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DEVELOPMENT OF A METHOD FOR FIRE-RESISTANT FINISHING OF
NON-WOVEN MATERIAL USING A PHOSPHORUS-CONTAINING COMPOSITION
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The aim of the study is to obtain a non-woven material with flame retardant properties. The conditions of
the process of fire-retardant finishing were as follows: an aqueous solution of preparations of various
concentrations was applied by spraying onto the surface of the material, then drying was carried out and heat
treatment on a thermal press. According to GOST R 50810-95, non-woven material made from flax and wool
fibers, treated with a composition based on an aqueous solution of sodium phosphate and guanidine
hydrochloride, is classified as a flame-retardant material. Also, tests for toxic and skin-irritating effects of non-
woven material treated with the proposed composition showed its safety for human health.
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hydrochloride (GHC).
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3epmmeyoiy, maxkcamuvl - JHcanviHea mo3imOi Oelimama any. Opmre meo3imoi oHOey npouyeciHiy
wapmmapvl MuIHAHOQU 0010bl: IPMYPIi KOHUEHMPAUUAOAZLL NPEnapammapovly cyavl epimindici mame-
puanovly Oemine OYpKy apKblibl HCAZBLIObL, COOAH KeliH Kenmipy MmepMusiblK OHOey Hmepmonpeccme
acypeizinoi. FTOCT P 50810-95 éoiivinwa pocghop KvluiKplinovl Hampuii MeH ZYaHUOUH 2UOPOXIAOPUOIHIH CYIlbl
epimindici nezizindezi KOMRO3UYUAMEH OHOEN2EH 3bI2bIP HCIHE IHCYH MATULBIKINAPLL OelMamacsl OomKa mo3imoi
Mmamepuanza Heamamuluvl anvlkmanovl. CoHOal-ax, MOKCUKOI0UATBIK JicoHe mepi mimipkenipziuimik acepze
JHcypeizineen ColHaKmMap yColHblAAH KYPAMHBIH A0AM 0EHCAYbIZbIHA KAYINCi30icin Kopcemmi.

Herisri ce3nep: Oeiimara, ¢ochopKbimKkbLIAbl HaTpHil (PKH), nonusunna cnmpti (IIBC),
ryanuauH ruapoxiaopuai (I'TX).
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Llenvio Oannoii pabomer agnsemca noayvyenue HEMKAHOZ0 MAMEPUANA C OZHE3AUWUMHBIMU CEOUCH-
eamu. Ycnoeus npouecca 0ZHE3QUIUMHOI OMOENKU HEMKAHOZO0 MAMEPUAna Obliu Caeoyio-wiumu: 600HbLI
PAacmeop npenapamos paziuuHoll KOHUEHMPAUUU HAHOCUNU MemOOOM DACHbLIEHUA HA NOGEPXHOCHIb
Mamepuana, nociedyrouei cyumKoil u mepmooopadomroi ha mepmonpecce. Coznacro 'OCT P 50810-95 nem-
KaHolii Mamepuan u3 60710KOH JbHA U Wwepcmu, 00padomanHbIM COCHABOM HA OCHO8E 600HO20 pacmeopa
docpoproxucnozo nampus u 2yanudun 2udpoxIOpudd, Kiaccupuuupyemcs Kaxk mpyoHO80CHIAMEHsIeMbLil
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mamepuan. Taksice pe3yrbmamol IKCHEPUMEHNO8 RO ONPEVEIEHUI0 MOKCUYHOCHIU U KOJNCHOPA30PaAiICalouiezo
oeiicmeus npednazaemozo coCmasa NOKA3aau €20 6e30nacHoCmy 0711 300P06bs Ye108€eKd.

KuaoueBble cioBa: HeTkaHblii Marepualj, ¢gochopHokucabiii Hatpuii (PKH), nmosuBuHuU-
aoBblii cnupt (IIBC), ryannaun ruapoxmaopun (I'TX).

Introduction

Rationale for the choice of topic, purpose
and objectives

Resistant textile materials of various nature
has become increasingly important. This is due to
the fact that they are a serious source of danger
during fires, ignite easily, contribute to the spread of
flames and, when burned, emit large amounts of
smoke and toxic gases. In this regard, in many
foreign countries the use of products made of
flammable materials is prohibited by law.

One of the most important tasks in the textile
industry is the development of effective,
environmentally friendly flame retardants with high
performance. The development of fire-resistant
textile materials on a large industrial scale remains
unrealized, due to the lack of efficiency of known
technical solutions. The problem covers the issues
of flame retardant interaction with fibrous materials,
including technological aspects of fire protection,
environmental requirements, issues of durability
and material compliance with fire safety
regulations.

Thus, the development of a technology for
modifying textile materials with stable flame
retardant properties using relatively inexpensive
and environmentally friendly chemicals will
increase the economic efficiency of the use of
fibrous materials in various fields .

In this work, the focus is on the processing
of nonwovens at the stage of emulsification or
after forming the canvas by spraying with a
solution of flame retardants. Non-woven
materials with fire-resistant properties are used in
construction as insulation materials. There is also
information on the use of non-woven fabrics with
fire-resistant properties as floor coverings in
public institutions and in everyday life [1-5]. To
reduce the fire hazard of textile materials, flame
retardants of wvarious compositions are used:
halogen- and phosphorus-containing compounds,
ammonium  polyphosphates, and chlorine-
containing compounds [6].

The aim of the study is to develop a
composition and method for producing a fire-
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retardant non-woven material based on sodium
phosphate (SP), polyvinyl alcohol (PVA) and
guanidine hydrochloride (GHC) .

To achieve this goal, the following tasks
were solved:

1. The possibility of obtaining effective flame
retardant compositions for nonwoven material using
relatively inexpensive and environmentally friendly
chemicals has been established.

2. The composition of the flame retardant
composition for non-woven material has been
developed.

3. The flame retardant properties of the non-
woven material processed in the new way were
studied using various research methods.

Materials and Research Methods

Objects of study : non-woven material
from linen and wool fibers, as well as chemicals
(sodium phosphate (SP), polyvinyl alcohol
(PVA) and guanidine hydrochloride (GHC)).

Conditions for the process of fire-
retardant finishing of non-woven material: an
aqueous solution of preparations of various
concentrations was applied by spraying onto the
surface of the material, followed by drying and
heat treatment on a thermal press .

When performing experiments, complex
research methods were used. The combustion
resistance of the material was determined in
accordance with the requirements of the GOST
R 50810-95 standard [7]. The study of the
surface morphology of textile fibers was carried
out using a JSM- 6490LA scanning electron
microscope. The air permeability of the fabric
was determined on an MT-160 instrument [8].

Main part

Results and their discussion

The aim of the research work is to obtain
a nonwoven material with flame retardant
properties .

As components for preparing the flame
retardant composition. Based on the preliminary
experiment, the concentration of sodium phosphate
was varied within 10-25 g/l, polyvinyl alcohol - 5-30
o/l and guanidine hydrochloride - 5-10 g/l (table 1).
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Table 1 - Composition of compositions for imparting fire resistance properties to nonwoven material

Compound | Sodium Polyvinyl | Guanidine

No. phosphate, | alcohol, | hydrochloride,
(g/) (g/) (a/)

1 10 5 -

2 10 10 -

3 15 5 -

4 15 10 -

5 25 5 -

6 20 20 -

7 20 30 -

8 25 - 10

9 25 - 5

10 12,5 - 10

11 12,5 - 5

To process the material, an agueous solu-
tion of the composition of various concentra-
tions was applied to the surface of a canvas of
linen and wool fibers by spraying, followed by
drying and heat treatment at 180 °C for 1 min on
a thermal press.

An untreated sample of nonwoven mate-
rial, when tested for flammability with an igni-
tion time of 15 seconds, burns completely in 45

seconds. A sample treated with SP and polyvi-
nyl alcohol, when brought to a flame, ignites,
when introduced, it slowly ignites and chars,
with the release of gray smoke. For a sample
treated with a composition containing sodium
phosphate and guanidine hypochlorite when
tested for fire resistance independently e com-
bustion is reduced to zero (Figure 1) [7].

1-sample, raw nonwoven fabric,

2-sample treated with composition: PVA-5 g/l, SP-25 g/l
3-sample treated with composition: GHC-10 g/I, SP-25 g/l

Figure 1 - Samples of nonwoven fabric after fire test

Also, non-woven material was tested for
fire resistance in a fire testing laboratory in ac-
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cordance with the requirements of the GOST R
50810-95 standard at the OVT installation .
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Table 2 - Test results for fire retardant performance

No. Drug concentration The length of the
_ _ __ charred area, mm
Sodium phos- Polyvinyl Guanidine hydro-
phate, (g/1) alcohol, (g/l) chloride, (g/)
1 original sample 220
2 10 5 - 180
3 10 10 - 188
4 15 5 - 178
5 15 10 - 175
6 25 5 - 168
7 20 20 - 170
8 20 30 - 175
9 25 - 10 87
10 25 - 5 90
11 12.5 - 10 92
12 12.5 - 5 95
The length of the charred area, mm
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Figure 2 - Dependence of the length of the charred section of the nonwoven material on the composition of the fire-

retardant composition (numbering of samples according to table 2)

For specimens treated with a flame retard-
ant composition, with an increase in the concentra-
tion of sodium phosphate and GHC in the compo-

sition, the length of the charred area decreased
from 220 to 87 mm (Tables 2, 3; Figure 2).
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Table 3 - Test results for fire resistance of nonwoven fabric

after testing

The sample, when brought to the flame
of the burner, instantly smolders; when
brought into the flame of the burner, it
instantly ignites, burns with the release
of gray smoke, residual combustion
persists until the complete combustion

The sample, when brought to the flame
of the burner, ignites, when introduced,
it lights up, with the release of gray
smoke. When removed, afterburning

The length of the charred area is 175

=
5
g
S o
No | Sample S 3| Note
© g
S §
=
=
1 source materi- 15
al sample
of the sample.
Sample treated
with
2 composition: 15
PVA-30 g/l lasts up to 87 seconds.
SP-204/l
mm.
Sample treated
with
3 composition: 15 not ignite, does not char.
GHC -10 g/l
SP-254¢l/l
mm.

The sample, when brought to the flame
of the burner, smolders slightly; when
brought into the flame, the sample does

Afterburning is reduced to zero. The
length of the charred area is less than 90

Snapshot of material sample

Also, the results of the study carried out
in the test fire laboratory showed that the
duration of residual combustion when the flame
was removed, for the source material - 98
seconds, for the sample treated with SP and
polyvinyl alcohol is 87 seconds. This indicator
for the material treated with SP and guanidine
hydrochloride is reduced to zero (Figure 3).

Thus, it can be concluded that the compo-
sition based on sodium phosphate and guanidine
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hydrochloride provides high flame retardant
properties to the nonwoven material. The pro-
posed composition is recommended as a com-
bined composition for emulsifying and fire-
retardant finishing of a mixture of fibers, since
guanidine hydrochloride provides a decrease in
electrification and an increase in the adhesion of
non-woven material fibers.
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Figure 3 - Duration of afterburning according to GOST R 50810-95

It is known from the literature that the
treatment of a material with polymer compositions
can lead to a change in its permeability properties.
In this regard, the air permeability indicators of the
studied samples of nonwoven material were de-
termined. The coefficients of air permeability of
the treated samples are 482 - 572 dm®m? sec., of
the original material - 635 dm?® /m? sec. The air
permeability of the material samples treated with
the composition based on sodium phosphate and
GHC did not significantly decrease compared to
the original sample.

Zeku XZ,BE8  18mm

ZB 55 SEIT

a)

Studies of the morphological features of the
untreated and processed material were carried out
using an ultra-high resolution scanning electron
microscope. According to the results of scanning
electron microscopy, a change in the morphological
surface of the treated samples was revealed in
comparison with untreated materials. Analysis of
photographs (Figure 4a) showed that the untreated
sample has a smooth surface and a homogeneous
structure. It has been established that a polymer
layer is formed on the surface of the treated
nonwoven material from the composition of SP and
guanidine hypochloride (Figure 4b).

b)

Figure 4 - Electron microscopic images of nonwoven materials

In addition, the results of experiments to
determine the toxicity and skin- irritating effect
of the proposed composition showed its safety
for human health.

Based on the analysis of the results obtained,
the treatment of non-woven material with a
composition based on SP, GHC provides a high
degree of fire resistance of the treated textile materials.
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Conclusions

A composition based on sodium phosphate
and guanidine has been developed hydrochloride to
impart flame retardant properties to non-wovens.
Non-woven material treated with the proposed
composition acquires high fire retardant properties.

The air permeability of the material sam-
ples treated with the composition based on SP
and GHC did not significantly decrease com-
pared to the original sample.

According to the results of scanning elec-
tron microscopy, a change in the morphological
surface of the treated samples was revealed com-
pared to untreated samples. Analysis of the photo-
graphs showed that the untreated sample had a
smooth surface and a homogeneous structure. It
has been established that a polymer layer is
formed on the surface of the treated nonwoven
material from the composition of SP and GHC.

The results of experiments to determine
the toxicity and skin- irritating effect of the
flame retardant composition showed its safety
for human health.
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