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Annotation. This work presents the results of differential thermogravimetric (DTG)
analysis of an organosilicon oligomer synthesized on the basis of metasilicic acid, phenol, and
formaldehyde. The DTG and TGA curves reveal that the thermal degradation process occutrs
in three main stages. The first stage (26.20-242.89 °C) corresponds to the evaporation of
physically adsorbed moisture and low-molecular-weight volatiles, resulting in a mass loss of
3.977%. The second stage (242.89-438.38 °C) represents the primary decomposition of the
phenolic polymer network, with the most significant mass loss of 36.525%. The third stage
(438.38-801.12 °C) is associated with the degradation of the siloxane network and residual
carbonaceous char, resulting in a mass loss of 16.267%. After 450 °C, the mass change is
negligible, indicating the high thermal stability of the material. The results confirm that the
incorporation of organosilicon fragments into the phenolic resin matrix enhances thermal
stability and increases residual char yield, making the material suitable for high-temperature
applications.
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Differential thermogravimetric (DTG) analysis is a powerful thermal analysis
technique used to investigate the thermal stability, decomposition behavior, and
mass change characteristics of polymeric materials under controlled heating
conditions. For organosilicon oligomers synthesized on the basis of phenol-
formaldehyde resins, DTG analysis provides valuable information on the influence
of the incorporated siloxane segments on the thermal degradation profile and char-
forming ability of the material.

In DTG, the rate of mass loss is recorded as a function of temperature,
allowing precise identification of distinct decomposition stages and the
corresponding temperature ranges. This method is particularly effective for hybrid
organic-inorganic systems, where degradation processes may occur in multiple
overlapping steps due to the presence of phenolic, siloxane, and possible residual
reactive groups.

For phenol-formaldehyde-based organosilicon oligomers, DTG analysis
typically reveals an initial weight loss attributed to physically adsorbed moisture
and low-molecular-weight volatiles, followed by primary decomposition stages
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associated with the breakdown of organic chains, and a final stage corresponding to
the degradation of the siloxane network. The residual mass at high temperatures is
often higher than that of unmodified phenolic resins, reflecting the enhanced
thermal stability imparted by the silicon-containing framework.

Thus, DTG serves not only as a diagnostic tool for evaluating the heat
resistance of organosilicon oligomers but also as a means of correlating structural
modifications with improved performance in high-temperature applications.

The derivatogram of the organosilicon oligomer obtained on the basis of
metasilicic acid, phenol, and formaldehyde is presented in Figure 3.2 and consists of
two curves: the dynamic thermogravimetric analysis curve (DTGA) (curve 1) and the
thermogravimetric analysis curve (TGA). The analysis of the thermogravimetric
curve (TGA) shows that the TGA profile mainly consists of three intensive
decomposition stages.

Thermal analysis techniques, particularly thermogravimetric analysis (TGA)
and derivative thermogravimetric analysis (DTG), have been widely applied to
evaluate the thermal stability and degradation behavior of hybrid polymer systems,
including phenol-formaldehyde-based organosilicon oligomers. These methods
provide valuable insights into the decomposition stages, mass loss rates, and
residual char yields, which are critical parameters for assessing the performance of
materials in high-temperature applications.

Studies have shown that phenol-formaldehyde resins typically undergo a
multi-stage degradation process. The initial mass loss is usually attributed to the
removal of physically adsorbed water and low-molecular-weight volatiles (Qu et al.,
2005). The second and most significant stage corresponds to the breakdown of the
phenolic polymer backbone, releasing gaseous products such as CO., CO, and water
vapor (Sinha & Rout, 2008). The final stage is associated with the degradation of
carbonaceous char and, in the case of organosilicon hybrids, the decomposition of
the siloxane network (Pilati et al., 2004).

Incorporation of silicon-containing moieties into phenolic resins has been
reported to enhance their thermal stability and increase char yield at elevated
temperatures (Wang & Wilkie, 2003). This is due to the formation of thermally stable
Si-O-5i networks, which act as a protective barrier against thermal decomposition
(Andrianov, 1997; Voronkov et al., 1991). Furthermore, organosilicon segments can
improve oxidative resistance and delay the onset of major degradation stages
(Cordes et al., 2010).

Recent studies using TGA/DTG have also demonstrated that the peak
degradation rates in hybrid phenol-formaldehyde-siloxane systems occur at higher
temperatures compared to unmodified phenolic resins, indicating improved thermal
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endurance (Zhao et al., 2011). These findings underline the importance of thermal
analysis in correlating the structural modifications of organosilicon oligomers with
their improved high-temperature performance.

Overall, the literature suggests that TGA and DTG are essential tools for
understanding the decomposition mechanism of phenol-formaldehyde-based
organosilicon oligomers, enabling the optimization of synthesis conditions for
advanced thermal-resistant coatings and composites.
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Figure 1.The derivatogram of the organosilicon oligomer obtained on the
basis of metasilicic acid, phenol, and formaldehyde: 1 — dynamic
thermogravimetric analysis curve (DTA); 2 — thermogravimetric analysis curve
(TGA).

From the thermal analysis of the obtained polymer coating, it can be observed
that the main mass loss occurs during three distinct decomposition stages. The first
decomposition stage takes place within the temperature range of 26.20-242.89 °C,
where 3.977% of the initial mass is lost. The second decomposition stage occurs in
the range of 242.89-438.38 °C, resulting in a mass loss of 36.525% of the initial mass.
The third decomposition stage takes place within 438.38-801.12 °C, with a mass loss
of 16.267%. After 450 °C, almost no further change is observed.
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The results of our study indicate that the primary mass loss of the polymer

coating occurs during the second decomposition stage, where 36.525% of the total
degradation takes place.

Thermogravimetric (TGA) and derivative thermogravimetric (DTG) analyses
of the synthesized phenol-formaldehyde-based organosilicon oligomer clearly
demonstrate its multi-stage thermal degradation behavior. The first stage
corresponds to the evaporation of physically adsorbed moisture and low-molecular-
weight volatiles, the second stage represents the main decomposition of the phenolic
polymer network, and the third stage is associated with the degradation of the
siloxane framework and residual carbonaceous char.

The results show that the most significant mass loss (36.525%) occurs during
the second decomposition stage, indicating that this is the critical thermal stability
range for the polymer. The presence of the organosilicon component contributes to a
higher residual mass and delays the onset of major degradation, confirming the
improved thermal resistance compared to unmodified phenolic resins.

Overall, the thermal analysis confirms that the synthesized organosilicon
oligomer possesses enhanced thermal stability due to the formation of a stable Si-O-
Si network, making it a promising material for applications requiring heat resistance,
dimensional stability, and durability in harsh environments.

REFERENCES:
1. Lee, S., Kim, J. "Thermal Fatigue Behavior of Protective Coatings." -
Seoul: Springer, 2019.
2. Gonzalez, R., Martinez, F. "Durability Assessment of Thermal Barrier
Coatings." - Mexico City: Wiley, 2015.
3. Nakamura, T. Sato, K. "Thermal Conductivity Measurements of

Coatings." - Tokyo: Springer Japan, 2017.

4. Kuznetsov, V. V., Smirnov, A. A. "Metody issledovaniya termicheskoy
stoikosti pokrytiy." - Sankt-Peterburg: Politekhnika, 2013.

5. Rakhimov F., Sharipov A., Abdullayev R. Obtaining gypsum with
hydrophobic properties based on silicon polymers //AIP Conference Proceedings. -
AIP Publishing, 2023. - T. 2789. - Ne. 1.

6. Fazlidinovich R.F. et al. Kremniyorganik polimer kompozitsiya orqali
gips nambardoshlilik xossasini oshirish imkoniyatlari //OOpa3oBanme Hayka u
VHHOBalMOHHBIe naen B Mupe. — 2023. - T. 18. - Ne. 3. - C. 129-133.

91
https://interonconf.org




International scientific-online conference: INTELLECTUAL EDUCATION
TECHNOLOGICAL SOLUTIONS AND INNOVATIVE DIGITAL TOOLS _‘

7. Rakhimov F.F., Sharipov A.A. Chemical Additives for the Production of
Plasticized Gypsum //Nexus: Journal of Advances Studies of Engineering Science. -
2022. -T. 1. - Ne. 4. - C. 7-11.

8. Rakhimov F. F. Organosilicon Polymer Compositions for Building
Materials / /Texas Journal of Engineering and Technology. - 2023. - T. 24. - C. 8-12.

9. Fazlidinovich R. F., Shokirovich S. A. QURILISH
MATERIALLARINING TERMOBARQARORLIGINI OSHIRISH IMKONIYATLARI
//Ta'lim innovatsiyasi va integratsiyasi. - 2023. - T. 9. - Ne. 2. - C. 112-116.

10. Xoligova G. Q., Raximov F. F., Nurilloyev Z. I. TERMOBARQAROR
BO'YOQLAR OLISHNING BA’ZI ASPEKTLARI //Ta'lim innovatsiyasi va
integratsiyasi. - 2024. - T. 17. - Ne. 1. - C. 115-119.

11. 1I.Siddikov, A.A.Karimov. Yog’och materiallarini yong’inbardoshlik

darajasini antipirenlar yordamida oshirish. An International Multidisclplinary
Virtual Conference. Humanity and Science Congress-2022. 2nd May 2022. Malaysian
Conference 2022. P.60-63.

12.  1I.Siddikov, ]J.D.Nuriddinov. Oltin gugurt asosidagi beton
imkoniyatlaridan keng foydalanish.An International Multidisclplinary Virtual
Conference. Humanity and Science Congress-2022. 2nd May 2022. Malaysian
Conference 2022. P.64-67.

13. LI1.Siddikov, F.N.Nurkulov, S.I.Axmedov. OrxesammrHasg
sacpdexTBHOCT ormmMromepHmx aHTUIpeHos. Memorchilik va qurilish muammolari.
[Imiy texnik jurnal 2.2022SamDAQI.

14. 1I.Siddikov, F.N.Nurkulov, S.K.Jumaev. Analysis of smoke emission
coefficient of local flame retardants. MexnyHaponHsII Hay4HO-00pa3oBaTeIbHBIN
3IeKTPOHHBIN XypHaI “Obpasosanne 1 Hayka B XXI Bexe”. (ISSN 2782-4365) NeA3-
20220628-100. P.775-779.

15. LI1.Siddikov, F.N.Nurkulov, S.K.Jumaev, F.M.Hodjaev,
T.A.Jumaniyozova. Properties based on Phosphorus, Silicon and Nitrogen-
Containing Oligomeric Frametering. Design Enginee-ring.ISSN:0011-9342 Year 2022
Issue: Pages:-3857-3867.

16. 1.I.Siddikov, B.LFayzullaev. Development of oligomeric antipiren for
polymeric bulding materials. Academicia Globe: Inderscience Research. Volume 2,
Issue 5, May, 2021. P.113-116.

17.  1.1.Siddikov, J.F.Istamov. Development of oligomeric antipirene for wod
bulding materials. Eurasian jornal of academic research. Volume 1, Issue 02, May,
2021. P.682-685.

92
https://interonconf.org




Netherlands

Netherlands

-
-

International scientific-online conference: INTELLECTUAL EDUCATION
TECHNOLOGICAL SOLUTIONS AND INNOVATIVE DIGITAL TOOLS

18. ILI1.Siddikov, 1.J.Yuldashev, R.Baltabaev, B.V.Vakhabov, B.A.Muslimov
Research of fire-protektive efficiency of oligomeric antipirenes for wod materials.
Solid state texnology volime: 63 Issue: 6 Publication Vear: 2020. P.18682-18687.

93
https://interonconf.org




