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Abstract – The article describes the process of convective drying of astrakhan skins, increasing the evaporation surface using a sorbent-
hygroscopic material, the theory of its achievement, analytical dependences characterizing the evaporation of moisture from the surface 
of astrakhan fur and the amount of moisture evaporating from it, the rate of mass transfer from the surface of astrakhan fur with taking 
into account the intensity of movement of moisture sorbent - hygroscopic material from astrakhan skins. 
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I. INTRODUCTION 

Karakul sheep breeding is one of the main treasures of Uzbekistan. Karakul sheep - allows you to get products such as 
astrakhan skins, wool and meat. Karakul skins are distinguished by the sheen of wool, grace, lightness, subtlety, beauty of various 
flower forms [9]. The quality of the obtained karakul skins depends on its timely processing, that is, timely cleaning of the skins 
from fatty meat layers, salting, drying, cleaning from salt and mechanical impurities. If the initial treatment of the skin is prolonged 
or incorrect (one part of the skin is dry, the other is not dry), then irreversible biochemical processes occur, as a result of which the 
quality of the skin deteriorates. Its price drops to 11 ... 34% [5,6,7,8,9].  

Therefore, it is recommended to carry out drying (one of the ancient methods of canning), which is part of the primary 
processing of the skins, using advanced intensive technology. At present, karakul is dried naturally, mainly in the open air, in the 
sun, although various dryers have been developed [14]. 

This drying method has the following disadvantages, depending on weather conditions, the inability to provide the required 
technological regime (temperature, humidity and air speed), pollution by external pollution, large labor resources and sites, and 
artificial drying requires a large amount of energy, and so on. In addition, when prolonging the drying process of the skins (using 
the traditional method), the penetration (shrinkage) of the skin surface is 15 ... 18%, and the drying time is 48 hours. 

The analysis of theoretical studies shows that in many works carried out to date to explain the mechanism of mass carry 
during the heat drying of astrakhan skins, the mechanism of moisture movement with a uniform moisture content of the material is 
considered. In this case, at the beginning of the drying process, when the surface layers of astrakhan skins warm up, the moisture 
content of the latter becomes higher than equilibrium. Therefore, moisture from the surface of the material to be dried begins to 
evaporate in the form of steam. As a result of moisture evaporation, a moisture content difference is created on the surface of the 
material between the subsequent layers and the surface layer, and a moisture concentration gradient appears in the astrakhan skins. 
Under its action, moisture in liquid form moves to the surface of astrakhan skins. The moisture inside the material is mixed not only 
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by the moisture gradient, but also by the temperature gradient. However, the presence of a temperature gradient within the material 
complicates the mass carry mechanism. 

II. MATERIALS AND METHODS 

During convective drying of astrakhan skins, the temperature gradient causes a flow of moisture from the inside of the 
leather tissue to its surface, that is, the opposite flow of moisture caused by the moisture content gradient. 

Mass carry in colloidal capillary-porous bodies, which, according to A.B. Lykov's classification, are astrakhan skins, is 
described by the formula [1,2,6,7].   

),(0 QUaJ m                    (1) 

where, J  - intensity of the transfer mass, kg/m2 s; 

        ma  - moisture diffusion coefficient, kg/m2;    

        0  - mass of absolute dry matter per unit volume of wet material; 

        
U - moisture content gradient, kg/kg m;  

       Q - temperature gradient, 0С/0С m;  

          - coefficient of thermo-moisture conductivity of the material. 

Analysis of expression (1) shows that the intensity of the process of mass carry depends on the coefficient of diffusion of 
moisture in the material, the gradient of moisture content and temperature. It should be borne in mind that the direction of the 
gradients of moisture content and temperature are opposite. 

From the above, it can be seen that the use of a convective drying method is advisable for drying astrakhan skins with a 
uniform moisture content. 

III. RESULTS AND THEIR ANALYSIS 

As you know, in astrakhan skins, moisture is mainly found in skin tissues (epidermis, dermis, subcutaneous cell) ÊÒW . 

With the convection method of drying astrakhan skins, the moisture in the layers of the
 ÊÒW

 
leather fabric moves to the 

surface, the moisture content of which is ÏÊW , since ÏÊÊÒ WW  . The movement of moisture from the inside of astrakhan skins 

occurs due to the difference in the moisture content of the components (moisture moves from a place of higher humidity ÊÒW  

(skin tissue) to a place of lower humidity ÏÊW  (astrakhan surface) and under the influence of a temperature gradient. 

When using sorption-contact dehydration of astrakhan skins, the moisture on the surface is absorbed by the sorbent-
hygroscopic material. 

The sorption-contact method of dehydration of astrakhan skins is based on the principle of moisture redistribution between 
them and the sorbent in this case, hygroscopic material. 

When materials come into contact with different moisture content, a natural process of moisture redistribution occurs 
between them. Basically, moisture is transferred by mutual sorption-desorption. These materials strive for hydrothermal 
equilibrium, which is determined by the potential difference of mass carry. In the state of hydrothermal equilibrium, the potentials 
of mass carry between bodies in contact are equal, and the specific moisture content is not the same, their ratio is proportional to 
the ratio of the moisture of the containers [1,2]. 
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where, 1Q  - potential of mass carry of hygroscopic material; 

2Q - potential for mass carry of astrakhan skins; 

1U  - moisture content of hygroscopic material, kg/kg; 

2U  - moisture content of astrakhan skins, kg/kg; 

1MC - moisture capacity of hygroscopic material; 

2MC  - moisture capacity of astrakhan skins. 

 

Let us consider how the process of sorption-contact dehydration of astrakhan skins takes place. Let the initial moisture 

content of the hygroscopic material, the sorbent, be zero, and the astrakhan skins have some moisture content ÊÒW . At the initial 

moment of time ( 0 ),when the skins have not yet been glued to the hygroscopic material - the sorbent, the moisture 

concentration in the astrakhan skins ,2ÌÊÒ CW 
 
and in the sorbent - the hygroscopic material: 

,01  ÌÃÌ CW
                  

           (3) 

where, ÊÒW
 
- moisture content of astrakhan skins, %; 

ÃÌW  - moisture content of hygroscopic material - sorbent, %. 

In astrakhan skins, after the end of the process of gluing to the hygroscopic material-sorbent, in a time interval close to the 
initial one, contact interaction occurs. The moisture content of the sorbent-hygroscopic material, after contact (gluing) with the 
astrakhan skins, increases due to the absorption of moisture from the latter, the moisture content of the hygroscopic sorbent material 
and astrakhan skins is equalized, as a result of which the moisture content of the astrakhan skins decreases, that is, 

0 ÊÒÃÌ WW . 

The rate of mass transfer from the surface of astrakhan skins, taking into account the intensity of mass carry to the sorbent 
- hygroscopic material, is described by the expression [1,2,3,4,5]: 

),( ÐÊÒ WWk
d

dW



                             (4) 

where, 
d

dW
 - mass transfer rate (mass carry);  

k  - coefficient taking into account the sorbent properties of astrakhan skins and sorbent - hygroscopic material under 

identical conditions; 
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ÊÒW  - moisture of astrakhan skins before sorption drying, %;          

ÐW  - equilibrium moisture content of astrakhan fur, %. 

 Drying of skins using a fixative was carried out in 2 groups - 2 control and 8 variants in the sheep breeding farm of the 
LLO "Tim-Agron Chorva" in the farm "Agron" in the Nurabad district of the Samarkand region (Figure 1). 

 Figure 2 shows an experimental drying test using a skin fixation device. 

 Figure 3 shows the results of experimental drying of skins using a fixative. 

 According to the results of experiments, a hygroscopic material woven from yarn with a diameter of  dн = 0,05… 0,07 mm 
allows moisture to evaporate from the surface of the skin, but you can use a hygroscopic material with a diameter of dн = 0,8… 1,2 
mm due to the high cost canvas is this kind of material. This distance changes slightly (deforms) along the surface during the drying 
process of karakul, if the skins are attached to fixing devices, which allows the skin surface to remain in dimensions close to the 
original, pre-dried surface. 

 

Figure 1. Initial conditions of the experimental test: a, б - skins of the control group; в, г, д, е, ё, ж, з, и - in the experimental 
group 1, 2, 3, 4, 5, 6, 7, 8 variants of skins. 

 

Figure 2. Experimental tests: a, б - skins of the control group; в, г, д, е, ё, ж, з, и - in the experimental group 1, 2, 3, 4, 5, 6, 
7, 8 variants of skins. 
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Figure 3. Results of experimental tests: a, б - skins of the control group; в, г, д, е, ё, ж, з, и - in the experimental group 1, 2, 
3, 4, 5, 6, 7, 8 variants of skins. 

 In this case, the deformation is mainly formed by the thickness of the skin layer, which changes relatively significantly 
during the drying process [9]. It is also possible to continue the drying process in poor weather conditions by placing the cassettes 
of the fixing device in the rack dryer for blocks (Figure 4). 

 During the drying of astrakhan fur, the cassette of the fixing device adheres to the hygroscopic material, increasing the 
surface area of moisture evaporation from the skin surface, which accelerates the drying process of the astrakhan fur, which leads 
to a decrease in the shrinkage of the skin surface. 

 To accelerate the drying of astrakhan fur when drying astrakhan fur, it is advisable to use fixer cassettes made of 
hygroscopic material to ensure moisture evaporation from the skin surface. 

 

Figure 4. The process of drying karakul without fixing (sticking) to the hygroscopic material of the fixing device: a) the 
cassettes are laid out; б) cassettes in small groups; в) stack-type cassettes. 
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 The use of fixing cassettes when drying karakul from expressions (1), (2) and (3), along with improving the surface and 
drying quality, ensures that the dried skins are stretched and stretched over the entire surface, resulting in less shrinkage of the skin 
surface during drying. 

IV.  CONCLUSION 

Analysis of expression (4) shows that the intensity of mass transfer depends on the sorption properties of the hygroscopic 
material. 

The result of the analysis of the second part of expression (4) shows that the dehydration of astrakhan skins depends on 

their initial moisture content ÊÒW  and sorbent - hygroscopic material ÃÌW . The dehydration process occurs at ,ÃÌÊÒ WW 
 

that is, the hygroscopic sorbent material absorbs moisture from the astrakhan skins, and at ,ÐÊÒ WW 
 
an equilibrium state 

occurs, the drying process stops. Consequently, the greater the difference ,ÃÌÊÒ WW 
 
the more intensive the process of 

sorption-contact dehydration of astrakhan skins proceeds. 
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