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Abstract 
The paper considers the development of unsaturated polyester resin (UPF) as a binding component for polymer composite material type BMC (Bulk Molding Compound) brand Menzolit BMC 3102, used in the manufacture of car headlight reflectors. Experimental studies have been carried out to determine the mass composition of the composite and analyze the structure using IR spectroscopy. Quantitative ratios of the main phases of the material have been established: fiberglass, mineral filler and binder. The results obtained make it possible to evaluate the structural features of the BMC composite and use them to develop similar materials based on domestic raw materials.
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Introduction
In recent years, polymer composite materials (PCM) have become increasingly important in the automotive industry, due to the need to reduce vehicle weight, increase fuel efficiency, and meet modern environmental requirements. According to research, reducing the weight of a car directly affects the reduction of fuel consumption and emissions, which makes the use of composites one of the key areas of industry development [1]. Such materials are especially in demand in assemblies where not only strength is required from the structure, but also shape accuracy, resistance to heat, moisture and chemically active media. Also, the use of polymer composites makes it possible to optimize production costs and increase the durability of products [2]. Such products include car headlight reflectors, for which heat resistance, geometric stability and compatibility with a reflective coating are important [3].
Among thermosetting composite materials, SMC (Sheet Molding Compound), DMC (Dough Molding Compound) and BMC (Bulk Molding Compound) types are widely used. Such materials are processed mainly by pressing and injection molding methods. SMC compounds are sheet reinforced materials with high mechanical characteristics, but their use is limited by the complexity of processing and lower efficiency when forming products of complex geometry. DMC compositions have a paste-like structure and are used primarily for less critical parts, being inferior in terms of stability of properties and uniformity of component distribution. The most versatile are BMC compounds, which are bulk molding compounds based on unsaturated polyester resins, fillers and fiberglass. They provide high fluidity, good mold fillability and dimensional stability of products after curing, which makes them especially in demand in the production of parts of complex configuration [4-6]. According to international market research, the global SMC and BMC market was estimated at about 3.0 billion US dollars in 2018, with projected growth to 5.4 billion US dollars by 2027, with an average growth rate of about 6.7% [7.8]. This indicates a steady increase in demand for these materials in various industries.   
According to technical documentation and open source data, BMC materials account for a significant proportion of composites used in the manufacture of automotive reflectors. In particular, the Menzolit BMC 3102 industrial brand is characterized by high temperature resistance, resistance to aggressive environments and dimensional stability, which makes it preferable for use in automotive lighting elements [9, 10]. Unsaturated polyester resins are widely used as a polymer matrix in such systems, since they are among the most common thermosetting binders for composite materials and, after curing, form a crosslinked structure that provides the necessary set of technological and operational properties [5,6].
An important step in the production of unsaturated polyester resins is the polycondensation process, during which the macromolecular structure of the future binder is formed. Polycondensation is a stepwise process of interaction of diols (glycols) with dicarboxylic acids or their anhydrides, accompanied by the formation of ether bonds and the release of low molecular weight by-products [4]. In the case of the synthesis of UPF, unsaturated components are used, such as phthalic and maleic anhydrides, which makes it possible to form a polyester chain while maintaining reactive double bonds. These double bonds further participate in the copolymerization reaction with styrene, providing the formation of a three-dimensional mesh structure during curing [5]. Therefore, it is the stage of polycondensation that determines the molecular weight, the degree of branching, the content of functional groups and, as a result, the rheological and kinetic characteristics of the resin.
In published studies on the Menzolit BMC 3102 material used for the production of passenger car reflectors, it is noted that this composite includes a polyester matrix, mineral filler and fiberglass, and is also considered as a base for creating similar materials based on local raw materials [10-12]. In this regard, the development of UPF as a binding component in a composite material similar to Menzolit BMC 3102 is an urgent scientific and practical task. It is aimed not only at reproducing the required set of material properties for headlight reflectors, but also at reducing import dependence, expanding the raw material base and increasing the localization of production of polymer composite products [12].
This paper reports on the study of the composition of Menzolit BMC 3102 and the development of the synthesis of unsaturated polyester resin with specified properties for the composition, as well as the determination of the technological features of the Menzolit BMC 3102 material for the development of its analogues based on local raw materials.
Experimental part 
The synthesis of unsaturated polyester resin (UPF) was carried out by polycondensation using diethylene glycol, ethylene glycol, phthalic and maleic anhydrides. The process was carried out under controlled temperature conditions and constant stirring, which ensured a uniform reaction and the formation of a polyester chain. The degree of completion of polycondensation was controlled by changes in the acid number in accordance with GOST 25210-82 [13], which made it possible to track the change in carboxyl groups and the course of the reaction.
The physico-chemical properties of the resin obtained were determined using standard techniques. The conditional viscosity was measured using the VZ-6 method according to GOST 8420-74 [14], which makes it possible to assess the fluidity of the system and its adaptability during processing. The gelatinization time was determined according to GOST 22181-2015 [15] and characterizes the kinetics of the resin transition to a gel-like state. The temperature parameters of curing, including the temperature of the reaction onset, the maximum temperature of exothermy and the duration of the active phase, were determined in accordance with GOST 21970-2015 [16]. The dry residue content was determined according to GOST 31939-2022 [17], which makes it possible to estimate the proportion of non-volatile components. The results obtained were compared with the requirements of the regulatory documentation for unsaturated polyester resins (GOST 27952-88) [18]. 
The method of infrared spectroscopy was used to confirm the chemical structure of the synthesized resin. The study was conducted using an IR Fourier spectrometer (FTIR), which includes an infrared radiation source, an interferometer, a detector, and a signal processing system. The method is based on recording the absorption of infrared radiation by molecules of a substance, in which vibrations of chemical bonds are excited, which makes it possible to identify functional groups by characteristic spectral bands [19]. The analysis and interpretation of the spectra were carried out in accordance with the requirements of GOST R 57941-2017 [20]. 
Absorption bands corresponding to carbonyl groups (-C=O), ether bonds (–COO–), and areas of unsaturation due to the presence of maleic anhydride are recorded in the obtained IR spectra. This confirms the formation of the unsaturated polyester structure and the correctness of the selected synthesis conditions. The complex of applied methods ensures a reliable assessment of the properties of the synthesized resin and its compliance with the requirements for binders for composite materials of the BMC type.
Discussion of the results
An industrial composite material of the BMC - Menzolit BMC 3102 type, widely used in the manufacture of car headlight reflectors, was chosen as the object of research. Table 1 shows the technological and physico-mechanical properties of the Menzolit BMC 3102 brand.


Table 1

Technological and physico-mechanical properties of the Menzolit BMC 3102 brand
	Indicator
	Meaning

	Density, g/cm³
	1,9 - 2,1

	Temperature of thermal deformation, °C
	>200

	Modulus of elasticity, MPa
	12 000 - 14 000

	Glass transition temperature, °C
	170 - 190

	Impact strength, kJ/m²
	20 - 30

	Water absorption, %
	<0,5


                                                                         







Table 1 shows that the Menzolit BMC 3102 material is characterized by high temperature resistance and sufficient strength properties to ensure the stability of the products during operation. This confirms its effectiveness for the production of headlight reflectors.
Initially, a study was conducted to study the composition of the Menzolit BMC 3102 composite material in order to determine its components. At the first stage, the solvent was selected, as a result of which it was found that acetone interacts most effectively with the polymer matrix, which manifested itself in a change in transparency and turbidity of the solution. Next, the composite was dissolved in acetone, after which multiple cycles of washing and mechanical separation of the fiberglass were carried out. As a result, a fibrous phase, which is a glass fiber, was isolated, and a liquid phase containing dissolved organic components and a binder was obtained. After settling and vacuum filtration, the system was clearly divided into solid and liquid parts. At the end of the distillation, the amount of acetone and the remaining cubic residue were determined. The material balance of the composition of the Menzolit BMC 3102 composite material is shown in Table 2.                                                                                                            
Table 2
Composition of Menzolit BMC 3102 composite material
	Parish, gr
	Consumption, gr
	Product output, %

	1. Menzolit BMC 3102
	301
	1. Fiberglass
	62,160
	20,65

	2. Acetone
	800
	2. Solid phase
	167,733
	55,72

	
	
	3. Cubic residue
	71,161
	23,64

	
	
	4. Acetone (after distillation)
	757,94
	

	
	
	5. Acetone loss
	40,8
	

	Total:
	1101,0
	Total:
	1101,0



Table 2 shows that acetone losses have occurred. This is most likely due to evaporation during heating. The study of the composition showed that the composite consists of glass fiber – 20.65%, mineral filler – 55.72% and binder – 23.64%.
The cubic sediment spontaneously divided into layers. Each layer was subjected to distillation and the physico-chemical properties were studied. During the distillation of the first layer, when a temperature of 77 °C was reached in the vapor phase, a colorless liquid was released into the receiver.


[image: ]
Fig.1. IR spectroscopy of the second fraction of the cubic residue

Further distillation showed that the main part of this fraction passes into the temperature range close to the boiling point of styrene, which is used as a crosslinking monomer. The second fraction was a viscous fluid. In order to clarify the structure and identify the crosslinking polymer, the samples were subjected to IR spectroscopy (Fig.1).
On the IR spectra of the sample (Fig.1), there are transmission bands at 2947, 1448, 773 cm-1 belonging to the methylene groups, 1716, 1128 cm-1 - ester group, there are transmission bands of the aromatic ring at 1598 cm-1, peaks related to the unsaturated double bonds of the groups at 1645, 977 cm-1.The aromatic ring is not visible at 1940 cm-1 (overtone) referring to styrene [2]. The presence of bandwidth in the samples, which are classified as unsaturated double bonds at 1645, 977 cm-1, which indicates an unsaturated polyester binder. In addition, the presence of an aromatic ring confirms that the composition of the UPF formulation contains phthalic anhydride (an acid component). This data will help in the formulation of binders in compounds.
From the conducted studies, the approximate amount of binder and the composition of the ingredients attached to it were revealed. Further research will focus on the synthesis of the bonding polymer.
Based on the analysis of literature data and technological characteristics of unsaturated polyester resins, the basic requirements for their properties were determined. Such as viscosity, heat resistance, gelatinization time, dry residue content, and the ability to cure to form a spatially crosslinked structure.
Based on the data obtained, the following initial components were selected for the synthesis of UPF that meets these requirements: ethylene glycol (EG), diethylene glycol (DEG), maleic anhydride (MA) and phthalic anhydride (FA). Ethylene glycol and diethylene glycol are the diol components forming the polyester chain. EG increases rigidity, while DEG increases elasticity and reduces polymer fragility [21]. Maleic anhydride introduces unsaturated double bonds that ensure subsequent curing [21,22], whereas phthalic anhydride increases the heat resistance and strength characteristics of the material.
The synthesis of unsaturated polyester was carried out by polycondensation in a flask equipped with a Dean-Stark nozzle and an inert gas supply. Xylene was used as an azeotropic solvent to remove water from the reaction mass. The reaction was carried out at a temperature of 180-210 °C with regulation of the acid number [23,24]. During the synthesis, the acid number was controlled and regulated by titration using 0.1 M KOH solution. Acetone was used as a solvent to take samples and ensure uniformity of the analysis. As the reaction progressed, a gradual decrease in the acid number was observed.


[image: ]
Fig.2. Dependence of the acid number of polyester (mgKON/g) on time (h)
[bookmark: _GoBack]Figure 2 shows the dependence of the change in the acid number on the synthesis time, which shows a regular decrease in this indicator and allows us to determine the moment when the required resin characteristics are achieved.

Table 3
The main characteristics of synthesized  UPE
	Indicator
	GOST number
	Standard
	Result

	Acid number, mgKON/g
	GOST 25210-82
	25 - 30
	25,5

	Viscosity, VZ-6, min
	GOST 8420-74
	1,2 - 1,5
	1,3

	Starting temperature, °C
	GOST 21970-76
	20 - 25
	23

	Gelation temperature, °C
	GOST 22181-2015
	30 - 40
	33,4

	Exothermic temperature, оС
	GOST 21970-76
	From 65 and above
	87

	Reaction time, min
	GOST 21970-76
	15 - 20
	17

	Dry residue, %
	GOST 31939-2022
	60 - 70
	60


   
The indicators from Table 3 show that all the basic physico-chemical and technological characteristics of the synthesized UPF are within the limits of standard values. The resin has an optimal viscosity, an acceptable acid number and stable curing parameters, which indicates compliance with the specified requirements.

Conclusion
The analysis of the composition and properties of the Menzolit BMC 3102 industrial composite material used in the manufacture of car headlight reflectors was carried out. The quantitative ratio of the main components was experimentally established: fiberglass, mineral filler and binder, which made it possible to determine the structure of the material and the features of its formation. Additionally, it is confirmed that this composite has high temperature resistance and stability of properties necessary for operation at elevated temperatures.
Based on the data obtained, the synthesis of unsaturated polyester resin by polycondensation using ethylene glycol, diethylene glycol, maleic and phthalic anhydrides was performed. During the synthesis, the acid number was monitored, which made it possible to regulate the degree of reaction and obtain a product with specified characteristics. The results of the analysis showed that the physico-chemical and technological properties of the synthesized resin comply with regulatory requirements.
The conducted studies have confirmed the possibility of obtaining unsaturated polyester resin with the necessary properties for use as a binding component in composite materials of the BMC type. The results obtained can be used in the development of domestic analogues of composites for the automotive industry and contribute to reducing dependence on imported materials.
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