
Annals of Warsaw  University of Life Sciences - SGGW 
Forestry and Wood Technology № 84, 2013: 127-131 
(Ann. WULS - SGGW, For. and Wood Technol. 84, 2013) 

 
Evaluation of selected characteristics of thermal degradation of wood 
material  modified by coatings with the occurence of risk substances  
 
EVA RUŽINSKÁ1), IVETA MITTEROVÁ2), JAN OSIPIUK3) 

1)Department of Environmental Technology, Faculty of Environmental and Manufacturing Technology, 
Technical University in Zvolen, Slovakia 
2)Department of Fire Protection, Faculty of  Wood Science and Technology, Technical University in Zvolen, 
Slovakia 
3)Faculty of  Wood Technology, Warsaw University of Life Sciences – SGGW, Poland 
 
Abstract: Evaluation of selected characteristics of thermal degradation of wood materials modified by coatings 
with the occurence of risk substances . Contribution builds on the work of authors RUŽINSKÁ ET AL., 2013, which 
is specified in detail experimental set-up for evaluation of selected characteristics of thermal degradation in the 
assessment of prefinished wood materials PUR coatings using nonstandard modified test procedure - test radiant 
heat source. The paper presents proposals evaluation criteria for test radiant heat source for wood materials for a 
comprehensive assessment of fire-technical and environmental safety materials for predicting the behavior of 
these materials in response to fire. The paper is published and evaluated experimentally obtained results of the 
evaluation of these materials by a new evaluation criterion - the time of ignition. 
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INTRODUCTION   
      In addition to the ecological and environmental (hygienical) eligibility of dissolved 
polyurethane coatings is an important fire safety, as well as the question of them contain 
organic solvents and diluents, flammable substances and substances as well as for the 
prediction of the behavior of surface-modified wood, e.g. by application of coatings included 
hazardous chemical substances – VOC (volatile organic compounds).  
      For predicting the behavior of surface-treated wood by solvent (PUR) based coatings 
in realistic conditions of use it is important to assess the characteristics of thermal degradation  
of these materials in simulations of reaction to fire and add the other necessary criteria, 
allowing an overall assessment of fire-technical and related hygiene and ecological properties. 
      Post article „Proposal of the experimental determination of selected characteristics  
of thermal degradation of wood materials modified by coatings with the occurence of risk 
substances”  follows the authors (RUŽINSKÁ, E,  MITTEROVÁ, I., JABLOŃSKI, M., 2013a) in 
which the authors address the proposal of experimental systems for standards-exam using a 
radiant heat source wood materials with applied coating PUR coatings (solvent-and for 
comparison and waterborne). Thus prepared experimental assembly was used in the test 
radiant heat sources and subsequently in the evaluation of selected characteristics of thermal 
degradation when assessing the fire safety of wood materials (MDF), which will complement 
the necessary data on the environmental acceptability of these materials in furnishing 
interiors. 
 
MATERIALS 

For the purposes of the selected test methods the tested samples were prepared from 
MDF boards surface treated by different types of polyurethane coatings on the solvent, and 
for comparison, also on the water-soluble base. Specification of PUR coating appllied to the 
surface of MDF board are shown Table 1. 
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Radiant heat source test samples for experiment samples – MDF boards, dimension  
 50 x 40 x 19 mm (length, width, thickness), finished wall materials Chemopur, Adler15 and 
16, Icla, Milesi. 
 
Tab. 1  Polyurethane coatings applied to the surface of MDF boards* 

Producer PUR  
varnish 

The ratios of the 
components 

Varnish: Hardener 

The addition of 
diluent     (% 

Wt.) 

Sample 
designation  

ADLER (Austria)  solvent based 10 : 1 15  Adler 15 
ADLER (Austria) water soluble 10 : 1 - Adler 16 

CHEMOLAK (SR) solvent based 3 : 1 30  Chemop. 

ICLA (Italy) solvent based 2 : 1 20  Icla 

MILESI (Italy) solvent based 2 : 1 20  Milesi 

*Details of the coating substances are also listed in the paper the authors RUŽINSKÁ ET AL., 2013. 
 
METHOD - TEST BY RADIANT HEAT SOURCE 
       It is a non-standardized test method, used in the model tests of burning. The device 
consists of electronic weighing scales, weights protection, a metal rack for the location of the 
test samples, the metal support frame to the location of the radiant heat source and heat 
infrared heater. 

Test procedure involves subjecting the test samples to the effect of thermal infrared 
heater with power output of 1000 W for 10 minutes, at a distance of 30 mm from the surface 
of a radiating body. During the tests the weight loss is recorded at regular intervals of 10 
seconds and the possible ignition of samples is visually monitored with making a time record, 
if that phenomenon occurs (RUŽINSKÁ, E,  MITTEROVÁ, I., JABLOŃSKI, M., 2013a). 

 
METHOD OF EVALUATION 

The evaluation criteria of the experiment are the relative weight loss and relative speed 
of burning and time of ignition. The evaluated experimentally obtained results during the 
assessment of the thermal characteristics of the MDF which were surface-modified by 
selected polyurethane coatings during the application of the test by radiant heat source were 
published in the work of authors (RUŽINSKÁ, E,  MITTEROVÁ, I. – JABLOŃSKI, M., 2013b).  
 The evaluation criteria of the experiment is a relative weight loss (1), and the relative 
speed of COR-burning (2): 
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where:  

δm(τ) – relative weight loss at a time (τ) (%);  vr - the relative speed of the COR-
burning (%. s -1); m(τ) – weight of sample in (g) at the time (τ); m (τ + τ ∆) – the weight of the 
sample at the time (τ +  ∆τ) in (g); δm (τ + τ ∆)  -  the relative weight loss at a time (τ + ∆τ) 
(%); ∆τ - time interval , where  whilst the weight (s). 
 
     In the Figure 1. are shown time of ignition of particular coatings {PUR) applied to the 
surface of the MDF boards. Complex and evaluated experimentally obtained data are listed  

 128



in Table 2. was complemented by a new determination of ignitability time, which is shown in 
Table 2. bold dark letters. 

 
    Tab. 2  The average values of the evaluation criteria of test specimens 

Coating material Evaluation criteria 
Chemopur Milesi Icla Adler 15 Adler 16 

The total weight loss (%)* 40,72 42,76 42,52 41,35 39,36 

Max. speed of burning (%.s-1)* 0,1596 0,1644 0,1359 0,1296 0,1264 

Time to reach max. speed of burning (s)* 180 100 140 110 160 

Time of ignition (s)** 144 83 94 105 112 

* results published in the work of authors RUŽINSKÁ ET AL.,2013b; ** newly added results  
 
 

 
Fig. 1 Time of ignition of particular coatings applied to the surface of the MDF boards 

 
DISCUSSION 

From the experimentally obtained and evaluated results, listed in Table 2., it is clear 
that the total weight loss of tested specimens at an interval of 0 to 600 seconds achieved 
similar results, about 40 % of its weight whilst between the particular coatings there was no 
significant difference (the difference between the smallest and the largest percentage loss in 
the evaluated samples is 3,4 %). 

More significant differences were observed in the course of the evaluation of the 
relative speed of burning and especially at two PUR solvent based coating substances that 
were applied to the surface of MDF boards. These coatings compared with other assessed 
coatings had higher values of the maximum speed of burning (about 0,16 %.s-1), indicating 
their faster thermal degradation. Icla, Adler 15 and Adler 16 - the results of these do not differ 
significantly from each other and the max. speed of burning in them is about 0,13 %.s-1. 

An important indicator for assessing materials in terms of speed of burning is also the 
time when its maximum value was recorded. From this perspective, we can best rate 
Chemopur (max. speed of burning at the time up to 180 s), followed by  Adler 16 (water 
soluble), Adler 15 (solvent based), Icla and in the last place we can put Milesi coating with 
the shortest time to achieve max. speed of burning. 

A newly added assessment was the evaluation of the time of ignition of test specimens 
during thermal stress by radiant heat source. From the obtained values (Table 2., Figure 1.) it 
was evident that the most thermally stable coating system formed on the surface of MDF 
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board was Chemopur which showed up to 73.5 % higher thermal resistance compared to 
Milesi as the least thermally stable tested variant. Comparable results were obtained by both 
Adler systems differing only in the binder base. 
  
CONCLUSION 

The evaluation of the results showed that even among the solvent-based polyurethane 
varnishes there were recorded differences in observed characteristics, which are given by the 
addition of additives to the film-forming component of polyurethane varnishes based on 
solvents, but it is clear that from the evaluated coatings on MDF boards the highest thermal 
resistance was recorded in Chemopur and conversely the lowest in Milesi. Solvent based and 
water soluble Adler achieved almost similar results (from the perspective of evaluated 
properties the water soluble was more favorable). 

By experimental determination of the time of ignition in the test by radiant heat source 
in the time interval (10 minutes), we added all the necessary characteristics of the thermal 
degradation of assessed test pieces coated with polyurethane varnishes, which, when stressed 
by the radiant heat emitted hazardous chemicals, namely diisocyanates and isocyanates, 
resulting from thermal degradation at temperatures around 750 °C using a ceramic infrared 
heater with power output of 1000 W. 

Quantitative and qualitative assessment of the presence of these hazardous substances 
along with other chemical compounds belonging to the group of volatile organic compounds 
is the subject of our ongoing research. 
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Streszczenie: Ocena wybranych własności termicznego rozkładu drewna pokrytego 
powłokami zawierającymi substancje szkodliwe. Praca oparta na bazie RUŽINSKÁ ET AL., 
2013, która przestawia stanowisko do oceny wybranych własności termicznego rozkładu 
materiałów drzewnych wykończonych poliuretanami, używające niestandardowej procedury 
promiennika cieplnego. Praca prezentuje kryteria oceny źródła ciepła do materiałów 
drzewnych do precyzyjnej oceny własności pożarowych i środowiskowych w celu 
przewidywania ich reakcji na ogień. Praca prezentuje wyniki nowego parametru badanych 
materiałów – czasu zapłonu.  
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