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Abstract. This article is devoted to the development of compositions for pipes made of unsaturated polyesters. A modified unsaturated polyester resin has been developed. The technological properties of synthesized unsaturated polyesters have been investigated. The developed modified resin complies with the technological standards of imported unsaturated polyester for the production of polymer-composite pipes. Comparative studies of the physical and mechanical properties of the hardened samples were carried out.
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1.Introduction. Due to their high technical characteristics, plastics have great opportunities for wide application in various branches of technology. The specific strength of plastics is often higher than the specific strength of metal, but insufficient rigidity, increased brittleness and often insufficient mechanical strength and heat resistance of such well-known structural laminates as textolite, getinax and some other similar materials were one of the reasons for their weak use in mechanically and thermally heavily loaded structures. Modern technology urgently required the creation of such structural plastics that would be the best technological properties, especially for the manufacture of large-sized products [1].
With the development of polymer chemistry and technology, extremely high-strength, corrosion-resistant, non-flammable, water- and fungus-resistant glass fibers with a low specific gravity and various glass fibers and glass fabrics have been obtained. Usually, fiberglass plastics are obtained in a variety of fabrics and non-woven fiberglass reinforcing materials and synthetic binders. Phenolic, polyester, epoxy, organosilicon and others are used as binders. Glass fabrics, meshes, canvases, bundles and unidirectional threads are used as fiberglass materials [2,3].  
Polyester and epoxy fiberglass plastics, due to the successful combination of the properties of glass fibers and synthetic fibers, have a relatively low volumetric weight with high strength. But it should be noted that polyester fiberglass plastics are widely used in industrial applications.
Today, in the production of polymer-composite glass pipes, the percentage of polyester and other resins is as follows [4]: polyester – 93-94%;
epoxy – 3-4%;
phenolic – 1-2%;
silicone, acrylic, melamine - 1% each;
butadiene and furan - 1% each.
The advantage of polyester resins is its low cost. Polyester resins also have good technological properties (the ability to cure at room and high temperatures, low viscosity, the absence of volatile during curing), satisfactory physical and mechanical characteristics and high resistance to chemically aggressive environments.
In our Republic, one of the most widely used UPE is enterprises that produce polymer-composite and glass-filled pipes.  Since pipes are widely used in many areas of human activity for transportation, storage and processing of liquid, gaseous products in a wide variety of conditions. One of such enterprises is the Asia pipe plast JV, which uses unsaturated polyester resins of the Body brand to form the frame (texture) of glass-filled pipes, which meet the following technological parameters: It should be noted that the composition and structure of Body is unknown. It must meet the following requirements: viscosity according to VZ-6 11.5-14 s, acid number 17-22 mgKOH/g, gelation time  7-12 s, maximum exothermy temperature 150-190 °C, duration of self-heating 15-30 minutes [5]. It should be noted that the composition and structure of "Body" can change and has the following technological properties: viscosity according to VZ-6 12s, acid number 19.5 mgKOH/g, gelation time 10 s, maximum exothermic temperature 160°C, self-heating duration 24 min.
In this regard, we have started a study of the development of the UPE formulation, which is not inferior in terms of technological and mechanical indicators to the resins used in the JV Asia pipe plast.
It is known that in the production of products from UPE there are requirements for technological properties, namely in the manufacture of glass-filled pipes. This is due to the compositions, structure and number of monomers in polyester. Usually, the structure of polyester contains residues of three substances - glycols, saturated acids and unsaturated acids. All these compounds turn off the following function in the polyester chain: unsaturated acids introduce potential cross-linking sites into the chain structure, saturated acids determine the distances between the centers or the concentration of unsaturated acid residues in the polymer chain, and glycols in the process of esterification combine acid molecules to form a polymer. In addition, the distance between double bonds in the structure of UPF depends on the composition of the alcohol component used to obtain UPE[2,6]. 
Studying the above data, we have begun research on the synthesis of unsaturated polyester resin to replace the industrial grade of the "Body" type used in the production of glass-filled pipes. 
This article is devoted to the synthesis and formulation development of UPEthat meet the requirements for the production of composite polymer pipes. 

2. 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 [7], which made it possible to track the change in carboxyl groups and the course of the reaction.
[bookmark: _GoBack]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 [8], 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 [9] 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 [10]. The dry residue content was determined according to GOST 31939-2022 [11], 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) [12]. 
The conditions for the synthesis of UPEwere chosen according to the method given in the literature (or article) [2,13].  Ethylene glycol, diethylene glycol, phthalic anhydride, and maleic anhydride were used as ingredients for the synthesis of UPEs. In the formulation, the OH/COOH ratio was approximately 1.05-1.15.

3.Results and discussion
Initial studies began with a standard formulation of UPEsynthesis, which used ethylene glycol (EG), diethylene glycol (DEG), phthalic anhydride (FA), and maleic anhydride (MA). The data obtained are shown in Table 1. The syntheses were carried out in the laboratory of JV "Uzkabel".
Table 1
Technological properties of synthesized polyesters
	Ingredients, moth /
Indicators
	Recipe

	
	1
	2
	3

	EG
	4,0
	4,5
	-

	DEG
	8,0
	7,0
	6

	Propyleneglycol
	-
	-
	5

	PhthalAnhydridi
	6,0
	4,5
	5

	Malein Anhydride
	5,0
	6,0
	5

	Acidnumber, mgKOH/g
	15,4
	18
	17

	Conditional take-off, according to VZ-6, sec.
	8
	21
	28

	Gelitinizationtime, min
	34
	8
	16

	Maximumexothermictemperature, °C
	139
	159
	169

	Duration of self-heating, min
	63
	18
	28



According to the technological documentation of JV Asia pipe plast, 2.9% of the weight of the UPE hardening system consisting of methyl ethyl ketone peroxide (PMEC) was used as a hardening system: cobalt naphthenate (NK) in a ratio of 2:1.
From the data in Table 1 it can be seen that in the first formulation the one practically did not meet the technological standards, the gelitinization time slowed down 3 times, and this led to a decrease in the maximum temperature of exothermia of 139°C and the duration of self-heating of 63 minutes. In this regard, due to the discrepancy between the technological parameters and the recipe №1, the number of moths of glycol mixtures in №2 was reduced and the amount of anhydride was increased. In this case, the recipe №2, in addition to viscosity, other values coincided. Then, studying a couple of works and from the point of view of increasing the hardness of the composition in the formulation, the EG was replaced with PGL, since when connecting pipes with a coupling during the transportation of a particular material, holding at increased pressure is of great importance [13-16]. In this regard, in the third recipe, the synthesis was carried out using propylene glycol. In the recipe №3, such indicators as conditional viscosity and gelitinization time of 28 sec and 16 sec also did not correspond. Accordingly.
From the literature data, a decrease in the viscosity of UPE is possible due to a violation of the regularity of the structure of macromolecules, leading to a decrease in intermolecular interaction, as well as an increase in the proportion of statistical units in the composition of macromolecules [15-18]. To achieve the noted effects, phthalic anhydride was additionally introduced into the UPEcomposition, and an attempt was made to change the recipe for the synthesis ofUPE. 
After conducting a couple of syntheses, it was impossible to achieve the properties that met the requirements of the specification. The practical new synthesized polyester did not meet such values as the maximum heating temperature and the duration of heating.  After that, a new recipe was developed from a series of synthesis, which was called №5.  The data obtained complied with all technological standards. Only the viscosity was at the lower limit of normal. To obtain the appropriate molecular weight in the №5 formulation, the amount of maleic anhydride was increased by 1.0 mol and called the №6 formulation. The data obtained are shown in Table 2.
Table 2
Technological properties of synthesized polyesters

	Ingredients, moth /
Indicators
	Recipe
	IndustrialUPE

	
	5
	6
	7
	"Bodybody"

	EG
	-
	-
	-
	-

	REV
	9
	10
	9,5
	-

	Propyleneglycol
	4
	4,7
	4,5
	-

	PhthalAnhydridi
	4
	4,2
	4,0
	-

	Malein Anhydride
	8
	9
	9,0
	-

	Acidnumber, mgKOH/g
	17,2
	13,7
	18,2
	19

	Conditional take-off, according to VZ-6, sec.
	11
	28
	12
	13

	Gelitinizationtime, min
	7
	6
	9
	11

	Maximumexothermictemperature, °C
	164
	166
	182
	162

	Duration of self-heating, min
	19
	18
	23
	24



Table 2 shows that formulation №6 after an increase in maleic anhydride at 1 mol, the viscosity value increased by 2-2.5 times. And the №7 formulation met all the parameters of the incoming inspection of the UPE of the Body type used in the production of polymer composite pipes.
Table 3
Laboratory Testing of Synthesized Polyesters 
вJV “Asia pipe plast”

	Ingredients, moth /
Indicators
	Recipe
	Industrial NPEF
Type
	Technological number of UPE in JV "Asia pipe plast"

	
	7
	"Bodybody"
	

	EG
	-
	-
	

	DEG
	9,5
	-
	

	Propyleneglycol
	4,5
	-
	

	PhthalAnhydridi
	4,0
	-
	

	Malein Anhydride
	9,0
	-
	

	Acidnumber, mgKOH/g
	18,2
	19
	17-22

	Conditional Seizure according to Brookfield, sec.
	210
	217
	180-250

	Gelitinizationtime, min
	9
	11
	7-12

	Maximumexothermictemperature, °C
	170
	162
	150-190

	Duration of self-heating, min
	25
	27
	15-30



I analyze all the latest recipes and their technological parameters of curing at the laboratory plant of JV "Uzkabel" according to recipe №7, at the pilot plant of JV "Uzkabel" synthesis in the amount of 40 kg was carried out. The data obtained are shown in Table 3. 
The data in Table 3 testify to the compliance of all technological parameters for the production of polymer glass-filled pipes used in the production of JV "Asia pipe plast" as a pipe binder instead of imported similar polyester of the "Body" type. In addition, a ring is poured in laboratory conditions to determine mechanical strength.
Table 4
Physical and mechanical properties of cross-linked polymers obtained from№7 and "Body"
	


No 
	

Name of indicators
	Unsaturated polyester

	
	
	Indicators according to the quality certificate for "Body"
	Polyester
like "Bodysuit
	№14

	1.
	Stiffness, MPa
	Not standardized
	0,788
	0,966

	2.
	Modulus of elasticity, MPa
	≥3000
	3186
	
3280



Physical and mechanical indicators were also not inferior to industrial analogues.
Further, in order to clarify the above data, we carried out curing in the laboratory conditions of JV "Uzkabel" in accordance with the technological documentation.
Table 5
Physical and Mechanical Properties of UPF -Cured Resins
	No 
	Name of indicators
	Unsaturated polyester

	
	
	№7
	Resin "Body"

	1
	Toughness, kJ/cm2
	4,8
	5,4

	2
	Static flexural strength, MPa
	104,5
	98,5

	3
	Heat resistance to Vika, °C
	180
	152

	4
	Yield of gel fraction, %
	95,8
	94,6



From the data in Table 5 it can be seen that the cured UPE No7 has 12% lower impact strength, probably this is due to the length of the glycol segment between the two insatiable bonds, but in terms of static flexural strength and heat resistance according to Vic compared to the industrial UPF of the "Body" type, it mixes and confirms the above study.     
Thus, studies were carried out on the development of formulations for the synthesis of UPE suitable for the requirements of technological parameters for the production of polymer glass-filled pipes in the enterprise JV "Asia pipe plast" instead of imported similar polyester of the "Body" type.
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