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Abstract. The results of experimental studies of the 
kinetics of filtration drying of disperse materials of 
different structural structure and dispersible composition 
are presented in the paper, as well as the dynamics of 
saturation of the waste heat agent with moisture during 
the filtration drying of materials at different height of 
layer of the last ones. On the basis of the generalization 
of research results, optimal parameters for the 
implementation of filtration drying were determined, 
and the economic effect from the introduction of 
filtration drying into production, per 1000 kg of dry 
material, was calculated. 

 
Key words: filtration drying, peat, coffee sludge, sand, 
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Formulation of the problem 

Drying is a complicated mass-exchange and 
technological process, which is widely used in the 
chemical, food and pharmaceutical industry, mainly at 
the final stages of production. The share of drying 
spending, in the cost of manufacturing of finished 
products, is significant, which increases their cost. 

 
Analysis of sources of literature 

To implement the drying of such type of raw 
material, we have proposed a filtration method, which 
enables to reduce the energy consumption of the 
dehydration process and, accordingly, the technological 
line of solid bio-fuel production in general. It is known 
that filtration drying is characterized by high efficiency 
due to the fact that the process of mass transfer occurs in 
the stationary layer of the disperse material, by filtration 

of the thermal agent through the pores and channels 
between the particles, and the surface of the mass 
transfer is close to the surface of all particles. Due to the 
fact that porosity of the layer of disperse material is 
within the range of 0.36–0.4 m3/m3, the rate of filtration 
of the thermal agent in the production conditions is  
5–6 m/s [1], which provides high coefficients of heat 
and mass transfer, considerably higher than at any other 
drying methods at the same rates of the heat agent. 

 
The purpose of the work 

The purpose of this work is to research the kinetics 
and dynamics of saturation of the waste heat agent with 
moisture during the filtration drying of dispersed 
materials of different structure and disperse composition 
for determination of optimal parameters of the filtration 
drying process of the last ones. 

 
Objects of the research 

Dispersed materials of various structures were 
selected as the objects for the research, the drying of 
which is currently an actual task, and the cost is 
considerably determined by the energy costs of the 
process and the quality of which is determined by 
the regime parameters of the process of filtration 
drying. 

Significant coal reserves in Ukraine and rising 
world market prices for primary energy sources makes it 
necessary to use it as a solid fuel at power plants [2–6]. 
Coal is a valuable raw material for the chemical 
industry, from which more than 2000 different products 
are obtained [4–5]. Coal is a complex high-molecular 
compound whose properties depend on the source 
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material, the conditions of accumulation and the degree 
of metamorphism. 

Coal is a solid body penetrated by a system of pores 

and cracks with dimensions from 93 10−⋅ m to 31 10−⋅ m. 
The internal porosity of coal is 4–8 % of the volume [7]. 
The explored anthracite coal, brand G (gas) is a poly-
dispersed multi-component system with a certain 
amount of impurities. The ash-content of coal of 
different sorts is from 3 to 60 % of mass [8]. The actual 
density of coal depends on the degree of metamorphism 
and the petrographic composition and lies within  
1160–1470 kg/m3, [9]. 

Conditional density of coal lies within  
1200–1350 kg/m3. Bulk weight of coal depends on 
the type of coal, its granulometric composition and 
lies within 600–730 kg/m3, [10]. Coal as an object of 
drying is a porous material with a system of pores 
and cracks, which differ in size and mutual location. 
The pores in the coal are opened, which are 
interconnected with each other and with the 
environment, and dead ended. According to the 
results of researches of many authors, the shape of 
the pores in coal is extremely diverse. Micropores 
between the planes of microcomponents of coal and 
crack are slit-like, pores, which preserve the 
structure of wood fibers, have a cylindrical shape, 
and closed pores have a form close to the spherical 
one. The share of micro and transitional pores 
accounted for 95 % of the entire internal surface and 
80 % of the internal free volume. The humidity of 
the extracted coal is 18–28 %, however, according to 
the requirements for transportation of anthracite coal 
by rail, the moisture content of coal should not 
exceed 7.5 %. Therefore, coal after the enrichment 
processes must be dried [11–14]. 

Peat as object of drying is a complex, multi-
component, heterogeneous, poly-disperse, capillary-
porous colloidal system consisting of three phases: dry 
substance (containing organic and inorganic 
compounds), water and air. The most versatile 
characteristic of peat is the degree of its biochemical 
decomposition (1–75 %), which shows the content of 
unstructured substances in peat that have lost the cellular 
structure, and determines its basic physical and chemical 
properties [15]. In the natural state the peat represents a 
three-phase system (solid skeleton – water – gas). The 
particles of peat mostly have an elongated shape. The 
ratio of the largest particle size to the smallest one is 
1.59–1.74 [16]. In the detailed analysis of the dispersion 
in the peat the following fractions were found (mm):3; 
3–1; 1–0.5; 0.5–0.25; 0,.25–0.1; 0.1–0.05; 0.05–0.02;  

0.02–0.01; 0.01–0.005; 0.005–0.002; 0.002–0.001 
[15].The main characteristics of the porous structure of 
peat are: general and active porosity, sizes of pores, 
complete and kinetic specific surface area. In the natural 
state, the general porosity of peat is extremely 
high 0.85 – 0.98ε = , and the active porosity is  
1.7–2.0 times smaller. The complete surface area of 

different types of peat is
2360 190 10 m

kg− ⋅ , and 

kinetic – 
230.2 4.0 10 m

kg− ⋅  [15]. 

Coffee sludge as an object of drying is a multi-
component, polydispersed capillary-porous material. 
The detailed analysis of granulometric composition of 
coffee beans before extraction revealed the following 
particle sizes, mm [17]: 5 – 0.9–1.5 %; 3 – 32–33 %; 2 – 
37–39 %; 1 – 20–22 %; 0.5 – 3.5–4 %. After extraction, 
the sludge consists of 75–80 % of water and 20–25 % of 
solid mass. The temperature of the sludge is 65–80 °С, 
and pН is within the range of 4.3–4.8. Based on the 
research of many authors of roasted coffee beans by the 
method of electron microscopy, it was found that the 
average size of the macropores is within the 
range 610 20 10r m−= − ⋅ . The investigation of the size 
of micropores by absorption of 2CO , showed that their 

size is 1017 33 10 m−− ⋅ , and by the method of mercury 

porosimetry 910 50 10r m−= − ⋅  [17–18]. The porosity 

of the layer is 3 30.33 m mε = . 

Sand is a friable fractional breed, which is a 
polydisperse mixture of different form grains with the 

size of 30.05 2.0 10 m−− ⋅ . The sand particles, 
depending on the deposit, are spherical, spherical-
angular, angular and longitudinal. In the form of sand 
particles, they are divided into rounded, spherical, 
round-spherical, scaly and longitudinal. By the nature of 
the surface of the particle there is a smooth, uneven and 
rough surface [19–22]. The true density of the river sand 

is equal to 32620 kg mρ = , bulk density is 
31550нас kg mρ = , and the porosity of the layer is 

3 30.4084 m mε = , for coarse-grained mountain sand 

respectively – 32650 kg mρ = , 31450нас kg mρ =  
and 3 30.4528 m mε = . The specific surface of finely 

divided sand is 210 30 m kg− ( )2 316000 48000 m m− , 

and of medium grain size 20.4 7.0 m kg−  

( )2 3600 10500 m m−  [21]. 
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Experimental part 

Experiments were carried out on the equipment 
and by the methodology given in [23]. The results of 
experimental researches of the kinetics of filtration 
drying of the materials mentioned above are shown 
in Fig. 1. As we can see for coal and sand (Fig. 1, a, b), 
mechanical removal of free moisture is present 

during filtration drying, which is held by forces of 
surface tension. This moisture is removed due to the 
difference in pressure, and the costs for its removal 
are much less than in the case of its thermal drying, 
when this moisture needs to be evaporated. In the 
case of filtration drying of peat and coffee sludge 
(Fig. 1, c, d) mechanical removal of free moisture is 
absent. 
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Fig. 1. The kinetics of filtration drying 50t C= ° : а – coal fraction ( ) 30 315 0 63 10. . m−− ⋅ , ( 0 1 75. m sυ = ); 

b – medium grained sand ( 0 1 7. m sυ = ); c – peat ( 0 1 94. m sυ = ); d – coffee sludge ( 0 1 76. m sυ = ) 

 
The filtration drying of dispersed materials takes 

place according to a complex zonal mechanism 
characterized by mechanical removal of moisture for 

certain dispersed materials, in particular for coal and 
sand, and by the periods of complete and partial 
saturation of the heat agent with moisture, therefore the 
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dynamics of saturation of the waste heat agent with 
moisture has its peculiarities in comparison with other 
methods of dehydration [24–25]. In addition, the height 

of the stationary layer of the material, which is given to 
the drying zone, influences the dynamics of saturation of 
the waste heat agent with moisture. 
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Fig. 2. The dependence of the change in the moisture content of the heat agent in time for different heights of investigated 
dispersed materials: а – coal fraction ( ) 30 315 0 63 10. . m−− ⋅ , ( 0 1 75. m sυ = ); b – medium grained sand ( 0 1 7. m sυ = );  

c – peat ( 0 1 94. m sυ = ); d – coffee sludge ( 0 1 76. m sυ = ) 
 

The dependence of the change in the moisture 
content of the heat agent in time for different heights of 
the investigated dispersed materials is presented in  
Fig. 2. From the presented graphic dependences (Fig. 2, c, d) 
it is clear that for peat and coffee sludge the curves are 
characterized by two sections, which correspond to the 
periods of full and partial saturation of the heat agent 
with moisture. From the beginning of the drying process 
to reaching the mass transfer of the perforated partition 

by the front, the amount of moisture passing into the 
waste heat agent and, accordingly, the moisture content 
of the last  one increases and at the moment of reaching 
the mass transfer of the perforated partition by the front 
they reach maximum values. Saturation of the heat agent 
with the maximum moisture content under these 
conditions is characterized by horizontal sections on the 
corresponding curves. After reaching the mass transfer 
of the perforated partition by the front, the period of 
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partial saturation of the heat agent with moisture begins, 
that is characterized by a gradual decrease in the amount 
of moisture that passes into the heat agent and, 
accordingly, the moisture content of the last, until the 
time the drying is stopped. An increase of the height of a 
layer of moist material, which is applied to drying, leads 
to an increase in the moisture content that passes into the 
waste heat agent at the time of its full saturation, and 
hence the moisture content of the last one, in the period 
of its full saturation with moisture, as it is seen on the 
graphic dependencies presented in Fig. 2. 

Taking into account multi-tonnage of production 
of the investigated materials, introduction of the 
obtained results into production will have a 
significant economic effect. 

For example, today more than 90 million tons of 
coal is extracted annually, about 70 % of it needs 
enrichment, which is 63 million tons per year, and the 
use of filtration drying would save 

45.75 10 GW h
year

⋅⋅ . 

The economy during the filtration drying of the sand 

would be about 32.17 10 GW h
year

⋅⋅ . 

In the case of production of 800 thousand tons of 
milling peat per year, saving would be  

33.79 10 GW h
year

⋅⋅ . 

As a by-product, a significant amount of coffee 
sludge is produced at coffee production enterprises. The 
application of the filtration method of drying with the 
productivity of the filtration equipment 20 tons per day, 

allows to save 44.28 10 kW h
year

⋅⋅  energy in 

comparison with other drying methods. 
 

Conclusions 

The kinetics and dynamics of saturation of the waste 
heat agent with moisture during the filtration drying of 
dispersed materials of different structural structure and 
disperse composition was investigated, which allows to 
recommend optimal conditions for conducting filtration 
drying of the last ones. The economic effect from 
introducing filtration drying in production per 1000 kg 
of dry material is:  915 kW h⋅  for coal; 2170 kW h⋅  for 
medium-grained sand; 4740 kW h⋅  for peat; 7130 kW h⋅   
for coffee sludge. 

 
References 

[1] Tevzhashev A. D. Pro upravlenyy Protses sušky 
dyspersnyx materyalov v produvaemyx slojax [Tekst] / 

A.D. Tevjašev E. S. Šytykov // Vostočno – Evropejskyj 
Kynokhronyka peredovyx texnolohyj. – 2012. – T. 4. –  
No. 4 (58). – S. 38–43. 

[2] Starovoyt A. KH. Holovni naprjamky 
enerhotexnolohičnoji pererobky kamjanoho vuhillja // 
Postup v naftohazopererobnij IV vchennya 
PROMYSLOVOSTI. Tekhnichna konferentsiya. – 
L'viv. – S. 19–20. 

[3] E. Xoffman Enerhotexnolohyčeskoe yspol'zovanye uhlja. – 
M.: Enerhoyzdat, 1983. – 328 s. 

[4] Aronov S. H., Nestorenko L. L. KHymya tvrdyx 
khrudyyk yskopaemyks / Yddo-vo Kharkovskoho  
ne-ta. – 1960. – 236 s. 

[5] Krychko A. A., Lebedyev V. V., Farberov YU. L. 
Netoplyvne uspenzane zhyttya. – M. : Nedra, 1978. –  
215 s. 

[6] Serbyn O. N. Vozmožnosty yspol'zovanyja uhlej 
L'vovsko-Volynskoho Bassejn DLJA koksovanyja //  
IV NAUKOVO-texnična konferencija. “Postup  
v naftohazovopererobnyy ta naftokhimichnyy 
promyslovyy tsentr”. Zbirnyk takozh dopovidaye. – 
L'viv, 2007. – S. 339. 

[7] Ammosov YU. YA., Yeremin YU. V. Treshchenovatost 
vukh / Yzd-vo Akademiyi nauk SRSR, 1960. – 108 s. 

[8] Tadzh E. M., Andryeyeva YU. A. Metodami analys y 
yspytanyja uhlej. – M. : Nedra, 1983. – 301 s. 

[9] Kasatochkin V. YA., Laryna N. K. Strun'ye i zhyttya 
svizhykh lyudey. – M. : Nedra, 1975. – 159 s. 

[10] Spravočnyk obohatymosty kamennyx uhlej z antracytov 
dejstvujuščyx šaxt Ukrayny / YU. P. Kurchenko,  
YU. D. Drozdnika, P. T. Sklyar, YU. N. Filipenko,  
N. YU. Toporkovoj. – Khar'kov: YPP Kontrast, 2004. – 
395 s. 

[11] Filypov V. A. Teksnolohiya sukshi ta termoaeroklasfikatsii 
ukhleyu. – M. : Nedra, 1987. – 287 s. 

[12] Ksadzhyolo A. V., Stepanenko A.M. Sushka ul'yu v 
kyp'yashkem sloye. – M. : Metalurhiya, 1971. – 208 s. 

[13] Khashyna N. V. Teploobminnye protsesy podryvayut 
sukhoy ul'tra-horyachyy khom // Khmytyya tverdoho 
toplyva. – 2005. – No. 6. – S. 45–53. 

[14] Skrypchenko KH. B., Ruban V. A., Lopatyn V. L. 
Vzryvobezopasnaja Suska uhlej v vyxrevyx kamerax // 
Xymyja tverdoho toplyva. – 2004. – No. 6. – S. 85–92. 

[15] Listvan YU. YA., Bazyn E. T., Kosov V. YA. 
Fyzyčeskye svojstva torfu u -mn torfjanyx zalezhyt' u 
texnyka. – Nauka, 1985. – 240 s. 

[16] Antonov V. YA. Kopeykyn V. D. Texnolohyja u 
kompleksnaja mexanyzacyja torfjanoho proyzvodstva. – 
M. : Nadra, 1983. – 287 s. 

[17] Shenker S. porysta struktura kavovykh zeren 
vypalyuvalʹnykh umov, porushenykh / Schenker S.,  
S. Handschin, B. Frey, R. Perren, F. Escher / J. Food Sci. – 
2000. – 65. – No. 3. – S. 452–457. 

[18] Saleeb F. Z. Adsorbtsiya dvookysu vuhletsyu na 
obsmazhenoho i melenoyi kavy // s'omu Int Kolokvium z 
khimiyi Coffee. – Hamburh, 1975. – S. 335–339. 

[19] D. I. Andrijevs'kyj stan mineral'no-syrovynnoji baza 
Ukrajiny na sučasnomu etapi JIJI rozvytku // NAFTOVE 
i Khazova promyslovist. – 2004. – No. 1. – S. 9–12. 



Volodymyr Atamaniuk, Diana Kindzera, Iryna Huzova, Oksana Liuta 132 

[20] D. I. Andrijevs'kyj Intensyvnist 'vydobuvannja mineral'noji 
syrovyny v provedennja heolohorozviduval'nyx delat' V // 
Ukrayini NAFTOVE i Khazova promyslovist'. – 2000. – 
No. 2. – S. 26–29. 

[21] Khorna éntsyklopediya: 5 t. / Sovyet·s'ka entsyklopediya. 
Ortyn-sotsiosfera. – M., 1989. – T. 4. – 623 s. 

[22] Khmyts'ka entsyklopediya: V 5 t. / Sovyet·s'ka 
entsyklopediya. Med-Pol-M. – 1992. – T. 3. – 671 s. 

[23] Atamanyuk V. M. Naukovi osnovy fil'tratsiyno-
susidn'oho dyspersiynoho materialu: monokhariya / 

V. M. Atamanyuk, YA. M. Humnyc'kyj. – L'viv : 
Vydavnytstvo “L'vivs'kyy politekhnik”, 2013. – 276 s. 

[24] Mushtayev V. YA., Ul'yanov V. M. Sushka 
porozhnynnykh materyaniv. – M. : Khymyya, 1988 r. – 
352 s. 

[25] Mushtayev V. YA. Y teoriyi rascet sušky dyspersnyx 
materyalov st aktyvnyx hydrodynamyčeskyx režymax // 
Sovremennye enerhosberehajuščye teplovye texnolohyy 
(s Suska teplovye processy) Meždunar II. natsional'no-
praktychna konferentsiya. – M., 2005. – T. 2. – S. 28–38. 


