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Abstract. Physico-mechanical properties and structure and fire resistance of epoxy resin-

based intumescent polymer composite coatings used in the oil and gas industry to protect against 

fire, oxygen index increased from 18% to 45% were studied on the basis of experimental tests. 
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Introduction. A number of different compositions can be used to obtain flame retardant 

polymer composites. When these components are added in order to improve fire-resistant and 

bulging properties, they affect the structure of the polymer composite and lead to changes in its 

physical and mechanical properties [1, 2, 3]. 

As a result of the addition of polymer binders, flame retardants, foaming additives, PAV, 

stabilizers, fillers, and hardening chemical additives to the composition of fire-protective foamable 

polymer composites, the mechanical properties of polymer materials change [4, 5, 6, 7]. Mainly, 

as a result of adding flame retardants, plasticizing chemical additives and fillers to polymer 

materials, the mechanical properties of polymer composite deteriorate [8, 9]. Therefore, polymer 

composite materials have different standards according to the field of use, and effective methods 

of application are developed based on these requirements [10, 11]. 

The lacquer industry has its own standards that allow the use of polymer composites with 

mechanical properties compared with analogues. Based on this, the composition of the proposed 

fire-resistant intumescent polymer composite coatings includes several brands of fire-resistant 

intumescent polymer composite coatings consisting of polymer binders based on epoxy resin and 

polymer binders based on acrylic copolymers [12, 13]. 

As a result of the interaction of micro heterogeneous particles and polymer fillers in the 

composite phases of these polymer composite coatings, it is possible to create fire-resistant bulging 

polymer composites that exhibit new physical and mechanical properties [14, 15]. In the 

development of fire-resistant foaming coatings (organic solvents and aqueous emulsions), 

additives are used that change their composition and increase technological convenience, which 

improves the performance of the coatings [16]. 

Methods and materials. The scientific significance of the results of the research is that in 

the creation of new fire-protective foamable polymer composite coatings, the influence of polymer 

binders, foamable chemical additives, flame retardants and coke-forming chemical additives on 

their mutual proportions, influence on physico-chemical and mechanical properties, fire resistance 

and thermal-physical properties development of a mathematical model in the process of 

temperature change. 

The practical significance of the research results is the development of the technology of 

obtaining fireproof, bulging coatings for metal structures used in the oil and gas industry, the 

development of the optimal amount of use of these polymer composites, and the development of 
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      an effective mechanism for increasing fire resistance, as well as the bulging polymer coating, 

which serves as the main factor in the protection of metal structures in the event of fire. It is 

explained by the fact that the content has been put into practice. 

Highly informative, modern physico-chemical, fire resistance and swelling, and thermal 

physical-mechanical properties in the identification of the obtained fire-protective intumescent 

polymer composite coatings are explained by the reciprocity of the results of theoretical and 

experimental research and the implementation of the development into practice. 

Results and discussion. In table 1 below, IPC-1, IPC-2 and IPS-3 (intumescence polymer 

composite - IPC) compositions are obtained from mixtures of epoxy resin, hardener and 

compounds containing nitrogen, phosphorus, metal in mutual proportions. A certain ratio of 

components provides good fire resistance properties, opens up wider application possibilities and 

is environmentally friendly and economical.  

Table-1 

Physico-mechanical properties of fire-protective intumescent polymer composite coatings 

based on epoxy resin. 

№ Indicators Terma-S 

(analogue) 

IPC-1 IPC-1 IPC-1 

1 Appearance of the coating Light gray White 

gray 

White 

gray 

White 

gray 

2 Adhesion 1 1 1 1 

3 Grinding level, μm 65-75 50-60 50-60 50-60 

4 Impact strength limit of polymer 

composite, cm 

21 22 21 19 

As can be seen from the tables, the technical result of the application of the invention 

consists in expanding the functional capabilities of the method of manufacturing an intumescent 

composition based on epoxy resin, increasing fire resistance, and expanding the temperature range 

of swelling. In researching the oxygen index of fire-protective foamable polymer composite 

coatings, test experiments were carried out to determine the oxygen index based on the results of 

calculating the amount of oxygen concentration in the mixture of oxygen and nitrogen by burning 

a specially prepared polymer composite. 

Determination of oxygen index of polymer composites based on epoxy resins was carried 

out as follows. According to it, a polymer composite sample was prepared based on ГОСТ 

12.1.044-2018 and ГОСТ 21793-76. 

Table-2 

Experimental results of the study of the effects of the chemical composition ratios of the fire-

protective foamable polymer composites on the oxygen index. 

Polymer composite name Oxygen index, % 

Composite based on epoxy resin 17-19,0 

IPC-1 36 

IPC-2 33 

IPC-3 32 

Аnalogue 34 
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      According to the working mechanism of epoxy resin-based fire-protective foamable 

polymer coatings, the effects of polymer binders, flame retardants, foamable chemical additives 

that generate gas under the influence of temperatures of 220-350oC, and fillers in the ratio of 5-

40% on the oxygen index were studied. In addition, in this type of polymer coating, hardeners are 

used in the amount of 10% compared to the mass of the polymer binder. It consists of nitrogen-

containing organic compounds as hardeners. 

Thus, adding 10% to 30% of chemical additives with flame retardant and swelling 

properties to the fire resistance and swelling properties of epoxy resin-based fire retardant 

foamable polymer composites ensures a good result. 

Conclusion 

In conclusion, the study of physical and mechanical properties of epoxy resin-based 

flexible polymer composite coatings has provided valuable insights into the performance and 

potential applications of these materials.  

The research demonstrated that the incorporation of flexible polymer additives into epoxy 

resin coatings can significantly enhance their flexibility and toughness without compromising their 

mechanical strength. This improvement in flexibility is crucial for applications where the coating 

needs to withstand deformation, such as in the automotive and aerospace industries. 

 

REFERENCES 

1. Murtazaev K.M., Mukhiddinov D.N. Determination of the swelling coefficient and the 

swelling layer of fire-retardant coatings for fire protection of metal structures. Scientific 

Bulletin of NamSU 2020 No. 5. pp. 30-34. 

2. Murtazaev K.M. Study of the properties of smoke generation of e-44-1 brand fire-protective 

intumescent polymer composite coating based on epoxy resin. Questions of technical and 

physical and mathematical sciences in the light of modern research: collection. Art. by 

mother LI intl. scientific-practical conf. No. 5(43). – Novosibirsk: SibAK, 2022. – P. 137-

141. 

3. Murtazayev.K.M. Investigation of Smoke-Forming Properties of Fire-Resistant Convex 

Polymer Composite Coatings. International Journal of Advanced Research in Science, 

Engineering and Technology Vol. 9, Issue 5, May 2022 India Р 19294-19298 

4. S.Chapple, R.Anandjiwala, Flammability of natural fiber-reinforced composites and 

strategies for fire retardancy, Rev. J. Thermoplast. Compos. Mater. 23 (6) (2010) 871–893, 

https: // doi.org / 10.1177 / 0892705709356338. 

5. L.Costes, F.Laoutid, S.Brohez, P.Dubois, Bio-based flame retardants: when nature meets fire 

protection, Mater. Sci. Eng. R Rep. 117 (2017) 1–25, https: // doi.org / 10. 1016 / j.mser. 

2017.04.001. 

6. N.Zhou, W.Shi, J.Shang, Seismic response of a light steel structure integrated building with 

steel mortise-tenon connections, Adv. Struct. Eng. 

22 (2019) 1225–1237, https://doi.org/10.1177/1369433218811533. 

7. Joshua B. Zoleta., Gevelyn B. Itao., Vannie Joy T. Resabal., Mayumi Ito., Naoki Hiroyoshi. 

Improved pyrolysis behavior of ammonium polyphosphate-melamine-expandable (APP-

MEL-EG) intumescent fire retardant coating system using ceria and dolomite as additives 

for I-beam steel application // Received 

8 March 2019; Received in revised form 5 August 2019; Accepted 20 December 2019. https: 

// doi.org / 10.1016 / j.heliyon. 2019.e03119. Р. 1-8.  

https://doi.org/10.1177/1369433218811533


 

SCIENCE AND INNOVATION 
INTERNATIONAL SCIENTIFIC JOURNAL VOLUME 2 ISSUE 12 DECEMBER 2023 

UIF-2022: 8.2 | ISSN: 2181-3337 | SCIENTISTS.UZ 

 191  

 

      8. Aseniero, J.P.J., Opiso, E.M., Banda, M.H.T., Tabelin, C.B., 2019. Potential utilization of 

artisanal gold-mine tailings as geopolymeric source material: preliminary investigation. SN 

Appl. Sci. 1 (1), 35. Р. 1-10.  

9. Feng, C., Liang, M., Jiang, J., Huang, J., Liu, H., 2016. Synergism effect of CeO2 on the 

flame retardant performance of intumescent flame retardant polypropylene composites and 

its mechanism. J. Anal. Appl. Pyrolysis 122, 

405–414. 

10. Gillani, Q.F., Ahmad, F., Mutalib, M.I.A., Melor, P.S., Ullah, S., Arogundade, A., 2016. 

Effect of dolomite clay on thermal performance and char morphology of expandable graphite 

based intumescent fire retardant coatings. Proc. Eng. 148, 146–150. 

11. Jeon, S., Ito, M., Tabelin, C.B., Pongsumrankul, R., Kitajima, N., Park, I., Hiroyoshi, N., 

2018. Gold recovery from shredder light fraction of E-waste recycling plant by flotation-

ammonium thiosulfate leaching. Waste Manag. 77, 195–202. 

12. Xu, Z., Chu, Z., Yan, L., Chen, H., Jia, H., Tang, W., 2019. Effect of chicken eggshell on 

the flame-retardant and smoke suppression properties of an epoxy-based traditional 

APPPER-MEL system. Polym. Compos. 40 (7), 

2712–2723. 

13. Wang Zhan., Le Chen., Zhaozhan Gu., Juncheng Jiang Influence of graphene on fire 

protection of intumescent fire retardant coating for steel structure // The 6th International 

Conference on Power and Energy Systems Engineering, CPESE 2019, 20–23 September 

2019, Okinawa, JapanEnergy Reports 6 (2020) 693–697. https: // doi.org / 10.1016 / j.egyr. 

2019.11.139. 

14. Morys M, Illerhaus B, Sturm H, et al. Variation of intumescent coatings revealing different 

modes of action for good protection performance. Fire Technol 2017; 53(4): 1569–1587. 

15. Puri RG, Khanna AS. Effect of cenospheres on the char formation and fire protective 

performance of water-based intumescent coatings on structural steel. Prog Org Coat 

2016;92:8–15 

 

 


