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Abstract: This scientific article investigates the synthesis of composite materials based on polyvinyl alcohol (PVS-20) granules with the addition of magnetite and examines their kinetic properties. The preparation conditions for PVS-magnetite granules obtained through the precipitation method are described, and the composition and structure of the resulting materials are determined using scanning electron microscopy and spectrography. The results reveal a uniform distribution of magnetite within the granules, and their magnetic properties are confirmed using a permanent magnet. Additionally, the swelling process of PVS and PVS-magnetite composites in Na2CO3 solutions is studied using optical micrometry. The swelling rate and equilibrium time of the granules in solutions of varying concentrations are determined, and kinetic coefficients are calculated based on the results. Calculations were performed using the “Polymer_swelling_kinetics 5.1” program, and theoretical curves and 3D surface graphs were generated. The obtained data allow for a deeper understanding of the physicochemical properties of composites and their application in determining solution concentrations. Specifically, it was found that as the solution concentration increases, the time for the swelling process to reach equilibrium rises significantly. The research results demonstrate the potential use of PVS-magnetite granules as a reinforcing composite material and create new scientific opportunities for studying ion exchange processes and polymer gel kinetics.
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INTRODUCTION
Materials obtained from high-molecular-weight compounds are currently the main raw material for producing many materials used in industrial and food enterprises [1-4], in medicine [5-7], and in everyday life. One of the applications of these compounds is the synthesis of composite, or reinforcing, materials. The main part of these substances' composition is made up of polymers and gels, which serve as matrices in reinforcing materials. Depending on the ratio of filler and matrix in the composite material, its properties can be significantly modified.
Composite materials are heterophase materials consisting of a combination of two or more materials, with each component making up at least 1% of the composition. The unique characteristic of a composite is that during its formation, not only is a “sum” of the qualities of the composite's components created, but also new properties emerge that are not inherent to its individual parts. Structurally, composite materials are divided into fibrous, layered, dispersion-reinforced, particle-reinforced, and nanocomposites. One such composite material is based on polyvinyl alcohol. This type of composite material is currently widely used. Various chemical methods can be used to obtain nanoparticles containing magnetic particles. For example: microemulsion synthesis [8], sol-gel synthesis [9], sonochemical reactions [10], hydrothermal reactions [11], hydrolysis of precursors [12], thermolysis [13], and others [14-17]. The synthesis using such methods involves rather complex and multifactorial processes. The most easily applied method for synthesizing magnetic nanoparticles is chemical precipitation from iron and iron salt solutions in the presence of a basic matrix [18]. Based on this, the present work discusses the synthesis process of a composite based on polyvinyl alcohol and magnetite.
THEORETICAL PART
30 g of polyvinyl alcohol was placed in a 250 ml beaker, 150 ml of distilled water was poured over it, and it was left for 12 hours for complete swelling. The obtained mixture was continuously stirred in a water bath for 30 minutes until a homogeneous mixture was formed and heated to a temperature of 100°C. The resulting solution was cooled in open air, the mixture in the beaker was weighed, and an amount of water equal to the condensed water during the heating process was added. Then, 30 ml of an alkaline solution was added to the PVA and water mixture, stirred continuously in a water bath for 5 minutes, and heated to 95°C. 30 ml of epichlorohydrin was added to the resulting mixture, stirred continuously for 5 minutes, and cooled to a temperature of 60°C. The obtained granules were then cooled to room temperature. As a result, the spherical and oval-shaped cross-linked PVA granules were separated into fractions and prepared for the production of composite materials. Next, 6 samples of 4 grams each of PVA-20 granules were taken. Solutions of Fe3+/Fe2+ iron salts were prepared as fillers in a 2:1 molar ratio: for this purpose, FeCl3•6H2O and (NH4)2Fe(SO4)2•6H2O salts were used. A suspension of PVA-20 with a solution of iron salts was prepared. The prepared suspension was placed in a Petri dish, numbered, divided into two parts, and placed on the upper platform of two desiccators, the lower part of which contained concentrated and two-fold diluted aqueous solutions of ammonia, respectively (Figure 1).  The samples in the desiccators were kept for 6, 12, and 24 hours. Afterwards, the samples were removed from the desiccators, washed with distilled water, and dried. The prepared suspension was placed in a Petri dish and numbered, divided into two parts, placed on the upper platform of two exhibitors, the lower part of which was filled with a concentrated and two-fold diluted aqueous solution of ammonia, respectively (Fig. 1). The samples in the exhibitors were held for 6, 12, and 24 hours. After that, the samples were removed from the exhibitors and washed and dried with distilled water.

[image: ]
FIGURE 1. Process diagram for ammonia vapor: 1 - desiccator, 2 - table, 3 - Petri dish, 4 – precursor

The reaction equation for the process of obtaining a composite material can be written in the following form:
Fe2+ + 2Fe3+ + 8NH3·H2O = Fe3O4 + 8NH4+ + 4H2O
The color of the samples changed from colorless to brown-black, indicating the precipitation of iron oxide (Table 1). It is known that magnetite belongs to the ferromagnetic materials, meaning it possesses the property of spontaneous magnetization. Therefore, the simplest way to verify the presence of magnetite in the obtained samples is to test the experimental results with a permanent magnet. Data on the presence of magnetic properties in the obtained samples are presented in Table 1.






TABLE 1. Analysis of PVS-magnetite composite results
	Petri dish number
	NH3 concentration
	Time in the desiccator
	Magnetic properties or the presence of magnetic attraction
	Color
	Photographs of the obtained samples

	1
	Conc.
	24 hour
	+
	Black
	[image: G:\001.jpg]

	2
	Conc.
	12 hour
	+
	Black
	[image: G:\002.jpg]

	3
	Conc.
	6 hour
	+
	Black
	[image: G:\003.jpg]

	4
	1:1
	24 hour
	+
	Brown-black
	[image: G:\004.jpg]

	5
	1:1
	12 hour
	+
	Black
	[image: G:\005.jpg]

	6
	1:1
	6 hour
	+
	Brown
	[image: G:\006.jpg]


[bookmark: _Toc9790528]EXPERIMENTAL PART
Scanning electron microscopy and spectrography methods were used in the experiments to determine the presence of magnetite in the synthesized composites [19]. The obtained samples were analyzed using a JCM-6000 electron microscope. The cross-sectional image of the granule, obtained using this device at a voltage of 15 kV for 36.57 seconds (Fig. 2), and the data obtained from the scanning electron microscope’s spectrograph allowed for the prediction of uniform magnetite distribution within the granule volume [20].

[image: Magn_20220630.000018]
FIGURE 2. The cross-sectional surface of a mutually cross-linked PVA-magnetite granule.

The kinetics of the swelling process of the aforementioned magnetite-PVA composite in aqueous solutions were studied using Na2CO3 solutions of various concentrations (0.05, 0.15, 0.25, 0.50, 0.75 mol/l). Spherical granules of the magnetite-PVA composite were used in the experiments. Their diameters measured 0.74 ± 0.01 mm. Granules of this size were determined to be the most suitable for these experiments. The process was conducted using optical micrometry. Using the results obtained from the experiments, the kinetic parameters of the physico-mathematical, heterophase model of polymer gel structures were calculated using the "Polymer_swelling_kinetics 5.1" program. The results of the calculations are presented in Tables 2 and 3.

TABLE 2. Kinetic coefficients of the swelling process of magnetite-PVS composite granules in 
Na2CO3 solutions of various concentrations
	№
	Concentration, M
	k1, 10-5 m/c·(l/mol)1/3
	k2, 10-2c-1
	k3, (l/mol)1/2

	Na2CO3
	0,05
	25,20
	0,16
	12,50

	
	0,15
	26,00
	0,16
	13,65

	
	0,25
	26,80
	0,16
	14,80

	
	0,50
	29,00
	0,16
	17,50

	
	0,75
	31,20
	0,16
	20,20



The accuracy of the calculation results was verified through four repeated experiments. Based on the obtained values of the kinetic coefficients, theoretical curves were plotted for each studied concentration (see Fig. 3).

[image: ]
FIGURE 3. Theoretical kinetic curves of the swelling process of magnetite-PVA composite granules in Na2CO3 solutions of various concentrations.

TABLE 3. Results of processing the swelling process values in Na2CO3 solution
	C, mol/l
	C, mol/l
	t, sec
	d, %
	maxΔ, %
	σ, %

	0,75±0,03
	0,74
	120
	-1,33
	0,98
	0,53

	
	0,78
	300
	4.00
	2.245
	0,64

	
	0,77
	600
	2.67
	1.93
	0,52

	
	0,76
	900
	1.33
	1.93
	0,60

	
	0,76
	1200
	1.33
	1.93
	0,66

	
	0,76
	1800
	1.33
	2.12
	0,76

	
	0,75
	3000
	0,00
	2.30
	0,75

	0,50±0,02 
	0,50
	120
	0,00
	1.12
	0,41

	
	0,52
	300
	4.00
	1.64
	0,36

	
	0,51
	600
	2.00
	1.47
	0,34

	
	0,51
	900
	2.00
	1.30
	0,44

	
	0,50
	1200
	0,00
	1.12
	0,52

	
	0,50
	1800
	0,00
	1.16
	0,65

	
	0,49
	3000
	-2.00
	1.38
	0,64

	0,25±0,02
	0,25
	120
	0,00
	1.29
	0,79

	
	0,27
	300
	8.00
	2.05
	0,64

	
	0,27
	600
	8.00
	1.84
	0,46

	
	0,27
	900
	8.00
	1.84
	0,46

	
	0,26
	1200
	4.00
	1.64
	0,43

	
	0,26
	1800
	4.00
	1.43
	0,47

	
	0,25
	3000
	0,00
	1.29
	0,48

	0,15±0,03
	0,12
	120
	-21.43
	0,76
	0,42

	
	0,13
	300
	-14.29
	1.43
	0,64

	
	0,14
	600
	-7.14
	1.92
	0,64

	
	0,15
	900
	0,00
	2.15
	0,64

	
	0,15
	1200
	0,00
	2.15
	0,63

	
	0,15
	1800
	0,00
	2.15
	0,63

	
	0,15
	3000
	0,00
	2.39
	0,62

	0,05±0,02
	0,03
	120
	-40.00
	0,48
	0,25

	
	0,04
	300
	-20.00
	0,89
	0,45

	
	0,05
	600
	0,00
	1.19
	0,39

	
	0,05
	900
	0,00
	1.19
	0,32

	
	0,05
	1200
	0,00
	1.19
	0,28

	
	0,05
	1800
	0,00
	1.19
	0,24

	
	0,05
	3000
	0,00
	1.19
	0,19



Three-dimensional (3D) surface array graphs were constructed using the calculated kinetic curves for Na2CO3 (see Fig. 4). These surface arrays represent a dataset characterizing the swelling kinetics of the magnetite-PVA composite in solutions of this compound at various concentrations. The surface arrays enable the determination of unknown solution concentrations based on known kinetic curves.

[image: ]
FIGURE 4. The 3D surface of kinetic curves illustrating the swelling process of magnetite-PVA composite granules in Na2CO3 solutions.
CONCLUSION
A specific composition of PVA-magnetite composite was synthesized by precipitation method using PVA-20 granules. The presence of magnetite in the synthesized composites was qualitatively confirmed using scanning electron microscopy and spectrography methods, and quantitatively proven using X-ray phase analysis. The swelling process of the PVA-magnetite composite was studied using optical micrometry. Using the results obtained from the experiments, the kinetic parameters of the physico-mathematical, heterophase model of polymer gel structure were calculated based on the "Polymer_swelling_kinetics 5.1" program. Additionally, composites obtained from PVS and magnetite enable strengthening of polymer gel granules and facilitate the determination of solution properties. It was observed that with increasing concentration of Na2CO3 solution, the time to reach equilibrium increased (approximately 600 seconds for a 0.05 M solution and 3000 seconds for a 0.75 M solution). It was demonstrated that the concentration of an unknown solution can be determined by knowing the kinetic curve of 3D surface arrays.
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