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Abstract
The article presents the results of experimental studies on the gasification of mixtures of brown coal and polyethylene (up to 
20 wt% fraction) in a laboratory reactor. The work aims to study the agglomeration process during the heating and oxidation 
of the mixtures. The measurement results (gas composition, pressure drop) provide indirect information on the dynamics 
of thermal decomposition and structural changes in the fuel bed. We have shown that the interaction between polyethylene 
and a coal surface leads to the formation of dense agglomerates, in which the molten polymer acts as a binder. Clinkers 
form as a result of interfacial interactions between components and filtration flow rearranging. The hydrogen/carbon ratio 
in the solid residue of coal-polyethylene co-gasification increases from 0.07–0.2 to 1.11, indicating the formation of stable 
hydrocarbon compounds on the carbon surface. The conducted research makes it possible to identify possible interactions 
between chemical reactions and transfer processes that lead to agglomeration in mixtures of coal with polyethylene.
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1  Introduction

Co-thermochemical conversion of coal and artificial poly-
mers is usually considered in connection with the disposal 
of municipal solid waste (in which the proportion of plas-
tics is quite high) (Wong et al. 2015; Lopez et al. 2018; 
Qin et al. 2019; Zakharyan et al. 2020; Ding et al. 2022; 
Akanksha et al. 2023). Polyethylene (PE), as the simplest 
polymer, is most often used to determine basic patterns of 
co-conversion, which may help to improve this technology.

Experimental studies of the composition of tarry and gas-
eous products of the coal and plastics co-conversion were 
carried out in several works (Havelcova et al. 2016; Kriz 
and Bicakova 2011; Straka and Bicakova 2014). The reac-
tion product composition often is non-additive (Mastellone 
2010; Onay and Koca 2015; Wu et al. 2022), and incom-
plete degradation of polymers leads to a high yield of tarry 
compounds (Mastellone et al. 2012). The authors (Glushkov 

et al. 2020; Vershinina et al. 2022; Antonov et al. 2022) stud-
ied combustion of composite liquid fuels with the addition 
of coal and polymer wastes.

Gasification of coal and plastics can, in some cases, be 
more efficient than incineration (for example, due to a more 
efficient power cycle or easier flue gas cleaning compared 
to incineration) (McIlveen-Wright et al. 2006). The effect of 
adding small amounts of polymer-containing waste to coal 
at large power plants has been considered, for example, by 
authors (Sugiyama et al. 2005; Cormos et al. 2015).

The processes of coal and plastic co-pyrolysis and co-
gasification under the conditions of thermogravimetric 
analysis were studied by Zhou et al. (2009), Melendi-
Espina et al. (2015), Wu et al. (2021a, b) and Xinjie et al. 
(2021). The interaction between the components and 
decomposition products in the crucible and the gas phase 
was considered by Shi et al. (2018). Non-additive behav-
iour was found in both cases (in mass loss and gas release 
kinetics). Direct measurements show changes in solid resi-
due characteristics when coal and polymers decompose 
together, including spin concentration (Wu et al. 2021b) 
and reactivity (Zhang et al. 2021). Detailed kinetic models 
of the processes of coal and polymers co-pyrolysis and 
co-gasification do not quantitatively explain the observed 
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effects, although there has been some recent progress in 
this area (Ranzi et al. 2016; Hong et al. 2021).

Small-scale coal gasification can provide an alterna-
tive to combustion for off-grid power systems (Singh and 
Tirkey 2022). The paper (Du et al. 2021) proposed a math-
ematical model of the coal and polymers co-gasification 
process, which did not consider the interaction of fuel par-
ticles. A statistical model for the coal and plastic waste 
co-gasification was proposed by Hasanzadeh et al. (2022).

One of the problems of fixed-bed conversion of poly-
mer-containing systems is agglomeration, which occurs 
due to the melting and sintering of polymer particles. 
Agglomeration and associated defluidization has been 
reported in several papers on fluidized-bed processing of 
polymers (Mastellone and Arena 2004). Therefore, exist-
ing waste processing plants usually include force-mixing 
systems (rotating sections, screws) that prevent agglom-
eration (Al-Salem et al. 2009; Chen et al. 2014). Another 
option, although more energy-consuming, is high-tem-
perature conversion, for example, plasma or solar energy 
assisted (Janajreh et al. 2013; Piatkowski et al. 2011; Cud-
joe and Wang 2022).

In connection with the subject of this article, the work 
on the fixed bed conversion of coal-plastic mixtures is of 
interest. Authors of Salganskaya et al. (2010, 2013) report 
the results of experiments on the filtration combustion (gasi-
fication) of charcoal with PE, where they observed the insta-
bility of the oxidation front at a polymer content of more 
than 20%. The authors attribute this to the polymer melting 
and blockage of the reaction zone: the melt flows onto the 
combustion front, reducing the oxygen supply. Similar phe-
nomena occur during filtration combustion of viscous hydro-
carbons (Zaichenko et al. 2017). In (Sahu and Vairakannu 
2022), an allothermic gasification of an equally composed 
mixture in CO2 flow was carried out. The authors studied 
the interaction between the components and found that the 
carbon content in ratty products decreases with increasing 
heating temperature. The authors suggested that PE decom-
poses on the coal surface yielding light hydrocarbons and 
oxygenates. Agglomeration was not reported in this work.

Thus, in previous works, the conditions were selected 
to avoid bed agglomeration. In general, agglomeration is 
considered an unfavourable circumstance, and experimen-
tal results under these conditions are often discarded in the 
analysis. However, these results make it possible to investi-
gate the causes of agglomeration. Unlike previous works, we 
tried to establish the patterns of coal-PE mixtures agglom-
eration by indirect observations of structural changes in a 
reacting bed (namely, pressure fluctuations and gas compo-
sition) and relating them to the process conditions. Experi-
mental evidence observed under agglomeration conditions is 
not discarded but is the main result of the work. Our experi-
mental work aims to consider agglomeration in terms of the 

cooperative influence of heat transfer, chemical reactions 
and interfacial processes.

The review shows that there have been no systematic 
studies of fixed bed gasification of coal with polymers with 
varying coal and plastics grades and combustion conditions. 
In our work, we study the oxidative conversion of coal with 
PE under fixed bed conditions. The study aims to determine 
the conditions for agglomeration during the gasification 
process in laboratory conditions, as well as to identify the 
causes of agglomeration.

2 � Materials and methods

Azeyskiy brown coal (Irkutsk region, Russia) was used in 
experiments. The particle size was chosen so that PE gran-
ules and coal particles were approximately the same, so a 
fraction of 5–10 mm was used. Before the experiment, the 
coal was held in laboratory conditions for a long time, so its 
humidity corresponds to the air-dry state.

We used LDPE FL-7000 in the form of 5–10 mm gran-
ules manufactured by Uz-Kor Gas Chemical. The density of 
the granules is 0.956 g/cm3, and the softening point accord-
ing to ASTM D 1525 is 124 °C. Table 1 presents the results 
of the proximate and ultimate analysis of coal and PE.

Thermogravimetric (TG) curves of co-oxidation of Azey-
skiy coal and PE were obtained using a Netzsch STA 449 
F1 Jupiter STA instrument. Coal and PE were ground up to 
100–200 μm. The samples of about 30 mg were used (the 
composition of the mixture varied with a step of 20% by 
weight). The height of the sample layer in the crucible var-
ies from 2 mm (one particle size for fuel particles with an 
average diameter of 0.13 mm) to 3 mm (practically equal to 
the internal height of the crucible). The sample weight was 
chosen so that the amount of oxidizer (air) supplied to the 
furnace was sufficient for its complete oxidation (however, 
the complete oxidation was not observed).

Samples were heated from room temperature to 1000 °C 
at a rate of 30 °C/min. The study was carried out in an 

Table 1   Proximate and ultimate analysis of coal and PE

 Parameter Azeyskiy brown coal Polyethylene

Wr (%) 3.4 ± 0.13 0
Ad (%) 12.6 ± 0.45 1.3
Vdaf (%) 44 ± 0.58 100
Qdaf (MJ/kg) 23.4 ± 1.2 46.7
Cdaf (%) 76.3 ± 3 86
Hdaf (%) 4.4 ± 0.3 14
Odaf (%) 17.3 ± 1 0
Ndaf (%) 1.5 ± 0.2 0
Sdaf (%) 0.5 ± 0.1 0
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oxidizing environment (air flow rate is 70 mL/min, and the 
protective gas flow rate is 20 mL/min) in corundum cruci-
bles for differential scanning calorimetry (DSC). During the 
experiment, the qualitative and quantitative composition of 
the gaseous decomposition products was monitored using a 
Netzsch QMS 403 C Aeolos quadrupole mass spectrometer. 
The energy of electron impact is 70 eV. The same technique 
was used in our previous work (Donskoy et al. 2020).

Samples were heated from room temperature to 1000 °C 
at a rate of 30 °C/min. The study was carried out in an oxi-
dizing environment (air flow rate is 70 mL/min, protective 
gas flow rate is 20 mL/min) in corundum crucibles for DSC. 
During the experiment, the qualitative and quantitative com-
position of the gaseous decomposition products was moni-
tored using a Netzsch QMS 403 C Aeolos quadrupole mass 
spectrometer. The energy of electron impact is 70 eV. The 
same technique was used in our previous work (Donskoy 
et al. 2020).

Experiments on the co-conversion of coal and PE 
were carried out using a laboratory fixed-bed reactor unit 
(Fig. 1) (Donskoy et al. 2022). The laboratory unit consists 
of a batch reactor for fixed bed conversion of solid fuels, 
a system for coarse and fine tar capture, a gas chromato-
graph, and a control and measuring system for determining 
temperatures (T1–T4) and pressure drop (P). The conver-
sion reactor has a cylindrical shape with a diameter of 
150 mm and a height of 350 mm. A heater (1''') and ther-
mal insulation (1'') are installed. Maximum wall tempera-
tures in experiments were up to 700 °C (this temperature 
allows us to conduct experiments in a reasonable time). 
The reactor also has a grate through which the oxidizer 
is supplied (air flow rate 14 × 103 mL/min). It should be 
noted that the air flow rate does not determine directly 
gasification stoichiometry, because the oxidation degree 

is determined by reaction rates whose occurrence, in turn, 
depends on flow regimes (heat transfer, filtration, etc.).

Before loading, the coal particles and PE granules were 
mixed to create a homogeneous (as possible) mass. The 
fuel was loaded in such a way as to, on the one hand, 
maintain an acceptable experiment time (of the order of a 
couple of hours) and, on the other hand, ensure a sufficient 
bed height for gasification reactions to develop in it. The 
weight of the filling was about 2 kg, with a bed height of 
about 10–15 cm. The experiments were carried out at a 
PE mass fraction in a mixture with coal of 0%, 10% and 
20 wt%. Granular mixtures are coarse systems, so small 
differences in composition are not suitable. Literature 
review and our studies show that the range of 10%–20% 
wt of plastic is critical for agglomeration (Donskoy 2023). 
Authors of Uwaoma et al. (2022) reported on briquet-
ting coal with waste plastic as a binder (mass fraction of 
5%–30%).

During the experiments, thermocouple temperature meas-
urements were carried out (to control the thermal regime). 
Gas was sampled for chromatographic analysis (INFICON 
Micro GC Fusion gas chromatography). The volume con-
centration of the main components of the gas mixture was 
measured, namely O2, H2, CH4, CO, CO2, C2H4, and C2H6. 
The gas sampling for analysis began after reaching a tem-
perature of 400 °C when a noticeable weight loss begins 
(due to coal pyrolysis). Gas composition measurement error 
is about 3%–7%. The pressure drop was measured with a 
water pressure gauge. After the experiments, the reactor was 
cooled down, and its contents were removed and subjected 
to additional studies. Elemental analysis of solid products of 
incomplete coal and PE gasification was carried out using 
a CHNS/O analyzer (FLASH EA 1112, Italy), as well as 
using thermal analysis combined with mass spectrometry 
according to the method described in Kozlov et al. (2015). 
Elemental analysis error is less than 3%. Measurement errors 
were preliminary estimated by calibration.

Liquid products of thermochemical conversion were not 
collected or analyzed: tar traps were used only to clean gas 
before gas chromatographic analysis. The main gas flow 
with entrained tar went into the stack, where loose deposi-
tions were observed after experiments.

Uncertainty in experimental data is associated mainly 
with the errors of measuring devices. The range of devia-
tions in temperature measurements varies from 2 to 5 °C; 
the range of deviations in flow measurements is 2.5%; the 
response time of the measuring equipment is up to 0.5 s. 
On the scale of experimental values, these deviations can 
be neglected. The sources of uncertainty in thermoanalyti-
cal measurements were considered by Kozlov et al. (2015). 
The fluctuations associated with the stochastic nature of the 
agglomeration process significantly exceed the indicated 
permissible deviations.

Fig. 1   Scheme of a laboratory bench for the conversion of coal and 
PE
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3 � Results and discussion

In experiments without the addition of PE, an updraft coal 
gasification process occurred: the content of combustible 
components in dry gas is up to 35%–40 % (vol), which is 
close to the "ideal" thermodynamic reaction conditions 
(see, for example, the classical experiments of Kolodtsev 
and Nicholls (Nicholls 1934; Predvoditelev et al. 1949). 
Due to the wall heating, the conversion process becomes 
allothermic, and the conditions for the gasification reac-
tions improve.

Mass loss is almost linear with respect to time in all 
cases, with slight deviations at the first stage of the unit 
heating (Fig. 2). With the addition of PE, the gasification 
regime changes dramatically: the fuel particles intensively 
sinter, forming very dense agglomerate (clinker). In this 
case, of course, intensive reactions fade out: the measured 
bed temperature is close to the wall temperature, however, 
judging by the gas composition, the slow decomposition 
and oxidation of the fuel continues.

Coal without PE additives steadily reacts with the oxy-
gen producing a high-quality gas (containing CO, CH4 and 
H2 as main components). The volume fraction of hydro-
gen and methane first increases, then gradually decreases 
due to their exhaustion in the process of devolatilization 
(Fig. 3a). At a PE mass fraction of 10%, the gasification 
process becomes unstable: decomposition and oxidation 
of the fuel occur, as can be seen from the low oxygen con-
centration in the products, but CO2 turns out to be the main 
gaseous product. It can be assumed that, due to agglom-
eration, fuel oxidation occurs mainly in a narrow gas near 
the wall. Due to excess air, the oxidation of combustible 
components proceeds deeper than in the previous case. 
Finally, when the mass fraction of PE is 20%, the sta-
ble gasification process becomes impossible. Despite the 
heat supply through the walls, the oxygen concentration 

in the exhaust gases reaches 19 vol%, which is close to the 
atmospheric content.

Changes in gas composition give some indirect infor-
mation about processes in the bed. We assume that CO and 
CH4 are products of competing processes: CO is formed 
during oxidative decomposition, and CH4 is a result of 
thermal decomposition. Oxidation requires sufficient 
access of oxidizer to fuel surface and releasing heat allows 
polyolefin chains to break with hydrocarbon formation. In 
this regard, the symbatic formation of CO and CH4 is a 
result of the interaction between coal and PE at the reactor 
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scale. A detailed investigation of this interaction is out of 
the scope of this work.

During agglomeration, the pressure drop and its fluc-
tuations increase, which indicates a deterioration in the gas 
permeability of the bed (Fig. 4). During coal gasification, 
the pressure drop increases monotonically on average due 
to the gradual conversion of coal and a decrease in mean 
particle size. With PE addition, the pressure drop evolu-
tion becomes irregular. The structure of the bed of parti-
cles changes due to chemical and phase transformations; 
as a result of these stochastic processes, pressure bursts are 
observed, which can be used to trace the onset of intense 
agglomeration. At a PE mass fraction of 10%, sharp peaks 
of pressure drop are observed towards the end of the experi-
ment, while at a PE mass fraction of 20%, higher pressure 
peaks occur at the beginning of the experiment, after which 
the process intensity drops. Among the conversion products, 
products of incomplete decomposition and oxidation of PE 

appear, which are deposited in gas ducts in the form of a 
loose, rusty mass. The appearance of the clinkers is shown 
in Fig. 5: as can be seen, the clinkers have the shape of a 
reactor, while they have high mechanical strength compared 
to agglomerates obtained by burning PE and sawdust (Don-
skoy et al. 2022). Interestingly, the bottom part of clinkers is 
cone-shaped, which is a result of slow decomposition near 
walls, where temperature and oxygen concentration are high 
enough to maintain oxidation.

With a PE mass fraction of 20%, the oxidation process 
fades out, and the stationary conversion becomes impos-
sible. In this regard, it was considered inexpedient to carry 
out experiments at high PE content on used equipment due 
to low bed permeability.

Interesting results were obtained in the elemental analy-
sis of solid samples taken from different bed zones after 
the experiments (see Table 2). During coal gasification 
without PE, the hydrogen and oxygen content are reduced 
to the values typical for coal chars. The compositions of 
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Fig. 5   The appearance of clinkers obtained by co-conversion of mixtures with different PE content a 10% b 20%

Table 2   Atomic relations in the organic mass of coal and chars

Relation H/C N/C S/C O/C

Raw coal 0.98 0.02 0.01 0.41
Solid residue (0% PE)
 Upper layer 0.36 0.02 0.01 0.20
 Lower layer 0.22 0.01 0.01 0.11

Solid residue (10% PE)
 Near-wall area 0.07 0.01 0.01 0.33
 Agglomerate core 1.11 0.02 0.00 0.21

Solid residue (20% PE)
 Near-wall area 0.20 0.02 0.01 0.19
 Agglomerate core 1.11 0.01 0.00 0.22



	 I. G. Donskoy et al.   21   Page 6 of 10

solid residues from the middle of the bed and the near-wall 
region are very close. The addition of PE leads to a signifi-
cant difference in the compositions of different bed regions: 
the hydrogen content increases in the core of the clinker, 
while in the near-wall region, the organic mass burns out 
deeper than in experiments without the addition of PE. This 
fact can be explained by changes in filtration flow. When 
a clinker blocks the central part of the reactor, air flows in 
the gap between the wall and the clinker. PE forms stable 
compounds with the coal surface, acting as a binder. As our 
previous studies have shown, agglomeration leads to dete-
rioration in heat transfer between the heating wall and the 
fuel. Tarry products of PE decomposition were detected as 
deposits on the grids and in gas ducts. But a significant part 
of PE remains in the space between the coal particles, so the 
hydrogen content in the clinker increases.

Table 2 shows that H/C relations in the agglomerate core 
are similar for 10% PE and 20% PE mixtures. This simi-
larity may be a result of coal surface saturation by hydro-
carbon chains. Another explanation is the higher sensitivity 
of H/C relation to measurement errors (hydrogen has the 
lowest atomic mass). One can compare the elemental com-
position of solid residue with published experimental data 
obtained under similar conditions (Sahu and Vairakannu 
2022): authors report on char residue with high O/C rela-
tion, which may be a result of encapsulation of coal particles 
in melted polymer.

We propose two reasons for the strong agglomeration of 
coal in a mixture with PE. The first is the wettability of the 
coal surface by hydrocarbons, which are produced during the 
melting and thermal decomposition of PE. The second is the 
low reactivity of coal (compared to PE). As was shown in 
our previous work (Donskoy et al. 2020), the decomposition 
and oxidation of wood promote the decomposition of hydro-
carbons. But the decomposition and oxidation of coal begin 
at temperatures closer to the decomposition temperature of 
PE. In this case, PE does not allow the oxidation of coal to 
develop, both chemically (by inhibiting reaction chains) and 
mechanically (forming a film on the surface that prevents the 
access of an oxidizing agent).

The chemical interaction between coal and polymers 
during thermal decomposition has been studied in several 
works, for example, by Sharypov et al. (2007) and Hong 
et al. (2021). Hydrocarbon polymers can act as hydrogen 
donors (Dominguez et al. 2001), initiating reaction chains 
at high temperatures and inhibiting them at low tempera-
tures due to radical stabilization, which leads, among other 
things, to an increase in the yield of liquid products (Wen 
et al. 2023).

Thermogravimetric analysis shows that the PE decompo-
sition is delayed in the presence of coal, which is associated 
with the interaction between the components (Fig. 6a). The 
heating rate (30 K/min) was chosen so that the superposition 

of the stages of decomposition of coal and PE was more 
noticeable. However, in this case, the oxidation of coal 
proceeds in a diffusion mode: the stages of devolatilization 
and char oxidation practically merge, and a decrease in the 
coal mass fraction leads to a decrease in the overall reac-
tion time. Low-temperature exothermic oxidation of PE is 
suppressed by coal addition, but the cracking of PE (corre-
sponding to a significant endothermic peak in the DSC curve 
at 700–750 K) does not significantly reduce the rate of coal 
oxidation (Fig. 6b). The temperature of the crucible is likely 
somewhat higher than the temperature of the heating gas.

In the fixed-bed reactor, unlike thermogravimetric appa-
ratus, we do not control reaction temperature (only wall tem-
perature). In this regard, it would be not correct to relate the 
mass loss rate presented in Figs. 2 and 6. Thermal decompo-
sition observed in Fig. 6 also occurs at the fixed bed reactor, 
but due to heat and mass transfer limitations, this decompo-
sition is very uneven across a bed section. It is well-known 
that coal interacts with polyolefins, but this phenomenon was 
studied mainly at the micro-scale. Agglomeration is induced 
by surface interaction, but its development becomes possible 
due to the effects of heat transfer and filtration flow.

The shapes of the clinkers can be compared with the 
result of numerical simulation from works (Tanoue et al. 
2014; Donskoy 2022). However, the experimental agglomer-
ation does not unambiguously correlate with the calculation 
results. Under experimental conditions, heat was not only 
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supplied to the reactor through the walls, but also released in 
the oxygen zone near the grate. The thermal decomposition 
of the clinker is limited by the oxidizing agent supply rate 
and the specific surface area of the reacting carbonaceous 
material. Melted and decomposed polymer binder coal par-
ticles, filling and blocking the porous space between them 
and covering their surface. Therefore, the reacting surface 
becomes close to the geometric surface of the clinker. Exter-
nal heating becomes ineffective since most of the input heat 
leaves the reactor with air, which, under agglomeration con-
ditions, flows mainly in the gap between the wall and the 
clinker surface. The exothermic process becomes unstable 
due to a decreasing oxidizer residence time and fuel sur-
face. The described above scheme of coal and PE interac-
tion leading to agglomeration is presented in Fig. 7. Exo-
thermic oxidation reaction enhance melting which results 
in melt covering reacting surface, showing some kind of a 
negative feedback. It should be noted, that non-uniformity 
of temperature is a crucial factor for presented agglomera-
tion scenario: wall heating leads to forming the zones with 
varying permeability (and, therefore, oxygen access) across 
the section.

Presented results can not be discussed in a context of 
detailed chemical mechanisms, for several reasons. Firstly, 
we do not have realistic comprehensive mechanisms for 
co-decomposition of coal with polymers. Secondly, even if 
we had, it would be extremely difficult to split physical and 
chemical effects in such a complex system as an agglomerat-
ing bed: Fig. 7 shows that interaction of phases and chemical 
reactions manifests itself already on a level of qualitative 
explanations. Quantitative studies and comparison of physi-
cal and chemical scales requires deeper investigation.

There are also issues related to coal and PE composi-
tion and condition. Thermochemical conversion is the main 
way to utilize waste plastic, which undergoes ageing due to 
weather conditions, low-temperature air oxidation and bio-
degradation (Gulmine et al. 2003; Hakkarainen and Alberts-
son 2004). Coal also may change its properties during long-
term storage and transportation (Zakharov et al. 2018).

Finally, some options should be listed that would help to 
mitigate agglomeration during the co-conversion of coal and 
PE. The first and the most obvious is a separate conversion 
of coal and PE with heat integration (i.e. using coal combus-
tion heat to convert PE into hydrocarbon products). Further, 
the content of plastic in waste depends on many factors, but 
given its average fraction (usually about 10%), it is possible 
to restrict mixture composition to prevent agglomeration. 
The third option is stirring of bed or using rotary furnaces 
(Zaichenko et al. 2010). An interesting option in the context 
of the present work may be using organized packing (Zhang 
et al. 2022).

4 � Conclusions

Fixed bed co-gasification of coal and PE leads to agglomera-
tion caused by several factors. New data were obtained on 
fixed-bed agglomeration dynamics, which allow us to obtain 
information about physicochemical and flow transitions 
caused by fuel components' interaction. The experimental 
study allows us to clarify some features of agglomeration:

(1)	 Due to its good wettability with respect to the coal 
surface, the molten PE acts as a binder for the coal 
particles. The reactive surface of the coal decrease due 
to covering, and the self-sustaining oxidation process 
stops.

(2)	 The degradation of the macroporous fuel bed structure 
leads to intense pressure fluctuations during air filtra-
tion. The heating conditions promote clinker formation, 
so the main fraction of the air flows in the gap between 
the wall and the bed, which acts as thermal protection 
for the agglomerate.

(3)	 The chemical analysis shows that the inner region of the 
agglomerate is saturated with PE decomposition prod-
ucts, so the H/C ratio is higher than that of the original 
coal. Thermal analysis shows that the decomposition of 
PE in a mixture with coal is delayed, which may also 
be associated with surface interaction.

(4)	 The agglomeration of coal and PE mixtures during heat-
ing and oxidation is a complex phenomenon, which, in 
addition to chemical interactions, also includes heat and 
mass transfer conditions (in this case, air filtration and 
heat transfer between the wall and the bed).
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Fig. 7   Coal and polyethylene thermochemical interaction scheme
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The information obtained may be useful in the develop-
ment of the thermochemical co-conversion processes of coal 
with plastic-containing waste.
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