma 
• Acceptable surface chemistry, fracture energy and failure mode 

• Surface chemistry measurements have potential for QA 
• Surface Energy 
• FTIR with advanced analysis 

 

 
 

Conclusions  
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Potential Future Work -Plasma 

• Plasma treatment variables: 
– Different plasma treatment raster speeds 

�ƒIs there a plasma treatment threshold? 

– Other material systems 

• Durability of  bonded composites 
– Hot/wet testing 
– Thermal cycling 
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Amine Blush Test Plan  
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• 2 paste adhesives 
– One known to amine blush 
– One Amine based claimed not to blush 

• Characterize adhesive surface (various conditions) 
– Amine blush kit 
– pH –litmus paper 
– FTIR 
– XPS? 

• Characterize Bond Quality 
– Lap Shear 
– DCB 
– Fractography 
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Questions and comments are 
strongly encouraged.  

 
Thank you.  
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