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Fire-protection of wooden structures
modification in a thin surface layer
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Abstract. The mechanism of fire protection of wood by the modification
of a thin surface layer with organophosphorus compounds has been
studied. The properties of the modified thin surface layer were studied by
X-ray spectral analysis, IR spectroscopy and differential thermal analysis.
Promising wood modifiers have been identified and the conditions for
effective fire protection of wooden structures with organophosphorus
compounds in a thin surface layer have been determined.

1 Foreword
Wood is the material renewed by the nature. Use of designs and products from wood is
relevant now.
Wood is an excellent natural composite, the main component of which is cellulose and
lignin, which form a polymer complex bow; its preservation over time reflects the
durability of the structure. The change in the content of bow components over time is
shown in Figure1.

Fig. 2. The change in the content of bow components over time. Samples were taken from the
interiors of monuments.
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In the global practice of wooden house construction, multi-storey houses of wooden
structures are currently being built. High-rise wooden buildings were built in Austria, Great
Britain, Norway, and Canada. In Russia, multi-storey houses from wooden structures are
designed as well. The issues of effective fire protection of wooden structures are relevant
[1].
During the restoration and reconstruction, wooden structures are treated with flame
retardants. With significant penetration into the wood during long-term use, the interaction
of flame retardants with components of wood composite begins. This leads to destruction.
SP 64.13.330.2017 particularly specifies the ma coefficient, which takes into account the
change in wood strength during impregnation. It was found that when impregnating the
wood of monuments, ma = 0.9, that is the strength in the impregnating layer is reduced by
10%. Studying the effective fire protection of wooden structures with modification in a
thin surface layer (1 – 1.5 mm) during their long-term use is a vital task.

2 Materials and results
As modifiers of the surface layer of wood the following chemical combinations are used:
trichlorethyl phosphate (TCEP), trichlorpropyl phosphate (TCPP), dimethyl phosphite
(DMP), diethyl phosphite (DEP), dibutyl phosphite (DBP), difenile phosphite (DFF),
dipropyl phosphite (DPP), Hexachlorocyclotriphosphazatriene (HCCTP).
The degree of chemical modification of a thin surface layer was determined as follows.
Modifiers not bound by chemical bonds to the substrate were removed by extracting the
samples with aqueous acetone solutions (1:1) with constant stirring for 6 hours at 45 °C.
The percentage of phosphorus was determined by the method [2]. The data is presented in
Table 1.
The presence of chemical bonds of OPC with the wood substrate is confirmed by the
Fourier IR spectroscopy, using the Magna-750 spectrometer from Nicolet (USA).
Table 1. The percentage of phosphorus in surface layer of wood.

Modifier

chemical formula

1

Trichlorethyl phosphate

(C2H4ClO)3P(O)

phosphorus content
in the surface layer,
%
0.97

2

Trichlorpropyl phosphate

(С3Н8СlО)3Р(О)

0.77

3

dimethyl phosphite

(СН3O)2Р(О)Н

3.87

4

diethyl phosphite

(C2H5O)2Р(О)Н

3.57

5

dibutyl phosphite

(С4Н9О)2Р(О)Н

2.26

6

difenile phosphite

(С6Н5О)2Р(О)Н

2.05

7

dipropyl phosphite

(С3Н7О)2Р(О)Н

2.31

8

Hexachlorocyclotriphosphazatriene

Р3N3Сl6

0.36

No.

Figure 1 shows the change in the structure of the surface layer during the thermal
decomposition of the original wood and the wood modified in a thin surface layer. The
images were taken using the Quanta 200 scanning electron microscope.
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Fig. 1. The structure of carbonaceous layers after thermal decomposition of the original wood (at
the top) and the wood modified with DMP in a thin surface layer under an electron microscope.

The parameters of thermal decomposition of the wood modified in a thin surface layer
are presented in Table 2
Table 2. The parameters of thermal decomposition of the wood modified with OPC in a thin surface
layer.
No.

Modifier

1

TCEP

41,9

Decrease in the
temperature of
the beginning
of
thermal
decomposition,
Δt, oC
25

2

TCPP

49,8

24

30,6

0,77

0,26

3

DMP

32,14

45

43,6

3,87

2,6

4

DEP

33,0

35,3

46,3

3,51

4,7

5

GCCTP

54,3

19

18,1

0,36

0,13

47,4

-

18,09

-

-

Source wood

Eact,kcal/mol

Coke
extraction,%

Phosphorus content
surface layer, %

in

the

before thermal
decomposition

afterthermal
decomposition

36,3

0,97

0,43

The fireproof efficiency group was determined in accordance with GOST R 532922009. The data on the fire resistance of the wood modified in thin surface layers are
presented in Table 3
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Table 3. The data on the fire resistance of modified wood

Indicators
Loss
of
mass
in
combustion
according to
GOST
R
53292-2009
Fireretardant
effectiveness
group
according to
GOST
R
53292-2009

TCEP
11,6

TCPP
16,7

Modifier
DMP
6,9

DEP
8,6

GCCTP
16,6

Source
wood
89,0

II

II

I

I

II

III

3 Discussions
In the range of spectra of 1100-1300 cm-1, the intensities of 1234 cm-1 and 1124 cm-1 peaks
of the wood modified with OPC-based solutions increase.
According to [4], this can be explained by the presence of the chemical bonds -C-OP(O)-O-X.
The results of chemical analysis of modified wood surface layers suggest that the
highest degree of modification is typical for phosphites – DMP and DEP – 3.87% and
3.57% in the treated surface, respectively
The value of the effective activation energy of the thermal decomposition process
depends on the nature of modifier. Thermal decomposition peak value in the interval of up
to 400 °C shifts to the region of lower temperatures. As a result, the effective activation
energy of the process decreases, coke yield increases and coke structures contain larger
amounts of chemically bound phosphorus. Of these modifiers, DMP and DEP are the most
effective. The formation of heat-resistant phosphorylated coke layers leads to increased fire
resistance, which is the aim of this paper.
As can be seen from Table 2, the samples of the wood modified with DMP and DEP in
thin surface layers are characterized by the highest fire resistance efficiency. The obtained
data supplement the results of an extensive research in terms of fire-resistance efficiency of
wooden structures of various service life.

4 Conclusion
The research performed allows formulating the following conditions for effective fire
protection of wood with organophosphorus compounds in thin layers:
-the modifier interacts with a substrate to form chemical bonds in thin layers;
-the effective activation energy of the wood thermal decomposition process decreases;
-in thermal decomposition, a thin surface layer turns into phosphorylated coke.
The obtained results make it possible to provide effective fire protection of wooden
structures with a surface modification of both the newly constructed buildings and
structures from wooden structures, and the restored wooden architecture monuments.
Theoretical conclusions can form the basis for the development of fire retardants not only
for wooden structures, but also for any hydroxylated coke-forming materials.
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