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Outline

• Overview –Wood Surface Properties
• Where is research being done?

– Survey University Programs In North America
– Federal Labs (USDA and Forintek)

• Panelization (A practical finishing 
challenge)

• Opportunities



Wood Finishing Considerations

• Wood is a porous 
material

• Wood is also an 
anisotropic 
material

• Wood surface 
chemistry is 
heterogeneous

• Wood swells and 
shrinks as a 
function of 
moisture content

SEM - Softwood

SEM -Hardwood



Wood Surface Property Issues

• Impact of Processing
– Machining
– Drying
– Aging

• Weak Boundary Layers
– Chemical (extractives)
– Mechanical

• Application Environment
– Temperature
– Relative humidity

Inactivated surface Fresh surface

Checks



Wood Surface Chemistry

• Elemental composition
• Functional groups
• Surface thermodynamics

– Acid-base character
– Non polar character

• Molecular reorientation of 
surface functional groups

• Extractives dominate 
wood surface chemistry 0
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Wood Surface Morphology

• Surface roughness
– Improved mechanical 

interlocking
– Changes in wettability

due to capillary forces
• Mechanical weak 

boundary layer
– Damaged fibers from 

machining processes
– Cracks or splits



Adhesion Bonding Mechanisms

1. Mechanical Interlock
2. Diffusion Theory

• Interpenetrating 
Network

3. Wettability Theory
4. Electrostatic
5. Covalent Bonding
6. Weak Boundary 

Layers spreading
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Measuring Surface Properties

• Contact angle analysis
• Inverse gas 

chromatography
• X-ray photoelectron 

spectroscopy
• Infrared/Raman 

spectroscopy
• Microscopy

– Electron
– Optical
– AFM



Wood-Orders 
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Survey of Wood Science Programs
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Panelization
• Two studies sponsored by the Maple 

Flooring Manufacturers Association 
(MFMA)
– 1997
– 1998

• 2002 Deposition in front of a legislative 
committee in Delaware



What is “Panelization”?

• “Panelization” or edge-bonding is a condition where 
localized excessive cracks develop between some strip 
flooring boards while adjacent boards remain tightly 
bonded together with no apparent separations.



History of the Problem

• Not a new problem
– Reports have been made over the past decade 
– Impact of VOC regulations

• Contributing Factors
– Water-based sealers
– Seasonal moisture fluctuations



Causes of Panelization

Unfinished Flooring

•Apply water-borne finish
•Some finish gets between
the cracks
•Wood Swells
•Conditions to form an
adhesive bond are met

Panelized floor

Note: Oil-borne finish will not swell the wood



Causes of Panelization

Panelized floor

• Summer to winter

• Wood Shrinks
• Splits and Cracks

develop

Panelized floor response to

seasonal climate change



Splits in the Wood

Results of 

Panelization

Occurrence



Panelization

Cracks or separations in the floor system



Opportunities

• Academic interest (wood scientists) in North 
America is minimal (Potential for a research 
niche?)

• Research Areas
– Architectural Coatings
– Furniture finishes

• Funding potential?
– Government programs (USDA, NSF, DOE)
– Coatings and Finishing Manufacturers


