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Abstract 
In wood products, such as parquetry, cabinetry and furniture, some of the performance criterions 
are related to moisture transfer between their different construction layers. Non homogenous 
moisture transfer usually results in the product’s deformation . Engineered Wood Parquet 
Flooring (EWPF) is an important case, which presents non homogenous moisture transfer due to 
its utilisation in service. Many types of varnish are available on the market. Physical properties 
of those varnishes such as hardness and abrasion resistance are readily available from the 
manufacturers. No data on water vapour diffusion is available, so this study is focused on this 
specific topic. Water vapour coefficient was determined for 6 commercial and industrial 
varnishes. These values will be used in further modelling work on EWPF. 
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1 Objectives 

•  Provide basic knowledge to the wood industry through a literature review on varnishes and 
varnish components. 

•  Determine varnish physical properties, such as hardness, adhesion resistance, coefficient of 
water vapour diffusion in EWPF, and the impact of varnish on hygromechanical behaviour of a 
typical EWPF construction. 

2 Introduction 
In a previous research, Lefebvre and Beauregard (1999), established the performance criterion for EWPF 
and the methodology used to determine those criterions. The main performance criterion in EWPF was 
cupping across the width of the strip in the surface layer. This criterion was used to evaluate the 
performance of prototypes made of Canadian components in a second study (Lefebvre, Blanchet and 
Beauregard 2001). In this study, the influence of the varnish appeared to play a very important role on the 
behaviour of the engineered wood strips.  

Actually, the industries choose their varnishes by considering only the hardness of the finishing system. 
In this study, we will consider finishing properties like varnish adhesion, hardness and scratch resistance, 
but also the water vapor diffusion coefficient. In fact, this project sheds light on varnish selection 
criterions. A quick literature review on varnish formulation and testing method was also done in this 
project. Definition of water vapour diffusion coefficient will play an important role and be very helpful in 
the appearance and value added wood products design, especially in design modelling approach, like 
finite element method. 

3 Background 

3.1 Varnish 

There is over 120 industrial organisations in the paint and varnish industry. Most of them are 
located in Ontario and Quebec. The Canadian coating market represents around 6% of the total 
Canadian chemical product market. In 1996, this market was evaluated to 1.4 billion $US and grew 
to 1.5 billion $US in 1997 and to 1.58 $US in 1998. The market is expected to continue growing in 
the next coming year (anonymous g, 1999). 

There are many coating products such as paint, stain, lacquer, varnish, varnish enamel, etc. In fact, 
there is a coating for each use. In this study, the focus is put on varnish. Varnish can be defined as 
(ISO): 

A coating material, drying exclusively by oxidation when applied to a substrate, forms a solid 
transparent film having protective, decorative or specific technical properties. 

Varnish, such as most of coatings, is made of three constituents: the binder, the solvent and the 
colouring pigments. Varnish formulation may contain other non-identified additives. Varnish 
constituents are described in the following section. 
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3.1.1 The binder 

Binder, or resin, is the most important varnish constituent because it supplies the main 
varnish properties. It is the non-volatile part of the varnish, which stays on the substrate 
after drying or hardening (anonymous e, 2001, anonymous c, 2001). It is the binder’s role 
to keep the colorant in the dried film and allow the film to bond with the substrate. Resins 
such as alkyd, acrylic, vinyl, epoxy, polyester, polyurethane, amine and cellulose are 
examples of different kind of binders (Bégin 2001). 

The binder may be obtained from natural, artificial or synthetic resin. The rosin and lacquer 
gum are from natural origins; they are vegetal resins. The chemical reaction of a natural 
resin or oil leads to the formation of an artificial resin. A chemical resin comes from 
reaction between a chemical product which does not have the basic characteristics of the 
resin before the reaction occurs. In the paint and coating industry, most of the natural resins 
were replaced by synthetic resins, which are more uniform in texture and properties 
(Begin, 2001). 

The binder provides to the varnish some important properties like hardness, ductility, 
adhesion, waterproof qualities and sheen. Generally, varnish will dry by resin hardening 
and the hardening time depends on the nature of the resin. In some cases, the resin may 
provide to the varnish resistance to chemicals and gas. Usually, the faster the resin dries, 
the better the protection, provided by the varnish. 

3.1.2 The solvent 

After following the binder, the solvent is the second most important component of a 
varnish. The French glossary Lafarge-peinture gives a good sensible definition of a solvent 
in the varnish context (anonymous e, 2001): 

Liquid constituent, simple or mixed, volatile in normal using conditions, which may 
completely make the binder soluble. 

Usually, a varnish is made of 50% solvent (Ashton, 1967b). On a chemical viewpoint, 
solvents are hydrocarbon function like alcohol, acetone, ester, ether, chlorine derivative, 
etc. The only exception is water. 

The solvent gives the necessary fluidity to ensure the formulation and the application of the 
varnish onto the substrate. Solvent carries the binder in a uniform layer during the 
application. When the varnish layer is obtained, the solvent is not wanted anymore and 
must be eliminated. During the drying process, the solvent usually completely evaporates. 
This occurs as a parallel process to the binder hardening and results in a solid film 
(Grandou et Pastour, 1966, Anonymous d, 2001). 

As the solvent only carries the binder,it will evaporate immediately after it is applied to the 
substrate, so it could be advantageous to use a low cost solvent. The most available low 
cost solvent is water (Ashton, 1967b). When water is used as solvent, some problems may 
happen, such as wood grain raising and cracks. When the volatile part of varnish is water 
and it accounts for less than 10% of the formulation, it is known as a water borne coating 
(Bouchard, 1993). 
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There also some varnish formulations containing no solvent; the UV cured varnishes. In 
this case, the binder is submitted to UV or infrared light to start the polymerisation reaction 
and obtain a solid film. These varnish formulations are used in the hardwood flooring 
industry and in the cabinetry industry. Their advantages are fast curing, no volatile organic 
compound emission (low) and a good resistance to heat and chemical attacks (Anonymous 
f, 2001, Bégin, 2001). 

3.1.3 Colorants and pigments 

A pigment, in the coating industry, is defined as:  

A substance, generally in the form of fine particles, which is practically insoluble in media 
and which is used because of its optical, protective or decorative properties. (Anonymous 
e, 2001): 

Pigments are used to provide opacity, durability to the finish and protection to the binder 
destruction by the UV rays (Bégin, 2001). Pigments are not used in the clear varnish 
formulation but a clear varnish can be stained with a colorant. Pigments can be defined as 
(Ashton, 1967b, Grandou et Pastour, 1966): 

A colouring matter which is soluble in the binder and the solvent. 

3.1.4 Additives 

Finally, to obtain some specific properties, additives may be used. The most common are 
diluent (or thinner), drier or plasticizer. They generally count for 0,2% to 10% of the total 
formulation. 

A diluent is (Anonymous e, 2001): 

A volatile liquid, single or blended, which, while not a solvent, may be used in conjunction 
with the solvent without causing any deleterious effects.  

The main function of a diluent is to decrease the varnish viscosity which helps to apply the 
varnish. Usually, when the viscosity decreases, it is easier to obtain a uniform dispersion of 
the binder (Damtitz, 1943). 

For the finishing products, the drying time is of the primary importance. It is a common 
practice to use a drier to increase the speed of oxidation. A drier is (ISO): 

A compound, usually a metallic soap, that is added to products drying by oxidation in 
order to accelerate this process. 

When the solvent is all evaporated and the binder is at the final step of hardening, the 
varnish film becomes fragile. In this case, a plasticizer is used. A plasticizer is (ISO): 

A substance added to a coating material to make the dry film more flexible. 

Note that there are more additives such as fungicide, fireproof additives and many more, 
but diluents (or thinners), and driers or plasticizers are the most common. 
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3.2 Type of varnishes 

There are many classification systems to classify varnishes: by their formulation, their end uses 
(indoor, outdoor, industrial) or curing method (evaporation, catalysts, UV), but most of the time, 
they are classified by formulation (Ashton). The most common are polyurethane, alkyl, epoxy, 
acrylic, polyester and waterborne. 

3.2.1 Urethane and Polyurethane 

Urethane and polyurethane are synthetic resins and the most common type of varnishes 
used in the flooring industry. They produce the clearest varnish, give good adhesion and 
are resistant to chemical attacks. They give a hard and flexible film. One disadvantage of 
urethane and polyurethane is that they turn yellow when exposed to sun rays (Ashton et al. 
1984, Ashton 1968a, Ashton 1967a). 

Urethane, polyurethane, isocyanate and polyisocyanate all refer to the isocyanate group 
which react with the free hydroxyl group contained in the environment moisture content 
(Martens, 1968). There are three types of urethane and polyurethane: 

1. Two component systems that harden at room temperature. 

2. System with free isocyanate group, reacting with moisture in the air or catalyst in the 
formulation. 

3. One component system using UV to dry the film. 
 

Due to the environmental concern in the past few years, urethane and polyurethane UV 
cured varnishes have become more popular. In fact, they allowed wood finishing industries 
to significantly decrease the volatile organic compounds (VOCs) emitted in the 
environment air. In fact, they can be counted in the group number 2 because a catalyst is 
used to cross link the polymer. UV rays excite a photo-initiator (Chang and Chou, 1999) 
with photons and start the chemical reaction. (Anonymous Fusion UV). 

Another raising technology, is the resin powder coating. In this case, the polymer, a 
thermoset resin reduced in a powder form, is applied on a substrate with an electrostatic 
sprayer. Then the resin is melted to form a continuous film on the surface of the substrate. 
Generally, the heat used to melt the polymer is obtained from an infra red source. Finally, 
the polymer is polymerised by photo excitation with UV rays as it was for the UV cured 
coatings. Most of the development on UV powder coatings for wood products are done 
using the MDF as substrate. With the current technology, UV powder coatings cannot be 
used on solid wood, due to wood high volatile content released over 80°C. That 
temperature is lower than the coating melting condition. To obtain good quality coating, 
MDF quality parameters must be as follows : density: 790-830 kg/m3 with a minimum of 
750 kg/m3; moisture content: 4,5 to 6%; dimensional stability: good at 140°C (Buysens and 
Hammerton, 1999). 
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3.2.2 Alkyd Resins 

As urethane and polyurethane, alkyd varnish is a synthetic resin. It is obtained by the 
reaction of a fatty acid or a polyalcohol with an oil or a poly acid (anonymous e 2001). 
Those varnishes are clear, hard and flexible but their moisture resistance is lower than 
urethane. 

3.2.3 Epoxy Resins 

Epoxy resins are obtained by condensation of diphenylolpropan and glycerine 
epichlohydrine. These varnishes have good moisture and chemical resistance and good 
wear resistance. They are produced in liquid or solid (powder) form. 

3.2.4 Acrylic Resins 

Acrylic resins are obtained by polymerisation of acrylic or methacrylic monomers. These 
resins are soluble in many solvents such as acetone, toluene and xylene. Their air-dried 
evaporation drying time is longer than for most of the other type of varnishes. 

3.2.5 Waterborne Varnishes 

Waterborne varnish formulations use water as solvent instead of organic compounds. They 
were the first varnishes used contributing to decrease the use of organic compounds in 
furniture, cabinetry and parquet flooring industries. Waterborne varnishes need longer 
drying times and have a poorer gloss than organic compound based varnishes with a 40% 
higher price. They offer an equivalent performance to alkyd resin. They are sensitive to the 
relative humidity and temperature. Waterborne formulation can be made with most of the 
synthetic resin such as: acrylic, alkyd, polyester, epoxy, polyurethane and more. 

3.2.6 Water Vapor Diffusion in Varnishes 

Water vapour diffusion of a varnish film may have an important impact on dimensional 
stability of appearance products such as cabinetry, furniture and parquetry. A previous 
study has shown the effects of a varnish film on engineered wood parquet flooring 
(Lefebvre et al, 2001). The results are reported in figure 1. 

This figure expresses the impact of the varnish layer which acts as an important water 
vapour barrier and thus decreasing the moisture gradient between the different components 
of the composite product. In this figure, the cupping deformation is plotted as function of 
time. This figure presents the effect of a polyurethane varnish layer over a three layer 
engineered wood parquet construction. The construction presented in this figure was made 
with a 4 mm thick maple surface layer, 8 mm thick white birch stickers as core layer and a 
2 mm thick veneer as backing layer. This product was dried down from 8% moisture 
content (20°C, 80% relative humidity) to 5% moisture content (20°C, 20% relative 
humidity). 

Geometric distortion has been observed in figure 1 for engineered wood parquet. It may 
also be observed in cabinetry and furniture where non homogenous water vapour 
absorption is possible. 
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Figure 1 Effect of a polyurethane varnish layer on the behavior of EWPF. 
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5 Materials and Methods 
Six types of industrial and commercial varnishes were evaluated in this study as shown in table 1. 

Table 1 Varnish tested in study. 

Varnish 
Identification 

Varnish Types Description 

V1 Waterborne Parquet Flooring, Furniture and Cabinetry 

V2 Polyurethane Parquet Flooring 

V3 Alkyd Parquet Flooring (low traffic), Furniture and 
Cabinetry 

V4 Acrylic Polyurethane Parquet Flooring and Furniture 

V5 Urethane Moisture 
Cure 

Parquet Flooring 

V6 Polyurethane UV 
Cured  

Parquet Flooring 

 

5.1 Preparation of Free Films 

Free films were obtained in accordance with the ASTM D 4708 – 92a, Standard Practice for 
Preparation of Uniform Free Films of Organic Coatings. This method suggests a list of substrate 
that may be used to obtain free films of organic coatings. Silicone paper and polyethylene films 
were used as substrate for varnish production in this study. Films were removed from the substrate 
after they were dried. Thickness evaluation was done with digital micrometer. Films were produced 
with a similar solid content for each film and according to the coating supplier’s recommendations. 

5.2 Application on Wood Surface 

Varnish was applied on sugar maple boards such as those used by the parquet flooring industry. 
Board thickness was measured at a given location on the boards, prior and after varnish application 
to the maple board. All varnishes were applied using a high volume low-pressure spray gun, except 
for the UV cured polyurethane varnish. In this later case, varnish application was performed on a 
specialised industrial finishing line. The films were applied to maple samples with a similar solid 
content for each varnish and according to the supplier’s recommendations. 
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5.3 Adhesion Test 

Adhesion of the varnish layer to the wood board was measured in accordance to the ASTM D 3359 
– 93, Standard Test Methods for Measuring Adhesion by Tape Test. These test methods are used to 
establish whether the adhesion of a coating is at a generally adequate level. In this test, cuts were 
made on the varnishes applied on the wood following a checkerboard pattern. Then, a 75 mm long 
piece of tape was applied on the cuts. To ensure a good contact with the film, the piece of tape was 
rubbed firmly with an eraser. The tape was then removed rapidly back upon itself at an angle of 
180°. An inspection of the grid area for removal of coating from the wood was performed with a 
magnifier and adhesion was assessed.  

5.4 Varnish Hardness Test 

Varnish hardness was determined in accordance with ASTM D 3363 – 92a, Standard Test Method 
for Film Hardness by Pencil Test. This test method covers a procedure for rapid, inexpensive 
determination of the film hardness of an organic coating on a substrate in terms of drawing leads or 
pencil leads of known hardness. In this method, calibrated wood pencils are used to scratch the 
varnish layer with a 45° angle under a uniform and constant pressure. 

5.5 Water Vapour Diffusion Coefficient 

The water vapour diffusion coefficient was determined using a modified Payne cup test. 

The Payne cup test consists basically in a free film which is mounted as a lid and sealed on a cup 
having a defined and known relative humidity inside. Then the cup is exposed to known climatic 
conditions.The weight of the cup is regularly weighed to determine the vapour flow through the 
specimen. When steady state is reached, the water vapour transfer (WVT) rate is plotted versus 
time. The water flux is determined from the linear part of the curve, (Valen, 1998, ISO 7783-1, 
1996, ASTM D 1653-93, 1993). 

Due to the vapour pressure difference across the specimen, produced by different aqueous salt 
solutions generating a specific given relative humidity on each side of the specimen, the water 
vapour flows in one direction and eventually reaches the steady state of water vapour transfer. To 
prevent pressure leakage of the film, the specimen is sealed at the edge with epoxy resin. Knowing 
the partial vapour on each side of the material, the water vapour permeability coefficient can be 
calculated from the following equations: 

( )
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Where: WVT: water vapour transfer rate (kg/s); A: transfer surface (m2); Kp: water vapour 
permeability coefficient; D: film thickness (m); ∆p: difference between the two partial water vapour 
pressure on each side of the film (Pa). 

In the present study, Zn(NO3)2 6(H2O) was used inside the cup to obtain 42% relative humidity. The 
relative humidity conditions outside the cup were obtained by putting the specimens in a 
conditioning room, set at 20% relative humidity and a temperature of 20°C. The varnish film was 
fixed on the cup with epoxy resin. The transfer surface was 0,00019 m2. Weigh measurements were 
conducted each 7 days. WVT was sufficient under these conditions to determine the changes in 
weight with a ±0,01 g accuracy. 

6 Results and Discussion 

6.1 Varnishes Applied on Wood Flooring Strips 

Adhesion and varnish hardness tests were performed to qualify and compare the varnishes. Table 2 
shows the application parameters. The target mass of the varnish to be applied on each plank, the 
real mass applied, and the final film thickness are presented. 

Table 2 Parameters of the varnishes applied to wood. 

Varnish 
Identification 

Varnish Types Target mass 
of Varnish 

(g) 

Real mass 
Applied 

(g) 

Film Thickness
(mm) 

V1 Waterborne 4,1 4,53 0,041 

V2 Polyurethane 4,1 2,93 0,030 

V3 Alkyd 4,1 4,45 0,025 

V4 Acrylic Polyurethane 5,7 5,75 0,045 

V5 Urethane Moisture 
Cure 

3,5 3,66 0,023 

V6 Polyurethane UV 
Cured  

n.a. n.a. 0.050 
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Table 3 shows the results of adhesion and varnish hardness tests. 

Table 3 Results of the adhesion and varnish hardness tests. 

Varnish 
identification 

Varnish type Adhesion test Varnish Hardness 

V1 Waterborne 5B H 

V2 Polyurethane 5B 3H 

V3 Alkyd 5B 2H 

V4 Acrylic Polyurethane 5B F 

V5 Urethane Moisture Cure 5B 4H 

V6 Polyurethane UV Cured  5B 2H 

 

The adhesion test shows that all varnishes had similar adhesion properties on Maple flooring strips. 
Experimental results were obtained conducting 2 replicate tests on 5 wood planks for each varnish. 
The ranking given by the ASTM Standard is shown table 4. 

Table 4 Adhesion test classification. 

Classification Surface of cross-cut area from 
which flaking has occurred 

5B 0 % 

4B Less than 5 % 

3B Between 5% and 15 % 

2B Between 15 % and 35 % 

1B Between 35 % and 65 % 

0B Greater than 65 % 

 

The varnish hardness is given by the hardness of the pencil or lead used to scratch the surface of the 
film. The hardness scale is presented in figure 2. Results were obtained conducting two replicate 
tests on 5 wooden planks for each varnish. 
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6B-5B-4B-3B-2B-B-HB-F-H-2H-3H-4H-5H-6H 

Softer Harder 

 
Figure 2 Hardness Scale. 

Table 3 shows the tested films’ performances. Film V1 and V4 obtained the lowest hardness 
ranking. Both of these varnishes are suggested to be used in cabinetry, furniture and parquet 
flooring applications. It may be concluded that hardness is not the main quality criteria for the use 
these varnishes. Except for V3, All other varnishes obtained a high hardness rate as much as 4H for 
V5. These varnishes are designed for parquet flooring. This result is not in accordance with the 
literature as V3 is an alkyd-based varnish and alkyd-based are known for their hardness. 

 

6.2 Water Vapour Diffusion Coefficient 

The results of WVDC measurments are presented at table 5. All tested varnishes have a low water 
vapour diffusion coefficient. The varnish samples moulded on the cup as a lid has 0,00019 m2 as 
surface area for moisture exchange. Even when measurements were taken once a week (7 days of 
transfer), the rate of moisture exchange was still very low.  

Table 5 Water vapour diffusion coefficient of the varnishes tested in the study. 

Varnish 
Identification 

Varnish Types Water Vapour Diffusion 
Coefficient 

(kg/s•m•Pa) 

V1 Waterborne 2,35x10-16 

V2 Polyurethane 1,05x10-16 

V3 Alkyd 9,10x10-17 

V4 Acrylic Polyurethane 3,83x10-16 

V5 Urethane Moisture 
Cure 

2,11x10-16 

V6 Polyurethane UV 
Cured  

1,86x10-16 

 

All the varnishes (waterborne, alkyd, urethane and polyurethane varnishes) show a similar water 
vapour diffusion coefficient. Among the varnishes available for the parquet flooring industry, 
they will provide an equivalent moisture barrier. This observation contradicts the information 
provided by Ashton (1976), who concludes that generally, alkyd and waterborne have a lower 
resistance to moisture than other types of varnishes. The obtained results of the performed 
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WVDC measurements suggests that parameters such as film hardness and yellowing are valuable 
criterions to choose a varnish for flooring or related applications. 

 

7 Conclusions 
Varnish layers have an important effect on wood products’ such as furniture, cabinetry and parquetry. The 
present study focused on varnishes used by the parquet flooring industry. Usually, in this industry, 
varnishes are selected mainly according to their wear or scratch resistance. This study shows that water 
vapour diffusion coefficient is not an important parameter in the selection of a varnish because most of 
the type of varnishes studied obtained similar physical performances. Parameters such as film hardness 
and yellowing are valuable criterions to choose a varnish. 

These water vapour diffusion coefficients will be used in further works on the design of engineered multi-
layer wood parquet flooring. 
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