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Abstract
Curing powder coatings with UV energy instead of heat energy opened up new possibilities for powder
coatings in a wide range of applications. Most UV powders cure between 100 and 120°C and do so quite
rapidly making UV powders more attractive, especially for heat sensitive substrates (HSS) like MDF,
wood, paper and plastics.  The application of a two step coating process with IR- and UV-radiation allows
for complete separation of the melt and flow stage and the curing stage leading to a smooth film at
relatively low temperature.  However, for non-conductive substrates such as wood, wood-based products
and plastics, the quality of the powder application depends largely on substrate pretreatments to render
them more conductive.  This study showed that in order to increase the conductivity of wood-based
products such as MDF, it is essential to have a minimum of 4% moisture content (MC) within the
substrate.  Also, when MC is high (10% or higher) the conductivity of the substrate is sufficient to allow
powder application without preheating.  On the other hand, when the MC is very low, around 2 to 3%,
heat pretreatments did not result in good powder application indicating that preheating is not the only
determining parameter for powder adhesion on the substrate.  For the most commonly distributed MDF
products with a MC between 5 and 8%, excellent powder application can be obtained following heat
pretreatments.

Optimisation of powder curing was out of the scope of the present study but excellent results were
achieved in most cases in terms of impact resistance, pencil scratch resistance and solvent resistance.

Thermal powder was successfully applied and cured on different sets of MDF samples.  Results compared
very well with those obtained with the UV powder in terms of impact resistance, pencil scratch resistance
and MEK solvent rub resistance.  However, the integrity of the product needs to be evaluated in order to
ensure that there is no serious deterioration of the finished product retains all of its original mechanical
and physical properties.
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1 Objectives
The original objectives were to:

� Assess state of the art powder coating technology
� Modify existing commercial UF resins to improve MDF conductivity for a better powder coating

These objectives were revised with the agreement of Dominic Lebel, the only Liaison Member on the
project because the project was started very late and Dominic and Forintek staff agreed on the following
objectives:

1 Investigate the effect of board moisture content on powder coat finishing;
2 Evaluate the effect of heat pre-treatment of boards on the quality of the coating;
3 Investigate the possibility of using thermal curing powders on MDF.

2 Introduction
Industrial powder coating is not a new finishing technology; it has been used for many years to finish
metal products.  Powder coatings were first developed in the 1960s for use on metallic substrates, using
the fluidized bed application process.  However, the possibility of using such powders on heat sensitive
substrates such as wood and plastic, introduces several problems.  The main difficulty encountered with
applying powder coatings to wood-based materials is creating adhesion between the powder particles and
the substrate prior to curing.  Powder coating of wood and plastic is more difficult than powder coating of
metal because wood and plastic do not conduct an electrical charge as well.  The adhesion of the powder
particles to wood can be improved by heating the wood surface prior to the application of powder.
Heating also helps in equalising the distribution of moisture across the surface.  However, because wood
and plastic are sensitive to high temperature, the powder cannot be cured at the temperatures typically
used when coating metals.  When excessively high temperatures are used, wood substrates can split and
off gassing can be observed while plastics can soften or melt.  If the temperature is too low, the powder
will not stick to the substrate.  The introduction of ultraviolet (UV)-curable powder coatings along with
recent advancements in their formulation, have now expanded and embraced wood, plastic and other
materials that are very heat sensitive substrates.  Medium density fiberboard (MDF) is one of the most
promising materials in this area and is now the most investigated substrate for powder coating.  The aim
of this project is to provide Forintek members who are MDF producers with some insight into the
usefulness of this technology.  There are many advantages in using this type of finishing compared to low
pressure lamination or painting.  One can summarise these advantages as follows:

The powders used in the coating technology contain no volatile organic compounds (VOCs).  Therefore,
powder coating is highly promoted as an environmentally safe process.  Application efficiency may be up
to 98% because of the possibility to recover and reuse the over-sprayed powder.  Also, due to the fact that
powder-coating processes allow excellent wrap-around coverage, powders are easily applied and thick
films can be obtained with a single application compared to liquid spraying.  The UV-radiation curing of
the newly formulated powder coatings provides several more advantages related to processing economics,
and finish quality.  Because of the possibility of separating the melting/flowing and the curing of the
powder into two sequential steps, these variables are better controlled and tailored to the respective needs
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of each of them.  As a result, the overall curing cycle has been significantly reduced compared to
conventional powder curing.  This reduction in the curing time translates into economic savings.  The
lower temperatures and reduced dwell times are the key factors that make powder coating possible for
heat-sensitive products.  Also, when UV-curable powder is applied on MDF, edge banding may be
eliminated due to the wrap-around effect of the charged powder particles.

3 Staff
Alpha Barry Scientist, Group Leader, Composite Wood Products 
Richard Lépine Technical Advisor, Composite Wood Products 
Diane Corneau Technologist, Composite Wood Products

4 Materials and Methods
The UV-powder coating and curing process for MDF consists of surface sanding, moisture content
conditioning, IR-heat treatment, surface, powder application, IR melt and flow of the powder and UV
curing.  These steps are summarized in Figure 1 and are discussed in detail in the next sections of this
report.

Figure 1 Summary of UV powder application and curing steps on MDF

4.1 Preparation of MDF Test Samples

In order to measure the effects of heat treatment, moisture content and other variables, two MDF panels
48" by 68” by ½” were selected for the study.  Both panels were cut into two 24” by 34” before sanding.

4.1.1 Surface Preparation of the MDF Test Material

One half of each MDF panel was sanded on one side with 240 mesh paper; the other two halves with a
360 sanding paper in order to compare the quality of the coated samples in terms of smoothness and gloss
appearance.  Because edge treatment was out of the scope of the present project, no treatment such as

Sanding Conditioning IR-Heat treatment

Powder Coat IR-Melt/Flow UV-Cure
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sanding or heat treatments were applied to the edges. Density profiles were recorded in order to evaluate
the impact of surface sanding on density profiles.

4.1.2 Moisture Content of MDF Samples

In order to evaluate the effect of MDF moisture content on UV-powder coating, samples were
conditioned as shown in Table 1 to different moisture contents including one in the order of 1%.  After
sanding, the four 24-inch by 34-inch panels were cut into 3-inch by 5-inch samples and conditioned to
different combinations of temperature and relative humidity in order to obtain samples having different
final moisture contents (MC) before coating.  Table1 shows samples final moisture contents.  As
illustrated in Figure 2, the MC's of test samples essentially reached equilibrium after about 15 days in the
conditioning rooms.

Table 1 Conditioning room temperature and relative humidity

Room
number

Room temperature (°C) Room relative humidity (%) Final Mean MC ±0.1 (%)
(after 15 days)

1 20 20 4.9
2 20 65 7.4
3 20 80 14.6
4 Oven temperature (50°C) NA 1.4
5 Uncontrolled conditions Uncontrolled conditions 4.8
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Figure 2 MDF final moisture content as a function of time and conditions
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4.2 Preheating the MDF Samples

Past experience indicates that MDF samples require preheating before powder application.  One of the
theories behind preheating is that it makes samples more conductive by rendering the surface more humid
and thus more attractive to the charged powder particles.  Another theory suggests that the preheated
surface melts the first powder particles which stick and help in attracting subsequent particles.  Both
theories have been investigated during this study.  The infrared-heating source used in this study is a Solar
Infrared Heater, Type “FB” from Casso-Solar.  The “FB” heater is a woven quartz cloth surface finished
with a black ceramic coating for high emissivity. The quartz surface is transparent to the IR energy
generated within the module, over the entire usable range of wavelengths of 2.5 to 6.0 microns.  This
corresponds to emitter temperatures of up to 880°C at 3.9 watts per square centimetre.  Two “FB” heaters
12” x 12” x 3” with 3600 watts each, 240/280 volts, single phase with thermowell were mounted in series
and used to generate the IR energy.  An “Open Loop” zero fired power controller of 11.9 kW, 240 volts,
single phase enclosed in a NEMA I box potentiometer was used to set the heating temperature.  This
controller was used to set the preheating conditions as well as the powder melt/flow temperatures.  Three
preheating temperatures were selected for heat treatments to get a surface temperatures ranging between
60-70°C, 80-90°C and 100-110°C.

4.3 The Powder Booth

The powder was applied to the MDF samples inside a 28-inch by 16-inch by 2-inch Plexiglas box.  The
main function of this booth was to recycle the over-sprayed powder which falls to the booth floor.  A
negative pressure was maintained inside the booth in order to avoid any fume propagation to the outside.
Samples were placed on a grounded support for coating.

4.4 Powder Application

To apply the powder to the MDF samples, Forintek acquired the “Sure Coat Demonstration System” from
Nordson.  This portable system consists of a manual spray gun control unit, a cup gun kit, a powder pump
with air and powder tubing and a mini hopper for 3.5 pounds of powder.  The sure coat manual spray gun
features patented Selected Charge technology and Automated Feedback current (AFC) control that
ensures maximum operating flexibility.  The cup gun kit is equipped with a specially designed venturi
pump and a powder funnel for spraying small amounts of powder.  The sure coat control unit “provides
operator-selectable, product-specific coating modes that deliver optimal coating performance for a variety
of different powder coating applications”.  In the corona-charging powder technology involved in this
study, a very high voltage, up to 95kV, is applied to the gun’s charging electrode tip, which ionises the air
molecules.  These ionised air molecules attach to the powder particles and charge them.  After being
charged, the particles are directed and deposited onto the surface of an MDF sample for coating as shown
in Figure 3.  The coated sample is then IR-heated and UV-cured.
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Figure 3 Corona-charging powder spray system (courtesy of Nordson)

4.5 Melt/Flow Step

The powder applied to the preheated substrate starts to melt upon application due to the hot surface.  The
substrate is then exposed to the Infrared heat source energy so that the powder continues to melt and flow.
To complete this process, the powder must be heated at temperatures sometimes up to 120°C based on the
manufacturer recommendations.

4.6 UV Curing Step

The melted powder is exposed to UV energy for curing.  The most common UV lamps are the mercury
lamp and the mercury/gallium lamp.  Figure 4 shows their respective spectral output efficiencies.  Each
spectrum shows the relative percentage of the UV energy intensity (expressed as watts per square
centimetre) 100% representing the maximum measured intensity.  When exposed to the UV energy, the
melted powder particles are cured very rapidly, in the order of a few seconds. Mercury bulbs give
excellent surface cure but deep penetration for thicker films is sometimes insufficient compared to the
gallium bulb with its peak intensity at 417nm (Figure 4).  For this reason, the combined mercury/gallium
bulb is the one most commonly used. 

The UV powder curing system can be summarised as illustrated in Figure 5.  After conditioning and
preheating the wood substrate, the powder is applied and exposed to further IR heat in order for it to melt
and flow.  Exposure to UV radiation completes the curing in a maximum of 5 to 10 seconds.
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(a) (b)

Figure 4 Mercury (a) and Mercury-Gallium (b) bulbs’ spectrum (Jennifer Heathcore
Nordson)

Figure 5 Summary of a UV powder curing process (Jovanovic-Radcure)
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5 Results and Discussion

5.1 Effect of Moisture Content and IR Heating Time on MDF Conductivity

The relationships between board moisture content, board surface temperature and board conductivity are
summarised in Figures 6 and 7.  Both figures indicate that after 50 seconds of heating, board conductivity
is constant and surface temperature has reached the recommended preheating temperature for good
adhesion of the powder particles.  Based on this result, all test samples were preheated for 50 seconds
before powder application except for those which were not subjected to heat treatment.  As one can see
from these figures, board moisture content has a great effect on conductivity, especially after heating.
The conductivity is expressed as the total resistance measured on the board; the higher the resistance the
lower the conductivity.  The resistance of most MDF samples was higher than 10 Giga ohms before
heating except those having 14.6% MC.  This indicates that they are not conductive at all.  However, after
heat treatment the 7.4 and the 14.6% MC samples showed a huge decrease in resistance with readings as
low as 10 mega-ohms for samples having 14.6% MC.  One can mention however that the unheated 14.6
% MC samples showed relatively high conductivity, corresponding to a resistance of less than 100 mega
ohms compared to 1000 mega ohms for heat treated 7.4% MC samples.  This result indicates that the
14.6%MC samples could be powder coated without heat treatment.  However, this level of moisture
content is much higher than the 5 to 8% usually encountered in MDF products.

Figure 6 Surface conductivity and temperature of 7.4% MC MDF as a function of IR
heating time
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Figure 7 Surface conductivity and temperature of 14.6% MC/MDF as a function of IR
heating time

5.2 Effect of MDF Moisture Content and IR Heating on Powder Application Quality

The previous section showed that increased MDF moisture content increased conductivity and this
increase was much higher when samples were heat-treated.  In order to determinate how this result
affected powder application, Figure 8 shows the powdered MDF sample sets.  Visual observation of these
samples indicates that the quality of powder application increased with increases in board moisture
content.  For both the heated and the unheated sets, three conclusions could be drawn:

1st heating alone does not significantly help powder application when moisture content is very low;
the lowest MC tested in this study was 1.4%;

2nd even with a moisture content of 7.4%, powder application quality is not good in the absence of
heating;

3rd When the moisture content is high, 14.6% in this case, powder application is excellent without
heat treatment.

Due to the fact that the most common MC of MDF shipped to any client or retailer is around 5 to 8 %, the
results obtained from this study suggest that heating would be required for better powder application.
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Conditioned at 1.4% MC

Preheated Samples       Cold application

Unconditioned (4.8% MC)

Preheated Samples       Cold application

Conditioned at 4.9%v MC

Preheated Samples Cold application
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Conditioned at 7.4% MC

Preheated Samples       Cold application

Conditioned at 14.6% MC

Preheated Samples       Cold application

Figure 8 Effect of IR-heat pre-treatment and MDF moisture content on powder application
quality

5.3 Evaluation of Cured Power Coatings on MDF Samples

The degree of the powder curing has been evaluated according to three standard methods, the NEMA ball
impact method, the pencil hardness test (ASTM D 3363) and the methyl-ethyl-ketone (MEK) solvent rub
method.  Before discussing the results of these tests, we should mention that the curing process has not
been optimised in this study.  The main objectives related to the quality of the powder application
process.

5.3.1 Ball Impact and Solvent Resistance

The ball impact resistance measures the ability of a surface finish to resist fractures produced by the
impact of a large diameter ball (NEMA LD 3).  This standard method has been developed for quality
control for high-pressure decorative laminates (HPDL) as approved by ANSI in October 1995, the ASTM
D 2794-93 being its equivalent method.  The test consists of dropping a polished stainless steel ball
weighing approximately 224±3 g and measuring 38.1 mm in diameter on the sample.  The ball is caught
after the first rebound so that multiple impacts do not occur.  Specimens are examined after each impact
for cracking.  The height of the ball is increased until a failure occurs by the appearance of cracks due to
the impact.
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As can be seen in Table 2, both 4.8 and 4.9% moisture content groups showed comparable impact
resistance between 15 and 20 inches followed by the two 7.4 and 14.6% MC groups.  Typical results, as
published by Nordson (1999), indicated impact resistance (HIR) ranging from 10 to 30 in.  In our tests,
none of the four MDF groups showed HIR values less than 10 in.

The solvent cure test helps in differentiating between cured, partially cured and uncured thermoset
powder coated products (Powder Coating Institute, 1987).  Briefly, this method consists of attaching a 3-
inch x 3-inch pad saturated with a methyl-ethyl-ketone (MEK) solvent to the ball end of 2-pound ball
hammer.  The saturated pad is then stroke/slid on the test panel until signs of powder coating failure
appear.  The result is expressed as the number of double rubs to bare wood or failure to withstand.  The
last column of Table 2 summarises the MEK test results.  Typical values for some MDF powder-coated
boards as published by Nordson (1999) are between 50 and 100 double rubs.  All our MEK test results
were within that interval with some variation between the sample groups.  The highest moisture content
group showed high MEK resistance compared to the lowest (4.8% MC) group suggesting that MC could
influence the powder application and curing quality.  Given the limited amount of data, more work needs
to be conducted to support these observations.

Table 2 Ball impact resistance and Methyl-Ethyl-ketone (MEK) solvent rub resistance

Height (in.) MC = 4.8%
Unconditioned

MC = 4.9%
Conditioned

MC = 7.4%
Conditioned

MC = 14.6%
Conditioned

Tests Tests Tests Tests
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

10 - - - - - - - - - - - - - - - -
15 - - - - - - - + + + + - + + - -
20 - - + + + + + + + + + + +
25 - +
30 + +
HIR* (in.) 25 20 15 15 15 15 15 10 10 10 10 15 10 10 15 15
MEK Solvent cure test:
number of double rubs

81 78 48 43 53 67 60 72 70 64 72 98 67 100 78 98

MEK Solvent cure test:
number of rubs: Mean

63 63 76 86

* HIR: height impact resistance

5.3.2 Pencil Scratch Resistance

This test is based on the ASTM standard method D 3363-93 entitled “Standard Test for Film Hardness by
Pencil Test”.  It consist of placing a coated panel on a firm horizontal surface and pushing away from the
operator a pencil held firmly against the panel surface at a 45° angle.  The process is started with the
hardest pencil and continued down the scale of hardness (Figure 9) to either of two points: one, the pencil
that will not cut into or gouge the film, or two, the pencil that will not scratch the film.  These two options
provide measures of performance in terms of pencil hardness and scratch hardness, respectively.
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6B-5B-4B-3B-2B-B-HB-F-H-2H-3H-4H-5H-6H
Softer Harder

Figure 9 Pencil hardness scale

Table 3 summarises the pencil hardness resistance of the different moisture content MDF samples.  It
appears from this table that both MDF samples conditioned at 4.9 and 7.4% MC had similar performance
in terms of gouge and scratch resistance.  The other two groups of samples did not perform as well either
in terms of gouge hardness or scratch resistance.  Even if the curing process optimisation was out of the
scope of this project, all UV-cured samples showed higher performance than the typical 2H scratch
resistance for some selected MDF UV-cured boards published by Nordson (1999).

Table 3 Pencil scratch resistance

MC = 4.8%
Unconditioned

MC = 4.9%
Conditioned

MC = 7.4%
Conditioned

MC = 14.6%
Conditioned

Tests Tests Tests Tests

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Gouge
Hardness

3H 3H 3H 3H 6H 6H 6H 6H 6H 6H 6H 6H 4H 4H 4H 4H

Scratch
Hardness

2H 2H 2H 2H 4H 4H 4H 4H 4H 4H 4H 4H 3H 3H 3H 3H

5.4 Thermal Powder on MDF

The last objective of this study was to evaluate the possibility of applying and curing thermal powders on
MDF substrates and evaluating the coating's performance.  Thermal powder application on MDF showed
similar results to those reported for UV-cured powders.  Briefly, very low MC samples (around 1%)
resulted in very low coverage.  Preheating did not provide any improvement in powder application.  The
thermally cured powder coated 7.4% MC samples were subjected to the same cure tests as the UV-cured
7.4% MC samples.  The ball impact resistance was similar to the UV-cured samples, the gouge and
scratch pencil hardness results were lower than for corresponding UV-cured samples while the double-rub
results were much higher than the mean 63 strokes observed with the UV-cured samples.  However, these
results should be interpreted with caution because of the limited work conducted in this study.  Also, the
impact of these relatively high temperature heat treatments on product physical and mechanical properties
should be investigated to ensure the ANSI performance requirements are met.
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6 Conclusions
This study showed that in order to increase the conductivity of wood-based products such as MDF, it is
essential that a minimum of 4% moisture content be within the substrate.  Also, when the MC is high
(10% or higher), the conductivity of the substrate is sufficient to allow powder application without
preheating.  On the other hand, when the MC is too low, around 2 to 3%, the heat pre-treatment does not
result in good powder application indicating that preheating is not singularly responsible for the powder
sticking on the substrate.  For the most commonly distributed MDF products, with MC between 5 and
8%, a heat treatment is required in order to achieve excellent powder application.

Optimisation of the powder curing process was out of the scope of this study but excellent results were
generally achieved with our samples in terms of ball impact, pencil hardness, and methyl-ethyl-ketone
(MEK) solvent rub resistance.

Thermal powder was successfully applied and cured on different sets of MDF samples.  Results compared
very well with those obtained with UV-cured powder in terms of impact resistance, pencil scratch
resistance and MEK solvent rub resistance.  However, the integrity of the product needs to be evaluated in
order to ensure that there is no serious deterioration of the original mechanical and physical properties.



UF Resin Modification to Improve Powder Coating of MDF

14 of 14

7 References
ASTM D 2794-93, "Standard Test Method for Resistance of Organic Coatings for the Effects of Rapid

Deformation (Impact)".

Colin, K. D., Mihalic, S., Guskov, S., 1999.  "Powder Coatings on Wood: A North American Market
Perspective".  Nordson Corporation.

Heathcote, Jennifer, 2001.  "UV-Powder Coating Process for MDF", Radtech Report. Vol. (5): 10-14.

Jovanovic, Z., Lahaye, J., Laver, H., Mergert, S., and Walvaart, C., 2000.  "Grey UV-Curable Powder
Coating", Technical Article, Radcure.

Nema Standards Publications LD-1995.  "High-Pressure Decorative Laminates", National Electrical
Manufacturers Association.

The Powder Coating Institute 1987. "Recommended Procedure for Solvent Cure Test", Copyright 1987.
The Powder Coating Institute, Alexandria, Virginia.


	Abstract
	Acknowledgements
	List of Tables
	List of Figures
	1Objectives
	Introduction
	3Staff
	4Materials and Methods
	Preparation of MDF Test Samples
	4.1.1Surface Preparation of the MDF Test Material
	4.1.2Moisture Content of MDF Samples

	4.2Preheating the MDF Samples
	4.3The Powder Booth
	4.4Powder Application
	4.5Melt/Flow Step
	4.6UV Curing Step

	Results and Discussion
	Effect of Moisture Content and IR Heating Time on MDF Conductivity
	Effect of MDF Moisture Content and IR Heating on Powder Application Quality
	Evaluation of Cured Power Coatings on MDF Samples
	Ball Impact and Solvent Resistance
	Pencil Scratch Resistance

	Thermal Powder on MDF

	Conclusions
	References

