
1 

Surface free energy of wood 
and modified wood 

presented at 
COST FP 1006 Training School in Ljubljana 

8th – 9th March 2012 
by 

Marko Petrič 

marko.petric@bf.uni-lj.si  

19. 06. 12 1 

Outline 

n  Introduction: solid surfaces and methods for  
their characterization 

n Surface free energy (SFE) of solids 
n How to determine SFE of solids 
n SFE of wood 
n Wood modification 
n  Influence of wood modification on its SFE 
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Surfaces of solids 

n  Solids are either crystalline either amorpohus 
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 CaSO4 Dust from a city atmosphere      Polymer surface 

Influence of weathering on a surface of glass 
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Surfaces of solids 

n  Theory of surface properties is based on ideal, completely 
smooth surfaces (for instance of glass or of metals) 

n  However, even the most smooth surfaces are in reality not 
completely smooth ! 

n  Contaminants (an oxide layer), various defects, resulting in a 
shift from ideal to real structures 

n  WOOD ??? 
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Surfaces of solids 

n  So at liquids as at solids, atoms and molecules are not in the 
same environment under the surface and on the surface 

n  On the surface, on one side, there are no neighbours 
n  The consequences: surface free energy, surface relaxation, 

surface reconstruction 
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Surfaces of solids 

LIQUID SOLID 
Molecules (atoms) are free to move Molecules (atoms) are not free to move 
Surface free energy is constant 
everywhere on the surface 

SFE of a solid’s surface is dependent on its 
roughness 

If the surface area is increased, the liquid 
is deformed elastically 

If the surface area is increased, a solid is 
deformed plastically 
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Surface FREE energy 
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n  Each system in a thermodynamical equilibrium has minimal 
free energy. Energy of a surface contributes to the energy of 
a system. 

n  Thermodynamic FREE energy is equal to the energy that can 
be converted to work (“useful energy”) 

n  Entropy (S): is a thermodynamic quantity, exchanged by the 
systems when the heat is exchanged. The enthropy is a 
measure for the energy , that can not be converted to work.  

 

Characterization methods 

n Microscopic methods 
n Difraction methods 
n Spectroscopic methods 
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Characterization methods: 
(optical microscopy), SEM 

and TEM 

n  Transmission electron microscopy - TEM 
n  Scanning electron microscopy (SEM) 
n  ESEM: environmental scanning electron microscope 
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Characterization methods: 
AFM and STM 

n  AFM: atomic force microscope 
n  STM: scanning tunneling microscope 
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n  STM 

n  STM1 STM2 
 

19. 06. 12 11 

n  AFM 

n  AFM1 AFM2 AFM3 
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Spectroscopic methods 

n  Vibrational spectroscopy (FT-IR) 
n  Photoelectronic spectroscopy (XPS) 
n  EDX or EDAX spectroscopy – energy dispersive X-ray 

analysis 
n  Auger electronic spectroscopy (AES) 
n  UV photoemission spectroscopy (UPS) 
n  HREELS - High resolution electron energy loss 

spectroscopy  
n  Secondary ion mass spectrometry 
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Spectroscopic methods 
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Photoelectronic spectroscopy 
(XPS) 

n  Photoelectronic (XPS) spectroscopy, also ESCA – 
electron spectroscopy for chemical analysis: a surface is 
irradiated by X-rays and the kinetic energy and number 
of electrons that escape from the top 1 to 10 nm of the 
material is analyzed 

n  XPS is extremely sensible method. The electrons, that 
are released under the surface are absorbed and do not 
leave the system. 

n  The energies of the detected electrons are not 
dependent only on the element but also on the chemical 
environment of the atoms.  
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SFE of solids 

n Due to strong interactions between atoms, 
the SFE of solids is substantially higher than 
that one of liquids 
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Determination of SFE of solids 

n  Preparation of the surface is extremely important 
n  The surface is actually composed of several layers 
n  Surface roughness is also very important 
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Why to determine (callculate) the SFE? 

n To get information on surface characteristics 
of a solid 

n To predict performance of a coating on a 
surface 
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Calculation of the solid’s SFE 

n  Surface tension of a liquid can be measured directly, on the 
basis of deformation of a surface 

n  On the contrary, (substantial) reversible deformation of 
solid’s surfaces are not possible, so the SFE of solids can be 
determined indirectly – calculated 

n  There are various calculation methods - models 
n  The basis of all methods: contact angles of at least two test 

liquids with different surface tensions – polarities are 
measured on a solid’s surface 
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SFE of solids 

n  In general: there are two contributions to the SFE of solids 
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SFE of solids- FOWKES 

n  Interfacial surface tension (energy) on the boundary between two 
condensed phases (liquid/liquid; solid/liquid; solid/solid) 1 and 2  

n  Work of adhesion: work per surface area unit, needed to be done 
to separate to condensed phases, in order to get two new 
surfaces 
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Modeling of interfacial tension -  water/
alkane 

Interphase water-alkane 

Interactions (Wa) 

MEASURED 

Determination of SFE - 
FOWKES 

n  1.step: determination of the dispersive part of SFE: the 
contact angle of a non-polar liquid is measured 
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Determination of SFE - 
FOWKES 

n  2. step: determination of the polar part of SFE 

n  A polar contribution to work of adhesion is calculated for 
various liquids 
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Determination of SFE - 
FOWKES 

n  And: 
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Determination of SFE – other 
methods 

n  Owens, Wendt, Rabel in Kaelble (OWRK) 
n  Wu method 
n  Method by Schultz 
n  Acid – base method by Van Oss and Good 
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Lifshitz – van der Waals acid base model 
(LW-AB) 

n SFE is composed of dispersive and acid-base 
(polar) contribution 

 

n Acid-base contribution is composed from 
electron-donor and electron acceptor 
components 
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Nonpolar contribution: from contact angle of diiodomethane 

Polar contribution: from contact angle of water and formamide 

Lifshitz – van der Waals acid base model 
(LW-AB) 
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Contact angle measurements on wood and 
calculation of its surface free energy 

n  Plenty of literature data; a long history ! 
n  However, the data may be very different for the same wood 

species and for the same test probe liquid. 

 WOOD: plenty of problems…. 
 Contact angles on wood are influenced by: 

•  wood species,  
•  extractives present in wood,  
•  wood anatomy,  
•  wood seasoning,  
•  hygroscopicity of wood  
•  chemical heterogeneity,  

Softwood, Douglas-fir 

Hardwood, hybrid poplar 

n  surface roughness,  
n  swelling of the wood surface,  
n  contamination of the probe liquid with soluble wood extractives 

Some other wood properties, affecting precise 
measurements of contact angle are: 

CT image of Douglas-fir (Kutnar, Standfest, Dunky, 2010) 

Thus, the validity of the thermodynamic wettability 
principles for a wood surface is limited.  
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Contact angle measuring techniques 

n  The sessile drop method  

n  The Wilhelmy plate technique  

  
Vapor (V) 

Liquid (L) 

Solid (S) 

γLV 

    γSV 
γSL 

 θ 

Contact angle measurement methods 

•  The sessile drop method: a sessile drop on a real 
surface shows different contact angle values due to its 
lack of symmetry or to the loss of volume by capillary 
action. For this reason alternative techniques which 
supply an average contact angle value are required 

•  The Wilhelmy plate method: dynamic wettability can be 
studied with dynamic contact angle (DCA) analysis, 
utilizing the Wilhelmy plate method of contact angle 
measurement.  
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θR
θA

Differences between various contact 
angle data from literature… 

PINE WOOD 
25-35 ? 
27-39 Dynamic Wilhelmy 
42-50 Sessile drop 
46 Dynamic Wilhelmy 
54 Sessile drop 
64 Sessile drop 
75 Late wood Sessile drop 
85 Early wood Sessile drop 

An experimental example: SFE energy of wood 
and of modified wood – materials and methods 

n  Pine (Pinus sylvestris L.) and beech wood (Fagus 
sylvatica  L.) 

n  300 mm (longitudinal) x 10 mm (radial) x 10 mm 
(tangential 

n  One half: thermally modified (in an inert atmosphere 
of nitrogen, T = 240 °C, 8 h.  

n  Contact angle measurements: thin plates of 
approximate dimensions 10 mm x 10 mm x 1 mm.  

19. 06. 12 39 
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n Tensiomether Krüss K12 

Results 

n Contact angles 
Test probe 

liquid  
Contact angle(°)  

Pine Beech 

Unmod. Mod. Unmod. Mod. 
  

Water  55,4  81,3  54,5  69,4  

Formamide  27,4  40,5  16,2  20,3  

Diiodomethane  29,0  31,3  19,5  18,3  

n  Površinska energija nemodificiranega in modificiranega lesa  

Komponenta površinske energije Površinska energija (mJ/m2) 
 Les rdečega bora Bukov les 
 Nemodificiran Modificiran Nemodificiran Modificiran 

Skupna površinska energija, svγ  54,8 52,2 58,6 55,8 

Nepolarni del, LW
svγ  46,6 50,7 49,5 50,9 

Polarni del, AB
svγ  8,2 1,5 9,1 5,0 

Kislinska komponenta polarnega 
dela, +

svγ  
1,1 0,8 1,5 2,3 

Bazična komponenta polarnega 
dela, −

svγ  
15,8 0,7 13,5 2,7 

 

Results 
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An example - conclusions  

n Thermal modification results in a slight decrease 
of SFE 

n Non-polar character is increased (a 
consequence: hydrophobicity) 

n Substantial decrease of the base component 
n Most likely due to chemical reactions of –OH 

groups during thermal modification 
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In addition: XPS 
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n  The major componet of SFE: Lifshitz-van der Waals component 
n   The Acid-Base component, and more particularly its electron 

donating contribution, is strongly affected by the thermal treatment. 
n  Decrease of electron donating component appears to be 

closely related to hemicelluloses degradation and decrease of 
the O/C ratio demonstrated by XPS. 

n  The numerous free -OH groups in hemicelluloses seems to be 
strongly involved in wood wetting phenomena by formation of 
hydrogen bonds with water molecules. 

n  Dispersive and electron accepting components were only 
slightly affected by thermal treatment, leading only to a small 
decrease of total surface free energy. 
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An addition: XPS - conclusions 

 
GENERAL CONCLUSIONS 

•  Absolute values of contact angles on wood and of its SFE 
have very limited meaning ! 

•  However, in the same set of experiments they may be 
relatively informative. Contact angle and surface free 
energy data may contribute to elucidation of the changes in 
wood due to modification, viscoelastic thermal 
compression, mechanical pretreatment, impregnation, 
etc… 


