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Obstract

In this study, four different wood species walnut (Juglans regia L.), chestnut (Castanea sativa Mill.), Poplar (Populus 
nigra), scotch pine (Pinus sylvestris L.) were chosen and test samples were prepared according to TS 2470 principles. 
Especially the pine wood by taking the structure (with fungus, fungus/insect, insect), flawless wood structure is 
compared with the flawed wood structure. The impregnation process was carried out according to ASTM D 1413 -76 
principles. Effects of the chemical characteristics of the determined Stone Water (Firetex) on the thermal decomposition 
properties of wood (burning degrees, degradation temperature points and residue amount) were determined with TGA 
(thermogravimetric analysis). According to the results of the experiment; the highest retention value was found in poplar 
(23.56%) and the lowest retention (12.79%) in chestnut was determined. Amount of residue; 60.84% of the highest on 
scotch pine wood with fungus and 56.70% of the lowest value was determined on poplar wood. Thermal deterioration 
was determined between 226.41-405.04 oC on wood .
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1. Introduction

Nowadays, due to the rapidly increasing world population 
and the increasing needs of humankind due to developing 
technology and living standards, natural resources are 
decreasing as a result of unconscious consumption. This 
forces producers to engage in studies on how they can use 
natural resources more efficiently and in a variety of ways. 
Wood material, which has a wide range of usage, is a natural 
and renewable raw material that can be applied to all areas. 
Due to its light weight compared to concrete, iron, aluminum, 
PVC and various other construction materials, being easy to 
be processed, having continuous production, having superior 
physical and mechanical properties in various places for use; 
the wood has a wide range of unique uses in construction 
techniques, many industries such as paper and cellulose, 
sheet, furniture. At the same time, due to the sensitivity 
towards fire safety, it is emphasized that fire resistance 
of wood material is provided in the most effective way. 
In addition to the known combustion properties of wood 
material, it is of great importance to determine the effect of 
impregnation process on combustion resistance. Wood is 
a flammable material since it is an organic based material 
containing carbon and hydrogen. The temperature must be 

increased to 275 ° C to able to burn for wood. However, it 
can ignite in any kind of flame source even at much lower 
temperatures. In order to burning of wood, there must be 
one of the three; oxygen, a source of burning heat and a 
flammable substance. If this trio is not available, there will 
be no ignition[1].

One of the negative properties of wood material is that 
it is an organic material. Therefore, burning is one of the 
important negative properties in case of proper conditions. 
Apart from the flammability of wood material, other negative 
properties cause only material losses, while life-threatening 
of wood material also occurs. The flames and gases created 
by the burning of wood material threaten human life and 
may cause death[2]. One of the most negative properties of 
wood material is that it is flammable. In order to eliminate 
this negative feature of wood material, many chemicals are 
applied to prevent or delay fire. Combustion properties of 
scotch pine wood treated with a mixture of boric acid and 
borax, various natural sepi materials as an anti-combustion 
or retarding agent in wood material were investigated. It was 
found that natural sepi substances had a negative effect 
on the examined combustion parameters, the combustion 
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 properties of scotch pine treated with natural sepi substances 
were similar to control or worse than the control and it has 
been determined that some of the burning characteristics of 
the scotch pine wood treated with natural sepi substances 
have improved significantly statistically[3].

The wood begins to break its chemical bond at 
temperatures above 100 °C. Regular weight loss in wood 
occurs between 100 and 200 °C and CO2, acetic acid, water 
vapor and small amounts of formic acid are released in this 
temperature range. Lignin decomposes at 160 °C, cellulose 
disintegrates above 200 °C, tar and flammable volatiles 
can spread into the environment. Exothermic reactions 
start at 200-260 °C, combustion also occurs in parts where 
hydrocarbons with a low boiling point are exposed. Heat 
release occurs at 275-280 °C, while ethanoic acid, methanol 
and homologs of these substances increase in gas and liquid 
products. The wood can also continue to burn after the heat 
source has been removed. Depending on the characteristics, 
burning in wood that ignites in the range of 300-400 °C 
continues to approximately 450 °C. When the temperature 
rises above 450 °C, while coal remains, decomposition, 
carbon dioxide, carbon monoxide and oxidation water 
accelerate and goes to even further stages[4,5].

In a study; In order to protect wood against biotic and 
abiotic pests, the effect of various impregnating agents on the 
firing properties of firewood was investigated. As a result, 
it was found that aqueous solutions of boron compounds 
showed significant anti-fire effect[6]. In the study, the effects 
of various impregnation agents on the burning properties of 
alder wood were investigated and as a result of the study, 
it was investigated that boron compounds significantly 
reduced combustion of alder wood[7]. In addition to the 
effect of boron compounds against fungi and insects, it 
has many activities such as preventing the transfer of heat 
and preventing the material from meeting with oxygen as 
a fire inhibitor[8,9].The rate of combustion and the degree 
of combustion are important for the effect of fire on wood 
material. Since no combustion occurs in the absence of oxygen, 
carbonization begins after a slow combustion occurs in the 
wide cross-section material[7]. This carbonization acts as an 
insulating material on thick wood surfaces and reduces the 
degree of fire damage on the inner parts of wood material[10,11]. 
Stone water (firetex) is a water based fireproof containing 
limestone mineral formula; It has been reported that it has 
no adverse effects on humans and animals and that stone 
water can be applied to increase the burning resistance of 
wood materials[12-14].

The wood material consists of a mixture of complex 
organic polymers. Changes in wood material components 
occur due to temperature. Thermogravimetric Analysis (TGA) 
method is implemeted to determine the thermal stability of 
wood material. By determining the mass losses that occur 
while heating the material whose thermal properties will 
be determined, the temperature value at which the fracture 
occurs from the graph of temperature-mass loss is provided as 
the decomposition temperature. The 1st degree derivative of 
weight loss (DTGA/Differential Thermal Analysis) is utilized 
to determine decomposition temperatures. The wood material 
consists of a mixture of complex organic polymers. Changes 
in wood material components occur with temperature[15].

2. Materials and Methods

2.1 Material (Wood and Chemical)

In this study, scotch wood (with fungus, insect, 
insect +fungus), poplar, chestnut and walnut material was 
preferred, stone water (firetex) was used at a concentration 
of 100% in the impregnation process.

2.2 Preparation of test samples

Boric Wood sample of scotch pine (coniferous wood 
species) species with fungus, insect-fungus, and (leafed wood 
species) walnut, chestnut and poplar were taken as wood 
chips to represent the whole mass of the sample, milled in 
laboratory Willey mill and sieved in 40 and 60 mesh sieves. 
The obtained samples were subjected to impregnation process.

2.3 Impregnation method

For the impregnation procedure, distilled water was used 
to prepare aqueous solutions of the wood preservatives which 
have concentration of 3%. Approximately 100 g of the wood 
flour was immersed in the solutions for 2 h at 60 ºC. Until 
obtaining the unchangeable weight, The treated wood 
specimens were exposed to drying at 60 ºC. They were 
followed for the impregnation procedure of wood flour and 
wood specimens[16,17]. Then, for two weeks, wood specimens 
were moistured at 65% relative humidity and at 20 °C.

2.4 Thermal analysis

In conditions with heating rate of 10 °C/min and a purge rate 
of 50 mL / min (Argon) by using a LABSYS TG-DTA analyzer 
between room temperature to 600 °C, thermogravimetric analysis 
(TGA) and Differential thermal analysis (DTA) were implemented 
under nitrogen atmosphere. 10 mg of the sample was analyzed 
and weight loss of the sample was noted continuously for each 
individual experiment. By using TG curve as a function of time, 
derivative TG (DTG) curves were applied.

3. Results and Discussions

3.1 Experimental results

The solution properties are given in (Table 1).
The solution concentration was used as 100% and 

the pH/density values were determined before and after 
impregnation. It has been reported in the literature that acidic 
structure may cause adversities in anatomical/technological 
structure of wood.

3.2 % Retention

% Retention values are given in (Table 2) and related 
graph in (Figure 1)

According to BVA and Duncan test results; When % retention 
was evaluated, wood structure with low specific gravity had a 
positive effect on % retention, whereas wood structure with high 
specific gravity gave low results. It is evaluated that the highest 
retention value was 23.56% in poplar and the lowest retention 
was 12.79% in chestnut. Differences in retention rates may 
arise from the type of wood, the anatomical structures of the 
trees, and therefore their physical properties, the impregnation 
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process and the solution. It is investigated that many factors 
related to anatomical structure such as heartwood, sapwood, 
spring wood, summer wood, density, heart beam, tracheid, 
resin in wood affect permeability[18].

3.3 Thermogravimetric (TGA) Analysis

Samples impregnated using four different tree species 
were compared with control (non-impregnated) samples. 
TGA analysis was applied for thermal strength of the 

samples and DTG curves were generated. The results of 
thermogravimetric (TGA) analysis of scotch pine wood 
are given below. Figure 2 shows the TGA (2-a) and DTG 
(2-b) curves of firetex-treated scotch pine with insect-fungus 
and control sample. While the turning point temperature 
of the control sample was 381.14 °C, the decomposition 
temperature of the firetex applied samples decreased 
to 361.24 °C. The acceleration of degradation is due to the 
fact that bonds such as P-O-C (Phosphorus-Carbon) in fire 
retardants are much less stable than C-C bonds in the control 

Table 2. % Retention values and duncan test results.

S.No
Wood Type
(Control)

Treatment
Wood

% Retention HG

1 Yellow pine (With fungi+insect) Yellow Pine

(Firetex)
18,17 B2 Yellow pine (With insect)

3 Yellow pine (With fungus)
4 Walnut Walnut (Firetex) 14,35 C
5 Chestnut Chestnut (Firetex) 12,79 D
6 Poplar Poplar (Firetex) 23,56 A

Figure 1. % Retention change.

Table 1. The solution properties.

Solution (%) Impregnation 
material

Solvent 
material

Temperature 
(0C)

pH Density
BI AI BI AI

100% Stone Water Destile water 220C 1.65 1.65 1.215 1.215
BI: Before impregnation, AI: After impregnation.

Figure 2. TGA (a), and DTG (b) curves in Scotch pine (with fungus+insect).
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sample and are usually caused by degradation of 180 °C 
[16]. This early decomposition prevents the formation of 
flammable gases and also supports formation of carbonized 
coal[19]. While the amount of residues from combustion result 
of the control sample was 19.10%, the amount of residues 
from carbonization result in the sample containing firetex 
increased to 56.73%.

Figure 2 shows the TGA (Figure 3a) and DTG (Figure 3b) 
curves of scotch pine wood with insects. While the turning 
point temperature of the control sample was 370.62 °C, the 
decomposition temperature of the firetex applied samples 
decreased to 262.26 °C. The acceleration of degradation is 
due to the fact that bonds such as P-O-C (Phosphorus-Carbon) 
in fire retardants are much less stable than C-C bonds in 
the control sample and are usually caused by degradation 
of 180 °C[16]. This early decomposition prevents the formation 

of flammable gases and also supports the formation of 
carbonized coal[19]. While the amount of residues from 
combustion result of the control sample was 20.39%, the 
amount of residue from carbonization result in the sample 
containing firetex increased to 53.19%.

Figure 4 shows the TGA (Figure 4a) and DTG (Figure 4b) 
curves of scotch pine wood with fungus. While the turning 
point temperature of the control sample was 373.71 °C, the 
decomposition temperature of the firetex treated samples 
decreased to 281.20 °C. The reason for the accelerated 
degradation may result from the chemical structure of the 
wood. While the amount of residues from combustion result 
of the control sample was 18.59%, the amount of residue of 
from firetex containing sample from carbonization increased 
to 60.84%. The degradation of the wood components was 
very rapid, weight loss after the decomposition temperature 

Figure 3. TGA (a), and DTGA (b) curves in Scotch pine with insect.

Figure 4. TGA (a), and DTG (b) curves in scotch pine wood with fungi.
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was less. The degradation of wood components in defective 
scotch pine with fungus was very rapid and the weight loss 
was lower after the decomposition temperature. The rapid 
degradation may arise from the destruction of the fungus 
inside the wood.

Figure 5 shows the TG (Figure 5a) and DTG (Figure 5b) 
curves of walnut wood. While the turning point temperature 
of the control sample was 370.14 °C, the decomposition 
temperature of the firetex treated samples decreased 
to 226.41 °C. The reason for the accelerated degradation 
may result from the chemical structure of the wood. While 
the amount of residues from combustion result of the 
control sample was 21.00%, the amount of residue from 
carbonization result was 59.00% in the sample containing 
firetex. The degradation of the wood components was 
very rapid, weight loss was less after the decomposition 
temperature. In these two stages, the stone water in the 
lumens forming the cavities of the wood cells was removed 

from the environment depending on the temperature. It is 
found that thermal decomposition of wood flour and wood 
components was between 300-500 °C [15].

Figure 6 shows the TG (Figure 6-a) and DTG (Figure 6-b) 
curves of chestnut wood. Chestnut wood is in the category 
of leafed trees such as walnut wood. Therefore, TG and 
DTG analysis showed similar results like walnut samples. 
While the turning point temperature of the control sample 
was 405.04 °C, the decomposition temperature of the 
firetex treated samples decreased to 265.96 °C. The reason 
for the accelerated degradation result from the chemical 
structure of the wood. While the amount of residues from 
combustion result of the control sample was 26.37%, the 
amount of residue increased to 58.03% from carbonization 
result in the sample containing firetex. The degradation of 
the wood components was very rapid, weight loss after the 
decomposition temperature was less. In these two stages, 
the stone water in the lumens forming the cavities of the 

Figure 5. TGA (a), and DTG (b) curves in Walnut wood.

Figure 6. TGA (a), and DTG (b) curves in Chestnut wood.
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wood cells was removed from the environment depending on 
the temperature. This may arise from anatomical structure. 
Cellulose depolymerization is very quick and anhydro-sugars 
at above 300 °C, haphazardly connected oligosaccharides 
and levoglucosan are shaped[20]. Collard and Blin clairified 
that char has an aromatic polycyclic structure. Higher 
crosslinking and thermal stability of the residue arise from 
intra- and intermolecular rearrangements lead to[21].

Figure 7 shows the TG (Figure 7-a) and DTG (Figure 7-b) 
curves of poplar wood. Poplar wood is in the category of 
leafy trees such as walnut and chestnut wood. Therefore, 
TG and DTG analyses showed similar behaviors to walnut 
and chestnut samples. While the turning point temperature 
of the control sample was 382.580 °C, the decomposition 
temperature of the firetex treated samples decreased 
to 247.04 °C. The reason of accelerated degradation may 
arise from the chemical structure of the wood. While the 
amount of residues from combustion result of the control 
sample was 17.03%, the amount of residue from carbonization 
result in the sample containing firetex increased to 56.70%. 
The degradation of the wood components was very rapid, 
weight loss after the decomposition temperature was less. 
In these two stages, the stone water in the lumens forming 
the cavities of the wood cells was removed from the 
environment depending on the temperature. This may arise 
from anatomical structure. Normally, wood has a bigger 
shoulder area because of debasement of cellulose[22,23]. Then, 
because of cellulose macromolecules, the sharp decline in 
weight can be seen at 351 °C. Degradation of lignin begins 
and the residue includes primarily of charcoal from lignin 
decomposition at temperatures above 351 °C[24].

In this study, in which TG / DTG analyzes of pine, 
walnut, chestnut and poplar wood impregnated with stone 
water (Firetex) were carried out, it was determined that the 
effects of stone water against combustion were thermally 
demonstrated. When the variations were compared with 
the control samples, increases in the remaining mass ratios 
ranging from 53.19% (scotch pine with insect) to 60.84% 

(scotch pine with fungus) were observed. In the retention 
rate changes, different rates were determined depending 
on the physical and anatomical structure of the wood. In a 
study, according to the results of the combustion test carried 
out on scotch pine wood treated impregnation with stone 
water using immersion process, significant differences were 
found in the remaining mass and released CO gas ratios[13].

4. Conclusions

Due to their anatomical structure and texture differences, 
the resistance of wood material against burning is also different. 
In this study, the thermal properties of wood impregnated 
with stone water were investigated. In this study, TG/DTG 
analyzes of defective woods of scotch pine with insect and 
fungus (impregnated with stone water (Firetex)), and walnut, 
chestnut and poplar woods; It has been determined that the 
effects of stone water against combustion are also thermally 
demonstrated. Wood structure with low specific gravity 
positively affected % retention, wood structure with high 
specific gravity gave low results. When the variations were 
compared with the control samples in itself, increases in mass 
losses were observed depending on species. On the other 
hand, it showed different rates depending on the physical 
and anatomical structure of the wood. It was observed 
that stone water affects thermal properties. To clarify this 
situation, comparisons can be made with the results of 
thermal analysis by calculating the impregnated stone water 
at different times (2, 4, 6, 12 hours).

TGA results can be applied in the production of wood 
material such as medium-density fiberboard (MDF), particle 
board, plywood and wood/plastic composites, to explain 
some of the behavior of wood material against combustion, 
to evaluate the performance of fire retardants and to obtain 
fuel from biomass.

All chemical compounds are effective on the combustion, 
physical and mechanical properties of wood. The fireproofing 

Figure 7. TGA (a), and DTG (b) curves in poplar wood.
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ability, color, density, odor, taste and resistance to pressure 
of wood vary depending on the amount of extractive 
material. As the amount of extractive material decreases in 
wood, its ability to burn decreases. The increase in lignin 
and inorganic material (ash) ratio decreases combustion 
resistance. For further, studies can be conducted on how 
these substances affect TGA results.

In Balıkesir / Edremit, stone water, whose effects 
are tested in different areas, is used as a preventive agent 
against fires and it has been determined that the stone 
water registered as a strong oks antioxidant ’by Balıkesir 
Univer Eskişehir Osman Gazi University Faculty of Arts 
and Sciences Department of Biology. Dr. Adnan Ayhanci, 
stone water and lung and prostate cancer has reported that 
the effect of preventing the cells reported.sity has the power 
to kill germs in 6 tons when it is mixed with 1.5 tons of 
sewage water[25].
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