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Introduction 
 
Since most large European companies shifted or are shifting from solvent borne to low VOC 
water borne coatings in joinery and furniture industry, new drying and curing techniques have 
been developed. The aim of these techniques is to enhance drying speed and to cure 
coatings in an effective way. Firstly, it is necessary to control the drying process to ensure 
good performance of the coated timber and wood materials. Secondly, optimisation of drying 
speed is necessary to optimise processes in joinery and furniture industry by reduction of 
drying times. This paper summarises the common today and possible future techniques and 
critically reviews the benefits of each technique at a level of process, performance and price. 
 
 
Convection drying (temperature, RH, air velocity speed) 
 
Convection drying is known as the most used drying technique for water borne coatings. Due 
to air speed, relative humidity, temperature and time, the water evaporates. Several models 
for this drying process were found [1,2,3,4,5]. However, they do not take into account the 
effects of salts, surfactants and co-solvents which are often present. After the first 
evaporation step in water borne acrylics, the capillary pressure is the driving force resulting in 
a water flow from the lower part of the film to the upper part [6,7,8]. After this, the particles 
approach each other and wet sintering or coalescence of the binder particles starts, resulting 
in a polyhedric structure. When all water is evaporated, the autohesion takes place [9]. The 
polymeric chains diffuse into each other resulting in a continuous and homogeneous film 
which is influenced by the intrinsic polymer character as its Tg, the cross-linking density and 
the temperature of film formation [10,11,12]. 
 
A study into the drying of water borne primers for joinery industry and film performance after 
several drying conditions was reported [13]. This study elaborated the minimum conditions 
and ‘forced’ drying conditions in production locations. The method used was derived from 
studies according to EN 927-5 with omission of the leaching procedure. This method 
evaluates the degree of film formation by measuring the water uptake. 
 
In this study, paints in various colours were investigated and it was demonstrated that some 
colours show high early water uptake due to a large amount of dispersants (surfactants) and 
different pigment-binder ratios present in specific colorants. 
 
Because drying conditions affect film formation of water borne coatings, the water uptake of 
coated spruce panels was measured after various conditions of drying. With incomplete film 
formation, a closed film is not formed and therefore, the water uptake will be large. Drying of 
water borne coatings is slowed down by a high relative humidity: it prevents evaporation of 
water. If the relative humidity in the factory is low but ventilation is absent, a thin layer of high 
humidity will be present above the direct surface of the coating. Therefore, the evaporation 
speed of water is slowed down. 
Laboratory tests such as water uptake according to EN 927-5 [14] of the primer system 
(longer and better drying and leaching of hydrophilic components) do not investigate the 
early film performance but the behaviour on long term. Therefore, laboratory tests were 
performed to obtain information about the early resistance of the water borne coating to 
water in the building phase. Similar to the test described in EN 927-5, this was tested by 
floating coated spruce panels for a period of 72 hours on water. The panels had previously 
been sealed on its sides and end grains. Before the water uptake, the coating was dried 
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according to the so-called minimum 'Quick Scan' drying conditions: 48 hours at 15 °C and 
85% R.H. with 0.5 m/s air circulation. 
 
Results showed that longer drying times or drying with ventilation (so-called ‘forced drying’) 
resulted in less water uptake and no blistering compared to drying after ‘Quick Scan’ 
conditions. It was demonstrated that the formulation of the paint influenced the performance 
after drying. 
 
To evaluate the technical feasibility for switching to water borne primers, a discriminating test 
such as water uptake after minimum conditions of drying (‘Quick Scan’) should be used. This 
test is believed to simulate the severe conditions on the construction site for many cases. 
Generally water borne coatings do not build up a water barrier as quickly as solvent borne 
ones, especially if relative humidity is high, the temperature is low and air ventilation is 
absent. However by lowering RH, increasing temperature and air speed the film formation 
process and hence the protection against water can be strongly improved. 
 
Convection drying tunnels in joinery and furniture applications can be summarised as is 
shown in table 1. 
 
Table 1. Convection drying 
 Advantages Disadvantages 
Process • Temperature, relative Humidity 

and air speed can be adjusted 
• 3D objects 
• Long life 

• Long tunnels 
• Uncontrolled relative humidity 

(related to exterior R.H.) 

Performance • More conditioned drying as ‘air 
drying’ 

• Same air temperature 

• Different air speed on different 
spots 

 
Price • Relatively cheap investment 

• Possible to use the heat of 
sawdust incinerator 

• Heat not transferred effectively to 
object 

• Loss of energy due to <100% re-
circulation of heated air 

 
 
Cold drying (Kalte Trocknung) 
 
The principle of cold drying is the use of de-humidified air at elevated temperature (20 – 40 
°C) to enhance water evaporation. Air can be de-humidified by sorption material or a cold 
trap. De-hydrated air in combination with elevated temperature can reach relative humidity 
values of 10 – 20%. In combination with air circulation, the low relative humidity enables fast 
evaporation of water [15,16,17]. The fast evaporation of water can be followed by irradiation 
with heat (for instance NIR) to enhance film formation, handling and surface quality [18,19]. 
 
Table 2. Cold drying 
 Advantages Disadvantages 
Process Fast evaporation of water Long flash off times 
Performance Handling 

Fast stackability 
Drying through time (film formation) is 
long 

Price Shorter line 
 

Investments 
Energy costs for de-humidification 
High air circulation 
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Infrared drying 
 
The advantage of drying with infrared (IR) is fast heating up of the surface. At the same time, 
the substrate is not heated. 
IR drying can be split into short, medium and long wave infrared spectrum. Short wave 
(Near-InfraRed, NIR) operates from 0.75 to 2.0 µm, medium wave from 2.0 to 4.0 µm and 
long wave operates from 4.0 to 15 µm. At short wave lengths, the intensity of the radiation is 
high and high temperatures on the surface can be reached without heating the substrate. 
Within short time the lamps reach maximum output. Medium wave length is known to be very 
effective to irradiate water and solvents [20] and therefore enhances drying of both water and 
solvent borne coatings [21]. 
 
Often, IR emitters are combined with convection drying to enhance drying further by 
incorporation of air velocity. These dryers are combinations of jets or air knives for high 
throughput flat panel lines or are applied in a tunnel for large 3D objects. 
 
IR emitters can be operated by electricity (Carbon Emitters, Tungsten Emitters) or by heating 
up a ceramic plate by combustion of gas. 
 
Table 3. Infrared drying 
 Advantages Disadvantages 
Process • Compact drying equipment 

• Emitters can be adjusted in 
length 

• Control of distance to object 

Performance • Fast evaporation of solvents • Too fast evaporation causes blisters 
Price • Low investment costs for 

electricity 
• Low operation costs for gas 

operated IR 

• High investment costs for 
combustion 

• High operation costs for electricity 
operated IR 

 
 
UV curing for furniture and joinery industry 
 
Application and curing of 100% UV coatings is widely used in the furniture industry for flat 
panels (2D). After application by roller coating, curtain coating or in a closed spray booth, a 
clear or a pigmented coating is cured with high pressure doped mercury or gallium lamps, 
depending on the type of photoinitiator in the coating. A clear coating is not pigmented and 
therefore, high-energy short wavelengths can be used (UV-C with Hg lamps). Due to the fact 
that short wavelengths are absorbed by pigments, the UV-spectrum of the lamps is shifted 
towards longer wavelengths by doping the Hg lamps with Iron or Gallium. This shift towards 
more blue light also overcomes the absorption of shorter wavelengths by titaniumdioxide. 
Pigments as yellow, green and orange are difficult to cure due to their absorption of a large 
part of the spectrum [22]. Other photoinitiators are used to overcome problems with 
pigments. For very ‘difficult-to-cure’ pigments, it is recommended to use dual cure systems 
[23]. Known systems are for instance isocyanate cross-linking ones [24,25]. 
 
Besides high pressure Hg dotted lamps, microwave lamps with longer life and lower IR 
emission are used. These lamps are emitting due to microwave in stead of electricity. The H-
lamp 225 – 325 nm, D-lamp 350 – 450 nm and V-lamp 400 – 450 nm are known types [17]. 
Low-pressure lamps emit in the transparent part of titaniumdioxide. They emit lower energy 
though their temperature irradiation is very low. 
 
To overcome curing problems with 3D objects, different solutions are found. One of the 
solutions is to use robots. The robot arm is equipped with an UV lamp, recognises the shape 
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of the coated object and follows the shape of the substrate [26]. Another solution is the use 
of reflectors. This is used in some furniture industries and in car body varnishing or for curing 
other automobile parts [27]. 
 
Curing under nitrogen/carbondioxide 
Due to scavenging of radicals which are formed by irradiation of photoinitiators and reaction 
of the photoinitiator radicals with the polymer resin components, the curing process will be 
inhibited. This process is known as oxygen inhibition due to reaction of excited states with 
oxygen [28,29]. Carrying out the reaction under inert circumstances such as nitrogen or 
carbondioxide, enables faster curing (higher belt speeds or higher distances) and lower 
photoinitiator concentrations which reduces costs [30,31,32]. 
 
Table 4. 100% UV curing 
 Advantages Disadvantages 
Process • Fast curing 

• Non VOC 
 

• Only flat panels, no 3 D objects 
• No curing in shades 
• Reactive diluents (skin irritant) 
• Oxygen inhibition 
• Ozone generation 

Performance • Excellent scratch and chemical 
resistance, stackability 

• Intercoat adhesion failures 
• Interior use only 
• Several colours difficult to cure 

Price • Curing lines are shorter 
• Short delivery times 

• Part of electricity used for UV, 
generation of heat makes cooling of 
lamps necessary 

 
In several articles, the application and advantages of water based UV curing coatings are 
described [33,34,35,36] in relation to spray-ability, recycle-ability or evaporation of water and 
curing conditions. In some articles, the drying of the coating was carried out for several 
minutes at a temperature around 80 °C, which is a high temperature for wood extractives and 
which makes the coating susceptible for blister formation due to the porous structure of the 
wood surface. 
 
Table 5. UV curing water based coatings 
 Advantages Disadvantages 
Process • 3 D objects or shadow sides 

easier curable 
• Non VOC 
• No reactive diluents 
• Spray-able and recycle-able 

• Evaporation of water 
 
 

Performance • High early performance 
• Enhanced durability 

• Several colours difficult to cure 

Price • Shorter delivery times • Curing starts after drying 
• Part of electricity used for UV, 

generation of heat makes cooling of 
lamps necessary 

 
 
MOS drying 
 
Microwave drying is a technique, which enhances drying starting from the substrate. By 
irradiation with microwaves, the water molecules in the substrate absorb energy and convert 
this into heat. Due to the generated heat, the coating is able to dry [37,38]. Not only flat lines, 
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but also ovens with this technique are built. One of the main advantages of this drying 
technique is its fastness: a few minutes are needed for water evaporation. After a microwave 
tunnel, UV lamps can be used for further cross-linking reactions in water-based UV-coatings. 
 
Table 6. MOS drying 
 Advantages Disadvantages 
Process • Uniform drying from the inside to 

the outside 
• Very short drying times 
• 2D and 3D possible 

• Due to fast drying: good flash off 
needed and excellent application 
properties 

• Safety 
Performance • High quality (no blisters) • Variations in layerthickness will 

cause differences in performance of 
layer 

Price • Very short line • Investments 
 
 
Conclusions and trends 
For joinery 3D applications, state-of-the-art technology is convection drying. However, the 
influence of the different parameters on film formation is not completely known. 
Combinations with UV-curing of water-based coatings are applied as well. For flat panels, IR 
in combination with convection drying is often used. This could be in combination with UV-
curing as well. 
A future trend could be the use of MOS as a fast technique to evaporate water. Its film 
formation would be completed with UV-curing. 
For furniture, wet coatings are dried in the same way as joinery coatings. The exception is for 
100% UV or Electron Beam (EB) curing laquers for flat panels. 
For 3D objects, future techniques could be UV-curing under carbondioxide for 100% UV 
coatings. MOS could be used for 3D objects in combination with water borne UV coatings. 
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