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Practice of Ecological Management
of Waste Disposal with Elements of Printing Design

The problem of disposal of municipal solid waste (MSW) is considered, taking into account
the presence of inclusions in them in the form of paint and varnish coatings of printing design.
It is shown that their disposal, given that more than 90 % of MSW have such inclusions,
requires sound technological solutions. It is shown that the main problem is the disposal of
“mixed waste”, which covers all plastic packaging waste from household waste and includes
rigid and flexible products from various types of polymers and colors, which are usually
created with a print design element. It is proposed to use high-temperature disposal methods
based on pyrolysis and gasification processes. It is advisable to consider such methods in
combination with technologies for obtaining alternative energy carriers and obtaining various
types of substances and energy on their basis, for example, mechanical, thermal and electrical.
A description of the processes of gasification of low-grade solid fuels by the method of ther-
modynamic modeling is presented. It is shown that the economic efficiency of waste disposal
increases significantly when the pyrolysis and gasification processes are combined when the
pyrolysis plant and the gas generator waste disposal process are combined into one technolog-
ical process, which will make it possible to bring the waste utilization to almost 100%. It is
also indicated, as promising, the use of gasification and pyrolysis products, including coke
and hot ash, in external combustion engines of the Stirling engine type (with external heat
supply). Bibl. 8, Fig. 5.

Keywords: municipal solid waste, print design elements, pyrolysis, gasification, waste treat-
ment, thermodynamic modeling, combined converter.
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Introduction

Waste is an objective consequence of the civili-
zation development, which creates many problems
and requires decisive environmental action. But,
on the other hand, waste is a resource that, in a
market economy, can contribute to the overall en-
ergy balance. Municipal solid waste (MSW):
household waste and waste from other sources,
such as retail, administration, education, health
services, accommodation and food services, etc.
This fraction includes a wide range of products
from different materials: organic, plastic, metal,
paper, glass, bulky items, batteries, exhaust
oils /lubricants, light bulbs, etc. It represents
around 10 % of the total waste generated by mass.
More than 90 % of MSW has varnish and paint
coatings due to printing design. The removal of
such paint elements by sorting technologies pre-
sents a significant technical challenge [1].

Therefore, the main task of the disposal systems
for printing (packaging) products is a scientifically
sound choice of technologies for innovative pro-
jects in order to ensure minimum or complete ab-
sence of emissions, as well as maximum production
of target end products or raw materials. These
tasks can be most fully achieved by using a system
of sorting, identification and separate processing of
waste types, in particular, plastic film packaging
and packaging using modern resource-saving tech-
nologies. To do this, it is advisable to conduct a
preliminary physic-chemical and physic-mechani-
cal analysis of products, as well as the calculation
of technological, environmental and social param-
eters of their disposal, taking into account the
characteristics of energy efficiency of equipment. In
order to improve waste management, actions are pri-
oritised following the “waste hierarchy” (Figure 1).

Global demand for food, feed and fibre in ag-
gregate is expected to increase by 70 % by 2050.
However, finite resources are becoming increas-
ingly scarce and expensive to extract, whilst re-
newable resources are often harvested at unsustain-
able rates.

Technological aspects

Best environmental practices in several areas of
waste management are already set out in European
legislation and other European reference docu-
ments, such as Best Environmental Management
Practices (BEMP) — best practices in environ-
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Figure 1. Waste hierarchy according to the Waste
Framework Directive (200898 /EC).

mental management and aims to help local waste
management authorities and waste management
companies move towards a “circular” economy [2].

This report — BEMP was prepared by the Joint
Research Centre of the European Commission in
support of the implementation of the sectorial cer-
tification strategy EMAS (Eco Management and
Audit Scheme) for the waste management sector.

The document was developed by the European
Commission’s Joint Research Centre (JRC) on the
basis of desk research, interviews with experts, site
visits and in close cooperation with a Technical
Working Group (TWG) comprising experts from
the sector. This document is based on a preparatory
external study carried out by BZL. Kommunikation
und Projektsteuerung GmbH (Germany) and E3
Environmental Consultants Ltd. (UK), whose
findings are presented in a Background Report.

The Figure 2 illustrates the waste management
phases in relation to this report: 1 — the ones cov-
ered, in 2 — the one partially covered, and in 3 —
the ones not explicitly covered.
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Figure 2. Waste management activities covered in
the scope of BEMP.
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The main problem is the disposal of “mixed
waste”, which covers all plastic packaging waste
from household waste, and includes rigid and flex-
ible products of various polymer types and colours,
which are usually generated with the element of
printing design. Given the impossibility of effec-
tive separation of printing elements for most mixed
waste streams, this mass remains as a residual com-
ponent, which is usually sent to the final disposal
or recovery of energy [3]. To minimize the compo-
nent for disposal, attention should be paid to high-
temperature disposal methods based on pyrolysis
and gasification processes.

It is advisable to consider such methods in com-
bination with technologies for the production of
alternative energy carriers and the production of
various types of substances and energy on their ba-
sis, for example, mechanical, thermal and electri-
cal. So, all mixed waste can be considered as a type
of fuel with its inherent calorific value.

Today a certain amount of experience has been
accumulated to assess the combustibility of various
materials. The lower limit of the calorific value at
which they can be burned without additional fuel
is from Qumn = 3.35 MJ/kg to Qumn
419MJ/kg [4]. The Swedish scientist Tanner
found that without additional fuel, various mate-
rials can burn with moisture content (W) of not
more than 50 %, ash (A) of not more than 60 %
and combustible substances (C) of at least 25 %
[3]. Figure 3 shows Tanner’s triangle, illustrating
the area of combustion of a substance without ad-
ditional fuel [4]. According to Tanner, the lower
limit of the calorific value of high-ash and wet ma-
terial, at which it is possible to burn it without the
use of additional fuel, corresponds to the condi-
tion: W =50%, A=25%, C=25%.

Based on this relationship, we can conclude
that most MSW should be considered, first of all,
as a raw material for energy production.

This MSW disposal method will make it possi-
ble to turn waste into a valuable raw material, al-
lowing the creation of an energy-chemical produc-
tion facility that ensures its deep processing and,
on this basis, the supply of highly liquid, compet-
itive goods to the cycle of a closed economy, such
as: electricity; thermal energy; combustible gases;
rare gases; gases for organic synthesis; motor fuel;
resins and oils; solvents; pints for printing inks;
electrode graphite; carbon black; metallographic
products and carbon plastics; carbides; abrasive
materials and products from them; mineral fertiliz-

0 10 20 30 40 50 60 ?O 80 90 100

combustible substances

Figure 3. Tanner’s triangle.

ers; sorbents and filtrates; metals, including: Al,
Li, Ba, Ti, Ni, Ge, Co, Va, Cr, Mn, etc.; technical
and drinking water; construction materials, etc.

Calculations show that this approach will allow
not only minimizing the costs of disposal of various
wastes and hazardous substances. Of the well-
known technologies for the utilization of MSW,
pyrolysis and gasification are attractive in that
they make it possible to obtain cheap energy carri-
ers and make a number of industries economically
viable [5].

Pyrolysis is the process of decomposition of
complex hydrocarbon substances under the influ-
ence of high temperatures without access to ambi-
ent oxygen into simpler hydrocarbons.

The preferential production of one or another
pyrolysis product (gas, coke or liquid products) is
determined by the requirements of the consumer
and can be achieved by appropriate hardware for
the pyrolysis process. Taking into account the en-
dothermic nature of the process, pyrolysis plants
are distinguished by the method of heat supply to
the reactor: external (by burning part of the re-
sulting gas, tar or coke); internal (by supplying a
limited amount of oxygen or air to the reactor to
burn part of the raw material); circulating of hot
gases or solid coolant using.

Depending on the temperature, pyrolysis tech-
nologies are divided into: low-temperature — up
to 5500 °C; medium temperature — up to 8000 °C;
high-temperature — over 8000 °C.

To expand the possibilities of controlling the
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pyrolysis process (obtaining products with desired
characteristics and reducing the yield of toxins), it
is advisable to use various catalysts.

In addition, it is advisable to combine a pyrol-
ysis plant with a solid (coke) residue gasification
plant with liquid or solid ash removal, or with a
micro metallurgical process.

Gasification is a thermo-chemical process of
converting various hydrocarbons into fuel, the so-
called “generator gas” [6].

Thermal analysis allows one experiment to de-
termine almost the entire set of technical charac-
teristics of the fuel, with the exception of the re-
lease of volatiles. However, there is no standard
method for determining these characteristics, due
to the high diversity of the studied fuels; therefore,
the issue of developing such a method is relevant.

One of the methods for describing the gasifica-
tion processes of low-grade solid fuels is thermody-
namic modelling, which determines [7]:

1. The equilibrium composition of the synthe-
sis gas.

2. The relative amounts of oxidizing agent and
heat required for the gasification process.

3. The optimal values of the calorific value of
the synthesis gas and the efficiency of the process.

Schematically, the equilibrium thermodynamic
system can be represented as follows (Figure 4):

To describe the conversion process, a one-stage
generalized reaction of the form is used:

CH,O,N, + wH,0 + mN; —
= Ny, Hy +1gpCO +1ep, CO, +
+ Ny, 0H, 0 + ney, CHy + mN,,

T2 ioxidizer

(D

synthesis gas

Figure 4. Scheme of an equilibrium thermodynamic
system.

where x, y, z is the number of atoms of hydrogen,
oxygen and nitrogen reduced to 1 carbon atom, w
is the amount of moisture reduced to 1 mole of the
organic mass of fuel, kg /mol, m is the amount of
nitrogen.

In the case of pyrolysis, one can write a similar
one-stage generalized reaction, which will have the
following form:

CH,O,N, = ncCHAR + ny, H, +
+ 7160 CO + Ngo, €Oy + Ny, o H, 0 +

+ ey, CHy + nrTAR +mN,, (2)
where CHAR — coke, TAR — resin. Moreover,
their gross composition can be expressed by the
formula CHx1OyiN,;; and — CHxOyNy, respec-
tively.

Writing such equations is the first step in ther-
modynamic modelling, from which we can assume
the main reactions that occur during the thermo-
chemical conversion of solid fuel. Thus, the con-
version mechanism is written in the form of several
gross reactions in which fuel and coke are carbon
and have the following form:

Combustion reaction:

C+Oz—)COz;

C+S0,— CO;
CO+ S Oy - COy;
H2+SOQ—>HQO.

Boudoir reaction:
C+CO:— 2CO.
Water vapour reactions:

C+ H,O - CO + Hy;
CO + H,O —» CO, + Hy;
C+ 2 H,O - CO; + 2 H..

Methanation reactions:

C+2H2—)CH4;
CO + 3 H, » CH; + H,O.

These reactions proceed both with absorption
and with the release of heat.

In thermodynamic modelling, it is assumed that
all reactions reach equilibrium, and the equilibrium
constants are calculated according to equation:
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K; = TLi(x)* (P /P°) Zv;, (3)
where x; is the mole fraction of the i component in
the ideal system, v is the stoichiometric coefficient
(positive value for products, negative value for re-
action reagents), P? is pressure in the initial state,
101.3 kPa.

The temperature dependence of the equilibrium
constant can be expressed as follows:

In(Kpz) = In(Kps?) + (T). (4)

Equation (2) and (3) is used to describe the

equilibrium state of an ideal system:

InK = -AG/*/RT; (5)

AG? =Y vi Adrry, (6)
where R is the universal gas constant, AG? is the
Gibbs function in the initial state, ggr; is the
Gibbs function of the i component at a given tem-
perature.

Given the generalized reaction (1), the equa-
tions of material and energy balance are compiled.

Material carbon balance:

fi=0=n¢ +ng, + ey, — 1. (7)
Material balance of hydrogen:
fo=0=2ny, +2n,,0+4ncy, —x—20w. (8)
Material balance of oxygen:
f3=0=n¢o +nco, + Nyo —w—2m—y. (9)
Enthalpy balance:
Yj=react gy = Dimproa i (e + Ahp ), (10)

where h; is the formation enthalpy, which is zero
for all chemical elements in the initial state
(298 K, 101.3 kPa); Ahy; is the difference in the
enthalpies between the calculated and initial state
of the system and can be approximated according
to equation:

T
298

Ahy = Cp (T)dT, (11)

where Cp(T) is the specific heat at constant pres-
sure, which depends on temperature and can be de-
termined empirically by equation:

Jpos Co (T)AT = a + bT? + ¢T3 +dT* +k, (12)

where k is the integration constant; a, b, ¢, d are
the coefficients of the corresponding gases, which
are presented in the reference books of physical and
chemical quantities.

When methods are used to search for extreme
of thermodynamic functions, a list of substances
capable of participating and forming during chem-
ical transformations is set as initial information,
and it is not necessary to know the reactions that
occur in the process under study. Most often, dur-
ing thermodynamic modelling, the Gibbs free en-
ergy is minimized, which is minimized in the equi-
librium state. Gibbs free energy of the system is
defined as follows:

G:Z?’:lniﬂir (13)
where G is the Gibbs free energy, n; is the amount
of the its component of the system, p; is the chemical
potential, which is determined by the formula (13):

w =G +RT ln(&

15} (14)
where 6 is the fugacity coefficient, G{ is the stand-
ard Gibbs free energy.

The fugacity coefficient and pressure are usu-
ally the same when the pressure approaches zero.
Then equation (13) can be rewritten:
where y; is the mole fraction of the i component.

We substitute equation (14) into equation (12):

G =YL n AG) + il n RT(S). (16)
tot

Next, we find the values of #; that minimize the

Gibbs energy using the Lagrange multipliers %; =

As, vr, Ar. At the same time, the limitations of the

material balance for the elements are imposed on
the thermodynamic system, which has the form:

Z?’zlniaij= j,j:1,2, 3,

ko (7))
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where a; is the number of atoms of the j element in
1 mole of the i component, A; is the total number
of atoms of the j element in the reaction mixture.

Given the limitations of the material balance
with respect to elements (16) and the Gibbs free
energy equation (15), we write the form of the La-
grange function:

L=G—Z§V:1/‘l] (Z{V:lnlau—A]) (18)

The partial derivatives of equation (17) are
equal to zero. The fulfilment of this condition al-
lows us to find the extreme point

0L/ 6n; = 0. (19)

Equation (18) can be transformed into a matrix
form taking into account the limitations of the ma-
terial balance (16). The values of »; must satisfy
the condition 0 < n; < ntr. Equation (18) is solved
by iterative methods, or by Newton’s method. In
thermodynamic modelling of the processes of
thermo-chemical conversion of solid fuels, a num-
ber of assumptions are used:

1. The carbon contained in the fuel passes into
the gas phase in the form of gaseous products of
CO, CO;, CHy, and also Hi, HyO, O, are part of
the synthesis gas. The yield of hydrocarbons C, and
higher is considered insignificant and is not taken
into account in the calculation. Unreacted carbon
is represented by coke and soot. In this case, the
reaction time is sufficient to achieve equilibrium.

2. Resin formation is neglected.

3. Ash is considered an inert substance in the
conversion process, although in practice it has a
significant thermal and chemical effect on the sys-
tem under study at temperatures above 700 °C.

4. Gases have ideal properties.

Thermodynamic models allow us to evaluate the
maximum theoretical efficiency of the process and
describe the equilibrium composition of the system.

The process of thermo-chemical conversion is in-
fluenced by three macrokinetic restrictions:

1. The restriction associated with the fact that
the gasification process tends to the boundary of
the formation of free non-gasified carbon. Upon
reaching this boundary, an equilibrium is estab-
lished between the solid and gas phases.

2. The limitation associated with the thermal
regime of the process, which, regardless of the re-
action parameters determines the efficiency of the
process and the composition of the resulting syn-

thesis gas.

3. The restriction associated with the fact that
after the onset of a stationary state, additionally
added heat to the system is mainly used to heat the
reaction products, and not to change their compo-
sition.

Taking into account the above macrokinetic
limitations in thermodynamic modelling allows us
to bring the models under development closer to a
realistic description of the processes under study.
Usually, the restrictions used take into account the
formation of non-equilibrium products and (or) the
features of the course of the individual stages of
the conversion [8].

Another method for describing non-equilibrium
processes is the calculation of multicomponent
chemical reactions in the form of a sequence of
time-dependent  intermediate  thermodynamic
states. The method combines taking into account
the kinetics of the reaction in the form of Arrhenius
dependence and the thermodynamic method of
minimizing Gibbs energy.

In an equilibrium thermodynamic description,
the account of the phenomena caused by the kinet-
ics of chemical reactions, diffusion, and heat trans-
fer should be carried out in terms of a macroscopic
description in which the time variable is expressed
in terms of other system variables [8]. For a for-
malized description of the kinetic block in thermo-
dynamic models, three methods are used:

1. Record additional balance ratios that limit
the individual stages of the mechanism of the pro-
cess under study.

2. Transformation of the right-hand sides of ki-
netic equations into thermodynamic potentials.

3. Entering constraints directly on the kinetic
equations.

The first method is due to the unity of thermo-
dynamics and kinetics, which describe the same
physical laws in different ways. This method al-
lows one to take into account the mechanism of
processes in thermodynamic studies, without re-
quiring its full knowledge and formalized descrip-
tion. The introduction of additional thermody-
namic limitations of chemical and transfer pro-
cesses expands the field of effective use of this ap-
proach.

The second method consists in replacing the co-
ordinates in the right-hand sides of the kinetic
equations by potentials and the subsequent formu-
lation of the converted parts into an expression for
the characteristic function of the system in ques-
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tion. This approach is time-consuming and is due
to the use of a large number of assumptions, which
in the general case are not substantiated, therefore,
have almost not received practical application.

The third approach is the simplest and consists
in the fact that the speed of the process is deter-
mined by the limiting reaction, for which kinetic
coefficients are known with great reliability. Tak-
ing into account macrokinetic constraints for irre-
versible processes drastically reduces the studied
area of thermodynamic reachability and, accord-
ingly, increases the accuracy of thermodynamic es-
timates of process limit values.

Calculations show that the economic efficiency
of waste disposal increases significantly when py-
rolysis and gasification processes are combined.

It should be especially emphasized that the
combination of a pyrolysis plant and a gas genera-
tor waste disposal process into one technological
process will make it possible to bring the use of
waste products to almost 100 %.

It is advisable to complete the installations with
an autonomous power plant or boiler house, which
use coke residue, pyrolysis or generator gases, and
liquid fractions as fuel.

In the future, the plants can be equipped with
modules for the production of synthetic gasoline
and diesel fuel according to the scheme: pyrolysis
gas - methane — methanol — gasoline. The direct
synthesis of gasoline using the Fischer-Tropsch
technology from synthesis gas is also possible. Eco-
nomically attractive are the possibilities for obtain-
ing such gases as, hydrogen, carbon monoxide and
dioxide, nitrogen, etc.

It seems very promising to use the products of
gasification and pyrolysis, including coke and hot
ash, in external combustion engines — “Stirling
engines” type (with external heat supply).

For the practical implementation of the above-
mentioned waste disposal processes, the following
steps are proposed:

— the pilot plant development with a pro-
cessing capacity of 0.5-10 tons/day;

— the technology for gasification and pyrolysis
processing development for various raw materials;

— design and construction of energy-chemical
production facilities with a processing 50—
150 tons,/day (by the expense of profits received
from low-capacity power plants).

With the author’s participation, the GG-30 gas
generator and the UPF-02, UPP-1 pyrogenerators
have been designed, manufacturing and success-

Figure 5. Scheme of the combined converter.

fully tested.

The test results of these installations served as
the basis for the development of a scheme for a
combined converter of organic waste into gaseous,
liquid and solid substances and energy carriers.

The material flows directions (by arrows) and
equipment schematic lay out are shown at Figure 5:
I — feedstock; II — thermal energy; III — liquid
fractions of pyrolysis; IV — pyrocarbon; V — py-
rolysis and generator gas, respectively; VI — elec-
tricity; VII — ash.

Converter consists of: 1 — pyrolysis generator;
2 — heat exchanger; 3 — filter for purification of
pyrolysis and gasification products; 4 — gas com-
pressor; 5 — gas tank; 6 — internal or external
combustion engine; 7 — electric current generator;
8 — gas generator.

The payback period of technological equipment
does not exceed 1-2 years.

References

1. Shtefan, Y., Roik, T., Zorenko, O., Shostachuk,
O. [Methods of Digital Control of Printing Processes].
Tekhnolohiia i Tekhnika Drukarstva. [Technology and
Technique of Typography] 2021. No. 2. pp. 54—63. —
https: / /doi.org /10.20535 /2077-7264.2(72).2021.
242474 (Ukr.)

2. Dri M., Canfora P., Antonopoulos I. S., Gaudillat
P., Best Environmental Management Practice for the
Waste Management Sector, JRC Science for Policy Re-
port, EUR 29136 EN, Publications Office of the Euro-



ISSN 2413-7723. Enepzomexnonozii ma pecypcosbepexenns. 2022. No 3 93

pean Union, Luxembourg, 2018, ISBN 978-92-79-80361-
1, doi:10.2760 /50247, JRC111059.

3. Shtefan E., Serogin O. Energy independence prob-
lem solving by biomass technologies. Scientific Trends:
Modern Challenges. Vol. 1 : collective monograph /
Compiled by V. Shpak; Chairman of the Editorial Board
S. Tabachnikov. Sherman Oaks, California : GS Pub-
lishing Services, 2021. pp. 64-70.

4. Serogin O., Vasylenko O., Pivovarov C. Pro-
cessing and disposal of unsorted, unsegregated muncipal
solid waste. Journal of Food and Packaging Science,
Technique and Technologies. 2020. No. 15. pp. 20-22.

5. Seryogin O., Vasylenko O., Frank J. Riedel,
Helmut Aigner . Technological Complex for Processing
of Solid Household and Treatment Facilities Waste with
Biogas Obtaining. Ecotechnologii i Resursosberezhenie.

[Ecotechnologies and Resource Saving]. 2021. No. 2,
pp-73—79. DOI: 10.33070 /etars.2.2021.06.

6. A combined two-stage Process to “Zero-Residue”
Solution Processing and Disposal of unsorted, unsegre-
gated Muncipal Solid Waste. Frank Riedel. Presentation
at ATHENS2014 International Conference on Sustaina-
ble Solid Waste Management

7. Osmak A., Seregin A. Thermodynamic modeling
of processes of thermochemical conversion of solid fuels.
PROCEEDINGS OF UNIVERSITY OF RUSE. 2019,
Vol. 58, book 10.1. pp. 28—32.

8. Zainal Z.A., Ali R., Lean C.H., Seetharamu K.N.
Prediction of performance of a downdraft gasifier using
equilibrium modeling for different biomass materials.
Energy Conversion and Management. 2001. Vol. 42.
pp. 1499-1515.

Received August 28, 2022

HImedpan E.', doxm. mexn. nayx, npoch., ORCID: 0000-0002-0697-7651,
Cepezun A.A.?, doxm. mexn. nayx, npog., ORCID: 0000-0003-0238-2922,

Havenxo B.K.?, xand. mexn. nayx, Yepnwoiit 10.A.?, xand. mexn. nayx

! Hauuonaavhuoiii mexnuueckuilt ynueepcumem Y kpaunvt <« Kueecxuii noaumexunuuecxuil
uncmumym umenu Heops Curkopckozos, Kuee

npocn. Ilo6edw, 37, 03056 Kues, Yipauna, e-mail:

2 HauuonaavHslil yHueepcumem nuuie6ovix mexuoaouii, Kuee

ya. Baadumupcras, 68, 01033 Kues, Yrpauna, e-mail: seryoginoo@ukr.net

3 Hucmumym eaza Hauuonaawvnoii akademuu nayx Yxpaunvs, Kuee

ya. Heemsapescxasn, 39, 03113 Kues, Yxpauna, e-mail: bor.ilienko@gmail.com

IIpakTHKa 5KOJOTHYE€CKOTO yIPaBJIeHHSs
yTHJIH3a1Heil 0TX00B ¢ 3JeMeHTaMu
noJurpacguyecKoro au3aiiHa

Pacemorpena mpobieMa 3aXOpOHEHHS TBEPABIX OLITOBBIX OTXONOB C YyYeTOM HASIBHOCTH B HUX
BRJIOUEHNUH B BUle JTaKO-KPACOUYHBIX TIOKPBITHI mosurpaduieckoro musaiina. [lokasaHno, 410 nx
YTHIM3AINS, YIuTbiBast, uTo Goee 90 % TBepbIX OLITOBBIX OTXO/[0B UMEIOT TaKHe BKJIKOUEHHUS,
TpebyeT o6TPYHTOBAHHLIX TeXHOJOTHYEeCKUX pentennii. [lokasano, 4To ocHOBHOI TTpobieMoii siB-
JsIeTcsT YTUANSAIS CMeNaHHbIX OTXO0/I0B, B UMCJIO KOTOPBIX BXOANT BCS TJIACTHKOBAsT YITaKOBKA
13 OBITOBBIX OTXONIOB, a TaKyKe KecTKHWe W THOKWe W3/[eWsl W3 TOJUMEePOB PasHbIX THIIOB U
I[BETOB, KOTOPBIe OOBIYHO CO3AIOTCS ¢ aJeMeHTaMU MevyaTHoro AmsaiiHa. Ilpemaraercs: nemnomb-
30BaTh BBICOKOTEMIIepaTypHbIE METOMbl YTUAN3AIMK Ha 6a3e MpOIeccoB MUPOJM3a W rasudu-
karuu. Takue MeTo[BI 1eeco06PasHo paccMAaTPUBATL COBMECTHO ¢ TEXHOJOTHUSMU TOJYYCHUS
aJbTePHATHBHBIX SHEPTOHOCHUTENeH M MOJYYeHHs Ha UX OCHOBE Pa3HBbIX BHJOB BEIeCTB M 9Hep-
THH, HAIpUMep, MeXaHMYeCKoH, TeryoBod 1 anekTpuieckoil. [IpuBeneHo ommcanmne mporeccoB
rasuuKaIim HU3KOCOPTHOTO TBEPOTO TOIJINBA METOJOM TEPMOJMHAMUYECKOTO MOAEINPOBa-
uHug. [lokasano, uTo akoHOMWUYecKasi adPEeKTUBHOCTD YTUIM3AIINN OTXOMOB CYNICCTBEHHO yBe-
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JIMYMBAETCS TIPH COBMEIIEHNH IPOIECCOB MUPOJU3a M TasuHUKallli, KOrja IPOoecchl yTHIN-
3allM¥ OTXO/I0B MMAPOJU3HON YCTAHOBKH M TazoreHepaTopa oObeIMHeHbl B OJMH TeXHOJTOTHYeCKHi
IPOIIeCe, YTO TO3BOJHT JIOBECTH YTHIN3aIIo oTX0108 oyt 10 100 %. [Tokasano, 4To mepcrex-
THBHO HCIIOJb30BaHMe MPOAYKTOB TrasuUKAIMA W MHPOJH3a, B TOM YHcJe KOKCa W ropstdeii
30JIbI, B JIBATATE/IAX BHEIIHEro cropaHms Tuia Asuratenas Ctupanara (¢ BHEITHUM TI0/BeieHIeM
temaa). Bi6a. 8, puc. 5.

K.oueBbie ¢a0Ba: TBepble GBITOBBIE OTXO/bI, JEMEHTBI MOJIArpadMuecKoro au3aiiHa, Tpo-
a3, TasuduKanys, obpaienne ¢ OTX0/aMH, TePMOANHAMHYECKOe MOJeINpOBaine, KOMOHHIPO-
BaHHBIA KOHBEPTEP.
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IIpakTiKa €KOJOTiYHOTO YIpPaBJdiHHS yTUJi3alli€lo
BiIX0iB 3 eseMeHTaMu moJiirpacdiyHoro ausaiiny

PosrasayTo ipobaeMy 3aXOpOHEHHS TBepP/MX MOGYTOBUX BiIXO/IB 3 YPAXYBAHHSAM HASBHOCTI B
HUX BKJIOUEHDb Y BUTJSAL JaKko-papboBUX MOKPUTTIB modirpadivnoro ausaiiny. Ilokasano, 1o
ix yTmmiisarisi, BpaxoByioun, 1mo moHan 90 % TBepIMX TMOOGYTOBUX BiXOiB MaioThb Taki BKJTO-
YeHHsI, ToTpebye oOTPYHTOBAHWX TEXHOJOTIYHUX pilteHb. [lokasano, 1Mo 0CHOBHOIO TTPOGIEMOI0
€ yTUJIi3alist aMilllaHnX BiAXO/iB, M0 SAKHUX HAJEXHUTDH ycs TLIACTUKOBA YITaKOBKA 3 MOOYTOBUX
BiIXOMIB, a TaKOXK KOPCTKi Ta THYUYKi BUPOGH 3 MOJIMepiB pisHWX THITB Ta KOJbOPIB, AKi 3a-
3BUYAH CTBOPIOIOTBHCS 3 eJleMeHTaMM JPYKOBAHOTO Au3aiHy. IIpomoHyeTbes BUKOPHCTOBYBATH
BHCOKOTEeMIIEpaTYpHI MeTON YTUJi3allii Ha ocHOBI TporieciB mipoaisy Ta rasudikarii. Taki me-
TOJM JOLIJIBHO POSI/IAAATH B MOEJHAHHI 3 TEXHOJOTIAMU OTPUMAaHHS aJbTepHATUBHUX €HEpro-
HOCi{B Ta OTpMMaHHA Ha IX OCHOBI Pi3HMX BHIB PEYOBWH Ta €HEpPrii, HapuKJIax, MeXaHiuyHOI,
rersioBoi Ta enexkrpuunol. Haejeno ormue mporieciB rasudikailii HU3bKOCOPTOBOIO TBEPOTO
MaJuBa 32 METOIOM TepMoAMHaMiuHOTO MojeioBanHs. [lokasaHo, 1Mo ekoHOMIUHA eeKTUBHICTD
yTuizanii BiIXOAiB CYTTEBO MiIBUITYETLCS TTPH MOEAHAHHI TPOIeciB Mipoaidy Ta rasudikartii,
KOJIU TIPOIecH YTUJi3allii BiZXoAiB mipoisHOi yCTaHOBKM Ta TazoreHepatopa o6’ €THAaHO B OMH
TEXHOJIOTIYHUN TIpoIfec, MO AACTh MOMKJIMUBICTD JOBECTH YTHAI3allilo BiAXoAiB Maiike 1o 100 %.
BxasyeTncs, 1110 mepcneKTHBHO BUKOPUCTaHHS MPOAYKTIB ragudikarii ta mipomisy, B ToMy ymci
KOKCY Ta Tapsiuoi 30J1M, B JIBUTYHAX S3O0BHIINHBOTO 3ropsiHHs Thmy gAsuryHa Cripainra (i3
30BHIIIHIM HifBeneHHAM Terta). biba. 8, puc. 5.

KmouoBi ciaoBa: TBepzi mo6yToBi Biixoau, efeMeHTH Toairpadivyaoro nusaiiHy, mipoJis, rasu-
ikartisg, moBo/KEHHS 3 BiXoMaMM, TepMOANHAMiYHe MOENIOBAHHS, KOMOIHOBaHWI KOHBEPTEP.
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