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SILICOPHOSPHATE PROTECTIVE COATINGS FOR REDUCING THE
THERMAL SIGNATURE OF TEXTILE MATERIALS

A study was conducted on the possibility of obtaining flame retardant elastic coatings for textile
materials with a reduced thermal signature, which can be used to protect against infrared radiation for
protective suits of rescuers. The possibility of using silicophosphate flame retardant compositions to
reduce the thermal signature of cotton fabrics was investigated. The nature of the influence of the con-
centration of SiO; sol and the content of the orthophosphoric acid additive on the change in the thermal
signature of cotton samples was determined. It was established that the flame-retardant coating creates a
dense film on the surface of each fiber that forms the fabric threads, preventing the access of oxygen
from the air and, accordingly, ignition, but at the same time the fabric is densified, which negatively
affects its thermal conductivity. It was shown that the rate of fabric heating decreases with a decrease in
the concentration of SiO; sol to 8 %. It was found that the effect of modifying additives on the thermal
signature is mainly associated with the nature of polycondensation of polysilicic acid in SiO- sol. It was
shown that HsPO4 in small quantities is able to be incorporated into the siloxane framework of polysi-
licic acid, increasing the fire resistance of the coating. Excess content of this additive provokes the initi-
ation and acceleration of the process of network polycondensation, creating inhomogeneities in the gel
coating and reducing its fire-retardant and heat-insulating properties. The effect of long-term action of
water on the heat-insulating properties of coatings was determined. It was shown that in the case of us-
ing SiO; sol of 8 % concentration, long-term action of water improves the heat-insulating properties of
coatings. Increasing the concentration of SiO; sol to 14 % leads to some swelling of coatings, increas-
ing their thickness and densifying the impregnated fabric.

Keywords: thermal insulation silica-containing coatings, thermal resistance, fire resistance,
thermal signature

1. Introduction

In conditions of martial law, the problem of protecting rescuers of the State Emer-
gency Service from unmanned aerial vehicles during rescue operations at night be-
comes very urgent. The thermal insulation properties of a rescuer's protective suit are
increased by using several layers of fabric, each layer of which has its own specific
task. The middle layer is usually designed to reflect the heat of a human body and con-
tains specific additives.

The upper layer must be elastic, fireproof and with a reduced thermal signature.
Depending on the ambient temperature, the magnitude of the thermal signature also dif-
fers: in winter, especially at night, the contours of the rescuer's figure will be clearly
visible, but in summer at night these contours will be blurred, which makes it difficult
to identify a person next to other heated bodies.

It is known that glass does not transmit infrared radiation, so it can be used as a
protective screen for a group of people or equipment. Considering that the basis of glass
is silicon dioxide, which is an inorganic polymer that forms Si—O-Si siloxane bonds, it
can be assumed that protective coatings based on silica-containing components can re-
duce the thermal signature of the fabric.
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The creation of fire-retardant silica-containing compositions is widely presented in
the scientific literature [1, 2]. Organosilicon compounds or liquid glass are most often
used as starting components for obtaining protective coatings for textile materials. Or-
ganosilicon compounds require careful control of the parameters of hydrolysis and pol-
ycondensation reactions, but they provide a thin layer of coating securely fixed on the
surface of the fibers of the fabric threads [3]. The main disadvantage of such coatings is
the high cost of the starting components and the negative impact on the environment.

The use of liquid glass as a supplier of polysilicic acid for the formation of dense
silica-containing coatings allows to eliminate the above-mentioned disadvantages: lig-
uid glass is much cheaper than any organosilicon compound [4]. In addition, the dis-
posal of waste fabrics that have been impregnated with fire-retardant compositions
based on liquid glass does not lead to a deterioration of the environmental situation.
Polymerization of silicic acid can occur in two ways: through the formation of an oxo-
nium complex in the acidic pH range, as a result of which a network structure of the
polysilicic acid gel is formed; the alkaline pH range provokes the polymerization by the
ionic mechanism, as a result of which predominantly linear polymers are formed in the
gel structure [4]. As previously determined, obtaining elastic coatings occurs under
conditions of a weakly acidic or neutral medium [5]. Therefore, it seems appropriate to
investigate the influence of the composition of the protective composition based on lig-
uid glass on the thermal insulation properties of the treated fabric.

2. Analysis of literary data and problem statement

The issue of developing technologies for obtaining coatings that reduce infrared
radiation from people and vehicles has been the subject of many scientific publications.
Military aircraft use so-called stealth coatings to avoid radars. Stealth technology masks
ground vehicles from radars and infrared sensors [6]. Graphene, carbon black, carbon
nanotubes and carbon fibers are used in the compositions of such compositions [7].
However, the coatings are not fire-resistant, but are capable of self-extinguishing during
a single contact with fire. In the event of further fire exposure, fire protection deterio-
rates sharply.

The paper [8] presents the principles of selecting materials for use as heat-
protective coatings. The influence of modifying additives and porosity of coatings on
reducing their thermal conductivity coefficient is considered. However, in such compo-
sitions, the emphasis is placed on thermal insulation properties, and the fire protection
of the treated surface is not considered at all. The authors of [9] consider the basic prin-
ciples of the formation of ceramic thermal barrier coatings that provide optimal ther-
momechanical and chemical properties, but are not elastic and cannot be used for fabric
impregnation.

In [10], ways to reduce the thermal signature of the fabric by adding staple fibers
made of stainless steel, or coated with silver or aluminum are considered. The authors
conclude that silver is preferable for obtaining flexible clothing. Such compositions
hide the thermal signature of the object, but are too expensive.

In the review [11], materials of the mid-infrared range are considered, which al-
low contactless adjustment of infrared camouflage and energy efficiency of enclosing
structures. The publication is interesting in that it analyzes materials from the point of
view of microstructural design, spectral control strategies and application requirements,
but does not pay attention to obtaining elastic coatings for textile materials that do not
reduce their softness, elasticity and flame-retardant ability.
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Therefore, the development of flame-retardant compositions that can simultane-
ously reduce the thermal signature without changing the aesthetic appearance of the
fabric is a topical issue.

3. Purpose and objectives of the study

The aim of the research is to study the possibility of obtaining flame-retardant
elastic coatings for textile materials with a reduced thermal signature, which can be
used to protect against infrared radiation for protective suits of rescuers. The goal is
achieved by solving the following tasks:

1. To investigate the influence of the composition and technological features of
the application of the compositions on the change in the thermal signature of the fabric;

2. To investigate the influence of long-term exposure to water on the integrity and
thermal insulation properties of the coatings.

4. Materials and research methods

The object of research is the technology of reducing the thermal signature of tex-
tile materials. The subject of research is the physicochemical processes occurring in
protective coatings during heating.

The main hypothesis of the research is the possibility of using elastic fire-retardant
coatings with modifying additives to reduce the thermal signature of textile materials

For the research, fire-retardant compositions based on liquid glass and modifying
additives were used.

The compositions were obtained by mixing aqueous solutions of liquid glass and
acetic acid. Cotton samples were impregnated with experimental compositions and
heat-treated in a drying oven at temperatures of 60—80 °C. The change in the thermal
signature was determined using a laboratory setup (Fig. 1).

Fig. 1. General view of the laboratory setup for determining the thermal signature of tissue
samples: 1 — tissue sample; 2 — tissue sample holder; 3 — beaker with water; 4 — magnetic stirrer
with heating; 5 — thermocouple; 6 — temperature controller; 7 — thermal imager; 8 — laptop for
recording the course of the experiment

Fabric sample 1 is fixed with a holder 2, in contact with the surface of a glass 3
with water heated to 40 °C. Heating and stirring of water in the beaker is performed on
a magnetic stirrer 4 and is controlled by a thermocouple 5 connected to a temperature
controller 6. Connecting the magnetic stirrer to the temperature controller ensures
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switching on/off of stirring and heating when the temperature in the beaker changes to
40«1 °C. The change in the thermal signature over time was observed using a thermal
imager 7 connected to a laptop 8, which allows recording a video of the experiment.

As experimental samples, 100 % cotton impregnated with compositions based on
liquid glass in 1 or 2 layers, with and without modifying additives, was used. An aque-
ous solution of a flame retardant — diammonium hydrogen phosphate — was sprayed on-
to the dried surface of the coating and dried again at temperatures of 60-80 °C.

The outer layer of the rescuer’s protective suit, in addition to its fire-retardant pur-
pose, must withstand long-term exposure to water and not peel off during washing.
Therefore, the effect of long-term exposure to water for 1-3 days on the change in the
integrity and thermal insulation properties of the coatings was additionally studied.

To enhance the hydration effect, the samples were immersed in clean water every
day. After exposure to water, the fabric samples were dried in a drying cabinet at temper-
atures of 60—80 °C and examined on a laboratory installation.

5. Study of the effect of SiO> sol concentration on the change in the thermal
signature of tissue samples

Thin fabric heats up to the temperature of the heat source quite quickly. Previous
studies have shown that untreated fabrics under the influence of high temperatures heat
up at different rates depending on the composition of the fabric, its thickness and densi-
ty. An active increase in the temperature of the fabric is observed in the first 30 s: the
back side of woolen fabrics heats up to 400-500 °C, cotton and tapestry mixed fabrics —
up to 250-350 °C under the conditions of heating the front side of the fabric to 700—
750 °C. Such wide temperature intervals are due to the different thermal conductivity of
fabrics, which depends on the degree of non-uniformity of the fabric structure as a re-
sult of the presence of defects in the interlacing of threads and their different thickness.
The first sharp increase in the temperature of the fabric in the interval of 8-10 s of heat-
ing to 100—120 °C corresponds to the ignition of the fabrics. The second temperature
jump (16-18 s) is due to its destruction.

The fire-retardant coating creates a dense film on the surface of each fiber that
forms the fabric threads, preventing access of oxygen from the air and, accordingly, ig-
nition, but at the same time the fabric is densified, which negatively affects its thermal
conductivity.

The heating curves of the fabric impregnated with experimental compositions are
practically superimposed on each other, making it impossible to determine the optimal
composition of the fire-retardant composition, which has a reduced thermal signature.
Therefore, the first section of the curves (up to 30 s) was selected, which was subjected
to analysis of the influence of the composition of the fire-retardant coating and the
thickness of its application layer on the change in the thermal signature.

Fig. 2 shows the results of determining the thermal signature of samples treated
with compositions with different concentrations of SiO> sol.

As can be seen from the figures, the samples are heated to lower temperatures un-
der conditions of lower concentrations of SiO: sol.

The presence of a complex flame retardant (diammonium hydrogen phosphate and
urea) leads to a slight increase in the heating temperature of fabric samples impregnated
with a sol with a concentration of 14 % SiO» and practically does not affect the thermal
signature of samples impregnated with a sol of 8 % concentration. Taking into account
the results of previous studies on the technological properties of impregnating composi-
tions (viability, fluidity), compositions of 11 % concentration were used for further studies.
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Fig. 2. Change in the thermal signature of cotton fabric samples over time depending on the
concentration of SiO; sol: a — without flame retardant; b — with flame retardant

Fig. 3. presents the results of determining the change in the thermal signature of
the samples depending on the content of the orthophosphoric acid additive.
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Fig. 3. Change in thermal signature of the fabric over time depending on the content of or-
thophosphoric acid additive. Sol concentration SiO, 11%: a — coating applied in 1 layer; b — coat-
ing applied in 2 layers
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The slowest warming is observed for the fabric with the addition of 1.5 % H3PO4
in a single-layer coating (Fig. 3, a). In the case of applying the coating in two layers, the
least warming is observed for the fabric with the addition of 2 % orthophosphoric acid.

6. Study of the influence of coating hydration on the change in the thermal
signature of impregnated fabrics

Fig. 4. presents graphs of the change in thermal signature over time depending on
the hydration time of the coatings. In the case of using a low concentration of SiO; sol
(8 %), a slowdown in tissue heating is observed with an increase in the time of exposure
of tissue samples in water.
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Fig. 4. Change in thermal signature of cotton fabric samples over time depending on the
time of exposure in water. Concentration of SiO; sol: a — 8%, b —11%, ¢ — 14%

Holding the impregnated samples in water for 1-2 days leads to a slight decrease
in the degree of their heating with increasing SiO. sol concentration. Increasing the
holding time in water to 3 days changes the picture somewhat: the heating temperature
increases with increasing SiO sol concentration.
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7. Discussion of the results of the study of the influence of SiO:> sol concentra-
tion and coating hydration

The distribution of curves in Fig. 2 suggests that the rate of fabric heating is af-
fected, first of all, by the thickness of the coating, which fills the free space between the
fibers of the fabric threads, compacting and increasing its thermal conductivity. There-
fore, the graphs show an increase in the heating temperature with increasing concentra-
tion of SiO> sol. For the same reason, the presence of a flame retardant slightly increas-
es the heating of the fabric treated with compositions with a 11-14% concentration of
SiO; sol. The addition of orthophosphoric acid leads to partial incorporation of the
phosphate group into the siloxane framework of the SiO> gel, as was proven by infrared
spectroscopy in [12]. The increased amount of HsPO4 can be used for two processes: to
initiate the network polycondensation of polysilicic acid and to form a silicophosphate
framework. It is likely that the formation of a network structure of the siloxane frame-
work of the gel contributes to a slight decrease in the thermal conductivity of the coat-
ing due to the formation of clathrates, which is accompanied by a decrease in the ther-
mal signature in the graphs (Fig. 3,a). This assumption is confirmed by graph 3,b, in
which two-layer coatings with a higher content of H3PO4 (2-2.5 wt.%) showed a no-
ticeable decrease in the tissue heating temperature. Further increase in the content of
H3PO4 leads to acceleration of the process of network polycondensation, which nega-
tively affects the fire resistance of coatings [13].

Hydration of coatings during long-term exposure to water (for 3 days) leads to
some swelling of the coating, increasing its thickness and densifying the impregnated
fabric. This effect is manifested in the case of using a 14 % concentration of SiO; sol.
The heterogeneities inherent in the sol with a concentration of 14 % SiO» are manifest-
ed more brightly, which affects both the fire resistance and thermal insulation properties
of the coatings. Even in the case of swelling, the coating does not exfoliate from the
fabric. In a thin coating (8 %), on the contrary, hydration of the coating surface (at-
tachment of water molecules by hydrogen bonds to surface Si—O groups) leads to some
slowing down of the heating of the fabric (Fig. 4, a). Based on the results of previous
studies [12], it can be concluded that not only fire resistance, but also thermal insulation
properties depend on the mechanism of polycondensation of SiO> sol, the degree of its
homogeneity, concentration and number of applied coating layers. The influence of
modifying additives on the thermal signature is mainly associated with the nature of
polycondensation of polysilicic acid in SiO» sol. Based on the analysis (Fig. 2—4), it can
be assumed that to reduce the thermal signature, it is necessary to apply sol with a con-
centration of 8-11 %, with the addition of 2-2.5 % orthophosphoric acid in 1-2 layers.
Expanding the above intervals will lead to a decrease in the fire-retardant and thermal
insulation properties of the coating.

8. Conclusion

1. The nature of the influence of the concentration of SiO> sol and the content of
the orthophosphoric acid additive on the change in the thermal signature of cotton sam-
ples was determined. It was established that the rate of fabric heating decreases with a
decrease in the concentration of SiO> sol to 8 %. The content of the orthophosphoric
acid additive was determined. It was shown that HsPOa in small quantities is able to be
incorporated into the siloxane framework of polysilicic acid, increasing the fire re-
sistance of the coating. Exceeding the content of this additive provokes the initiation
and acceleration of the process of network polycondensation, creating inhomogeneities
in the gel coating and reducing its fire-protective and heat-insulating properties.
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2. The influence of long-term water exposure on the heat-insulating properties of
coatings was determined. It was shown that in the case of using 8 % concentration of
SiO2 sol, long-term water exposure improves the heat-insulating properties of coatings.
Increasing the concentration of SiO> sol to 14 % leads to some swelling of the coatings,
increasing their thickness and densifying the impregnated fabric. In further studies, it is
planned to determine the effect of additives capable of reflecting infrared radiation on
the survivability of fire-retardant compositions, their degree of homogeneity, fire-
retardant and thermal insulation properties.
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CIIIKO®OCPATHI 3AXWCHI TOKPUTTS 15 3HUKEHHS TEILJIOBOI
CUTHATYPU TEKCTUJIBHUX MATEPIAJIIB

[IpoBeneHo MOCITiKEHHS I0/I0 MOKIMBOCTI OTPUMAHHS BOTHE3aXHUCHUX €TACTHIYHUX TOKPHUTTIB
JUISL TEKCTUJIBHUX MaTepialliB 31 3HHKEHOIO TETJIOBOIO CUTHATYPOIO, SIKIi MOXXHA BUKOPHCTOBYBATU LIS
3aXHCTY BiJl iH(PadepBOHOTO BUIIPOMIHIOBAHHS JJIsl 3aXMCHUX KOCTIOMIB pATIBHHKIB. JJocmimkeHo Mo-
JINBICTh BUKOPUCTAHHS CHIIKO(QOChHAaTHIX BOTHE3aXUCHUX KOMITO3HUIIIH JUIA 3HM)KEHHS TEIJIOBOI CHUT-
HaTypu 0aBOBHSIHHMX TKaHWH. BU3HaueHO XapakTep BIUIMBY KOHIIEHTpaIlii 300 SiO2 Ta BMICTy moOaB-
k1 opToocaTHOT KUCIOTH Ha 3MiHY TEIJIOBOI CUTHATYpH OaBOBHSHHX 3pa3KiB. BcraHoBieHo, 1o Bo-
THE3aXHMCHE TIOKPHUTTS CTBOPIOE LIUTBHY TUTIBKY Ha MOBEPXHI KOKHOTO BOJIOKOHIIS, 10 YTBOPIOIOTH HU-
TKW TKaHWHH, 3a1100Iiratoun TOCTYITY KUCHIO MOBITPS 1, BIAOBIAHO, 3aTOPSHHIO, ajie OJHOYACHO Bin0y-
BAETHCS 1 YIIIJIbHEHHS] TKAHWHH, 110 HETaTUBHO BiOMBaeThes Ha ii TemyonpoinHocTti. [lokaszano, mo
HIBUIKICTH IPOTPiBaHHS TKAHWHHU 3MEHIIYETHCS 31 3HIKEHHSIM KoHUeHTpauii 3010 SiO2 o 8 %. Bera-
HOBJICHO, 1110 BIUIUB MOJU(IKYIOUNX 00aBOK Ha TEIUIOBY CUTHATYpPY, B OCHOBHOMY, IOB’sI3aHUH 3 Xa-
pakTepoM TMOJIKOHACHCAIIl oJiKpeMHieBOi KucIoTH B 30 SiOz. Ilokazano, mo H3POs B HeBemmkmx
KUTBKOCTSIX 3/1aTHa BOYZOBYBATHCS B CHIJIOKCAHOBHU KapKac IMOJIKPEMHIEBOI KUCIIOTH, 301TbIIyIOUH
BOTHECTIHKICTh MOKpUTTS. [lepeBuieHHs BMIcTy wi€i H0OaBKH NMPOBOKYE iHILIALil0 1 MPUCKOPEHHS
MpOIIEeCy CITYACTO! MOMIKOHAEHCAlii, CTBOPIOIOYM HEOTHOPITHOCTI B TeIEBOMY MOKPHTTI 1 3HIKYIOUH
HOTO BOTHE3aXMCHI Ta TEIUIOI3OJIAIINHI BIACTUBOCTI. BU3HAaUeHO BIUIMB MOBrOTPUBAJOL [ii BOAM HA
TETUIOI30JIALIHHI BIacTUBOCTI MOKpUTTIB. Ilokazano, mo y pasi BukopuctanHus 3010 SiO2 8 %-i kon-
LEHTpaLii TpUBaia Aisi BOAM MMOKPAILILY€E TEIOI30MALIHHI BIACTUBOCTI MOKPUTTIB. 301IbLICHHS KOHIICH-
Tpartii 300 SiO; 10 14 % IPUBOAKUTH O JAESKOT0 HaOyXaHHS MOKPUTTIB, 30LIBINYIOUN X TOBITUHY
VILUIBHIOIOYH IPOCOYEHY TKaHUHY.

KirouoBi cioBa: Temioi3onsmiiiHi KpEMHE3EMBMICHI MOKPUTTSI, TEPMOCTIHKICTb, BOTHECTiH-
KICTh, TEIIJIOBA CUTHATYPA

Jlitreparypa

1. Carosio F., Alongi J. Influence of layer-by-layer coatings containing octapropyl
ammonium polyhedral oligomeric silsesquioxane and ammonium polyphosphate on the
thermal stability and flammability of acrylic fabrics. Journal of Analytical and Applied
Pyrolysis. 2016. Vol. 119. P. 114-123. doi: 10.1016/j.jaap.2016.03.010

2. Alongi J., Carosio F., Malucelli G. Current emerging techniques to impart
flame retardancy to fabrics: An overview. Polymer Degradation and Stability. 2014.
Vol. 106. P.138-149. doi: 10.1016/j.polymdegradstab.2013.07.012

3. Alongi J., Ciobanu M., Malucelli G. Sol-gel treatments on cotton fabrics for
improving thermal and flame stability: Effect of the structure of the alkoxysilane pre-

116 ©O Skorodumova, A. Chernukha, N. Lysak, Y. Goncharenko, 0. Havrylko, L.Yashchenko



ISSN 2524-0226. Mpobnemu Haa3BuMYanHUX cuTyauin. 2026. N 1(43)

cursor. Carbohydrate Polymers. 2012. Vol.87. Ne 1. P. 627-635. doi:
10.1016/j.carbpol.2011.08.036

4. Skorodumova O., Tarakhno O., Chebotaryova O., Bezuglov O., Emen F. The
use of sol-gel method for obtaining fire-resistant elastic coatings on cotton fabrics. Ma-
terials Science Forum.2021. 1038. P. 468-479. doi: 10.4028/www.scientific.
net/MSF.1038.468

5. Lysak N., Skorodumova O., Chernukha A., Kochubei V., Sotiriadis K. Study of
Gelation Processes in Flame Retardant Compositions of the SiO2 Sol System — A Phos-
phate-Containing Additive. Defects and Diffusion Forum. 2025. Ne 438. P. 101-110.
doi: 10.4028/p-12sYIR

6. Shirke N., Ghase V., Jamdar V. Recent advances in stealth coating. Polym.
Bull. 2024. 81. 9389-9418. doi: 10.1007/s00289-024-05166-4

7. Ateia E. E., Metwaly M. A., Tantawy H. R. Low thermal emissivity coating
based on aluminium / acrylic composite coatings. IOP Conf. Ser.: Mater. Sci. Eng.
2021. 1172. 012027. doi: 10.1088/1757-899X/1172/1/012027

8. Lakiza S. M., Grechanyuk M. I., Ruban O. K. Thermal Barrier Coatings: Cur-
rent Status, Search, and Analysis. Powder Metall Met Ceram. 2018. 57. P. 82-113. doi:
10.1007/s11106-018-9958-0

9. Vargas-Bernal R., Bermudez-Reyes B. (2021). Advances in Low Thermal Con-
ductivity Materials for Thermal Barrier Coatings. In S. Roy & G. Bose
(Eds.), Advanced Surface Coating Techniques for Modern Industrial Applications. IGI
Global Scientific Publishing. 2021. P. 88-111. doi: 10.4018/978-1-7998-4870-7.ch004

10. Rubeziene V., Padleckiene 1., Varnaite-Zuravliova S., Baltu$nikaité-
Guzaitiené J. Reduction of Thermal Signature Using Fabrics with Conductive Addi-
tives. Materials Science. 2013. Vol. 19. P. 409-414. doi: 10.5755/j01.ms.19.4.1730

11. Shihao C., Hanyuan Z., Ziyuan Z., Shutong Q., Linai Z., Yugi W., Weilin X.,
Jun W., Bin H. Opaque, transparent, and colored low-emissivity materials for mid-
infrared thermal management. J. Mater. Chem. A. 2025. Vol. 13. P. 38585-38608. doi:
10.1039/D5TA05910K

12. Lysak N., Skorodumova O., Chernukha A., Goncharenko Y., Melezhyk R.
(Silicophosphate fireproof coatings for building materials. Problems of Emergency Sit-
uations. 2024. Vol. 1(39). P. 262-271. doi: 10.52363/2524-0226-2024-39-19

13. Lysak N., Skorodumova O., Chernukha, A., Kochubei V., Sotiriadis K. Study
of Gelation Processes in Flame Retardant Compositions of the SiO2 Sol System — A
Phosphate-Containing Additive. Defects and Diffusion Forum. 2025. Vol. 438. 101-
110. doi: 10.4028/p-I12sYIR

Hapittnna no penxoserii: 10.03.2026
[Ipuitadara no npyky: 13.04.2026
Jara my6mikarii (onprtrongaenss): 30.05.2026

Civil Security. DOI: 10.52363/2524-0226-2026-43-7 $117


https://doi.org/10.1007/s00289-024-05166-4

