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RESEARCH OF THE PROCESS
OF SOLID COMBINED FUELS
GASIFICATION

O6’exmom docuioxcens ¢ xombinosane 2-xomnonenmue meepde naiuco <eyziiis-TIIB> (TIIB — meepdi
nobymoei 6idxodu) y 5 nasickax 3 xonyenmpayismu 0—100 (mac. % ) xoxcnozo xomnonenmy. Oonum 3 Hai-
Ginvw npobaemnux micup € yoockonanenns npouyecie easugixayii TIIB, 30kpema onmumisauyis Xapaxmepucmux
cunmes-2asy.

B x00i docnidacenns uxopucmosysaiacs iadopamopia mepmozpasimauiting ycmanosxka, aka S6ase coooi
Qisuuny moderv peaxmopy npPoOmMoUH0z0 MuUny 3 PEeUUPKYJIAUier0 npomixcuux npodyxmie peaxyii. /lo cxiady
yiei yemanosku exodamv 610K yemanosku TTA (mepmozpasimempuunozo anariay), xpomamozpag, Komn’romep
3 NPUHMEPOM, CUCTNEMA ABMOMAMUUHOT 06POKU OAHUX 3a OONOMO2010 KOMN TOMEPHUX MeMO0is, a came: mepmo-
2pagimMempuun0zo ma xpomamozpagiunozo anaisy.

Y x00i docaidacenns noxasano, wo memodom komniexcnozo (TIA+2a306020) rabopamopnozo anarisy moxcHa
OUiHIOBAMU MENIOMBOPHY 30AMHICID HeMPAOUYITIHUX, 30KpemMa KOMOIHO8anux, namus. Ompumano 6UsHAUEeHHs
3ANENCHOCTE MeNJLOMBOPHOT 30amiocmi npooyKmis zasudixauii Komoinosanux namus 6io ix ckaady ma napamempio
mexnonoziunozo npouecy 6 mexcax 6—12 M/luc/m>. Ile noe’sizano 3 mum, wo 3anpononosani y pobomi memoo ma
YCMAmnoBKa Mae psid 0coOIUBOCMETL, 30KPEMA MONCIUBICIG NIOMPUMKU MENIOMBEOPHOT 30AMHOCTE HeMPAOUUIIHUX,
30Kpema KoMOIHOBAHUX NATUS, HA 3a0aHOMY PieHi. /locsiznenns epexmy OUiKyemvCs 3a paxyHoK 6UOOPY KOHUEH-
mpayit Komnonenmis, siki sionogidaromo 3adanomy snavennio QL. 3agosaxu ybomy 3ab6e3neuycmocs MONICIUGICMY
ompumanns Heaminnux snavensy QP npu nadxodicenni pisnux napmiii TIB na eupobuuymeo cunmes-zasy 6e3s
KOpeKuii mexHONI02IUHUX Napamempis.

Hasedena y pobomi memoouxa 00360156 nposodumu excnpec-ouinky pisnux napmiu TIIB ma eusnavamu
onmumanvie cniggionowenns <eyziins-TIIB». Y nopieuanui 3 anaiozivnumu gidomumu memooami, ye sabesne-
uye maxi nepesazi: CMadiivHicms MeXHOLOZIUHUX NAPAMEMPIE, iHmencUpiKayin supodnuymea ma 30ewesnienis
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1. Introduction

Over the past two decades, interest in the energy-
efficient use of municipal solid waste has increased sig-
nificantly [1-3]. Mainly due to reduced availability of
fossil fuels, increased energy consumption and negative
environmental impact [4]. Studies conducted to determine
the morphological and elemental composition of municipal
solid waste (MSW) [5-7]. It is proved that solid waste
(or individual components) can be used as fuel in the
processes of thermochemical conversion.

Research is being carried out in the direction of joint
gasification at existing gas generator sets [8—10], that
is, joint gasification has become an attractive option for
improving gasification processes, in particular for optimiz-
ing the characteristics of synthesis gas. But the research
results are still not sufficient to create a technology for
the production of standardized combined fuels such as
coal-solid waste for existing gasification systems. The
relevance of this research lies in a detailed study of the
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influence of the parameters of the process of gasification
of combined fuels on the calorific value of the resulting
synthesis gas.

Thus, the object of study is a combined 2-component
solid fuel «coal-MSW» in 5 samples with concentrations
of 0-100 (wt. %) of each component:

1. Enriched coal of «Bilorichenska» mine (urban-type
settlement Bilorichenskyi, Luhansk region, Ukraine), W¢=4.7,
dry weight: C?=69.28; H'=4.63; N?=1.52; §¢=3.96; 04=
=5.21; A’=15.4; Q)=26.67 M]J/kg.

2. Model MSW (ground wood pellets). Analytical mass:
C*=48.04; H*=7.03; §9=3.0; 09=25.41; A?=11.52; W*=5.00;

7=21.08 MJ/kg.

Sample weight: Ms=16 g (constant throughout the study).

Table 1 provides contents of samples and the value of Qf
in experiments No.1-5.

The aim of research is the experimental determination
of the dependence of the calorific value of gasification
products of combined fuels on their composition and pro-
cess parameters.
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Tahle 1
Combined fuel composition
Mass, g Working mass, wt. %
Sample* [, MI/kg
Coal MSW C H N 5 0 A w
1 16 0 66.0 4.4 1.4 3.8 5.0 14.7 4.7 26.7
2 12 4 61.5 5.0 1.2 3.6 10.1 13.9 48 25.3
3 8 8 57.0 5.5 0.9 3.4 15.2 13.1 49 23.9
4 4 12 52.5 6.1 0.6 3.2 20.3 12.3 49 22.5
5 0 16 48.0 6.7 0.3 3.0 25.4 11.5 5.0 21.1

Note: * — corresponds to the number of an individual experiment; MSW - municipal solid waste

2. Methods of research

The experimental device is developed, created, and
tested at the Gas Institute of the National Academy of
Sciences of Ukraine (Kyiv, Ukraine).

The laboratory thermogravity unit is a physical model
of a flow-type reactor with recirculation of intermediate
reaction products (Fig. 1).

The main unit of the installation of thermogravimet-
ric (TGA) analysis 1-2 is designed as a flow-type reac-
tor with external heating and/or compensation for heat
loss, with a mass sensor 7 and thermocouples instal-
led at points 10—12. Recirculation is provided by elastic
tanks 5, 6. The unit is equipped with a chromatograph 16,
a computer 17 with a printer 18.

X/1-6

| BQHQQI

Fig. 1. Scheme of the laboratory unit:

1 — reactor; 2 — oven; 3 — refrigerator; 4 — compressor; 5, B — elastic
capacity; 7 — mass sensor; 8 — cover; 9 — basket with a hitch;
10-12 - temperature measurement points; 13-15 — valve;

16 — chromatograph; 17 — computer; 18 — printer

The sample is placed in a cylindrical basket, the sur-
face of which is made of heat-resistant mesh and forms
an annular gap with the inner wall of the reactor. When
air moves in the reactor, most of it passes through the
annular gap, as a result of which most of the air does
not have time to oxidize the fuel, but enters directly into
the refrigerator. In the first cycle, with open valve 14
and closed 13, air is supplied to the reactor, and the gas
flow from the reactor through the refrigerator and valve 15

enters the elastic tank 5. The total amount of air sup-
plied in the first cycle corresponds to the theoretical
value of the air flow coefficient o calculated by condi-
tions for complete gasification of the sample to CO+Ha.
The air supply in the first cycle starts from the moment
the sample temperature reaches 200-300 °C, when the
release of volatile, primarily permanent gases, then higher
hydrocarbons begins. After air intake, the compressor is
turned off, valve 15 is closed, and containers 5 and 6 are
interchanged. At the inlet of the reactor close valve 14
open 13 and from the input tank serves through the reac-
tor and the refrigerator in the original tank. The gas flow
is regulated by the selection of external pressure at the
inlet tank. Each experiment with one hitch (from No. 1
to No. 5) consists of six cycles. At the end of each cycle,
gasification products are analyzed on a chromatograph.
Analysis results are processed automatically.

The computer-aided data processing system, which
is part of the unit, provides enhanced functionality for
the experiment and facilitates further systematization of
the results.

The power transmission unit is manufactured and cen-
trifugal with high accuracy, due to which the load on
the sensor is directed strictly vertically. The signals from
thermocouples and strain gauges are fed to the inputs of
an analog-to-digital converter, which is connected to the
computer by an interface converter, forms data packets
and transmits them. To protect the sensor from thermal
radiation and the harmful effects of hot gases, horizontal
thermal screens of heat-resistant heat-insulating material
are installed between it and the reactor. The reactor-sensor
system is located under the exhaust system.

Data obtained during the laboratory experiment, pre-
sented in analog form. An analog-to-digital interface is
required for a data acquisition system. It converts the
source data from one or more transmitters into an output
signal suitable for digital processing.

The data acquisition system was created on the ba-
sis of a computer, an 8-channel module M-7019 and an
interface converter 1-7561. The ICPCON M7019 mo-
dule (Taiwan) is the main component because it acts as
an analog signal converter, has a 16-bit resolution, a sam-
pling frequency of 8 Hz, and a measurement error of
+/-1 %. The ICPCON 1-7561 module (Taiwan) acts as
a gateway between the M-7019 and the computer. To ma-
nage laboratory experience, specialized software based on
the LabView complex has been developed.

After the end of the experiment, a sample of the coke-
ash residue from the basket is burned in a stream of air to
a constant mass, which is the ash content in the sample.
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The sensor signal, as well as signals from
thermocouples, is synchronously fed to
the computer after processing the sensor
message modules in the system.

3. Research results
and discussion

A typical mass-thermogram of a single
experiment is shown in Fig. 2.

The following graphs (Fig. 3) show
the nature of the change in the com-
position of the gas phase according to
the degrees of its recirculation in the
reactor.

The following graph (Fig. 4) shows
the change in the calorific value of the
generator gas during the experiment, as
well as the dependence of the latter on
the initial fuel.

As it is known, volatiles are not con-
tained in the fuel as individual substances,
but are formed when the fuel is heated
(which is why it is not possible to talk
about the «contents» of volatiles, but
about their «output»). The composition
of volatiles includes, in addition to light
gases, as well as other more complex
gaseous hydrocarbons. The change in
mass depending on the composition of
the sample occurs in the temperature
range from (200-300) °C to ~800 °C;
it is in it that volatiles exit. The results
are shown in Table 2.

The nature of the change AM (Table 2)
corresponds to the data on the yield of
volatile substances:

— coal of «Bilorichenska» mine —

30.8 (on a dry weight);

— MSW - from 80-90 (paper, tex-

tiles, plastics) to 50—65 (leather, rub-

ber, food waste, etc.).
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Fig. 3. Examples of changes in the composition of the gas mixture in individual experiments:

a — experiment No. 1 (coal); b — experiment No. 5 (MSW)
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Fig. 2. The nature of the change in the mass of the sample and temperatures in the reactor during a single experiment.
Sample: coal — 8 g, solid waste — 8 g. Marks 1-6 — cycle numbers
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I \«\\ The research shows that the method of
complex (TGA+gas) laboratory analysis
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