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Abstract. The study presents a review of the published data on the construction wood species and fire retardant 
coatings for wood. Fire properties of the wood are discussed. The wood chosen for the research is spruce and pine for 
their incidence in wood constructions production. In observance of the manufacturer’s instructions on the product’s 
spread rate, certified fire retardant agents (BAK-1 and Flamasepas 2) have been applied using a brush onto both wood 
species. The specimens have also been treated with flame retardant agents using the spread rates that are less and 
more than the spread rate given in the manufacturer’s instruction (40 %, 60 %, 80 % and 120 % of the declared 
spread rate). Tests have been conducted in accordance with LST EN ISO 1716 standard that is used for determination 
of the combustion class „Reaction to fire tests for building products. Determination of the heat of combustion“. The 
paper describes the procedure for sample preparation and testing. The results of fire-retardant treated and non-treated 
wood tests and the problems of sampling are discussed in the study. The graphs of dependency of the residue (salts) 
and relative calorific values on the percentage of the declared spread rate are presented and discussed. At the end of 
the paper the conclusions are provided.  

Keywords: flame-retardant agents, fire resistance, calorimeter bomb, calorific value, natural wood, relative colorific, 
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1. Introduction 

Wood is a natural product that is used in a great 
variety for technical applications. It is an anisotropic 
material of vegetal origin composed of cells with 
ligneous walls, and the cells are composed of organic 
compounds. Wood has excellent properties and is 
relatively easy to work. Each of wood species has a 
characteristic hardness, density and texture. More 
precious wood species (mahogany, oak) are commonly 
used for making furniture, whereas cheaper species 
(spruce, pine) are used in construction applications 
(Morkevičius, A. et al. 2004; Richardson, L. R. et al. 
2001). 

Today wood has a wide application in the field of 
construction in many countries, including Lithuania, and 
is one of the most popular industrial materials worldwide. 
Since old times wood has been used in a variety of 
applications and has been valued for its aesthetic 
properties. Wood is widely used as a decorative material 
both for the interior and the exterior elements. The 
requirements for wood structures are provided in 
technical regulations of construction that are to be 
complied with when producing wood structures. In 
Lithuania, like all over the world, many indicators are 
taken into account when determining fire properties of 

the building materials. The main indicator relevant for all 
building materials is combustibility. According to 
combustibility, the materials are grouped into classes that 
are used as a basis for regulating the usage of materials in 
structures of different purpose (Mačiulaitis et al. 2005). 
Wood is treated with antiseptic agents in order to extend 
the lifetime of wood and provide protection against 
decay, whereas flame retardant agents are used to 
decrease the combustibility of wood.  

The greatest deficiency of the wood is its 
combustibility. In the average temperature of 130–
150 ºC, the moisture content of wood is released and 
wood cells start to decompose forming easily burning 
compounds: ethane, methane, hydrogen, and non-
combustible product carbon dioxide. At higher 
temperatures, acetone, wood spirit and other compounds 
are released and charcoal is produced. The most effective 
method for flame-retardant wood protection is treating 
wood with chemical substances (flame-retardant agents). 
Flame-retardant treatment is used on wood elements and 
final products and not blanks, since it is difficult to 
mechanically work the impregnated (flame-retardant 
treated) wood and the treated layer is destroyed during 
wood working. The most common flame-retardant agents 
are: ammonium sulphate ((NH4)2SO4), diammonium 
phosphate ((NH4)2HPO4), ammonium chloride (NH4Cl), 
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sodium borate decahydrate or Borax (Na2 B4O7×10H2O). 
At higher temperatures (360-400ºC), flame-retardant 
agents melt and form an inflammable film on the wood 
surface or release a great quantity of inflammable gases 
that prevent wood oxidation. Wood that is well treated 
with flame-retardant agents just smoulders and does not 
burn in flames. The procedure for preparation and use of 
flame-retardant agents is similar to that of anti-septic 
agents (Drysdale, D. 1998; Jakimavičius, Č. 1998). 

Combustibility class determination tests are carried 
out in the laboratory of the fire research centre. Non-
combustibility test is carried out in accordance with LST 
EN ISO 1182:2004 standard, determination of the heat of 
combustion – in accordance with LST EN ISO 1716:2004 
standard, the single burning item test (SBI) – in 
accordance with LST EN ISO 13823:2002 standard, 
ignitability test – in accordance with LST EN ISO 11925-
2:2003 standard, and fire test for floorings using a 
radiant heat source – in accordance with LST EN ISO 
9239-1:2004 standard. All of the above listed standard 
tests were performed on the appropriate samples. 
However, it should be mentioned that the said testing 
methods have not yet been applied for reference 
evaluation of flammability for products already used in 
construction and sampled directly from the object of 
construction.  

While carrying out fire preventive maintenance, one 
often comes across the question whether the wood has 
been truly treated with flame retardant agent and whether 
that has been done to the sufficient amount. So far this 
type of testing has not been practiced and it is rather 
difficult to objectively assess the quality of construction 
works with respect to the fire safety requirements. Hence, 
it is necessary to determine whether it is practicable to 
perform a reference test of combustibility on samples 
taken directly from the object of construction in 
accordance with LST EN ISO 1716:2004 standard 
„Reaction to fire tests for building products. 
Determination of the heat of combustion“. This method 
of testing has been chosen after evaluating the fact that 
the structures of the construction object are exposed to 
the minimum possible damage during the sampling 
procedure. 0.5-1.0 g wood dust is required for one test.   

The purpose of this study is to determine a 
behaviour pattern of fire-retardant agents BAK-1 and 
Flamasepas 2 after exposure to fire after applying 
different percentage of the solution’s spread rate on two 
wood species.    

2. Tested materials and testing procedure  

The cheapest and most incident in construction 
wood species have been selected for testing: (non-planed) 
spruce and (planed) pine.  

The said wood species have a wide application in 
house construction as a decorative material, for 
production of doors and decorative elements. Spruce 
wood is lightweight, very soft, resinous, easy to work, 

shrinks little during drying, and is very knotty what 
complicates the wood planing. 

Pine wood is soft, lightweight, resinous, limber, 
shrinks little during drying, is easy to work and markedly 
resistant to moisture (Jakimavičius, Č. 1998). 

The test described in LST EN ISO 1716:2004 
standard „Reaction to fire tests for building products. 
Determination of the heat of combustion“ is used to 
determine A1 and A2 combustibility classes. By 
performing this test the gross calorific value and net 
calorific value can be determined. The said values are 
also known as the higher and lower heating values 
respectively. The gross calorific value (or higher heating 
value) is defined as the amount of heat released by 
combusting the product and the entire water component is 
in liquid state at the end of combustion. The net calorific 
value (or lower heating value) is defined as the amount of 
heat released by combusting and the entire water 
component is in vapour state at the end of combustion. 

The aim of this test is to determine the amount of 
heat produced on combustion. Testing equipment for 
determination of the heat of combustion in accordance 
with LST EN ISO 1716:2004 standard is presented in 
Fig 1.   
 

 
 

Fig 1. Testing equipment 

 
During testing the mixer is rotated at a constant rate. 

In order to avoid heat transfer from and to the 
calorimeter, the driving axle of the mixer is equipped 
with a thermally insulated element located in the gasket 
between the jacket and jacket cover. Magnetic mixing 
device can also be used. Figure 2 shows the constituent 
parts of the calorimeter.  

When the temperature rise in the calorimeter vessel 
does not exceed 0.01 °C per 10 minutes, the sample is 
ignited and the changes in temperature are recorded 
against the time scale. Standard temperature changes 
against the time scale and the characteristic points are 
shown in Fig 3. All shown characteristic points T1-T4 are 
taken into account when determining the heat of 
combustion. 
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Fig 2. Calorimeter parts: 1 – mixer for uniform mixing 
of water, 2 – jacket cover, 3 – fuse cables, 4 – water 
thermometer, 5 – calorimeter vessel, 6 – water in the 
jacket, 7 – calorimetric bomb, 8 – fuse wire, 9 – 
crucible containing the sample  

 

 
Fig 3. Temperature changes in calorimeter vessel and 
stages of change. T1 – beginning of test, T2 – moment 
of sample ignition, T3 – maximum achieved 
temperature during testing, T4 – end of test. (Test 
method described in LST EN ISO 1716: 2002 standard 
is provided in Annex 1) 

 
Prior to flame retardant treatment, the specimens are 

dried in a constant temperature and moisture room. The 
specimens are treated with BAK-1 and Flamasepas 2 
solutions that are the only certified flame retardant agents 
for wood currently available in Lithuania.   

Prior to treatment, the moisture content is measured 
for all specimens using HPM 2000 instrument. For each 
wood species, 10 specimens are prepared for flame 
retardant treatment (5 samples 10×10 cm and 5 samples 
10×5 cm) and one specimen per each wood species is 
prepared for non-treated wood testing. Flamasepas 2 
solution is used to treat the specimens of the size 
10×10 cm and BAK-1 solution is used to treat specimens 
of the size 10x5 cm. 

The solutions are applied onto the wood using a 
brush. Both solutions are applied using the spread rate of 

500 ml/m2, as per manufacturer’s instructions for BAK-1 
and Flamasepas 2. The necessary quantity of solution is 
calculated in accordance with the surface area of the 
specimens. Afterwards the specimens are treated with 
40 %, 60 %, 80 %, 100 % and 120 % of the solution 
amount declared by the manufacturer. After being treated 
with half of the necessary solution quantity the wood 
specimens are covered with a film in order to minimize 
the vapour loss of solution and are kept covered for two 
hours to allow the solution penetration into the wood. 
Then one quarter of the necessary solution quantity is 
applied onto the specimens and the covered specimens 
are left to dry for two hours. After the film is removed, 
the remaining quantity of the solution is applied onto the 
specimens. After such treatment the wood is left to dry in 
a constant temperature and moisture room until the 
requirements for conditioning until constant weight are 
met (LST EN 13238:2002 „Reaction to fire tests for 
building products – Conditioning procedures and general 
rules for selection of substrates “).   

Wood dust must be used for the tests in accordance 
with LST EN ISO 1716 standard. 0.5-1.0 g of wood dust 
is required per test, however, the said standard does not 
define the surface area from which the wood dust should 
be taken or the quantity of the treated wood to be used for 
wood dust sampling. To solve this sampling problem, the 
same amount of wood dust (2 g) is taken from two 
different size wood specimens and divided into three 
samples that are pressed into a tablet using a press 
machine (Fig 4). The necessary amount of dust (2 g) is 
obtained by filing the specimen surface towards the sides. 
The specimen is pressed into a tablet in a funnel-shaped 
container a by applying the force of a pressure piston. At 
the lower part, the shaping container is covered with an 
easy-to-remove plate b placed on the cylinder support c.  
 

 
Fig 4. Tablet pressing machine.  a – funnel-shaped 
container, b – plate, c – cylinder support 

 
The tablet is weighed using a high accuracy 

weighing-scales to the precision of +/-0.0001 g. 
Afterwards the specimen is placed into a glass crucible of 
the following dimensions: 25 mm diameter, 19 mm 
height, 1.5 mm wall thickness. The crucible is placed into 
the calorimeter bomb. A fuse wire is attached to the 
calorimeter bomb electrodes (10 cm length, 0.0055 g 
weight) in such a manner that the coil formed in the 
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centre of the bomb contacts the specimen contained in the 
crucible. The calorimeter bomb is placed in its steel body 
and screwed tightly. Then the calorimeter bomb vessel is 
filled with pressurised oxygen (99.5 % purity) until the 
pressure of 3.0–3.5 Mpa is reached. Simultaneously, the 
calorimeter vessel is filled with distilled water until the 
weight of 3.4 kg. The calorimeter bomb is placed into the 
water of a stable temperature in such a manner that the 
top of the bomb is slightly submerged in the water. Fuse 
cables are attached to the electrodes and the jacket cover 
is closed. All testing equipment is controlled via the 
computer. Using a software application, the necessary 
data are entered into the computer: specimen weight, 
including fuse wire weight. After the test is completed, 
the jacket cover is opened, the calorimeter bomb is 
removed and dried, and the test results and temperature 
curve are recorded on the computer screen. The calorific 
value is calculated by the software installed in the 
computer and the weight of residue (salts) is obtained by 
weighing the crucible after completion of the test.          

3. Test results and their analysis 

The results of tests of the non-treated wood and 
other indicators that have effect on the process of 
combustion are provided in Table 1.  

 
Table 1. Spruce and pine (without flame retardant coating) 

Wood Pine Spruce 

Moisture content [%] 8 10 

Average density 
[g/cm3] 

0.501 0.477 

Average specimen weigh 
[g] 

0.6837 0.5972 

Average calorific value 
(Qs) [MJ/kg] 

19.804 19.101 

Average weight of 
residue in the crucible 
after testing  [mg] 

0.9 1.3 

 
After performance of tests on non-treated wood it 

becomes obvious that the average calorific value of the 
pinewood is greater compared to the spruce, hence, a 
conclusion can be made that the combustibility of spruce 
is worse since at the exposure to fire less heat is released 
and the flame spreads slower due to the less amount of 
heat affecting the material in the flame front.     

It should also be noticed that the greater the moisture 
content of the wood, the more heat is used to evaporate 
the water from the wood, and the lesser the density, the 
less heat is released from the wood of the same 
dimensions. Hence, it can be asserted that, not taking into 
account the content of resins, the calorific value shall be 
less for the wood of the same dimensions with a greater 
content of moisture and lesser density (Drysdale, D. 
1998; Praniauskas, V. 2008).  

After completion of tests on non-treated wood, the 
tests were carried on spruce and pine treated with 
Flamasepas 2 solution.  

After the testing it has been established that the 
change in the spread rate of flame retardant solution is 
proportional to the change in the calorific value and the 
(salt) residue weight. In other words, the weight of the 
salt residue decreases with the reduction of the 
percentage of the declared spread rate (Fig 5). 

This can be explained by the composition of the 
flame retardant agent. The solution consists of certain 
salts and water. When the specimen is drying, the water 
evaporates and the remaining salts protect the wood 
against the effects of temperature exposure. Thus, the less 
amount of solution is used to treat the wood, the less is 
salt residue after the performance of tests in accordance 
with LST EN ISO 1716 standard. Relatively significant 
differences in the obtained amounts of salts are due to the 
irregular penetration of flame retardant agent into 
different wood species. After removing 2 g of wood dust 
from the specimen surface, there still remained clearly 
visible flame retardant treated areas. The fact that the 
tested spruce was not planed and the pinewood was 
planed could also have effect on the distribution of salts 
on the surface.  
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Fig 5. Dependency of the average weight of the 
residue (salts) of pine and spruce specimens treated 
with Flamasepas 2 on the declared percentage of the 
spread rate 

 
According to the obtained calorific values of the 

flame retardant treated and non treated wood, the relative 
calorific values (Qrel) have been calculated and it has 
been established that the calorific value increases at the 
decrease of the percentage of the solution’s spread rate 
(Fig 6), since a thinner layer of the solution applied onto 
the wood provides less protection against the temperature 
exposure (the amount of salts protecting the wood against 
the temperature exposure is reduced). Thus, more heat is 
released by burning such wood. In this case the 
apparently greater relative calorific values were obtained 
for the pinewood not only due the greater calorific value 
of the non-treated pine in comparison with the spruce, but 
also possibly due to the different levels of the solution 
penetration what resulted in the presumably not uniform 
amounts of salts collected together with wood dust during 
the sampling procedure (Fig 7).  
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Fig 6. Dependency of the relative calorific values of 
pine and spruce specimens treated with Flamasepas 2 
on the percentage of the declared spread rate 

 
 
 
 
 

 

Fig 7. Typical view of flame retardant solution 
penetration  

 

When performing tests on specimens treated with 
BAK-1 solution, the flame retardant treated layer of the 
wood has been removed almost completely and 
additionally a layer of non-treated wood has been 
removed, what should condition the increase of the 
calorific values. However, it should be kept in mind that 
flame retardant solutions are made of certain salts and 
water. After certain time the water evaporates from the 
treated wood and the remaining salts protect the wood 
against high temperature exposure. Thus, it can be 
suggested that the amount of the salts residue in the 
crucible is not dependent on the quantity of non-treated 
wood used for testing. This suggestion is also supported 
by the fact that the crucible contains almost no residue 
after completion of tests on natural wood. After 
performance of tests on spruce, the crucible has been 
weighed (using calibrated scales) and the average 
increase of 1.3 mg in the crucible weight has been 
established (0.9 mg for pine).  

The tests on specimens treated with BAK-1 solution 
have demonstrated that the amount of salts in the wood 
reduces at the decrease of the percentage of the declared 
spread rate. Also, in this case the obtained quantities of 
residue (salts) are almost identical. This can also be due 
to the fact that almost the entire layer of the flame 
retardant treated wood was removed from the smaller 
specimens (Fig 8).    

The performed tests have confirmed the anticipated 
greater calorific values for flame retardant treated spruce 
and pine and have demonstrated the increase in calorific 
value at the decrease of the percentage of the declared 
spread rate. However, in this case greater calorific values 
were established for the pinewood and greater relative 
calorific  values  were  established  for  the  spruce. Thus, 
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Fig 8. Dependency of the average weight of the 
residue (salts) of pine and spruce specimens treated 
with BAK-1 on the percentage of the declared spread 
rate 

 

greater calorific values for the pine wood could be 
conditioned by the greater calorific values of the non-
treated pine wood, whereas greater relative calorific 
values for the spruce could be conditioned by the greater 
amount of residue (salts) in the pinewood specimens, 
without regard of the greater calorific value of the non-
treated pinewood (Fig 9).  
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Fig 9. Dependency of the relative calorific values of 
pine and spruce specimens treated with BAK-1 on the 
percentage of the declared spread rate 

 

As we see, the results obtained after selecting the 
specimens and performance of tests in accordance with 
LST EN ISO 1716 standard enable to determine whether 
the wood specimen has been truly anti-flame treated and 
whether such treatment has been done to a sufficient 
amount. Hence, the obtained calorific values allow the 
detection of fire retardant treatment and the quantity of 
salts enables to evaluate the adequacy of the solution 
amount used.  

After performance of tests in accordance with LST 
EN ISO 1716 standard on the specimens treated with 
Flamasepas 2 solution, the spruce has demonstrated 
worse combustibility, whereas in the case of treatment 
with BAK-1 solution the pinewood has showed worse 
combustibility. The same pattern has been also observed 
in the tests performed by Z.Karpovič (in accordance with 
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LST ISO 5657:1999 standard) where pre-ignition periods 
for Flamasepas 2 treated spruce were longer if compared 
to the pinewood, and in the case of treatment with BAK-1 
solution longer pre-ignition times have been determined 
for the pinewood (Karpovič, Z. 2009). Hence, it can be 
asserted that Flamasepas 2 is more suitable for spruce and 
BAK 1 solution is more appropriate for pine treatment in 
the terms of combustibility.   

To sum up the results of the tests it can also be 
stated that anti-flame properties of wood can be enhanced 
by treating the wood using a greater spread rate than 
declared by the manufacturer, since smaller relative 
calorific values are obtained at the increase of the 
declared spread rate.   

Conclusions 

1.  After completion of the tests on non-treated wood it 
has been established that the amount of the heat 
released at the total combustion of spruce specimens 
is less.  

2.  The arrangement of curves in the graphs of residues 
and relative calorific values is dependent on the 
changes in the surface area of the specimens.   

3.  The efficiency of BAK-1 and Flamasepas 2 
solutions decreases at the reduction of the declared 
spread rate percentage and increases at the increase 
of the declared spread rate percentage. Thus, anti-
flame properties of the wood can be enhanced by 
using a greater amount of the solution than declared 
by the manufacturer.  

4.  In the terms combustibility, Flamasepas 2 is more 
appropriate for fire retardant treatment of the spruce, 
whereas BAK-1 solution is more appropriate for the 
pinewood.  

5.  The results obtained after sampling and performance 
of tests in accordance with LST EN ISO 1716 
standard enable to determine whether the wood 
specimen has been truly anti-flame treated and if 
such treatment has been done to the sufficient 
amount.   
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