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Abstract 
Preventing forest and steppe fires, as well as reducing damage from them, is unthinkable without the 
development and application of effective fire protective measures. Studies show, that there is a limited number 
of technological methods used to fight forest fires in the arsenal of forest fire services, for example, mineralized 
strips are most often used as a fire barrier or controlled counterfire of territory is organized. These measures 
either do not have sufficient efficiency, or they have increased danger themselves. There is another possibility of 
creating a fire barrier by reducing the fire hazard of forest debris by treating them with fire retardants similar to 
that used for the production of building materials. The paper presents the results for a study of the use of 
potential fire-retardant materials to reduce the ability to ignite wood (slats 10x10) and plant fibrous materials 
(flax hemp twine). Based on the analysis of literature data, substances based on aluminium, boron, magnesium 
and sodium chloride were selected as fire retardant materials. A method for investigating the fire-retardant 
action of the substances under study has been developed, which makes it possible to record the time of ignition 
of the samples from a constant power ignition source. A criterion for the fire-retardant action of the substances 
under study (> 20 min) has been developed, which is determined from the limiting combustion time of 
fragments of forest debris that can be carried by convective flows from fire and wind. Multiple studies of 
samples treated with flame retardants have been carried out. It was shown that substances based on aluminium 
and boron have the greatest fire-retardant effect, while magnesium and chlorine did not show a serious fire-
retardant effect. An additive fire retardant effect in case of repeated processing was revealed; it is similar to the 
use of more concentrated compositions. It is noted that more ample amount of fire-retardant materials is 
required for the protection of fibrous materials, than for wood samples, which, apparently, is the effect of the 
developed surface of the sample. 
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Introduction 
Prevention of forest and steppe fires is an important component of forestry and agriculture. It is assumed to 
conduct fire-prevention propaganda, to limit economic activity in forests, etc. in the capacity of preventive 
measures [1-3]. If fire cannot be prevented, damage from it should be minimized as much as possible. To do 
this, they carry out the construction of protective fire breaks, fire clearances, lines and barriers dividing out a 
forest area into separate sections, or quarters. Preventive measures taken in the forest area also contribute to the 
conduct of fire fighting operations by hindering fire movement. Nevertheless, these activities lose their 
effectiveness from year to year, and this happens not only in Russia, but also not in the territories of other 
countries rich in forest resources (USA, Canada, etc.), due to the following reasons: (1) inadequacy of fire-
fighting measures; (2) their inefficiency. The first reason is in the field of activity of the regional forestry 
administrations [1]; the second reason requires a separate study, identification and elimination of weaknesses of 
protective measures. 
A forest fire spread is carried out by moving its edge from one area to another. The forest area is rich in 
combustible materials: woody and herbaceous plants, dead wood, brushwood, forest litter, etc. generally 
referred to as forest debris. It is possible to stop the movement of a forest fire if it would be possible to remove 
forest debris from a certain area. This technique is applied by creating a fire barrier: a mineralized strip, the 
requirements for the arrangement of which are set out in the regulatory documents [4]. It is shown in [5] that the 
mineralized strip is not an effective fire barrier due to the absence of a 100% guarantee against the transfer of 
flame from one its side to another. In this regard, when arranging fire traps, another method of soil 
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mineralization is used, or controlled counter fire of the territory; a counter fire is also used when extinguishing 
fires [2, 3]. In this case, a controlled counter fire of forest debris is carried out in front of the edge of the fire and 
the fire hazard of the territory is reduced. It should be noted that a controlled counter fire is a dangerous 
procedure due to the high probability of loss of control over the process, especially during a fire hazardous 
period. 
Are there other safer and less costly ways to convert forest fuels into non-combustible, or at least combustible 
ones? There is such a method: this is the treatment of forest debris and dead wood with combustion retarders, or 
fire retardants and substances that have found wide application in fire protection of building materials of plant or 
synthetic origin [6]. A serious limitation of the use of fire retardants in natural landscapes is the lack of any 
experimental data on the effectiveness of their fire retardant action, as well as their environmental impact on 
wildlife. This work is devoted to the issue of experimental study on the fire-retardant effect of substances based 
on aluminium, magnesium, boron and sodium chloride applied on forest debris. 
To address the issue of the use of fire retardants to reduce the ability to ignite and slow down the combustion of 
forest debris and wildlife, it is necessary to formulate, develop and substantiate the criteria according to which 
the requirements for fire protection of forest debris will be put forward. To solve this issue, the starting point can 
be the fire resistance limit, or a parameter (measured in minutes) that characterizes the resistance of a structure 
to an open flame or high temperature. In our case, it is necessary to modify this parameter and determine the 
effective resistance of a combustible material to ignition, which can also be measured in units of time (seconds, 
minutes, etc.), and also find the factors that affect the indicated efficiency. An open question remains how to 
determine what limit of fire-retardant action is necessary for plant materials treated with fire retardants, which is 
necessary in the conditions of the development and spread of forest and steppe fires. In [5], the results of 
experimental studies on the possibility of transport by convective currents and wind, as well as the duration of 
burning of fragments, forest debris of various shapes and sizes are presented; it is also shown that the largest of 
the air-transported burning fragments of forest debris are capable of burning independently for 15-20 minutes. 
Thus, within the specified time, they are able to act as independent sources of ignition, and if a fire-retardant 
effect for forest debris is provided for more than 20 minutes, then it will be possible to prevent the occurrence 
and spread of the edge of a fire over the natural landscape. 
Another important issue concerning the use of fire retardants in wildlife is their possible phytotoxic and 
environmental impact, which has not been systematically studied in living systems due to the lack of need. This 
is not so important in the manufacture of building materials of plant origin, because work is carried out with 
dead wood or wood fibres, and increasing the fire resistance, preserving effect, protection from the destructive 
effects of insects and fungi in the manufacture of building structures is only welcome [7, 8]. Most of the fire 
retardants used for the production of building materials are inorganic compounds based on ammonia salts, 
sulphuric or phosphoric acids, silicon, magnesium, boron, iron, zinc, copper, titanium-containing substances, 
etc. [9-22]. 

Materials and Methods 
To study the fire protection effect of fire retardants on plant materials, four compounds were selected: 
aluminium hydroxide (Al (OH)3), obtained by hydrolysis of its salt (aluminium sulphate) in water and 
magnesium hydroxide (Mg (OH)2) also obtained by hydrolysis, tetraborate sodium, and sodium chloride. 
Analysis of the literature [23] showed that compounds of magnesium, aluminium and boron have fire retardant 
properties. In addition, magnesium and aluminium compounds are components of the natural environment (the 
mineral soil skeleton and components of natural water), and magnesium is a part of chlorophyll, which ensures 
the process of photosynthesis. Sodium chloride was chosen as a comparison and determination of the possible 
flame retardant function of chloride ions, which is also present in magnesium chloride, because some chlorine 
compounds act as combustion inhibitors [24,25]. Thus, the selected range of fire retardants does not differ from 
the component composition of the environment and should not have pronounced phytotoxic properties. 
When treating territory of a natural landscape with fire retardants, it is most convenient to use a spraying method 
using water as a solvent. This, on the one hand, imposes restrictions on the fire retardants used, and on the other 
hand, provides the supply of fire retardants only on the surface of woody and non-woody vegetation that are in 
direct contact with the ignition source: bark of tree-like plants, leaf surface of herbaceous plants, and forest 
litter. In a fire hazardous period, most of the above is a collection of dead plant residues, for which phytotoxicity 
is no longer relevant. 
To determine experimentally the fire-retardant action of the substances under study, it is necessary to simulate 
the effect of an ignition source on samples which composition and structure are close to forest debris. We 
considered wooden slats 10x10 mm made of coniferous wood (Scots pine) as samples for imitating forest debris, 
which is most common in central Russia and Siberia and, at the same time, is the most fire hazardous [2, 3]. 
Twine (cord) made from a mixture of flax and hemp fibrous materials, was used as a model for studying the 
ignition of non-woody vegetation (herbage). The experimental study consisted in determining the time spent on 
heating the sample of a material of plant origin (slats and twine) before the appearance of stable flaming 
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combustion on the experimental sample. As defined above, the experiment time was limited to 20 minutes. A 
tourist gas stove was used as a heating source, the ignition source in which was the flame of a propane-butane 
mixture supplied to the stove from a cylinder. To ensure the constancy of the experimental conditions, the flow 
rate of the combustible mixture in the ignition source was selected in such a way as to ensure stable combustion 
at a minimum flow rate. Preliminary experiments have shown that the minimum consumption of the 
combustible mixture in the ignition source does not depend on the amount of the gas mixture in the cylinder or 
on the pressure in it. The sample (slats, twine) was placed on a stand above the gas burner flame horizontally so 
that the diffusion combustion zone of the gas burner flame did not come into contact with the sample surface 
and the heating was carried out by a convective flow of heated combustion products of the propane-butane 
mixture and heat radiation emanating from the combustion zone. It was experimentally revealed that the optimal 
distance between the sample and the burner is 80 mm, while the ignition time of the test sample is more than 1 
minute, which is well recorded by a stopwatch.  
Aluminium sulphate, magnesium chloride, sodium tetraborate and sodium chloride of technical purity were used 
to create fire retardants. Samples of these substances were weighed using an AnD Gh-200 laboratory 
(analytical) balance (error e 1 mg) and then dissolved in tap water to obtain solutions with the required 
concentration (Table 1). The treatment of experimental samples with a solution of fire retardants was carried out 
by applying them to the surface with a brush at 75% of the length of the sample (slats) in order to compare the 
effect of the ignition source on the treated and untreated areas. Fibrous materials were treated with a flame 
retardant along their entire length, and samples of untreated twine were used as a comparison. After processing, 
the samples were dried for a day, and some of the samples were subjected to secondary processing followed by 
drying to reveal the effect of the multiple processing on the fire retardant effect. 

Results 
Table 1 shows the results for a study of the fire protection effect of fire retardants on samples of wood and 
fibrous materials. Time t1 and t2 is the average firing duration (in a series of experiments) of samples simulating 
plant materials treated with solutions of fire retardants once and twice. The parameter n characterizes the 
number of parallel experiments. 
 

Table 1: The Results of the Study of Wood and Fibrous Plant Materials Fire Resistance When treated 
with Various Types of Fire Retardants. 

С, g/l  Wood Fibrous twine 
n t1, min. n t2,min. n t1,min. t2,min. 

Aluminum sulfate 
0 18 3,67 - - 6 2,69 - 

1,7 6 16,60 4 14,43 8 6,24 11,2 
3,5 4 18,76 6 > 20 6 5,58 9,12 
8,4 4 > 20 6 > 20 6 11,71 >20 

Magnesium chloride 
0 18 3,67 - - 6 2,69 - 

6,5 7 2,98 7 3,14 6 3,15 5,71 
52,5 5 9,12 5 8,52 6 3,73 6,82 

110,0 4 8,15 6 >20 6 9,22 >20 
176,0 4 >20 3 >20 6 >20 >20 

Sodium chloride 
0 18 3,67 - - 6 2,69 - 

26,0 6 4,68 5 9,66 6 3,17 10,3 
52,5 4 7,79 3 12,51 6 3,02 9,17 

Sodium pyroborate 
0 18 3,67 - - 6 2,69 - 
13 4 >20 2 >20 6 15,70 >20 

 
Results and Discussion 
Based on the data obtained experimentally, it can be concluded that among the samples under study, aluminium 
and boron compounds have the greatest fire protection effect. Magnesium chloride exhibits flame retardant 
properties under experimental conditions only at very high concentrations of 52-176 g / l. It was not possible to 
obtain a high concentration of magnesium chloride under laboratory conditions. Sodium chloride proved to be 
unable to prevent the combustion of samples of either wood or fibrous materials up to a solution concentration 
of 52.5 g / l and applying a double treatment. In most cases, an increase in the concentration of fire retardant 
solutions leads to an increase in the time of resistance of samples to flammability, as well as the frequency of 
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treatment of samples with a solution. Both of these parameters turned out to be additively related to each other, 
which is explained by the additive effect for the masses of fire retardants falling the surface of the protected 
material. Analysis of the results of processing fibrous materials in comparison with wood materials revealed, in 
most cases, a lower fire-retardant effect of the investigated fire retardants on fibrous materials compared to 
wood. The only exception is the treatment of samples with a solution of sodium tetraborate with a concentration 
of 13 g / l, which was able to protect samples of both wood and fibrous materials for 20 minutes. Observation of 
the ignition source effect on the samples treated and untreated with fire retardants showed the obligatory 
carbonization stage available for samples, but carbonization and ignition began somewhat later on the samples 
treated with a solution of a fire retardant,. Starting from a certain concentration threshold of the fire retardant in 
the solution, charring of the samples of wood and fibrous materials was observed in 20 minutes without their 
subsequent ignition. 
 
Conclusion 
The research gave the following results: 
1) Certain types of fire retardants for processing samples of wood and fibrous combustible materials were 
selected. 
2) A technique has been developed for the experimental study of the fire protection action of fire retardants on 
wood and fibrous combustible materials, also studies of the fire protection action of inorganic substances based 
on aluminium, boron, magnesium and sodium have been carried out. 
3) It has been experimentally shown that compounds based on aluminium and boron have the best fire-retardant 
properties, while magnesium and sodium chlorides are unable to provide the required degree of fire protective 
action for either wood or fibrous materials. 
4) An additive relationship between the concentration of the fire retardant solution used for processing the test 
samples and the frequency of the procedure for processing the test samples with fire retardants was revealed. 
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