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Abstract. The methods of surface fire retardant treatment of textile
materials (TM) and the chemical basis of the fire retardants used are
considered. The possibility of developing a fire retardant composition for
tissues that would not adversely affect the human skin upon contact has
been studied. To determine the degree of danger of contact and of the
penetration of chemicals through skin in contact with the fireproof TM,
special studies were conducted to study the local irritating effect and
resorption of the composition according to special developed laboratory
methodological instructions. As the result the evidence was found that the
irritating effect of the fire retardant composition developed on the skin and
mucous membranes of the eyes of experimental animals was not detected.
Comparative thermo analytical studies showing the effectiveness of the fire
retardant action of the composition developed on the main stage of thermal
decomposition of cellulose-containing TM are presented. Thus, the
development of a fire retardant composition based on phosphorus-
containing compounds and urea compounds and the selection of the
optimum ratio of stabilizers for the processing of decorative and finishing
fabrics with safe contact with human skin can be one of the effective ways
to solve the problem under consideration.

1 Introduction

One of the effective ways to increase the resistance to ignition and reduce the spread of fire
over the surface of textile materials (TM) without changing the chemical basis of the raw
material of the fibers is their surface fire retardant treatment.

Surface fire retardant treatment of textiles on an industrial scale, and directly on sites is
widely used and is the most accessible method in terms of technological capabilities, and
sometimes the cost of components. The method consists in fixing the dissolved, emulsified,
or suspended fire-retardant additive on the fabric and allows the use of fire retardants,
which are part of the finishing preparations during its manufacture.
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Despite the popularity and wide use of various formulations designed to reduce the
combustibility of TM from natural, chemical and mixed fibers, the development of new,
more effective methods of fire protection is very relevant.

Quite often, working clothes, scenic decorations, upholstery of furniture and armchairs,
as well as bedding are exposed to fire retardant surface treatment, therefore, along with
giving TM fire retardant properties, it is also important to study the effect of the tissue on
the human skin, during its use.

The most common TM on an industrial scale and the most effective in fire protection are
impregnated compositions based on the use of phosphorus and nitrogen-containing
compounds [1-3], as a rule, they process fabrics with a dominant cellulose component. The
effect of phosphorus-containing fire retardants is usually attributed to the fact that pyrolysis
of phosphorus-containing polymers produces phosphoric acid and its anhydrides that
catalyze dehydration and dehydrogenation and contribute to the carbonization process, and
the resulting carbonized layer, to a certain extent, hinders the yield of flammable
combustion gases. It is also known that the use of various fire retardant compositions of this
type can lead to a significant deterioration in the properties of the textile material: loss of
strength, loss of decorative properties, increase in toxic products of thermal decomposition
and smoke et al. [1].

However, one of the main disadvantages of these compounds is their instability,
decomposition and dissociation in time, which can lead to irritation of the skin of a person
when in direct contact with the fireproof material. Therefore, an important practical issue is
to study the possibility of developing a fire retardant impregnation for tissue that does not
adversely affect the human skin upon contact. It should be noted that this information is not
available or has not been confirmed by scientific research on the currently available fire
retardant impregnations on the market.

One of the possible solutions for the development of the composition for surface treatment
of tissues can be the composition proposed by the authors, which allows not only to give
them fire retardant properties, but also to avoid the irritation of the skin of a person in case
of possible contact.

For this purpose, into a fire retardant composition for surface treatment of a fabric with a
phosphorus-containing compound, carbamide and water is included, have been added
lactones and a buffer solution of citric acid.

Compounds based on urea are widely used in compositions for fire protection of
materials, at the same time urea is also used for the production of cosmetic and
pharmaceutical products [4-8]. However, its main disadvantage is instability in neutral
aqueous solutions and hydrolysis with the release of carbon dioxide, other amines and
ammonia [9], which leads to the appearance of the odor of ammonia, a significant change in
the pH of the medium to the alkaline side and, thus, adversely affects the functionality of
the whole system as a whole. With the volatilization of ammonia, the fire-protective
efficiency of the impregnating composition decreases, and its alkaline environment causes
damage to the epidermis of the skin (in the form of irritation, reddening, itching). It can be
assumed that the same nature processes take place in a fire retardant impregnation on TM,
urea absorbs moisture from the air and, with time, begins to actively decompose.

To prevent the decomposition of urea in the solution (fire-retardant composition), as
well as during the operation of the processed TM, a stabilizer system was introduced into
the formulation, one of the constituents of which is lactone, and a buffer solution of citric
acid is used to maintain the pH of the medium. Lactones possess many properties of non-
cyclic esters and are widely used in cosmetic preparations for the stabilization of urea. The
mechanism of action of this system is not fully understood, and the authors did not set the
goal of this work to carry out fundamental studies of ongoing processes. However, one can
make the assumption that in this case the LeChatelier-Brown principle comes into play, so,
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in the decomposition of lactones, carbon dioxide is formed, which shifts the concentration
limits of urea towards binding of molecules. Another suggestion may be the formation of a
deep eutectic solution between carbamide and lactone, which helps to keep the urea
molecule from degradation upon ingress of moisture [10 - 15].

2. Methods

To maintain urea-based compounds in a stable state, experimental studies using lactones
were carried out. During the experiments, various concentrations of lactone were added to
solutions containing 30% of urea-based compounds and the change in acid-base equilibrium
(pH of the medium) was monitored. Samples of the solutions were kept at a constant
temperature of 45 ° C in a drying cabinet for 90 days, with measurements of the pH of the
medium once a day and of the concentration of salts by means of a conductometer.

The results of the experiments showed that all the solutions with lactone retained the pH
of the medium from 5.5 to 7, which is quite an acceptable property for the development of
fire retardant impregnation of tissue, taking into account possible contact with the human
skin. It should be noted that pH values of sample solutions with 30% urea content without
lactone addition significantly increased. So, 10 days after the beginning of the experiment,
the pH of the solution was 8.6, after 20 days - 8.9, and after 45 days the pH level exceeded
9.3. In addition, in solutions containing lactone, the smell of ammonia was completely
absent, which characterizes the stability of urea-based compounds, while in the sample
formulations of solutions without the addition of lactone there was a tangible smell of
ammonia, indicating the disintegration of carbamides.

3. Results

The results of experimental studies of aqueous solutions with 50% urea content showed that
the rate of pH change is significantly influenced by the ambient temperature. For example,
samples of solutions cured at 45 ° C reached a pH equal to the pH level of the samples
cured at 37 ° C, 2-3 times faster and much more rapidly than solutions stored at room
temperature.

Figure 1 shows a plot of the pH versus time in solutions of samples with a different
lactone content with a urea content of 1%.
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Fig. 1. Dependence of pH of solutions on time at various concentrations of lactone.
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4. Discussion

With an increase in the concentration of lactone in the system, the pH value of the hydrogen
during the curing of the samples does not increase significantly in the alkaline side.
Samples with a low lactone content, or without it, sharply gain a high pH level.

To determine the degree of hazard during the contact with a fire-retardant TM and the
penetration of chemicals through the skin, special studies were conducted of the local
irritating effect and of the resorption of the formulation using the developed laboratory
guidelines [16-21].

To assess the adverse side effect of the developed composition on skin integuments of a
living organism, preliminary tests were carried out on warm-blooded sexually mature
animals - white rats weighing 210-220 g, white mice weighing 23-25 g and guinea pigs
weighing 480-500 g.

The results of the studies are presented in Table 1.

Table 1. Results of studies on the evaluation of the effect of the composition on the animal

organism.
Defined indicators MeaEJunrii:went Results of studies

Inhalation hazard Using a Mr/m3 Volatile components do not cause irritation
static Inhalation primer, of the mucous membranes of the eyes and
CL50 (nos), exposure is 2 upper respiratory tract (tremor, lateral
hours white mice) position).

Animal death was not observed.

CL< 50000
Skin irritation (white rats) points
- onetime 0
- repeated 0
Irritant effect on the mucous points
membranes of the eyes 0
(Guinea pigs)
Skm Restoratlve Action - Not found
(white mice)
Sensitizing points
effect 0 (Not found)
(DSR - white mice)

Evaluation of the severity of irritant properties was carried out according to the
classification defined in the methodical order of the research of normative documents. As
follows from the research results, the irritant effect of the developed fire retardant
composition on the skin and mucous membranes of the eyes of the experimental animals
was not revealed.

To study the process of thermal destruction in the presence of fire retardants,
comparative experiments were carried out on the derivatographic equipment to establish the
temperature range of the processes of thermal oxidative decomposition of fire-retardant
TM.

Samples of half-holland fabric were used with a surface density of 380 g / m ?, treated
with various fire-retardant compounds of phosphoric acid derivatives (a widely used on an
industrial scale MS-T composition, which is an aqueous solution of ammonium salts of
phosphoric acid and ammonium sulphate, and the composition developed by the authors
Arterma").

The application to the textile material of 20% of the MC-T impregnating composition
can be carried out according to a known process scheme by brush, roller, immersion or
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spraying. After impregnation by the immersion method, the material is extracted to 80-90%
and then dried at a temperature of 100-150°C. It should be noted that the fire-retardant
composition of MC-T is produced serially and has a certificate of compliance with fire
safety requirements.

The impregnating fire-retardant composition "Arterma” is delivered in a completely
ready to use form, with a mass fraction of non-volatile components of 15%. The
composition can also be applied to TM in various ways: by brush, roller, immersion or
spraying. The drying process of the treated material can take place at room temperature, i.e.
natural conditions, and the composition consumption for achieving the effect of fire
protection depends on the type and

, the surface density of the fabric and the structure of the material is from 100 to 500 g /
m-.

In this case, the consumption of compositions for surface treatment of half-holland was,
respectively, MS-T - 70 g/ m 2, and in "Arterma" 45 g/m?.

Comparative studies of the effectiveness of the fire retardant effect of the compositions
in the condensed and gas phases during the thermal decomposition of the treated tissues
were carried out using the method of thermogravimetric analysis, which makes it possible
to obtain information on the ranges and rates of decomposition of the material.

Analysis of thermoanalytical data (Table 1) showed that the thermal destruction of the
original cellulose-containing tissue is accompanied by two maxima of DTG mass loss rates
in the temperature range of 340-350C and 440-470°C. Treatment of the fabric with fire
retardants made it possible to obtain fire-retardant compositions of TM, and according to
their thermoanalytical studies, for fire-retardant fibers, the smoothed DTG peaks of
thermodegradation curves are characteristic, which is associated with a smoother loss of
mass, while oxidation rates are significantly lower compared to unprotected tissue, and the
thermooxidation process itself shifts to higher temperatures.

Comparative results of differential thermal analysis of tissue samples are presented in
Table 2.

Table 2. Comparative results of differential thermal analysis of tissue samples.

Th_e chgl;a(;]tegs%t_ic Initial ti Initial tissue + Initial tissue +
points Of the DTG nitial tissue MC-T 20% Artermal5%
curves
Mass loss, % temp.
interval 3.2 3.8 6.7
30-150°C
150-350°C
350-850°C 94.3 53.3 56.0
The Ash Residue 2.5 3.5 3.1
DTG Maxima: T,°C
1 350/63.7 267/21.9 244/9.8
2 450/1.3 306/24.4 271/50.5
3 483/3.7 498/2.36

As it follows from the data presented (Table 2), the formulations studied are effective
enough to reduce the inflammability of the cellulose-containing tissue. This is confirmed by
the possibility of obtaining materials that are resistant to the action of an open fire
according to the procedure [17] with the indicated compositions. However, the achievement
of the fire protection effect occurs at different consumption and concentrations of the
compounds with the same treatment technology, which indicates some advantage of the
Arterma composition (in the given studies it has a lower consumption and concentration),
the treatment with Arterma practically does not change the color and appearance of the
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tissue. Yet, when using the MS-T, the appearance of the tissue changed: salt stains emerged
and sometimes it irritated the human skin, when in contact to it, causing its reddening.

As a rule, the use of fire protection means increases the yield of gaseous products of
thermal decomposition and smoke-forming ability with a sufficiently effective decrease in
the flammability of TM.

In this case, without having a negative effect on the human skin, the developed fire
retardant composition not only effectively reduces inflammability, which is confirmed by
the production of fire-retardant tissues with a dominant cotton component, but also there is
no increase in their smoke-generating capacity nor the release of toxic gaseous products of
thermal decomposition(Table3).

As a criterion for evaluating the effect of fire retardant composition on the yield of
gaseous products of thermal decomposition of TM, a comparison was made of the values of
the yield of carbon monoxide (CO) and carbon dioxide (COZ2) in the thermal decomposition
regime according to the standard procedure [8] (§4.20), with the difference that the
conducted studies on the release of toxic gaseous products of thermal decomposition of fire-
retardant and initial fabrics were related not to the mass, but to the area of the material
sample 80x80 mm in size. The smoke production coefficient was estimated by the standard
method [8] (4.18) in the smoldering regime, which is the most dangerous.

Table 3. Results of studies of fire hazard indicators of fireproof TM.

The toxicity and smoke-forming ability of flame-retardant tissues
Smoke Combustion
Tissue composition, % Flammability prodyc_tlon products toxicity
coefficient, mg/gr

m?/kg CO output

50% linen initial Highly flammable 900 127

50% cotton treated Un flammable 780 102

35% cotton initial Highly flammable 1100 118

65% polyether treated Un flammable 980 85

From the obtained results of the studies presented in Table 3, it follows that the fire
retardant composition influences the direction of thermolysis of fire retardant tissues,
contributing to a decrease in the amount of released CO and CO2, including fabrics with a
polyester component. The experimental data obtained for smoke formation coefficients for
the Arterma-protected tissues indicate a decrease in the numerical values in comparison
with the coefficients of smoke formation of the initial tissue.

5. Conclusions

Thus, from the results of the conducted experimental studies it follows that the development
of a composition based on phosphorus-containing compounds and urea compounds and the
selection of the optimum ratio of stabilizers can be one of the effective ways of solving the
problem of surface fire-retardant treatment of decorative and finishing tissues with safe
contact with human skin.

The developed composition TM for fire retardant treatment along with ensuring safety
of contact with the human skin enables us to obtain effective fire-retardant materials,
without increasing the emission of toxic volatile components of thermal decomposition and
smoke-forming ability.
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