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Summary 
A literature review was conducted to identify potentially effective nano-based technology for 
improving important wood attributes in order to develop competitive specialty wood products. 
The review covered both conventional chemical treatment methods and nano-based methods. 
Traditional chemical treatments have shown to be effective in improving wood hardness, 
dimensional stability, stiffness, fire resistance, UV resistance, biological resistance and aesthetic 
appeal. However, nanotechnology offers new opportunities for further improving wood product 
attributes due to some very unique and desirable properties of chemical materials in the form of 
particles in nano scale. The advantages of nanotechnology appear to be particularly obvious 
when applied to create polymer nanocomposites such as wood coatings. Polymer 
nanocomposites consist of a continuous polymer matrix which contains inorganic particles of a 
size below approximately 100 nm at least in one dimension. Due to the material nature of solid 
wood products, creating a continuous polymer matrix with effective inorganic nanoparticles 
inside wood cells and lumens would be very difficult. The most promising areas of applying 
nanotechnology to create improvement opportunities would be wood coatings and wood 
adhesives. It is recommended that research be carried out to explore the potential of 
nanotechnology in wood coatings and adhesives and their applications in B.C. wood species 
and wood products.  
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1 Objectives 
The objective of this literature review was to identify potentially effective nano-based technology 
to improve important wood attributes in order to develop competitive specialty wood products 
made from  low-quality woods in BC.  
 
 

2 Introduction 
To manufacture value-added specialty products from low quality woods, it is important to 
develop cost effective technological solutions to enhance important wood attributes (durability, 
hardness, stability, fire resistance, UV resistance and color/aesthetics for specific applications). 
Different chemical treatments have been used for this purpose and these conventional methods 
have shown some success (Ayer et al. 2003). Nano-based treatments present new 
opportunities to enhance wood attributes more effectively for different applications (Roughley 
2005). Nanotechnology also offers the wood products industry a potentially effective approach 
to produce more competitive products. Considerable nanotechnology research has gone into 
developing novel pulp and paper products, but much less has been done on solid wood 
products. This literature review was undertaken to identify research opportunities that can lead 
to new and potentially more effective methods for producing specialty wood products from low 
quality woods. 
 
 

3 Literature Review 
Wood has has some unfavourable features: high moisture uptake, biodegradation, and 
dimensional variation that can be attributed to numerous hydroxyl groups and various cavities in 
the wood, the presence of  which also allow wood to be modified through chemical treatment. A 
number of studies have been directed at improving various wood attributes through chemical 
modification. 
 
3.1 Chemical Treatments 
Chemical treatments of wood have long been used to improve wood hardness, durability, 
dimensional stability and mechanical properties (Schneider 1994; Ayer et al 2003).The wood 
impregnation process depends greatly upon diffusion of the gas or liquid into the wood and the 
permeability of the wood. Water and air must be removed from the wood before impregnation to 
provide space for the treating chemicals. Treating fluid with low viscosity, which normally 
corresponds to low or medium molecular weight, is required. The treating chemicals are forced 
into the wood by vacuum and pressure. Vinyl monomers such as styrene and methyl 
methacrylate, are examples of low viscosity fluids often used in wood polymer composites 
preparation through the impregnation technique. 
 
Some mechanical properties (e.g., hardness) of wood can be greatly enhanced by filling the 
empty spaces in the cell tissue with chemicals. The filling is done by impregnating the wood in a 
closed space with a liquid that can be hardened inside the wood. Getting the liquid to penetrate 
evenly into the cell tissue of the wood is a challenging problem due to the fact that the 
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permeability of most species of BC wood is poor and varies significantly in various sections of 
the wood (heartwood vs. sapwood for example). Another problem is how to let the impregnating 
substances polymerize inside the wood without causing splits or burning of the treated wood or 
reducing it’s machinability. The wood composition and density, the properties of the treating 
chemicals, viscosity and concentration of the treating solution, temperature and pressure are all 
important factors that  affect the outcome of wood impregnation. Many chemicals have been 
used for wood impregnation, as briefly described in the following.   
 
3.1.1 Monomer and Prepolymer 

When the cell lumens of wood are filled with a suitable liquid monomer or prepolymer, which is 
subsequently polymerized, the resulting wood-polymer material normally retains most of the 
desirable characteristics of wood and displays various improved properties. Most wood species 
can be readily impregnated with vinyl monomers or prepolymers by using equipment and 
techniques similar to those used in the conventional wood preservation industry. There is a 
large variation of viscosity among monomer and prepolymers. Vinyl monomers have low 
viscosity values (Loos et al 1967).  
 
3.1.2 Vinyl Monomers 

Treatment with vinyl type monomers followed by polymerization significantly improves the 
moisture resistance, hardness and other attributes of wood (Meyer 1981). Vinyl monomers can 
be polymerized by using catalysts (Meyer 1965) or radiation techniques (Siau et al 1965). It is 
desirable to have the vinyl polymer effectively stabilize the wood by bulking the cell wall, but 
with the exception of acrylonitrile, vinyl monomers are,generally poor swelling agents for wood 
(Siau 1969, Loos and Robinson 1968). Ellwood et al (1972) investigated the dimensional 
stabilization of wood with vinyl monomers. Their work  proved that without an additional swelling 
agent vinyl monomers enter the cell walls only to a limited extent; they are not expected to 
impart any substantial dimensional stabilization to wood.  The impregnation of wood with acrylic 
or vinyl type monomers showed less dimensional stability in the presence of moisture. This was 
due to the confinement of the monomer in the cell lumen instead of the cell wall (Rowell and 
Ellis 1978). Chemically treating woods with styrene (Raff et al 1965, Langwig et al 1968, 1969, 
Brebner et al 1988, Khan et al 1992a, b, Chao and Lee 2003), or MMA is expected to be better 
at improving wood properties. 
 
3.1.3 Styrene  

Impregnation of wood with styrene has been extensively investigated and the styrene wood 
product has improved water repellence, compression and bending strength (Siau et al 1965, 
Baki et al 1993). The investigation by Siau et al (1965) was primarily focused on bulking wood 
with styrene, followed by polymerization with gamma irradiation. Impregnation was done by 
solvent exchange and high-vacuum methods. The gamma irradiation produced graft copolymers 
in the wood that were more effective than homopolymer in improving dimensional stability and 
tangential tensile strength. Anti-shrink efficiencies as high as 80 percent were achieved with 
polymer retentions from 0.8 to 2.0 times wood weight (oven-dry).  
 
Brebner et al (1985) investigated impregnating eastern white pine heartwood with a mixture of 
styrene monomer and a cross-linking agent. The polymerization of styrene was then 
accomplished using a heat-catalyst technique. Styrene uptake was dependent on the growth 
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rate of the individual wood samples, but the strength did not suffer in comparison with more 
uniformly-loaded, low density woods. At air-dry moisture content and equal density, the pine-
polystyrene composite product was found to be mechanically inferior to sugar maple.  
 
Devi et al (2003) investigated chemical modification of rubber wood (Hevea Brasiliensis) by 
impregnating the wood with styrene in combination with a crosslinker glycidyl methacrylate 
(GMA). Polymerization was achieved by a catalyst and heating. The dimensional stability and 
anti-shrink efficiency of treated wood were improved. Water absorption was decreased. 
Mechanical properties. including modulus of rupture (MOR) and modulus of elasticity (MOE) 
were also improved. An anti-shrink efficiency value of 53% was obtained for styrene-GMA 
treated wood samples compared to 23% for styrene treated wood samples after 24 hours 
soaking in water. Hardness was similar for these samples but 33% greater compared to 
untreated samples.  
 
Chao and Lee (2003) investigated improvement in hardness of southern pine by regular 
diffusion and vacuum impregnation with styrene which was polymerized in situ by a catalyst and 
heating. The density, water repellence and hardness of the southern pine increased after 
styrene impregnation. The hardness of wood on both the R-L (radial –longitudinal) and the T-L 
(tangential-longitudinal) surfaces did not show a significant improvement after regular diffusion 
via soaking treatment. The vacuum process, however, facilitated absorption of a greater amount 
of styrene into the wood in a much shorter time. With only one minute of vacuum, the treated 
wood showed a greater increase in density  and less water absorption  and hardness increased 
by more than two-fold .  
 
3.1.4 Methyl Methacrylate   

Methyl methacrylate (MMA) is one of the most common vinyl monomers used to make wood 
polymer composites (WPC). MMA is an inexpensive and clear-colored industrial chemical. Dyes 
can be added so it can be used produce clear or colored WPC. Wood swells very little after 
MMA treatment (Loos and Robinson 1968). This results in WPC with polymer-filled cell lumens 
but unchanged cell walls. This type of WPC has time-dependent dimensional stability 
improvement, but in the long term it might be similar to that of untreated wood. Over the years, 
MMA has been the most extensively used monomer for making wood-polymer composites (Siau 
and Meyer 1966, Langwig et al 1968, 1969, Siau et al 1968, Duran and Meyer 1972, Siau et al 
1978, Noah and Foudjet 1988, Yalinkilic et al 1998, 1999).  
 
Duran and Meyer (1972) investigated the amount of exothermic heat released during catalytic 
polymerization of basswood-MMA composites. They found that increasing the concentration of 
Vazo (azobisisobutyronitrile, a free radical catalyst) in the basswood-MMA impregnated 
samples reduced the time required to reach the maximum of the exothermic peak and increased 
the exothermic peak temperature, but decreased the conversion rate of the monomer to 
polymer. The use of a crosslinker rapidly increased the initial viscosity of the system, and an 
auto-acceleration of the polymerization was observed. e.g., the crosslinker, trimethyl propane 
trimethacrylate (TMPTMA), reduced the time to the exothermic peak and dramatically increased 
the exothermic peak temperature. The effect of the crosslinking agent on the resulting wood 
mechanical properties was uncertain.  
 
Siau and Meyer (1966) compared the properties of wood-MMA polymer composites cured by 
heat and radiation respectively. No significant differences in yellow birch-polymethyl 
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methacrylate combinations were found between heat and radiation when tested for compression 
perpendicular to the grain direction, shear strength, permeability, diffusion coefficient, and anti-
shrink efficiency. The surface hardness of the material polymerized by radiation was about 25 
percent greater than that of material polymerized  by heat, possibly due to the preferential 
evaporation of monomer from near the surface during heat–induced polymerization. Evidence of 
an interaction between vinyl monomers and the cell wall was found in the wood-polymer 
composite materials. When wood was impregnated with MMA and polymerized by heat, 
dimensional distortion and volumetric changes were observed (Siau 1969). The distortion of 
basswood was much more severe than that of maple wood. Siau (1969) also investigated the 
swelling behavior of basswood impregnated with MMA and styrene. Anti-shrink efficiency of up 
to 40 percent indicated the entry of monomer into the cell wall before polymerization. The rate of 
swelling by monomers increased with temperature and moisture content of the wood. The 
amount of swelling at equilibrium generally decreased with temperature. Other studies report a 
large difference in swelling properties between wood species.  
 
Beall et al (1966) investigated the polymerization of basswood impregnated with MMA 
containing a peroxide initiator by direct heat and radio-frequency radiation. Three types and two 
concentrations of organic peroxides were used for the initiation of the polymerization of MMA. 
Heating the wood-monomer composite by radio-frequency energy to a temperature between 
90oC and 98oC caused a rate of free radical generation sufficient to overcome the inhibitor 
concentration and to promote the completion of polymerization in about 20 percent of the time 
required for direct heating. The polymer retention for radio-frequency heating was approximately 
80 percent of that for direct heating. Most of the monomer loss could be accounted for in the 
handling techniques used in radio-frequency treatment. Young and Meyer (1968) compared the 
properties of heartwood and sapwood before and after impregnations with MMA monomer and 
polymerization using the catalyst-heat method. Vazo as a free radical catalyst was used. Eight 
species of wood including yellow birch and red maple were investigated. After treatment, the 
sapwood exhibited greater increases in compressive strength perpendicular to the grain 
direction, tangential hardness, and density than did the heartwood. Sapwood also showed a 
greater reduction in permeability and it had higher polymer retention. Beall et al (1973) 
compared the hardness and hardness modulus of wood-polymer composites of red oak, aspen, 
and hard maple that were impregnated with MMA. They found that the hardness of untreated 
wood was mainly related to density. For the treated wood, the hardness was significantly related 
to the hardness modulus, density and polymer loading.  
 
Schneider (1995) proposed a method to prepare cell wall and cell lumen wood polymer 
composites by using two monomers, one of which can swell the cell wall. Furfuryl alcohol-based 
(FA) and MMA-based combination formulations were used. Swelling gradients developed during 
preparation. Gradients in properties (density, hardness, water extractable, anti-swelling 
efficiency) were observed along samples in 5 of the 7 treating formulations. Two cell wall 
treatments based on FAl did not show the gradients. The results suggested that treating solution 
separation occurred during impregnation and the resulting inhomogeneous chemical distribution 
yielded the gradients in properties. WPC produced from the use of MMA combination 
formulations showed properties that resulted from between cell wall and cell lumen 
modifications.  
 
A combination of wood cell-wall modification with acetic anhydride and lumen filled with MMA 
treatments were studied for their effectiveness in reducing the rate of moisture sorption and the 
degradation effects of accelerated weathering (Feist et al 1991). The treatment of acetylation 
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followed by MMA impregnation was the most effective in reducing the rate and extent of 
swelling and reducing erosion caused by accelerated weathering (85%). Both of acetylation and 
MMA treatments, or a combination of the two, reduced the loss of surface lignin with 
subsequent improvement in durability. Compared to untreated wood, treatment of wood with 
MMA polymers decreased the rate of moisture uptake and improved mechanical properties, 
including modulus of elasticity and rupture, fiber stress at proportional limit, work to maximum 
load, maximum crushing strength, and hardness index (Langwig et al 1968, Rowell et al 1982). 
However, treatment with MMA polymers results in high polymer weight gain and is more 
expensive.  
 
3.1.5 Vinyl Chloride  

The impregnation and polymerization of vinyl chloride in wood has been studied under a wide 
variety of conditions (Juneja and Hodgins, 1970). The polymerization reaction is highly 
exothermic, which causes distortion and discoloration of the substrate. Degradation of the 
polyvinyl chloride (PVC) releases hydrogen chloride, leaving behind conjugated double bonds 
along the chain, which are responsible for the polymer discoloration. Vinyl chloride was 
considered unsuitable as a monomer for producing acceptable WPC material mainly for the 
following reasons:  

1) Its polymer is a mixture of powder and glassy polyvinyl chloride.  
2) Wood mechanical properties are only slightly improved.  
3) Reaction heats are so high that discoloration and deformation occur.  
4) Polyvinyl chloride is insoluble in its monomer and during the reaction it precipitates as 

a fine powder which contributed nothing to the enhancement of mechanical properties. 
5) PVC has a negative environmental image.  

 
3.1.6 Hydroxymethylacrylate (HMA) and Ethyl-α- Hydroxymethylacrylate (EHMA) 

Mathias and Wright (1989) developed wood-polymer composites by way of impregnation and in 
situ polymerization of hydroxymethylacrylates. The monomer can penetrate the cell walls of the 
wood fibers, thus forming a completely filled polymer-wood composite. Wright and Mathias 
(1993) also developed a lightweight material based on balsa wood-polymer composed of ethyl 
α-(hydroxylmethyl)acrylate (EHMA) and styrene. The EHMA-styrene copolymer improved  
dimensional stability and mechanical properties. Improvements in specific modulus and specific 
toughness (absolute properties divided by specific gravity) were also achieved using an EHMA-
styrene monomer mixture with polybutadiene diacrylate as a cross-linker and toughening agent.  
The best results were obtained at low weight gain (10-40%). These improvements in modulus 
and toughness were ascribed to efficient penetration of cell walls by the monomers.  
 
3.1.7 Phenolic resin  

Water-dispersible phenolic resins could be used to impregnate wood. Water dispersible 
phenolic resin can diffuse into the cell walls and swell the wood. The water can then be 
removed by drying the wood at low temperature, and the resin is cured by heating. Bryant 
(1966) investigated the effects of phenolic resin impregnation on mechanical properties of wood 
and the effects of relative molecular size of phenolic resin and concentration on the dimensional 
stabilization of wood. Properties such as the compressive strength and moisture-related 
shrinking and swelling were improved. Phenolic resins penetrate and bulk the cell wall structure, 
preventing shrinkage of the wood upon drying. Chui et al (1994) investigated the effects of 
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phenol resin impregnation and process parameters on some properties of poplar laminated 
veneer lumber (LVL). Compared with untreated LVL, mechanical properties and dimensional 
stability were improved when all veneers or surface veneers were impregnated with phenol-
formaldehyde (PF) resin. Increasing press pressure, reducing time to maximum pressure, and 
increasing initial veneer moisture content led to greater compression of LVL boards. Increasing 
compression of boards directly led to an increase in modulus of rupture, modulus of elasticity 
and thickness swelling. It should be noted that all phenolic resin modified wood products are 
dark brown which limits their applications.  
 
3.1.8 Polyurethane 

Hartman (1969) used aqueous polyurethane emulsion to modify wood because of its availability 
as low molecular weight components in aqueous media. Four kinds of wood were impregnated 
with different molecular polyurethanes. The aqueous polyurethane systems can have a high 
solids content and low viscosity and are cured readily at elevated temperature. They can be 
used repeatedly without effecting polymerization. Lower molecular weight polyurethane 
provided better diffusion and penetration into the wood (Hartman 1969). Khan and Idriss 
(1992a, b) investigated the effects of urea on the mechanical strength of wood-plastic 
composites. They suggested that the use of urea in the wood plastic composite formation open-
up a wide scope of preparative technique of WPC when high polymer loading along with strong 
tensile strength is considered.  
 
3.1.9 Melamine-Formaldehyde 

Polymers of melamine (1,3,5-triamino-2,4,6-triazine) and formaldehyde form an important class 
of amino resins, which have been commercially used for over 60 years. Melamine-formaldehyde 
(MF) itself is one of the hardest and stiffest isotropic polymeric materials used in decorative 
laminates, moulding compounds, adhesives, coatings and other products. Due to its 
advantageous properties, i.e. high hardness and stiffness, and low flammability, MF resins have 
potential to improve properties of solid wood. Impregnation of solid wood with water-dispersible 
MF resin has led to a significant improvement in surface hardness and modulus of elasticity 
(MOE) (Inoue et al 1993, Miroy et al 1995, Deka and Saikia 2000). 
 
By impregnating wood with methoxymethyl melamine, which is not capable of reacting with 
itself, but can react with hydroxyl groups in wood, an increase of Brinell hardness was achieved 
(Miroy et al 1995). Aqueous melamine-formaldehyde (MF) resins can penetrate into the wood 
cell wall (Rapp et al 1999, Gindl et al 2002, Gindl and Gupta 2002) and the amorphous region of 
cellulose fibrils. The influence of melamine-formaldehyde impregnation on the strength and 
stiffness of spruce in transverse compression was investigated (Gindl et al 2003a). After 
polymerization, the tangential compression strength of treated samples was 83% higher than 
that of the untreated reference, and radial compression strength had increased by 290%. Less 
than 2% of the cell cavities (lumina) were found to be filled with resin. Thus the improvement of 
strength and stiffness obtained is attributed to modification of the cell wall but not to filling of 
tracheid lumina. Yielding-behavior under excessive compression load changed from plastic 
bulking in the reference samples to brittle fracture of cell walls in the treated samples. Gindl and 
Gupta (2002) investigated the cell-wall hardness and Young’s modulus of melamine-modified 
spruce wood by nano-indentation. Their study demonstrated that modification of wood with 
melamine-formaldehyde resin changes cell wall mechanical properties. Gindl et al (2003b) also 
examined the selected factors influencing the uptake of MF resin into the cell wall of softwood. 
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They used UV-microspectroscopy,to determine that water dispersible MF diffused well into the 
cell wall. Moisture content, high water content of the resin used for impregnation, and low 
extractive content are factors favourable for MF resin uptake into the cell wall. For dry cell walls, 
solvent exchange drying improved resin uptake to a similar extent, as was the case when cell 
walls were soaked in water.  
 
3.1.10 Alkylene Oxide Treatments  

Alkylene oxide treatments can change the hydrophilic nature of wood, which is responsible for 
the dimensional instability of wood (Rowell 1975, Rowell et al 1976, Guevara and Moslemi 
1984).  Rowell et al (1982) investigated the combination treatment of cell wall grafting with 
alkylene oxides and lumen treatments with MMA to prepare wood-polymer composites. Using a 
two-stage treatment, they chemically modified the cell walls of southern pine and sugar maple 
with propylene oxide and then impregnated the void volumes with MMA, resulting in highly 
stabilized wood-polymer composites. While propylene oxide was effective in reducing the wood 
hygroscopicity and bulking the cell wall, it did not necessarily provide a good adhering surface 
for the poly(MMA). The propylene oxide treatment reduced the flexural strength of the wood. 
The affected properties were largely restored, however, by filling the lumens with the MMA 
polymer. A desired pre-treatment is one that reduces wood hygroscopicity, but not the wood 
strength, and also promotes bonding with vinyl polymers. Schneider and Brebner (1985) 
investigated the combination of chemical modification of wood with alkoxysilane coupling 
agents.  
 
3.1.11 Inorganic – wood composites 

It is noteworthy that wood-inorganic composites, in which the wood’s cell lumens and/or cell-
walls are filled with inorganic substances, have been developed (Furuno et al 1991, 1992a, b, 
1993, Saka et al 1992, Ogiso and Saka 1993, Saka and Yakake 1993, Yamaguchi 1994a, b, 
Zollfrank and Wegener 2002). One obvious way inorganic-wood composites improve wood 
properties is to increase the fire and decay resistance of the wood.  Silicified wood is a type of 
fossil produced by the replacement of some or all of the wood substances with SiO2 mineral 
(silica) during burial over extremely long periods, and it is almost petrified.  
 
A combination of acetylated and propionylated wood-silicate composites was investigated by Li 
et al (2001). The wood was impregnated with an aqueous sodium silicate solution. The resulting 
composites showed good dimensional stability. The silicate gels fixing in composites endowed 
them with flame-resistance, while the oxygen index of the composites increased with weight 
percent gain of silicate gels. 
 
Yalinkilic et al (1998) developed a new method in which boron treatment was combined with 
vinyl polymerization to improve leaching resistance of boron from wood, as well as dimensional 
stability, biological and thermal resistance of wood. Wood specimens (sapwood of Cryptomeria 
japonica) were impregnated with Boric acid (BA) as 1% aqueous solution prior to vinyl monomer 
treatment. Styrene, MMA and their mixture (50:50, v/v) were impregnated in the presence of 
catalyst and crosslinker. Polymerization was conducted by heat radiation at 90oC for 4 hours. 
Treated specimens were then subjected to decay and termite tests, as well as oxygen index 
determination. Anti-swelling efficiency and water absorption levels were also measured. Vinyl 
monomers succeeded in reducing water absorption of wood to minimum level and delaying 
boron leaching considerably. The treated wood proved to be resistant against two decay fungi. It 
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is well known that vinyl monomers contribute to dimensional stability and strength properties of 
wood, and they are expected to provide a delayed leaching of boron from wood. Boron can 
enhance the biological and fire resistance of vinyl polymerized wood in a combination treatment 
system whereas vinyl monomers alone are not toxic to fungi after polymerization. Wan (2004) 
has investigated the addition of an inorganic component to the monomer/prepolymer 
impregnation of eastern Canada wood species. The work has shown that this addition can 
increase the anti-fungal, anti-mold properties.    
 
3.1.12 Combination of two or three monomers 

Gaylord (1973) developed a method for impregnating wood in situ with styrene and maleic 
anhydride monomers that formed a 1:1 charge transfer complex. At low temperatures, heating 
produced uncatalyzed polymerization. U.S. Forest Products Laboratory researchers 
investigated bonding of fluorophenyl isocyanates to wood cell wall polymers and reaction of 8-
hydroxyquinoline, pentachlorophenol, or β-naphthol with ethylene-maleic anhydride copolymer 
to cell wall polymers (Chen and Rowell 1986). Their goal was to lower chemical load by using 
bonded biocides as controlled-release compounds. However, filling cell lumens with bioactive 
polymers led to problems with solubility and penetration because generally polymers have low 
solubility and high viscosity. Therefore, they diffuse with difficulty into wood. It is preferable, 
then, to synthesize a monomer with a bioactive group, fill the wood with monomer, and then in 
situ polymerize or copolymerize with a carrier monomer using a catalyst. This will result in 
higher loading of the bioactive polymer.  
 
A styrene-acrylonitrile-wood composite was developed by Juneja and Hodgins (1970). It was 
found that the styrene-acrylonitrile-wood composite had properties that compare favorably with 
the best materials produced by radiation polymerization. Ellis and O’Dell (1999) developed 
wood composites made with a combination of acrylic monomers, isocyanate, and maleic 
anhydride. Pine, maple, and oak solid wood were treated with different combinations of 
hexanediol diacrylate, hydroxyethyl methacrylate, hexamethylene diisocyanate, and maleid 
anhydride. It was found that the treatments slowed the rates of water vapor and liquid water 
absorption. Although the resultant dimensional stability was not permanent, the rate of swelling 
of WPC specimens was less than that of unmodified wood specimens. In general, WPC 
prepared with hydroxyethyl methacrylate were harder than specimens made without 
hydroxyethyl methacrylate. They also resist water and moisture more effectively.   
 
Using swelling solvents to dilute vinyl monomers and allow the monomer to enter cell walls is an 
approach that has been used to form vinyl WPC with moisture-resistant cell walls (Furuno and 
Goto 1973). Other approaches use polar vinyl monomer molecules or additives mixed with the 
monomer to cause wood swelling (Loos and Robinson 1968, Rowell et al 1982, Schneider and 
Brebner 1985). Such combination treatments (treating cell lumens and walls) show promise for 
producing WPC with the advantages of vinyl-wood composite but improved permanent 
dimensional stability.   
 
3.2 Nanotechnology 
The development of nanotechnology can be dated as far back as the 9th century (Caseri, 2007) 
– nanoparticles prepared from silver, copper and iron salts were used to generate an iridescent 
glaze in pottery. Metal nanoparticles have also been used to dye glass windows at least since 
the middle of the 16th century (so-called gold ruby glasses). Gold nanoparticles were 
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successfully imbedded in gum arabic in 1833 and nanocomposites of silver and gum were 
prepared in 1899 using the same principle. At the end of the 19th century, natural polymers 
(plant and animal fibrils) were treated with solutions of gold or silver salts to allow the metal ions 
penetrating into the fibrils. By exposure to light, these metal ions were subsequently reduced to 
metal nanoparticles within the polymer matrix. The resulting composite materials exhibited a 
pronounced dichroism. For example, the color of gold-containing spruce wood fibers turned 
from red to blue green at parallel and respectively perpendicular orientation of the polarization 
direction of the light with respect to the fiber axis. By 1927, dichroic fibers had been prepared 
with 17 pure chemical elements. The colors observed in the dichroic materials were found to 
depend not only on the incorporated chemical element, but also on the particle size in nano 
scale. 
 
With regard to the use of nanoparticles in composites, it was reported already in 1950 that 
carbon black nanoparticles extended the weathering life of polyethylene from 6 months to 20 
years. This was due to the ability of carbon black nanoparticles to absorb UV and visible light 
efficiently. Therefore, light-induced polymer degradation processes were markedly retarded. 
The distinct electrical conductivity of carbon black is another property that has found application 
for decades in polymer composites. Since polymers are usually insulators, filling with carbon 
black can introduce significant electrical conductivity. 
 
Properties of nanocomposites can differ from those of analogous composites with larger 
particles because physical constants can depend on the particle size. This arises in particular 
when physical characteristics are based on the correlated interactions of numerous atoms. 
Properties of nanoparticles can vary not only as the size of the primary particles but also as the 
distance to neighboring particles changes. The consequences of very small particle sizes are 
the exhibitions of some unique and desirable properties. These properties include fluorescence, 
conductivity, color, transparency, reactivity, surface energy, ductility and stiffness. The unique 
properties can lead to novel applications. Applications of polymer nanocomposites  have been 
known in the areas of catalysts, gas sensors, materials with improved flame retardance, optical 
filters, dichotic materials, high and low refractive index materials, electronics, biomedical 
research, etc. 
 
Nanotechnology has also found applications in coating materials, including wood coating 
materials. Color, transparency, protection from light and scratch resistance are all desirable 
features of a successful wood coating. Light scattering by particles with dimensions far below 
the wavelength of visible light is markedly reduced. Nanocomposites including wood coating 
materials frequently appear translucent while the larger particles provide opacity in composites 
of considerable thickness and particle content (unless the refractive index of the particles is very 
close to that of the polymer).  The particle diameter plays a decisive role for the transparency, 
particularly at pronounced refractive index differences between matrix and particles. 
Composites with very small particles can be highly transparent even at high refractive index 
differences. Therefore, taking advantage of unique properties of nanocomposites materials like 
these can create various new opportunities for wood coating and wood products improvements. 
For example, wear-scratch resistance UV coatings for wood based on alumina, silica and zinc 
oxide nanoparticles are commercially known. It was reported that, in comparison with controls, 
remarkable improvements were achieved on scratch resistance by alumina and silica 
nanoparticles, and on UV protection by zinc oxide nanoparticles (Du, 2006),  
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The use of particles with appropriately modified surfaces comprising reactive organic molecules 
allows the binding of the particles to suited polymers which leads to strongly connected 
polymer-particle system. It was reported by the scientists (Wang, 2007) at the Alberta Research 
Council that dispersing a small amount of an inorganic nanoclay into phenolic resin can 
enhance the bonding strength and efficiency of this adhesive substantially in oriented strand 
board manufacturing.   
 
Polymer-clay nanocomposites were first reported in the literature as early as 1961, when 
Blumstein demonstrated polymerization of vinyl monomers intercalated into montmorillonite clay 
(Blumstein 1961). Toyota researchers’ work in nanocomposites highlighted the potential of 
nanocomposites (Kojima et al 1993a, b; Usuki et al 1993a, b) to academic and industrial 
researchers. In comparison with the conventional polymer composites such as glass fiber and 
carbon fiber reinforced polymer composites, polymer/nanocomposites are a new class of 
composites that have a dispersed phase with at least one ultrafine dimension in nanometer 
scale. Clay layers dispersed at the nanoscale in a polymer matrix act as a reinforcing phase to 
form an important class of organic-inorganic nanocomposites. These nanocomposites are also 
called polymer-clay nanocomposites. With the addition of a very small amount of nanofiller into 
the polymer matrix, the resulting nanocomposites exhibit substantial improvement in many 
physical properties, including mechanical properties (tensile modulus and strength, and flexural 
modulus and strength), decreased thermal expansion coefficient, decreased gas permeability, 
increased swelling resistance, enhanced ionic conductivity, and flame resistance. (Gilman 1999, 
Kornmann et al 2001, Lan et al 1995, Byun et al 2001, Su and Wilkie 2003). The main reason 
that nanocomposites possess special properties not shared by conventional composites is the 
large interfacial area per unit of weight of the dispersed phase (e.g., 750m²/g) and the high 
aspect ratio. The clay particles are essentially bundles of nanoclay sheets that are roughly 1 nm 
in thickness and 100-1000 nm in breadth. For instance, an 8-um clay particle has more than 
3000 nanoclay sheets of 1 nm in thickness and 20-200 nm in diameter. Since the hydrophilic 
clay sheets are not compatible with hydrophobic polymer matrices, and the spacing between the 
clay sheets is extremely narrow, direct diffusion of polymer chains in the clay galleries is not 
likely. This often leads to aggregation of clay particles, and the aggregated clay sheets act as 
stress-concentrated sites in the polymer matrix. Thus chemical treatment or functionalization of 
the clay by adsorption of organic molecules is generally needed so as to weaken the interlayer 
cohesive energy, leading to a better interaction between the nanoclay and the polymer matrix.  
 
Cai et al. (2007a) reported that wood polymer nanocomposites were prepared by impregnation 
of solid aspen wood with water-soluble melamine-urea-formaldehyde (MUF) resin in 
combination with hydrophilic and hydrophobic nanofillers. The fillers were ground with a ball-mill 
before being mixed with the MUF resin. Significant improvements in physical and mechanical 
properties (density, surface hardness, MOE) can be obtained by impregnation with MUF resin 
and nanoclay/MUF resin formulations. Ball-mill treatment was found to favour dispersion of the 
nanofillers into the wood. The hardness of the wood impregnated with hydrophobic 
nanoclay/MUF resin was improved from 1.09 to up to 3.25 MPa. Impregnation with either MUF 
resin or nanofiller/ MUF resin caused improvements in MOEs. The average MOE of treated 
wood was almost twice as much as that of untreated wood. The MOR did not differ significantly 
between treated and untreated woods.  
 
The water absorption and dimensional stability of wood impregnated with melamine-urea-
formaldehyde resin and wood impregnated with different nanofiller/MUF resin formulations were 
also investigated (Cai et al. 2007b). Significant improvements in water repellence and better 
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dimensional stability were obtained for the nanofiller/MUF resin-treated wood. The untreated 
wood absorbed approximately 63% of moisture after 24 hours soaking in water, and water 
uptake was about 125% after 1 week immersion in water. The MUF resin-impregnated wood 
absorbed about 8.3% and 38.5% of moisture after 24 hours and 1 week immersion in water, 
respectively. For the organophilic nanoclay/MUF resin-impregnated wood, even lower water 
absorption was observed (about 5% water uptake in 24 hours and 22% after 1 week). The anti-
swelling efficiency (ASE) was also improved from 63.3% to 125.6% for the nanofiller/MUF-
treated wood. The significant improvement in water resistance and dimensional stability of the 
resulting wood polymer nanocomposites were attributed to the introduction of MUF and 
nanofillers into the wood. X-ray fluorescence photo showed that some nanoparticles had 
migrated into the wood cell wall (Cai 2007, Cai et al. 2008). Wood treatments with MUF resin 
and nanofiller/MUF resin showed no significant influence on the color of the wood, which is 
important for practical applications of the treated wood in some specific areas such as flooring. 
    
Based on the literature, it is believed that phosphates, ammonium compounds, zinc chloride, 
sodium tetraborate, boric acid, and polymeric materials are commonly used in Europe and the 
USA as flame retardants for wood (Forest Products Laboratory 2002). Aluminum oxide is also 
known to increase fire performance (Ximenes and Evans 2006). In recent years, impregnating 
wood with silicon dioxide or titanium dioxide was found to improve fire performance (Miyafuji 
and Saka 2001; Miyafuji and Saka 1997; Simkovic et al. 2005) and other important properties, 
e.g., UV and microbial protection, water repellence, color stability, and mechanical resistance 
(Mahltig et al. 2008). Combining these advanced chemicals can possibly lead to greater fire 
resistance compared to the individual treatments (Simkovic et al. 2005, Saka and Ueno 1997).  
 
 

4 Conclusions and Recommendations 
Traditional chemical treatments have proven to be effective in improving wood hardness, 
dimensional stability, stiffness, fire resistance, UV resistance, biological resistance and aesthetic 
appeal. However, nanotechnology offers new opportunities for further improving wood product 
attributes due to some very unique and desirable properties of chemical materials in the form of 
particles in nano scale. The advantages of nanotechnology appear to be particularly obvious 
when applied to create polymer nanocomposites such as wood coatings. Polymer 
nanocomposites consist of a continuous polymer matrix which contains inorganic particles of a 
size below approximately 100 nm at least in one dimension. Due to the material nature of solid 
wood products, creating a continuous polymer matrix with effective inorganic nanoparticles 
inside wood cells and lumens would be very difficult. The most promising areas of applying 
nanotechnology for improvement opportunities would be wood coatings and wood adhesives.  
 
Therefore, it is recommended that research be carried out to explore the potential of 
nanotechnology in wood coatings and adhesives and the applications in B.C. wood species and 
wood products        
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