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Abstract. The paper presents the results of obtaining and studying the physical and mechanical properties of biodegradable film materials based on polyvinyl alcohol with the addition of corn starch, sodium tetraborate, and glycerin. It was found that an increase in the concentration of sodium tetraborate and the aging of the films at a temperature of 433 K increases the tensile strength of the film samples. The results of the study of the obtained materials allow us to predict the possibility of their use as environmentally friendly packaging.
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Introduction
Polymeric plastic materials are widely used as packaging for almost all types of products due to their high performance characteristics and affordability. The use of synthetic polymer products is constantly growing. This leads to an increase in waste, which is problematic for disposal. In the natural environment, plastic materials biodegrade within 40-100 years, creating a huge burden on the environment. The combination of synthetic and natural polymers is an important way to produce modern packaging materials that are biodegradable after use. Water- soluble and biodegradable polymers are becoming the basis for composite materials for many applications. 
Films based on the water-soluble synthetic polymer polyvinyl alcohol (PVA) have already found practical application due to their high barrier characteristics and chemical stability. The creation of nanocomposites based on PVA allows to obtain materials with improved characteristics [1]. The physical and mechanical properties and ability to print films based on polyvinyl alcohol make it possible to use them as environmentally friendly packaging [2]. The combination of polyvinyl alcohol with polysaccharides improves the characteristics of film materials required for packaging products and increases their biodegradability [3, 4].
Biodegradable polyvinyl alcohol is a relatively expensive raw material. To reduce the cost of packaging materials, starch is an interesting natural biopolymer, a renewable raw material of plant origin. The combination of PVA with starch can improve the mechanical properties of films, such as tensile strength and moisture resistance [3, 4, 5]. The addition of cellulose to the mixture of polyvinyl alcohol and starch gives the composites additional reinforcement and increased tensile strength [6]. To improve water resistance, composites based on polyvinyl alcohol are subjected to heat treatment, which results in a stronger spatial mesh structure of polyvinyl alcohol [3]. 
PVA-based films containing corn starch undergo better degradation by enzymes, as well as in soil and compost, compared to films without starch [5,7]. The introduction of cassava starch and corn starch into polyvinyl alcohol significantly increases the biodegradation rate of films [8, 9, 10]. Studies of the biodegradation of composite materials based on polyvinyl alcohol and starch have shown that under the action of microorganisms in vermicompost, a fairly rapid destruction of the biopolymer occurs. At a content of 30% starch in the biopolymer composition, noticeable changes in the surface structure of the samples occur on day 20 [3]. The biodegradation of films made of plasticized starch and synthetic polymer in vermicompost takes an average of 30 days [10].
The goal of our work is to create film materials based on polyvinyl alcohol with the addition of corn starch, sodium tetraborate, and glycerin. The study of the physical and mechanical properties of the obtained materials will allow us to predict the possibility of their use as environmentally friendly packaging.
Materials and methods
Polyvinyl alcohol was used as a polymer base. It is a water-soluble, chemically resistant, non-toxic synthetic polymer. PVA films are transparent, durable, able to provide basic barrier properties for packaging, and can decompose in natural conditions within a short time. Polyvinyl alcohol with an average polymer chain length is promising for the creation of biopolymers [11] Mat Suki. The polymer Polyviol 6 04/140 we studied is white in appearance, in the form of small granules. Dissolution in water was carried out under heating until a homogeneous solution was obtained. The addition of a natural polymer, corn water-soluble starch, can change the properties of film materials and improve biodegradability. The solution was heated with stirring to the gelling temperature.
Glycerin FS 42-2202-84 was added as a plasticizer at room temperature. Glycerin increases the elasticity of the films. A more even distribution of polymer chains gives the films tensile strength and durability, which are important performance characteristics of packaging materials.
The addition of sodium tetraborate (Na₂B₄O₇·10 H₂O) will give the films antibacterial properties. This will allow the use of film materials for packaging medical products and food, providing protection against microorganisms [12]. In solution, sodium tetraborate hydrolyzes to form boric acid, which provides crosslinking of polyvinyl alcohol chains. Therefore, the introduction of sodium tetraborate into the composite improves the chemical stability and mechanical properties of the material during operation.
The films were obtained by sputtering on a glass substrate. The resulting films have a homogeneous structure and uniform thickness. Upon completion of the structure formation processes and complete drying, the liquids are easily separated from the substrate.
The mechanical properties of the films were studied on a universal tensile testing machine (dynamometer), with a distance between the clamps of 50 mm according to [13]. Tensile and strength tests were performed to determine the elasticity of the films, as well as their ability to withstand mechanical stress, which is important for packaging materials.
Results and discussion
Our studies show that the optimal mass ratio of polyvinyl alcohol and corn starch is 5:1-5:2 with the addition of sodium tetraborate in the amount of 10%-20% (relative to the dry PVA residue). The introduction of glycerin into the polymer composition allows us to obtain soft and elastic films with good tensile strength. To study the properties, films were made whose composition in terms of anhydrous substances is given in Table 1. The thickness of the obtained films is in the range of 0.0551-0.0635 mm. The obtained film samples were heat treated at a temperature of 393 K (№ sample 2, 5) and 423 K (№ sample 3, 6) for 30 minutes. Heating the films above 433 K leads to yellowing of the samples, since they contain corn starch. 
The breaking force and tensile strength of 15 mm wide samples made from the obtained biodegradable film materials were measured on a universal tensile testing machine (dynamometer). The obtained results are shown in Table 1.

Table 1
Composition and mechanical properties of the film samples
	№ sample
	Sample composition, mass %
	Film thickness, [mm]
	Breaking strength (P), [Н]
	Tensile (∆l),
[mm]
	Elongatin at break  , %

	
	Polyviol 6 04/140
	Corn starch
	Glycerin 
	Na2B4O7·10 H2O
	
	
	
	

	1 
	45
	10
	40
	5
	0,0635 
	15,24
	95
	190

	2 
	45
	10
	40
	5
	0,0615
	17,15
	90
	180

	3-
	45
	10
	40
	5
	0,0551
	13,23
	69
	138

	4 
	40
	10
	40
	10
	0,0736
	27,56
	135
	270

	5
	40
	10
	40
	10
	0,0658
	17,27
	110
	220

	6 
	40
	10
	40
	10
	0,0613
	28,028
	100
	200


The research results show that an increase in the borax content of film materials increases the tensile strength and increases the tensile stress. When the film samples are heated, better crosslinking of the polymer base occurs and, as a result, the tensile strength of the material improves (Fig. 1).
Since the tensile stress is the tensile load per unit area of the film cross-section at the moment of rupture, this value best characterizes the strength of film materials. The tensile strength σ (N/mm2 або МРа) is calculated using the formulaσ = . Fig. 1 shows the change intensile stressof films with a thickness of 0.0551 - 0,0615 ммas a function of boraxconcentration and holding temperature.  
[image: ]
Fig.1. Variation of the tensile stress of films (1 - 5% borax, 2 - 10% borax) with borax concentration and temperature.
Conclusions
1. The obtained biodegradable films based on synthetic polyvinyl alcohol Polyviol 6 04/140 containing corn starch, glycerin and borax are transparent, homogeneous, and relatively thin. Elongation at break within 180 – 270 % is an important property for them for possible use as biodegradable packaging.
2. The study of the physical and mechanical characteristics of films with 5% and 10% borax content showed better tensile stress results with a higher content (10%) of borax. 
3. The exposure of the studied film materials to temperatures of 393 K and 433 K improves their mechanical strength. To optimize the physical and mechanical properties of biodegradable film materials, the addition of borax is more appropriate than heat treatment from the point of view of resource efficiency.
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