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      Abstract-   This work is mainly devoted to the study of the effect of grape leaf on the properties and structural structure of SREPT-60 rubber. Rubbers based on ethylene propylene diene monomer (SKEPT-60) are widely used, but in order to meet these increasing demands, there is a need to improve their mechanical and electrical properties. This work is almost entirely devoted to improving some properties of this valuable rubber. By analyzing how their contents affect the properties of composites of the system obtained from SREPT-60 and grape leaf, the resistance of the obtained rubbers to ozone and electrical resistance was ensured. The results show that increasing the mass of grape leaf nanoparticles increases the overall performance of the composites. At 50 Hz, the dielectric constant decreases from 2.3 to 2.9 and tanδ decreases from 10 −2 to 10 −3 , while the breakdown strength increases.   Molecular simulations show that the free volume of the optimal grape leaf decreases, although the volume resistivity remains constant at 10 15 Ω cm. In this work, a composition with grape SREP-60 / grape leaf in a 90:10 mass-part ratio was obtained and the properties of the obtained composition were analyzed in detail using the main physical and mechanical characteristics, the basic analysis of the vulcanizate, Fourier transform infrared (FTIR) analysis, thermogravimetric analysis (TGA) and SEM. In addition, the flow characteristics of the alloys of binary systems with SREP-60 / grape leaf in the ratios of 96:4; 94:6; 90:10 were determined under the influence of different temperatures and loads. The results of the study showed that the superior tensile strength at break and relative elongation of the mixture compared to pure SREP-60 and SRKEP-60 / grape leaf changed sharply to positive. In addition, this study confirmed that rubbers obtained based on the optimal recipe with SREP-60 / grape leaf in a ratio of 90:10 are materials that can work as cable coatings under the most difficult operating conditions (ozone, environmental conditions, etc.).
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                                                                     Introduction 
 In addition to its excellent heat resistance, elasticity and low temperature flexibility, weather resistance, oxidation resistance, ozone resistance and aging resistance, SREP-60 is also used in automobiles, roofing membranes, sealants, pipes, belts, radiators, thermal insulation and electrical insulation.
Typically, the properties of SREP-60 rubber are improved by vulcanization by creating a cross-linked structure using sulfur as a vulcanizing agent and chemical accelerators, but nanofiller-based reinforcement has also been used as an alternative method to improve the physical and chemical properties of the SKEP-60 matrix, as well as reduce production costs [1-6]. One advantage of SREP-60 compared to synthetic rubber and NR is its ability to accommodate large amounts of nanofillers, which can significantly improve its properties [7-9]. Various nanofillers with unique properties have been used to reinforce SREP-60 rubber and obtain nanocomposites with improved final properties. Among these nanofillers, organic-based nanoparticles, such as carbon nanotubes (CNTs) [10-12], multi-walled carbon nanotubes (MWCNTs) [13], graphene [14], and technical carbon black [15], nanosilicate [16], montmorillonite [17-18], and inorganic-based nanoparticles, such as polyhedral oligomeric silsesquioxane (POSS) [19], should have high light transmittance [20-23]. The incorporation of various nanofillers into the SREP-60 matrix can expand the application of SKEP-60 in various industrial and technological fields, such as EMI (electromagnetic interference), shielding efficiency in electrical devices, sensors, nuclear materials, and solid rocket motor insulation, among others. [24-29]
A review of the literature has shown that one of the most pressing problems today, perhaps the first, is to obtain coating rubbers with mechanical resistance to ozone.  
 
  Method
  The study of the effect of grape leaves on the properties and structure of SREPT-60 rubber focused on how the addition of a natural plant filler (grape leaves) affects the physical and mechanical properties and internal structure of SREPT-60 elastomer. In this research work, parameters such as tensile strength, elasticity, wear resistance, as well as morphology and phase structure of the material were analyzed using electron microscopy and other structural analysis methods. The aim was to evaluate the potential of using grape leaves as a biocompatible and environmentally friendly component for rubber modification, potentially improving its performance or reducing its cost. For the first time, we have approved the use of SREPT-60 with grape leaves as a protective coating for railway cables. 
Grape Leave

As grape leaves, a grape variety called Shani, which is found in the Novkhane vineyards, was used in this study, which is explained by the presence of carbohydrates and functional groups in such leaves compared to other grape varieties. As a result of the analysis conducted by the Microbiology Research Institute, the main composition of grape leaves (it was not possible to determine all elements and functional groups) was determined to be as follows;
 The chemical composition of grape leaves includes proteins, fats, carbohydrates, ash, fiber, vitamins (A, B9, C, E, K, PP), minerals (iron, potassium, calcium, magnesium, manganese, copper, phosphorus) and phytonutrients (beta-carotene). Chemical composition;

fats - 4.32 g,
proteins - 8.20 g,
carbohydrates - 16.31 g,
water - 69.32 g,
ash - 1.85 g.
• Mixing and vulcanization:
Grape leaves are ground into powder and mixed with SREPT-60 rubber using special equipment, after which the mixture is vulcanized.
 • Test characteristics:
Standard tests of physical and mechanical properties are carried out in accordance with GOSTs or other regulatory documents.
RESULTS OF EXPERIMENTAL RESEARCH
As a result of the research we conducted to prepare the composition for the dissertation work, when we adopt the recipe shown in Table 1 as optimal:
Figure 1  Composition of rubber mixtures based on SREPT-60 and grape leaves

	Indications
	What is known
Example Names
	Suggested
Example Names

	Components
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6

	SREP-60
	100
	100
	100
	100
	 100
	100

	  Grape Leave
	-
	-
	10
	6
	10
	12

	 Biopolymer(tree resin)
	10
	10
	10
	-
	-
	-

	Fuel oil
	4
	-
	-
	-
	-
	-

	DUEK-4(bis-
dihidrotsiklopentadienil 
kapromate)
	-
	6
	6
	6
	6
	6

	Sulphur
	2
	-
	2
	2
	2
	2

	Captax
	0,5
	0,5
	1
	1
	1
	1

	Altax
	0,5
	0,5
	1
	1
	1
	1

	ZnO
	4
	4
	4
	4
	4
	4

	Antioxidant Neozon
	2
	2
	2
	2
	2
	2

	Technical stearin
	1
	1
	1
	1
	1
	1

	Rosin
	2
	2
	2
	2
	2
	2

	Technical carbon
Р-803     
Р-234                               

	20
30
	20
30
	20
30
	20
30
	20
30
	20
30


3.1. Selecting the optimal recipe and preparing the composition based on it
We adopted the formula given in Table 2 to prepare a binary system based on SREP-60 and Grape Leaf in different proportions.
Figure 2 Binary system based on SREP-60 and Grape Leaf

	       Example
.
Components
	Q1
	Q2
	Q3
	Q4
	Q5

	SREP-60  
	100
	100
	100
	100
	100

	 Grape Leave
	-----------
	4
	6
	10
	12

	Total
	100
	104
	106
	110
	112


 

3.2. Results of basic analyses of compositions prepared based on SREPT-60 modified with grape leaves
We prepared the composition according to the optimal recipe and studied the physical-mechanical and physical-chemical properties of this composition using the most modern scientific research methods. The results obtained are given in Figures 2.2-2.1.-20-15.3.-15-2.23-2.27-2.18-3.8 and 3.9. Since the main goal of our research work was the modification of SREPT-60 elastomer with grape leaves, we used the most modern analysis methods, Infrared spectroscopy and scanning microscopy, to determine the compatibility of these two components with each other and in what ratio the modification is most effective.
The results of the experimental studies conducted by us with infrared spectroscopy are given in Figures 1 and 2.
Within the framework of the study, the IR spectra of the obtained composition were comparatively analyzed and as a result of the modification according to the obtained wavelengths, broad and intense signals were observed in the spectrum in the region of 3545.52 cm⁻¹ and 3492.58 cm⁻¹ wave numbers, which means that the functional groups in the grape leaf found their place in the main chain of the polymer and sat on the main chain.    
[image: D:\deskop\elektron sənəd\gələn sənədlər\yazılan sənədlər\şəkil\Новая папка\6.1..jpg]
                        Figure 1. IR spectra of the pure SREPT-60 elastomer used in the stack 
First, mechanical modification was carried out in a laboratory roller at a temperature of 145°C in various proportions for 5-7 minutes with the addition of SREP-60. SREP-60 was modified with grape leaves in various proportions and a binary system was obtained based on the modification.
 Based on SREP-60 / Grape leaves, binary mixtures of 4-15 mass parts were prepared by us and their rheological properties (mainly the flow index of the composition alloy) under various 11.75, 20.85, 26.10, 32.60 kg loads and at 130-175°C were determined on the IIRT-5 device and a report was made and graphs were constructed according to the report and processing parameters were determined  
[image: D:\deskop\elektron sənəd\gələn sənədlər\yazılan sənədlər\şəkil\Новая папка\7.1..jpg] chemical shift
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  IR spectra. Grape leave composition – 8% (mass). 
Dalğa uzunluğu, sm-1*10-4

Figure 2. High-resolution NMR spectra of SREP (a) and SREP (in C6D6 solution) modified with grape leaf (b). 
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	Figure 3. IR spectra of the original SREP.
[image: D:\deskop\elektron sənəd\gələn sənədlər\yazılan sənədlər\şəkil\Новая папка\5,1.png]
Figure 4. Stress-strain curves of SREP modified with grape leaves. PDIH content, % (mass): 1 – SREP+ Grape leaf,   2 – 4.3; 3 – 6.2; 4 – 8; 5 – PDIH; 6 – mechanical mixture – 17.3.
In this work, we also determined the extent to which the SREP elastomer, SREPT-60, would be modified by UF, and the results obtained are presented in Figure 2.  
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Figure 5. Relaxation time spectra of SREP-60 (1) and UA modified with grape leaves. UA content, % (mass): 2 – 5.2; 3 – 6; 4 – 8; 5 – 10; T = 25; 6 – ; 7 – 8; T = 1000C 
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Figure 6. Relaxation time spectra of SREP-60 and SKEP-60 modified with Grape Leave.
1 — original; 2 — modified SREP-60 (Grape Leave – 5% (mass));
3 — mechanical mixture of SREP-60 with Grape Leave – 10% (mass)   
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 Figure 7. Thermal decomposition of SREP-60 modified with Grape leaf  as a function of time at different temperatures and grape leaf composition. Grape leaf content, % (mass): 1 — 6; 2 — 10 ; 3 — SREP-60 (T = 160 0C, in nitrogen atmosphere); 4 — 63; 5 — 13; 6 — Grape leaf (T = 1700C, in nitrogen atmosphere); 7 — 6 ; 8 — 10; 9 — Grape leaf  (T = 1800C, in nitrogen atmosphere); 4 — 10; 11 — 63 (T = 1850C, in oxygen atmosphere
 A rubber mixture was prepared based on the optimal recipe and vulcanized at a temperature of 1580C, and the main parameters of the vulcanizate were determined. The results obtained are given in Table 3
Table 3    Physic-mechanical indicators of vulcanization of rubber mixtures SREP-60+ grape leaves


	Name of key indicators
	Requirements of the standard
	Results from the 
experiment

	Tensile strength, MPa
	17
	16,6
	16,7
	16,5
	19,7
	18,5
	




	Relative elongation, %
	320
	330
	300
	350
	370
	385
	

	Relative residual deformation,%
	12
	14
	12
	12
	12,3
	12,6
	

	Tensile strength, kN/m
	65

	64
	68
	66,9
	68,7
	68,9
	

	Friction, cm3/Wh
	58
	61
	55
	60
	57
	51
	

	Metal bond strength, MPa:
steel-3---------------------------------
brass-----------------------------  
	
5,8
-

	
5,4
-
	
5,5
3,6
	
7,9
5,1
	
8,9
6,1
	
8,8
6,8
	

	Brittleness temperature, oC
	-

	-
	27
	25
	23
	23
	

	Strength on TM-2, conventional unit
	81

	79

	75

	81

	80

	83

	

	 25°C for 24 hours, swelling degree at temperature, %: in a mixture of isooctane with gasoline (70:30)
	
11
 
	
13
 
	
13,9
 
	
10,4
 
	
11,1
 
	
10,7
 
	


 
RESULTS 
1. SREPT-60 rubber occupies a special place among the main raw materials of the tire industry and hundreds of rubber products are mainly made from it. However, the poor resistance of this rubber to ozone and environmental factors limits its use as a cable rubber coating. In short, the production of new rubbers based on SREPT-60 rubber is a very urgent problem, and this problem is reflected in this work.
2. The main purpose of this work is to modify SREPT-60 rubber and investigate its use as a cable coating on railways, while maintaining its resistance to ozone and environmental factors, and the results obtained have been confirmed to be high, and its application is recommended.. 
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