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RESEARCH OF THE PROCESS  
OF SOLID COMBINED FUELS 
GASIFICATION

Об’єктом дослідження є комбіноване 2-компонентне тверде паливо «вугілля-ТПВ» (ТПВ – тверді 
побутові відходи) у 5 навісках з концентраціями 0–100 (мас. %) кожного компоненту. Одним з най-
більш проблемних місць є удосконалення процесів газифікації ТПВ, зокрема оптимізація характеристик 
синтез-газу.

В ході дослідження використовувалася лабораторна термогравітаційна установка, яка являє собою 
фізичну модель реактору проточного типу з рециркуляцією проміжних продуктів реакції. До складу 
цієї установки входять блок установки ТГА (термогравіметричного аналізу), хроматограф, комп’ютер  
з принтером, система автоматичної оброки даних за допомогою комп’ютерних методів, а саме: термо-
гравіметричного та хроматографічного аналізу.

У ході дослідження показано, що методом комплексного (ТГА+газового) лабораторного аналізу можна 
оцінювати теплотворну здатність нетрадиційних, зокрема комбінованих, палив. Отримано визначення 
залежності теплотворної здатності продуктів газифікації комбінованих палив від їх складу та параметрів 
технологічного процесу в межах 6–12 МДж/м3. Це пов’язано з тим, що запропоновані у роботі метод та 
установка має ряд особливостей, зокрема можливість підтримки теплотворної здатності нетрадиційних, 
зокрема комбінованих палив, на заданому рівні. Досягнення ефекту очікується за рахунок вибору концен-
трацій компонентів, які відповідають заданому значенню Q н

р. Завдяки цьому забезпечується можливість 
отримання незмінних значень Q н

р при надходженні різних партій ТПВ на виробництво синтез-газу без 
корекції технологічних параметрів.

Наведена у роботі методика дозволяє проводити експрес-оцінку різних партій ТПВ та визначати 
оптимальне співвідношення «вугілля-ТПВ». У порівнянні з аналогічними відомими методами, це забезпе-
чує такі переваги: стабільність технологічних параметрів, інтенсифікацію виробництва та здешевлення 
синтез-газу.

Ключові слова: комбіноване 2-компонентне тверде паливо, тверді побутові відходи, системи газифікації, 
теплотворна здатність синтез-газу.
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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 

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), Wа = 4.7, 
dry weight: Cd = 69.28; Hd = 4.63; N d = 1.52; St

d = 3.96; Od
d = 

= 5.21; Ad = 15.4; QН
р = 26.67 MJ/kg.

2. Model MSW (ground wood pellets). Analytical mass:  
Са = 48.04; На = 7.03; Sа = 3.0; Оа = 25.41; Аа = 11.52; Wа = 5.00; 
QН

р = 21.08 MJ/kg.
Sample weight: MΣ = 16 g (constant throughout the study).
Table 1 provides contents of samples and the value of QН

р  
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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Table 1
Combined fuel composition

Sample*
Mass, g Working mass, wt. %

QН
р, MJ/kg

Coal MSW С H N S O 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 4.8 25.3

3 8 8 57.0 5.5 0.9 3.4 15.2 13.1 4.9 23.9

4 4 12 52.5 6.1 0.6 3.2 20.3 12.3 4.9 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.

 
Fig. 1. Scheme of the laboratory unit:  

1 – reactor; 2 – oven; 3 – refrigerator; 4 – compressor; 5, 6 – 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 α calculated by condi-
tions for complete gasification of the sample to СО+Н2. 
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 I-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 I-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 ΔM (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. 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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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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Table 2

The loss of mass of the sample in experiments No. 1–5

No. of experiment 1 2 3 4 5

ΔМ, g 5.7 8.9 10.4 11.3 12.0

The nature of the curves of mass and temperature as  
a function of time is the same for all the samples of diffe-
rent composition (Fig. 2). Examination of the thermogram 
shows that the gasification process almost completely ends 
in the 2nd cycle, which is confirmed by the maximum 
mass loss G (g).

Graphs in Fig. 3 characterizes the sequence of genera-
tion of generator gas, which allows to trace the first two 
stages of the gasification process in reactors with intense 
interfacial mass transfer: the complete oxidation of com-
bustible components to CO2 (and, accordingly, H2O). As 
well as their further oxidation of CH4 and the final carbon 
to CO and H2 – as, for example, in reactors with an ac-
companying stream of reagents. The sum (CO+H2) = 40 % 
in experiment 1 does not change from the 2nd to the 6th 
cycle, and in experiment 5 it slightly increases from 34 % 
to 37 %. In this case, a decrease in the concentration 
of H2 with a simultaneous increase in the concentration 
of CO is explained by a shift in the reaction of water 
gas as a result of heating of the reagents at a constant 
temperature of about 800 °C.

QН
р reaches a maximum for each combination of coal-

MSW (Fig. 4). In subsequent recirculation cycles, a uni-
form decrease in this value is observed, possibly with 
the loss of heavy volatile (resins, etc.) due to their con-
densation in the refrigerator and further along the path 
in front of the reactor. The similarity of the curves for 
all coal-MSW compositions corresponds to the additi-
vity of QН

р values. As a result of this, when developing 
an autothermal process for the thermochemical disposal 
of solid waste, it becomes possible, by regulating the 
coal-solid waste ratio, to achieve a constant value of 
QН

р upon receipt of various batches of waste of various  
compositions.

4. Conclusions

The research shows that the method of 
complex (TGA+gas) laboratory analysis 
can evaluate the calorific value of non-
traditional, including combined, fuels.

The technique presented in the work 
allows for an express assessment of various 
batches of solid waste and determine the 
optimal ratio of coal-solid waste.
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Fig. 4. The dependence of QH
р on the composition of the combined fuel (1–5 – Table 1)
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