
Table of Contents

Preface

Chapter 1: Properties and Processing Technologies of Structural Metals

Low Cycle Fatigue of Structural Alloys
I. Medved, O. Pirogov, A. Romin, V. Slovinskyi and G. Venzhego 3

Planning an Experiment for Low-Cycle Fatigue under Conditions Deep Cooling
I. Medved, V. Kovregin, O. Myrgorod and A. Lysenko 9

Repeatability of Sheet Material Formation Results and Interchangeability of Processing
Modes at Multi-Pass Laser Formation
O. Kaglyak, B. Romanov, K. Romanova, O. Myrgorod, A. Ruban and V. Shvedun 15

Stress-Strain State and Structural-Phase Transformations of Metal Articles Obtained by
Laser Shaping
O. Kaglyak, B. Romanov, K. Romanova and N. Tsapko 25

Investigation of the Properties of Powder Materials Using Computer Modeling
V. Pasternak, L. Samchuk, N. Huliieva, I. Andrushchak and A. Ruban 33

Analysis of the Effect of Mechanical Oscillations Generated during Welding on the
Structure of Ductile Constituent of Products Made of Steel 10G2FB
B. Tsymbal, K. Ziborov, N. Rott and S. Fedoryachenko 40

Chapter 2: Coatings and Surface Treatment

Electrochemical Synthesis of Crystalline Niobium Oxide
I. Ryshchenko, L. Lyashok, A. Vasilchenko, A. Ruban and L. Skatkov 51

Research of the Influence of Silicate Fillers on Water Absorption and Microstructure of
Styrene-Acrylic Dispersion Coatings
N.V. Saienko, R. Bikov, A. Skripinets and D.V. Demidov 61

Alternative Strengthening of Jewelry Tools Using Chemical-Thermal and Local Surface
Treatments
O. Volkov, S. Knyazev, A. Vasilchenko and E. Doronin 68

Electrochemical Formation of Oxide Films on the Titanium Alloy of Ti6Al4V in Ethylene
Glycol-Water Electrolytes to Produce Bioinert Coatings and Increase the Corrosion
Resistance of Medical Implants
O. Smirnova, A. Nikonov, Y. Mukhina and O. Pylypenko 77

Research of the Microstructure of the Deposited Layer during Electric Arc Surfacing with
Control Impacts
V. Ivanov, E.V. Lavrova, V. Kibish and I. Mamontov 85

Application of Thermo-Frictional and Chemical-Thermal Methods Treatments for Surface
Strengthening of Materials
A. Levterov, J. Nechitailo, T. Plugina and O. Volkov 93

Investigation of the Heat-Affected Zone Properties During Cladding of Power Equipment
with Austenitic Materials Using Control Mechanical Impacts on the Strip Electrode
V. Ivanov, E.V. Lavrova, F. Morgay and O. Semkiv 100

Studying the Effect of Fuel Elements Structural Materials Corrosion on their Operating
Life
Y. Hapon, M. Kustov, V. Kalugin and A. Savchenko 108

Chapter 3: Polymers and Composites

Research of Safe Technology of Impregnation of Heated Reinforcing Materials with Binder
A. Kondratiev, O. Haidachuk and A. Tsaritsynskyi 119

Problems of Emergency Situations: Materials and Technologies IIProblems of Emergency Situations: Materials and Technologies IIProblems of Emergency Situations: Materials and Technologies IIProblems of Emergency Situations: Materials and Technologies II
ISBN(softcover): 978-3-0357-1889-8     ISBN(eBook): 978-3-0357-3889-6



Use of Silicone Materials in Modern Structures of Highly Functional Technical Means of
Rehabilitation
I. Solntseva, L. Bielievtsova, O. Blyznyuk and A. Vasilchenko 129

The Thermal Destruction and Coke Formation Intensity Influence on the Delamination and
Destruction of Fiber Reinforced Plastics with a Unidirectional Filler under High
Temperature Conditions
K. Afanasenko, Y. Klyuchka, V. Lypovyi and S. Harbuz 137

The Deformable and Strength Characteristics of Nanocomposites Improving
O. Sierikova, V. Koloskov, K. Degtyarev and O. Strelnikova 144

Experimental Substantiation of Antimicrobial Efficiency of a New Composite Polymeric
Material Based on Poly(2-Hydroxyethyl Methacrylate) under the Action of Low-Intensity
Current without External Power Supplies
V. Nagaichuk, R. Chornopyshchuk, I. Gerashchenko, O. Kukolevska and A. Sidorenko 154

An Experimental Study on Elastic and Strength Properties of Addictively-Manufactured
Plastic Materials
K. Potopalska, O. Tyshkovets, A. Kalinovskyi and S. Vasyliev 162

Sorption Resistance Studying of Environmentally Friendly Polymeric Materials in Different
Liquid Mediums
V. Lebedev, T. Tykhomyrova, O. Filenko, A. Cherkashina and O. Lytvynenko 168

Chapter 4: Functional Materials and Chemical Technologies

Thermodynamics of Solid-Phase Exchange Reactions Limiting the Subsolidus Structure of
the System MgO-Al2O3-FeO-TiO2
O. Borisenko, S. Logvinkov, G. Shabanova and O. Myrgorod 177

Thiocarbamide-Citrate Electrolytes as an Alternative to Cyanide Electrolytes in Solving the
Problems of Environmental Protection and Prevention of Emergency Situations
O. Smirnova, A. Nikonov, O. Pylypenko and A. Brovin 185

Influence of Basic Oxides Ratio Li2O/Al2O3, SiO2/Al2O3 and H2O/Al2O3 on Physical,
Rheological and Colloidal-Chemical Properties of Lithium Containing Alumosilicate
Suspensions in the System xLi2O-Al2O3-nSiO2-mH2O
S.G. Guzii, T. Kurska, V. Andronov and M. Adamenko 193

Metal Hydride Technologies for Separation of Hydrogen Isotopes
K. Umerenkova, V. Borisenko, S. Svetlichna and M. Goroneskul 203

Influence of ANO3 and ANO3·nH2O Nitrates on the Deformation Properties of
Aluminosilicate Adhesives for Wood Products and Structures
S.G. Guzii, V. Romaniuk, S.D. Lapovska, O. Semkiv and I. Bazhelka 210

Research of Operational Properties of Household Fabrics for Production of Protective
Masks
S. Cheberiachko, I. Knysh, D. Pustovoi and O. Sharovatova 221

Chapter 5: Materials and Technologies for Environmental Engineering

Colloid-Chemical Regularities of Reagent Wastewater Treatment of Dairies
V. Andronov, Y. Danchenko, Y. Makarov and T. Obizhenko 235

Use of PET Granules for Improving a Surface Runoff Treatment
A. Grytsenko, A. Matsak, O. Rybalova, O. Bryhada and I. Dadashov 242

Co-Mo-W Galvanochemical Alloy Application as Cathode Material in the Industrial
Wastewater Treatment Processes
Y. Hapon, M. Chyrkina, D. Tregubov and O. Romanova 251

Treatment of Real Wastewater from Organic Contaminants by Using Biochar
E. Baltrėnaitė-Gedienė, V. Iurchenko, E. Lebedeva, O. Melnikova and N. Kosenko 258

Synthesis of ActivaTED Carbon from Plant Raw Materials by a Self-Activation Modified
Method
M. Malovanyy, I. Bordun, I. Ableeva, H. Krusir and O. Sahdeeva 266

Ecological Aspects of Clay Sorption Materials Usage in Leather and Fur Production
Technologies
M. Malovanyy, O. Blazhko, H. Sakalova and T. Vasylinych 276



b Problems of Emergency Situations: Materials and Technologies II

Utilization of Galvanic Enterprises Sewage
L. Chernyshova, S. Movchan and S. Epoyan 282

Ash-Slag Waste of the Coal-Fired Thermal Power Plant as a Resource for the Construction
Industry
V. Kolokhov, L. Moroz, A. Romin and V. Kovregin 290

Technology Placement of Drilling Waste Storage with the Use of Soil Cement Screens
O.V. Mykhailovska and M.L. Zotsenko 296

Research of Technical and Economic Properties of Material of Porous Fuel Briquettes from
the Solid Combustible Waste Impregnated with Liquid Combustible Waste
O. Kondratenko, V. Koloskov, S. Kovalenko and Y. Derkach 303

Chapter 6: Building Materials

Fine-Grained Concrete for Repair and Restoration of Building Structures
A. Shyshkina and A. Shyshkin 317

Experimental Studies of Fiber-Reinforced Concrete under Axial Tension
Z. Holovata, D. Kirichenko, I. Korneeva, S. Neutov and M. Vyhnanets 323

Experiment Planning for Prospective Use of Barium-Containing Alumina Cement for
Refractory Concrete Making
O. Myrgorod, G. Shabanova, A. Ruban and V. Shvedun 330

Influence of Temperature Fields on the Quality of Dried Wood Products
O. Pinchevska, A. Spirochkin, D. Zavialov and R. Oliynyk 336

Investigation of the Limit of Fire Resistance of a Steel Beam at Loss of Integrity of a Fire-
Resistant Lining
O. Nuianzin, S. Pozdieiev, O. Borsuk and O. Nekora 345

Development of a Bitumen-Polymer Composition, Resistant to Atmospheric Influences,
Based on Petroleum Bitumen and their Properties Study
A. Cherkashina, I. Lavrova and V. Lebedev 352

Chapter 7: Materials and Technologies for Preventing of Technogenic
Emergencies

Research of the Chlorine Sorption Processes when its Deposition by Water Aerosol
M. Kustov, A. Melnychenko, D. Taraduda and A. Korogodska 361

Experimental Study of the Insulating Properties of a Lightweight Material Based on Fast-
Hardening Highly Resistant Foams in Relation to Vapors of Toxic Organic Fluids
R. Pietukhov, A. Kireev, D. Tregubov and S. Hovalenkov 374

Influence of Cracks on the Safe Functioning of Building Structures
V. Vyrovoy, O. Korobko, N. Antoniuk and Y. Zakorchemny 383

Solution of the Problem of Operational Reliability and Environmental Safety of Transport
Pipeline Systems
V. Kotukh, Y. Varlamov, K. Palieieva and O. Ilinskyi 393

Hydrogen Sulphide in Industrial Enterprises Water Management Infrastructure - The
Factor of Chemical and Microbiological Corrosion Concrete Degradation of Water
Facilities
V. Iurchenko, V. Sierohlazov, O. Melnikova, O. Bryhada and L. Mykhailova 401

Investigation of the Influence of the Physical Properties of Landfill Soils on the Stability of
Slopes in the Context of Solving Civil Security Problems
N. Rashkevich, R. Shevchenko, I. Khmyrov and A. Soshinskiy 407

Detection of Dangerous Defects and Damages of Steel Building Structures by Active
Thermography
S. Kolesnichenko, A. Popadenko and Y. Selyutin 417

Applying Ultrasound Detection Devices to Examine Pгореrties of Concrete Structures
V. Kolokhov 424

Numerical Evaluation of Safety Wall Bending Strength during Hydrogen Explosion
Y. Skob, M. Ugryumov, Y. Dreval and S. Artemiev 430



Material Science Forum Vol. 1038 c

Chapter 8: Materials and Technologies of Fire Protection

Regarding the Formation of Wood Material Fire Protection and the Mechanism of its
Action
R. Likhnyovskyi, Y. Tsapko, V. Kovalenko and N. Ivashyna 439

Research of Pyrophoric Compounds in Order to Reduce their Hazard
N. Korovnikova, V. Oliinik and O. Dubyna 454

Investigation of Gas Formation Processes in Cotton Fabrics Impregnated with Binary
Compositions of Ethyl Silicate - Flame Retardant System
O. Skorodumova, O. Tarakhno, O. Chebotaryova, D. Saveliev and F.M. Emen 460

The Use of Sol-Gel Method for Obtaining Fire-Resistant Elastic Coatings on Cotton Fabrics
O. Skorodumova, O. Tarakhno, O. Chebotaryova, O. Bezuglov and F.M. Emen 468

Investigation of the Processes of Formation of a Fire Retardant Coating
A. Chernukha, A. Chernukha, K. Ostapov and T. Kurska 480

Thermodynamic Study of Fire-Protective Material
A. Chernukha, A. Chernukha, P. Kovalov and A. Savchenko 486

Features of Evaluation of Fire Resistance of Reinforced Concrete Ribbed Slab under
Combined Effect "Explosion-Fire"
A. Vasilchenko, O. Danilin, T. Lutsenko and A. Ruban 492

Enhancing the Fire Resistance of Concrete Structures by Applying Fire-Retardant
Temperature-Resistant Metal Coatings
K. Korytchenko, D. Samoilenko, D. Dubinin, V. Kucherskyi and Y. Krivoruchko 500

Research of Fire Resistance of Elements of Steel Frames of Industrial Buildings
V. Hvozd, E. Tishchenko, A. Berezovskyi and S. Sidnei 506

Modeling of Non-Stationary Heating of Steel Plates with Fire-Protective Coatings in Ansys
under the Conditions of Hydrocarbon Fire Temperature Mode
A. Kovalov, Y. Otrosh, O. Chernenko, M. Zhuravskij and M. Anszczak 514

Determination of the Fire-Retardant Efficiency of Magnesite Thermal Insulating Materials
to Protect Metal Structures from Fire
S.G. Guzii, Y. Otrosh, O. Guzii, A. Kovalov and K. Sotiriadis 524

Research of Mechanism of Fire Protection with Wood Lacquer
Y. Tsapko, V. Lomaha, A. Tsapko and O.P. Bondarenko 531

Investigation of the Effect of Fillers on the Properties of the Expanded Coke Layer of
Epoxyamine Compositions
O. Hryhorenko, Y. Zolkina, N.V. Saienko and Y.V. Popov 539



Research of Technical and Economic Properties of Material of Porous 
Fuel Briquettes from the Solid Combustible Waste Impregnated  

with Liquid Combustible Waste 

KONDRATENKO Olexandr1,a*, KOLOSKOV Volodymyr2,b, 
KOVALENKO Svitlana3,c and DERKACH Yuriy4,d 

1,2,3,4National University of Civil Defence of Ukraine, 94, Chernishevska str., Kharkov, Ukraine, 
61023 

akondratenkoom2016@gmail.com, bkoloskov_v@ukr.net,  
cpro100sveta.kovalenko@gmail.com, ddyf1935@gmail.com,  

Keywords: porous solid materials, fuel briquettes, combustible solid waste, combustible liquid 

waste, environment protection technologies, economic effect. 

Abstract. The study evaluates the impact of the enterprise for production of industrial electronics 

on the components of the environment, in particular the lithosphere of Kharkiv by solid and liquid 

combustible waste. The environmental protection technology by the method of waste disposal of  

solid and liquid combustible substances by improving the technology of production and storage of 

fuel briquettes with improved ingredient composition, utilization of thermal energy from their 

combustion in a solid fuel boiler and purification of its exhaust gases been developed. A new 

ingredient composition of the fuel briquettes has been developed and the technology of their storage 

has been improved, and a feasibility study has been provided. Rational values of mass-size, 

technical and economic properties of the fuel briquettes taking into account properties of materials 

of their solid and liquid components has been defined. 

Introduction 

The issue of ensuring compliance with the normatively established indicators of the level of  

ecological safety (ES) of production activities of any industrial enterprise, in particular the 

manufacturer of industrial electronics, is urgent and acute in an urban ecosystem. Pollution by 

materials of such a component of the environment as the lithosphere in the form of solid and liquid 

combustible waste is special given the limited area of organized landfills for their disposal and 

storage. On the other hand, issues of rational energy management, in particular ensuring the energy 

autonomy of the enterprise, are closely related to air pollution by thermal energy and consumption 

of non-renewable fossil fuels. 

Problem Formulation 

On the basis of results of analysis of scientific, technical, reference, patent and regulatory  

literature it need to find the comprehensive solution of waste disposal problems and ensuring energy 

autonomy of the enterprise for the production of industrial electronics. At the same time at first it is 

rational to perform the development of environmental protection technology (EPT) for the disposal 

of solid and liquid combustible waste for the enterprise. Then it is necessary to implement the  

determination of properties of solid and liquid combustible waste of the enterprise as components of 

fuel briquettes of new ingredient composition. Finally, it should be done the determination of mass-

size and technical, economic properties of components of fuel briquettes of new ingredient 

composition as well, as development of a rational way of storing fuel briquettes of new ingredient 

composition. 
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Analysis of Publications  

ES of production and economic activity of an enterprise for the production of industrial 

electronics should be based on the material basis of the relevant EPT [1–7]. Such EPT is a set of 

executive bodies that work according to various principles and physical phenomena and need 

design and optimization calculation research to continuously improve the efficiency of their work 

[8–12]. Such studies are knowledge-intensive and require mathematical and physical modeling, 

experimental studies for all areas where oxidation processes occur – in the operation of power 

plants with reciprocating internal combustion engines (RICE) [1, 13–17], in the disposal of solid 

waste [18], in the prevention, localization of fire and elimination of fire consequences [19–22]. 

Appropriate methods [23–25] and regulatory framework [26–28] are used to assess the impact of 

technogenic objects on the components of environment. It is important to take into account the 

features of the production process of a particular enterprise, climatic features and the current 

ecological situation in the region of its location [29–31]. Research of optimal modes of preparation 

of wood waste generated at industrial enterprises for their combustion (ratio of binder component 

and wood waste, method of binder component supply, granulation methods), which determines its 

relevance and importance for ES of Ukraine [32, 33]. On the other hand, industrial enterprises 

usually also generate a significant amount of waste technical combustible liquids (TCL), which, like 

wood waste, is a valuable energy resource and a dangerous pollutant [34–38]. Simultaneous uti-

lization of these two types of waste is a very important scientific and technical task, which has signs 

of scientific novelty, and the results of its solution, obviously, have significant prospects for practi-

cal implementation. 

Aim of Paper 

The aim of the study is determination of mass-size, technical and economic indicators of the  

material of porous fuel briquettes of new ingredient composition from solid combustible waste of 

industrial enterprise impregnated with liquid combustible waste as a by-product of EPT. 

Object of the study is mass-size, technical and economic indicators of fuel briquettes material of 

new ingredient composition. Subject of the study is dependences of values of object of the study on 

properties of materials of their solid and liquid components.  

Materials and Methods 

Materials studied in this article is solid and liquid combustible waste of enterprise as  

manufacturer of industrial electronics – wood sawdust and sawdust of other solid combustible waste 

and also mixture of diesel fuel, gasoline, motor oil and ethyl alcohol. 

Methods of the study is following: analysis of scientific, technical, reference, patent and  

regulatory literature, the main provisions of the disciplines «Environmental Protection 

Technologies», «Design and development of environmental safety systems», «Technical mechanics 

of liquid and gas», «Theory of heat transfer processes», «Theory of oxidation reductive reactions», 

«Theory of machining by cutting», «Theory of machining by pressure». 

Main Part 

Development of environmental protection technology for an enterprise for the production of 

industrial electronics technology for solid and liquid combustible waste disposal 

According to the results of the analysis of the features of production activity of LLC RPA  

«Vertical» (Kharkiv) it is established that at present there are two urgent tasks: 1) ensuring energy 

autonomy of the enterprise in terms of heat carrier for heating industrial and domestic premises and 

hot water for utilities; 2) utilization of solid and liquid combustible wastes of production activity. 

To solve both problems at once, the EPT is developed, the scheme of which is illustrated in Fig. 

1. In Fig. 1 the following symbols are used: Objects: A – storage of pallets; B – sorting section;  

C – tank; D – crusher; E – mixer; F – briquetting press; G – solid fuel boiler; H – atmosphere;  
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I – consumer of thermal energy; J – cyclone book; K – ash storage; L – own construction; M – CO 

and CnHm oxidizer; N – NOx absorber; O – gas cylinder; Substances: 1 – pallets; 2 – combustible 

solid production waste and household waste; 3 – combustible liquid production waste; 4 – wood 

sawdust; 5 –impregnated sawdust; 6 – fuel briquettes; 7 – air; 8 – thermal energy; 9 – exhaust gases 

(EG); 10 – loose ash; 11 – compacted ash; 12 – EG, cleaned of PM; 13 – EG, purified from CO and 

CnHm; 14 – EG purified from NOx; 15 – natural gas CH4. 

The proposed scheme provides for the manufacture of fuel briquettes from a crushed mixture of 

wood sawdust and sawdust of other solid combustible waste by pressing and impregnating the pores 

of the briquettes with combustible liquid waste. The obtained briquettes are burned in a solid fuel 

boiler, where natural gas is also supplied, the obtained thermal energy is utilized for the enterprise's 

own needs. The EG obtained in the boiler are emitted into the atmosphere, having been pre-cleaned 

of PM in a conical cyclone, the products of incomplete combustion of fuel – in the oxidizer, and 

nitrogen oxides – in the absorber. The ash formed in the boiler after periodic extraction, grinding 

and mixing is used in conducting its own construction work at the enterprise as a component of con-

struction mixtures. 

 

 
Fig. 1. Scheme of developed EPT 

 

Development of a new ingredient composition of fuel briquettes and improvement of their 

storage technology 

It is a known fact that the moisture content of wood waste from which sawdust is produced, 

which is mixed with crushed other solid combustible industrial waste, and then pressed into fuel 

briquettes of various shapes and compositions, may or may not undergo a drying operation, and the-

refore its humidity may fluctuate within φw = 5… 50 %. After the pressing operation in presses or 

extruders of various designs, the porosity of fuel briquettes ψfb is from 5 to 50 %. 

Humidity of wood φw = 20 %, and fuel briquettes φfb = 10 % is accepted as standard. The type of 

wood, the non-recyclable waste of which is generated at the enterprise in significant quantities, is 

pine, the calorific value of which at standard humidity Q20 is 20 MJ/kg, and the density ρ20 =  

520 kg/m3. The density of different types, geometric shapes and methods of formation, and hence 

porosity, of fuel briquettes ρfb = 750 – 1400 kg/m3. 

The relationship between the magnitudes of the values of density of fuel briquettes ρfb and their 

porosity ψfb and the value of their humidity φfb, determined in the first approximation, are linear 

functions, presented in Fig. 2 and are described by formulas (1) and (2) using the least squares me-

thod. To obtain an approximate value of the calorific value of wood waste (in particular – pine), 

from which fuel briquettes should be produced, at different values of its humidity, it can be propo-

sed the following formula (3). 
 

ρfb = –14.444 ∙ ψfb + 1472.2, kg/m3;        (1) 

φfb = –0.069 ∙ ρfb + 100.0, %;         (2) 

Hu(φw) = Q20 – (φw – 20) / 100 ∙ Qvap(H2O) – (φw – 20) / 100 ∙ Q20 ∙ ρH2O(tw) / ρw, MJ/kg, (3) 
 

where Q20 = 20 MJ/kg – calorific value at standard humidity φw = 20 %; φw – current value of wood 

moisture, %; Qvap(H2O) = 2,26 MJ/kg – hidden heat of water vaporization; ρH2O(tw) – density of liq-

uid water at temperature tw, kg/m3; ρw = 520 kg/m3 – density of wood at standard humidity φw = 20. 
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The temperature dependence of the value of water density is shown in Fig. 2 and is described by 

formula (4). Therefore, when 20 °С than ρH2O = 998,3 kg/m3. The dependence of the values of calo-

rific value of wood waste Hu(φw) on the value of its humidity φw is also illustrated in Fig. 1. 

ρH2O(tw) = 1.680∙10–5 ∙ tw
3 – 6.153∙10–3 ∙ tw

2  + 2.955∙10–2 ∙ tw + 9.999∙102, kg/m3.  (4) 

 

The essence of the proposed innovations in EPT is that the waste of unprocessed wood and other 

combustible waste generated at the enterprise, after grinding, mixing and briquetting, in the form of 

briquettes that retain moisture of the original sawdust φw = 20 % and are porous, and the content of 

pores (which are filled with air) depends on the effort of the pressing press and ranges from ψfb 

from 20 to 40 %, it is proposed to impregnate with waste TCL formed at the same enterprise and 

store them in a sealed tank in a layer of such liquid to prevent of evaporation and leakage of TCL 

from the pores. 

The following types of non-renewable TCL are formed at the enterprise: a) diesel fuel in the 

amount of G(DF) = 3.0 kg/h, density ρ(DF) = 840 kg/m3, calorific value Hu = 42.7 MJ/kg, mol mass 

μ(C16H34) = 226 mol/kg; b) gasoline in the amount of G(BF) = 1.0 kg/h, density ρ(DF) = 750 kg/m3, 

calorific value Hu = 44.0 MJ/kg, molar mass μ(C8H18) = 114 mol/kg ; c) motor oil in the amount of 

G(MO) = 4.0 kg/h, density ρ(DF) = 870 kg/m3, calorific value Hu = 41.0 MJ/kg, molar mass 

μ(C40H82) = 562 mol/kg; d) ethyl alcohol in the amount of G(EA) = 2.0 kg/h, density ρ(DF) =  

810 kg/m3, calorific value Hu = 27.0 MJ/kg, molar mass μ(C2H5OH) = 46 mol/kg. 
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Fig. 2. Dependence of density of fuel briquettes ρfb on their porosity ψfb (a), humidity of fuel 

briquettes φfb on their density ρfb (b), density of fresh water ρH2O on temperature tw (c) and calorific 

value of wood waste Hu(φw) on its humidity φw (d) 

 

Thus, for different types of traditional and alternative solid, liquid and gaseous fuels, the calorific 

value is as follows: diesel fuel C16H34 Hu = 42.7 MJ/kg, for gasoline C8H18 44.0 MJ/kg, for metha-

nol CH3OH 22.0 MJ/kg, for ethanol C2H5OH 27.0 MJ/kg, for natural gas C2H6 47.0 MJ/kg, for me-

thane CH4 55.0 MJ/kg, for hydrogen H2 120.0 MJ/kg, for motor oil C40H82 41.0 MJ/kg, for fuel oil 

C60H122 39.0 MJ/kg, for associated petroleum, shale and other types of by-product extractive fuel 

gas 40.0 MJ/kg, for ammonia NH3 18.6 MJ/kg, for glycerin C3H5(OH)3 19.0 MJ/kg, for tar and  

bitumen C250H502 36.0 MJ/kg, for gas oil C25H52 38.0 MJ/kg, for acetone C3H6O 29.0 MJ/kg, for 

kerosene C11H24 35.0 MJ/kg, for coke C 30.0 MJ/kg, for gunpowder 4.0 MJ/kg, for propane C3H8  

50.5 MJ/kg, for turpentine (C5H8)n 44.0 MJ/kg, for crude oil 43.0 MJ/kg, for peat 17.5 MJ/kg, for 

anthracite coal 33.5 MJ/kg, for bituminous coal 20.0 MJ/kg, for tree coal other 30.0 MJ/kg, for hard 

coal 21.0 MJ/kg, for brown coal 16.5 MJ/kg, for ether C2H6O 43.0 MJ/kg. 

Therefore, the total amount of combustible technical fluids generated at the plant and must be 

neutralized is determined by formula (5). During the 8-hour work shift, the total amount of TCL 

that are formed at the enterprise and must be neutralized is formed – according to formula (6). The 
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potential amount of thermal energy released with TCL is determined by formula (7), and during an 

8-hour work shift, the amount of such energy is determined by formula (8). 

 

Gfl = G(DF) + G(ВF) + G(МО) + G(ЕА) = 3.0 + 1.0 + 4.0 + 2.0 = 10.0 kg/h;   (5) 

Gfl8 = 8 ∙ Gfl = 8 ∙ 10.0 = 80.0 kg/day;        (6) 

Qfl = G(DF) ∙ Hu(DF) + G(ВF) ∙ Hu(ВF) + G(МО) ∙ Hu(МО) + G(ЕА) ∙ Hu(ЕА) =  

= 3.0 ∙ 42.7 + 1.0 ∙ 44.0 + 4.0 ∙ 41.0 + 2.0 ∙ 27.0 = 390.1 MJ/h = 0.108 MW.  (7) 

Qfl8 = 8 ∙ Qfl = 8 ∙ 390.1 = 3120.8 MJ/day = 0.864 MW.     (8) 
 

The amount of sawdust generated at the enterprise and subject to processing into fuel briquettes 

is G(W) = 20 kg/h or G(W)8 = 160 kg/day, which at constant humidity φw = 20 % and calorific  

value Hu(W) = 20 MJ/kg (see Fig. 2) potentially gives such an amount of thermal energy in a 

perfectly organized combustion process is determined by formulas (9) and (10). The total amount of 

thermal energy that can potentially be obtained by complete combustion of all combustible 

substances generated at the enterprise – according to formula (11), during an 8-hour work shift, it 

can be got such a potential amount of thermal energy – according to formula (12). 

 

QW = G(W) ∙ Hu(W) = 20 ∙ 20 = 400 MJ/h = 0.111 MW;      (9) 

QW8 = G(W)8 ∙ Hu(W) = 160 ∙ 20 = 3200 MJ/day = 0.888 MW/dey;    (10) 

QΣ = QW +Gfl = 390.1 + 400 = 790.1 MJ/h = 0.219 MW;     (11) 

QΣ8 = QΣ ∙ 8 = 790.1 ∙ 8 = 6320 MJ/day = 1.752 MW/day.     (12) 

 

Since all types of TCL are proposed to be mixed during impregnation of porous fuel briquettes 

from sawdust, it is necessary to determine the molar mass μfl, calorific value Hufl and density ρfl of 

such a mixture as proposed by formulas (13) – (15). The volume of the mixture of TCL is determi-

ned by formula (16), and during the 8-hour work shift the volume of the mixture of TCL formed at 

the enterprise – by (17). 

 

μfl = (μ(DF) ∙ G(DF) + μ(ВF) ∙ G(ВF) + μ(МО) ∙ G(МО) + μ(ЕА) ∙ G(ЕА)) / GΣ =  

= (226 ∙ 3.0 + 114 ∙ 1.0 + 562 ∙ 4.0 + 46 ∙ 2.0) / 10.0 = 313.2 mol/kg;    (13) 

Hufl = (Hu(DF) ∙ G(DF) + Hu(ВF) ∙ G(ВF) + Hu(МО) ∙ G(МО) + Hu(ЕА) ∙ G(ЕА)) / GΣ =  

= (42.7 ∙ 3.0 + 44.0 ∙ 1.0 + 41.0 ∙ 4.0 + 27.0 ∙ 2.0) / 10.0 = 39.0 MJ/kg;    (14) 

ρfl = (ρ(DF) ∙ G(DF) + ρ(ВF) ∙ G(ВF) + ρ(МО) ∙ G(МО) + ρ(ЕА) ∙ G(ЕА)) / GΣ =  

= (840 ∙ 3.0 + 750 ∙ 1.0 + 870 ∙ 4.0 + 810 ∙ 2.0) / 10.0 = 837.0 kg/m3.    (15) 

Wfl = W(DF) + W(ВF) + W(МО) + W(ЕА) = Gfl / ρfl = 

= G(DF) / ρ(DF) + G(BF) / ρ(BF) + G(MO) / ρ(MO) + G(EA) / ρ(EA) =  

= 3.0 / 840 + 1.0 / 750 + 4.0 / 870 + 2.0 / 810 = 0.012 m3/h = 12 l/h.    (16) 

Wfl8 = 8 ∙ Wfl = 8 ∙ 12 = 96 l/day.         (17) 

 

Determination of technical and economic indicators of porous fuel briquettes with a new  

ingredient composition of solid and liquid combustible waste materials 

The study suggested that the geometric shape of the fuel briquette obtained after pressing is a pa-

rallelepiped with the ratio of the main dimensions as in ordinary bricks, i.e. length A = 250 mm, 

width B = 125 mm and height C = 63 mm, i.e. A : B : C = 1 : 0.5 : 0.25. Then, the volume of fuel 

briquette is determined by formula (18), the density of fuel briquette impregnated with a mixture of 

TCL at standard wood sawdust humidity φw = 20 % and porosity ψfb = 20 % – by formula (19), 

mass of fuel briquette, impermeable mixture TCL – by formula (20).  

The potential amount of thermal energy released during the complete combustion of one fuel  

briquette, impregnated with a mixture of TCL, is determined by formula (21), the number of fuel 

briquettes received at the plant per hour and 8 hours per shift – by formulas (22) and ( 23), the 

potential amount of thermal energy released during the complete combustion of nfbd and Nfbd fuel 

briquettes, impregnated with a mixture of TCL – according to formulas (24) and (25). 
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Wfbd = A ∙ В ∙ С = 0.250 ∙ 0.125 ∙ 0.063 = 1.969∙10–3 m3.     (18) 

ρfbd = ρw(φw) ∙ (100 – ψfb) / 100 = 520 ∙ (100 – 20) / 100 = 416 kg/m3.    (19) 

mfbd = ρfl ∙ Wfl = 416 ∙ 1.969∙10–3 = 0.819 kg.       (20) 

Qfbd = mfbd ∙ Q20 = 0.819 ∙ 20 = 16.4 MJ;        (21) 

nfbd = G(W) / mfbd = 20 / 0.819 = 24.4 psc/h;       (22) 

Nfbd = nfbd ∙ 8 = 24.4 ∙ 8 = 195 psc/day.        (23) 

Qfbd(nfbd) = Qfbd ∙ nfbd = 16.4 ∙ 24.4 = 400 MJ/h;       (24) 

Qfbd(Nfbd) = Qfbd ∙ Nfbd = 16.4 ∙ 195 = 3200 MJ/day.      (25) 
 

In the case of impregnation of fuel briquettes with porosity ψfb = 20 % mixture of TCL, the mass 

of liquid in the briquette should be determined by formula (26), the mass of fuel briquette  

impregnated with a mixture of TCL – by formula (27), in this case impregnated with a mixture of 

TCL, can be determined by the formula (28). 

The potential amount of thermal energy released during the complete combustion of one fuel bri-

quette impregnated with a mixture of TCL is determined by formula (29), the potential amount of 

thermal energy released during complete combustion of nfbd and Nfbd fuel briquettes impregnated 

with a mixture of TCL according to formulas (30) and (31). 

 

mflb = ρfl ∙ Wfbd ∙ ψfb / 100 = 837 ∙ 1.969∙10–3 ∙ 20 / 100 = 0.330 kg;    (26) 

mfbs = mfbd + mflb = 0.819 + 0.330 = 1.149 kg;       (27) 

Hfbs = (Hfbd ∙ mfbd + Hfl ∙ mflb) / mfbs = (20 ∙ 0.819 + 39 ∙ 0.330) / 1.149 = 25.5 MJ/kg.  (28) 

Qfbs = mfbs ∙ Hfbs = 1.149 ∙ 25.5 = 29.3 MJ.       (29) 

Qfbs(nfbd) = Qfbs ∙ nfbd = 29.3 ∙ 24.4 = 715 MJ/h;       (30) 

Qfbs(Nfbd) = Qfbs ∙ Nfbd = 29.3 ∙ 195 = 5720 MJ/day.      (31) 

 

For another limit value of porosity of fuel briquette – ψfb = 40 % – we have the following results 

of calculations: ρfbd = 312 kg/m3, mfbd = 0.614 MJ, Qfbd = 12.3 MJ, nfbd = 32.6 psc/h,  

Nfbd = 260.6 psc/day, Qfbd(nfbd) = 401.0 MJ/h, Qfbd(Nfbd) = 3206.4 MJ/day, mflb = 0.660 kg,  

mfbs = 1.274 kg, Hfbs = 29.8 MJ/kg, Qfbs = 38.0 MJ, Qfbs(nfbd) = 971.5 MJ/h, Qfbs(Nfbd) =  

7765.9 MJ/day. Therefore, having performed research for the interval of porosity values ψfb = 0… 

50 %, we obtain the dependences of the above values, shown in Fig. 3. 

In case of using for the formation of fuel briquettes by pressing wood sawdust with a different 

from standard (20 %) humidity φw from 0 % (completely dry wood) to 50 % (maximum possible 

value according to the standard), at a constant value of the volume of the briquette Wfbd mass of the 

wood part of briquette mfbw will remain unchanged (see formula (33)) and will correspond to such 

mass mfbw(20) at the standard value of humidity φw = 20 %, the mass of moisture in the briquette 

mfbh (see formula (34)) and the mass of the briquette mfb (as the sum the first two components – see 

formula (32) and (35)) will be a function of humidity φw. The dependences of the values of mfb, mfbw 

and mfbh on the humidity φw are shown in Fig. 4. 

 

mfb = mfbw + mfbh, kg;  (32) 

mfbw = mfbw(20) = mfb(20) – mН2О(20) = mfb(20) ∙ (1 – 20 / 100) = 

= Wfbd ∙ ρ20 ∙ (1 – 20 / 100) = 1.969∙10–3 ∙ 520 ∙ 0.80 = 0.819 kg;  (33) 

mfbh = mfbw ∙ φw / 100 / (1 – φw / 100), kg;  (34) 

mfb = Wfbd ∙ ρ20 ∙ (1 – 20 / 100) + mfbw ∙ φw / 100 / (1 – φw / 100), kg.  (35) 

 

We will consider that at drying of wood sawdust the volumes occupied by moisture will be rele-

ased and added to volumes of pores in a fuel briquette after its formation by pressing, and at use of 

sawdust with higher humidity, than standard, the additional volumes occupied by moisture will be 

deducted from the pore volume. It should be noted that the moisture content of wood φw and the po-

rosity of the briquette ψfb are fundamentally different physical quantities, which are determined by 

formulas (36) and (37). Then, the increase or decrease in the pore volume of the fuel briquette due 
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to the change in humidity of its sawdust relative to its standard value is determined by formula (38).  
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Fig. 3. Dependencies of values of ρfbd and Hfbs on the porosity of the fuel briquette ψfb (a), such 

dependences for the values of mfbd, mflb and mfbs (b), for the values of Qfbd and Qfbs and Qfbd(nfbd) and 

Qfbd(Nfbd) (c) and for the values of nfbd Nfbd and Qfbs(nfbd) and Qfbs(Nfbd) (d) 
 

Then the porosity of the fuel briquette from sawdust with different from the standard humidity 

can be obtained from the formula (39). The dependences of the values of ΔWpor and ψfb(φw) at φw = 

20 % on the value of φw are shown in Fig. 4. The dependences of the magnitudes of values ψfb(φw) 

on the values of φw and ψfb are shown in Fig. 4. 

 

φw = mfbh / mfb ∙ 100 = mfbh / (mfbh + mfbw) ∙ 100, %;  (36) 

ψfb = Wpor / Wfb ∙ 100 = Wpor / (Wfbw + Wpor) ∙ 100, %.  (37) 

ΔWpor = (mН2О(20) – mН2О(φw)) / ρH2O(tw) = (0.205 – mН2О(φw)) / 998.3, m3.  (38) 

ψfb(φw) = (Wpor(φw=20) + ΔWpor(φw)) / Wfb ∙ 100 = 

= (Wfb ∙ ψfb / 100 + ΔWpor(φw)) / Wfb ∙ 100, %. (39) 
 

The main results of this study are the data shown in Fig. 5 and 6. It is following data – dependen-

ces of the value of ψfb(φw) on the values of φw and ψfb, such dependences for the values of mfb, mfbw 

and mfbh, for the values of Hfbs and Qfbs, for the values of Qfbd(nfbd) and Qfbd(Nfbd) and for the values 

ΔHfbs, Δmflb and Δmfbs. 
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Fig. 4. Dependences of values of mfb, mfbw and mfbh on humidity φw (a), such dependences for values 

of ΔWpor and ψfb(φw) at φw = 20 % (b) and for value of Hu(φw) (c) 
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Fig. 5. Dependences of the value of ψfb(φw) on the values of φw and ψfb (a), such dependences for 

the values of mfb, mfbw and mfbh (b), for the values of Hfbs and Qfbs (c) 
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So, it can be concluded that the decrease in the moisture content of sawdust in fuel briquettes 

with a constant value of their theoretical porosity, which provides the briquette press with a certain 

value of its effort (and hence mechanical energy consumption), causes an increase in actual porosity 

and, consequently, the content of TCL impregnated with briquettes. 

Increasing the humidity, on the contrary, reduces the value of the actual porosity, because the 

standard value of moisture of sawdust is set provided that full saturation of cellulose capillaries with 

moisture at the recommended air temperature in the room where the sawdust is stored. Excess  

moisture is adsorbed on the outer surface of the sawdust particles and occupies volumes between 

them in the briquette, thereby reducing the amount of pores occupied by the air, which must receive 

a mixture of flammable liquids when the briquette is impregnated. 

Conclusion 

Thus, in this study, a calculated study was conducted to develop a new ingredient composition of 

fuel briquettes and improve the technology of their storage with a feasibility study for an improved 

approach. 

To simultaneously solve the problem of utilization of solid and liquid combustible non-recycla-

ble waste generated at the enterprise for the production of industrial electronics, and increase the en-

ergy autonomy of the enterprise by utilizing thermal energy from burning porous fuel briquettes 

produced from these wastes, environmental technology has been developed. 

It is determined that when burning one fuel briquette with measuring of 250 × 125 × 63 mm and 

weighing 0.819 kg, made on a briquetting press from wood waste sawdust with a standard humidity 

of 20 % calorific value of 20 MJ/kg and a porosity of 20 % of the total amount of 160 kg/day poten-

tially 16.5 MJ of thermal energy is released. From the available amount of wood waste generated 

daily at the enterprise, such briquettes can be produced 24 units/hour and 195 units/day. 

When impregnating such a briquette with a mixture of combustible liquid waste with a molar 

mass of 313 g/mol, calorific value of 39 MJ/kg and a density of 837 kg/m3, a total volume of  

96 l/day, in the amount of 0.330 kg/briquette increases its calorific value to 25.5 MJ/kg. The  

dependences of technical and economic indicators of such briquettes on their porosity and humidity 

are obtained. 

Scientific novelty of results of the study. Approaches to development of technology of  

production and storage of porous fuel briquettes with the improved ingredient structure from solid 

and liquid combustible waste of the enterprise on production of industrial electronics have received 

further development. 
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Practical value of results of the study. The offered approaches to development of technology of 

production and storage of these porous fuel briquettes are suitable for application at the enterprises 

with needs of increase of energy autonomy of the main and auxiliary divisions. 
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