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Abstract. Experimental and theoretical studies of internal diffusion during filtration drying of match splints are presented. The effective coefficient of internal moisture diffusion in a stationary layer of match splints has been determined. The influence of the heat agent temperature on internal diffusion has been investigated. A dependence for determining diffusion coefficients at different temperatures has been obtained.
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Introduction 
Drying match splints is an important and energy-intensive process in match production. In industrial settings, match splints are dried in a belt dryer. A drawback of this method is that the heat agent flows over the surface of the material layer. Since moisture moves from the hotter surface to the cooler one, thermodiffusion occurs during such drying, which is directed opposite to the direction of moisture evaporation. As an alternative method, filtration drying in a stationary material layer has been proposed.
Filtration drying is one of the highly efficient and intensive methods of convective drying [1]. Its advantage lies in the high values of mass transfer coefficients. This is due to the large contact surface area between the phases, as the heat agent flows around all the particles. Filtration drying is conventionally divided into two periods: the period of complete saturation of the heat agent with moisture, during which the drying potential of the heat agent is the limiting stage, and the period of partial saturation of the heat agent with moisture, during which the drying rate is limited by the intensity of moisture diffusion from the inside of the material to the phase contact surface [2]. 
The moisture in match splints is mainly bound and located in the pores and microcapillaries. Therefore, the drying process strongly depends on the intensity of moisture diffusion from the inside of the material to the surface. To ensure the efficient use of the heat agent, the diffusion and mass transfer coefficients need to be approximately equal, which can be achieved by adjusting the velocity and temperature of the heat agent.
Therefore, an important part of the research on filtration drying of match splints is the determination of internal diffusion coefficients. The diffusion coefficient does not depend on the hydrodynamics of the heat agent but only on temperature. Thus, it is essential to investigate the influence of temperature on diffusion and to obtain dependencies for determining diffusion coefficients at different temperatures.
Materials and methods
Match splints are prismatic particles with equal width and height, and a significantly greater length.  
The internal moisture diffusion in match splints was studied using an experimental setup, the operating principle of which is described in [3]. The research was conducted in a short layer. A batch of match splints with a moisture content of approximately 1.6 kg H₂O/kg of dry material was loaded into a cylindrical container.
The container was placed on the setup, and the drying agent was filtered through the layer of match splints at a constant velocity and temperatures of 313, 323, 333, 343, and 353 K. A constant temperature was maintained using a SESTOS DIS 10 electronic thermostat with an accuracy of ±0.5°C. The change in the mass of the match splints was measured using Axis AD3000 electronic scales with an accuracy of ±0.01 g. The experimental studies were carried out until the material reached a constant mass.  
To describe the diffusion process, third-kind boundary conditions were used, according to which the moisture content is a function of four variables: the coordinates x, y, z, and time τ.:
 ,					(1)
where wc – is the average moisture content in the material (kg H2O/kg dry material) at time τ, R1, R2, R3. – are characteristic dimensions in the coordinate system located at the center of the prismatic particle.
For prismatic particles, the differential equation of diffusion under third-kind boundary conditions takes the following form::
		(2)
The solution of which can be represented as follows:
					(3)
Denote:
					(4)
Then, equation (4) will take the form:
						(5)
The results of the experimental studies can be presented as a graphical dependence of A* = f(τ). By approximating the data with a linear function and using the tangent of the slope of the straight line, the internal diffusion coefficient can be determined.
Results and discussion
Based on the experimental data, a graphical dependence of moisture content on drying time wc = 𝑓(τ) is plotted in Fig. 1.
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Fig.1. The graphical dependence of moisture content on drying time of match splints.
As shown by the analysis of Figure 1, with an increase in drying temperature, the drying process becomes more intensive, and the drying duration decreases. This is explained by the increase in the drying potential of the heat agent, which accelerates the drying process during the period of full moisture saturation, and the increase in the moisture diffusion rate within the material, which is important during the period of partial moisture saturation.
Based on the obtained moisture content values, the coefficient A* was determined, and the dependence A* = f(τ) was constructed, as shown in Fig. 2. The analysis of the figure reveals that the dependence is linear, meaning that the value of the internal diffusion coefficient can be determined by approximating the data with a linear function using the tangent of the slope angle of the straight line. 
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Fig.2. The graphical dependence of A* on the drying time of match splints.
Table 1 presents the values of the diffusion coefficient in match splints within the range of 313–353 K.
Table 1
Values of the diffusion coefficient for match splints at different temperatures
	T, K
	293
	313
	323
	333
	343
	353

	D*wꞏ1011, м2/с
	2.84
	6.02
	7.78
	8.84
	10.42
	12.55


As seen in Table 1, with an increase in temperature, the internal diffusion coefficient increases. The rise in the temperature of the heat agent causes an increase in the temperature inside the match splints, which contributes to the increased movement of moisture molecules within the material. Figure 3 shows the graphical dependence of the internal diffusion coefficient on temperature.
As seen in Fig. 3, the dependence Dw = 𝑓(T) is linear, and therefore, it can be represented by the following calculated equation:
					(6)
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Fig.3. Graphical dependence of the internal diffusion coefficient on temperature for match splints.
The obtained analytical Eq. (6) allows for the theoretical determination of the internal diffusion coefficient for match splints within the temperature range of 293-353 K. 
The maximum error between the experimental data and the theoretically calculated values of the internal diffusion coefficients for match splints does not exceed 3.8%.
Conclusions
The paper presents the results of experimental studies on internal moisture diffusion during the filtration drying of match splints. The internal diffusion coefficients at different temperatures were determined. It was shown that as the temperature increases, the diffusion coefficient also increases. A linear dependence was obtained, which allows for the determination of the diffusion coefficient during the filtration drying of match splints. The obtained dependence demonstrates high convergence with the experimental data within the temperature range of 313-353 K. The maximum error does not exceed 3.8%.  
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