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Abstract: Peat has attracted considerable interest as a potential source of alternative fuel in terms
of improving hydrocarbons production and satisfying market demand. The next decade is likely
to witness a raise in its exploitation. Nevertheless, the characteristics of peat pyrolysis process, via
which many experts expect a considerable generation of hydrocarbons, have not been dealt with in
depth. In the present study we have applied thermal analysis combined with isoconversional and
model methods for clarifying the kinetic and thermodynamic aspects of the process of generating
hydrocarbons from peat via pyrolysis in the absence and presence of iron tallates as a catalytic agent.
The obtained results showed a positive effect of the opted catalyst on the process of peat pyrolysis. It
has been shown that the catalyst is able to reduce the energy of activation of peat pyrolysis process.
Moreover, the Gibbs energy, enthalpy and entropy of complex formation values have been found
lower in the presence of iron tallates for all the applied isoconversional methods (Friedman and
KAS). The evidence from the present study points toward the beneficial effect generated from the
utilization of iron tallates in the processes of hydrocarbons generation from peat for improving energy
production in the future.

Keywords: peat; TG; Friedman; KAS; catalysis; transition metals; activation energy; enthalpy;
entropy; Gibbs free energy

1. Introduction

For the past ten years, there has been a rapid rise in the use of conventional sources
for generating more energy in order to satisfy the market demand [1]. However, these
sources are likely to witness a considerable decrease due to the political, social and eco-
nomic situation facing the modern world and community. Scientists generally use the
term conventional sources of energy for coal, petroleum, natural gas and nuclear energy.
Conversely, the unconventional sources generally include wind, tidal, solar, nuclear and
geothermal sources in addition to other sources such as peat [2–4]. A growing body of
literature has studied the potential amount of hydrocarbons which could be obtained from
peat processing [5–10]. Moreover, the protection of environment is the main subject of
research, especially when it comes to the exploitation of fossil fuels. The utilization of
fossil fuels contributes to increase CO2 emission by 78% of the total greenhouse emission
since 1970 [11]. In order to face the issues resulted from fossil fuels’ uses and to protect
the environment, renewable energy sources such as peat are of special importance [12–15].
It is well known that peat differs by the chemical composition and complex nature of its
components depending on its source. Although researchers have widely showed interest
in peat exploitation, there is still much work to be performed regarding the mechanism of
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energy transfer from these sources of energy. Tons of peat is produced annually from differ-
ent marine and urban solid wastes; agriculture and forests are decaying due to a poorly
studied mechanism, resulting in environmental problems and toxic gas emissions [16–19].
Peat is used in different sectors such as medium scale combined heat and power plants,
which generate electricity and heat for industrial processes [20]. Moreover, peat represents
a potential source of hydrocarbons that can be extracted by applying enhancing oil recovery
methods. Enhancing oil recovery (EOR) methods are attracting considerable interest in
the petroleum scientific community, which investigates the different sources of energy
exploitation. In fact, EOR consist of a set of methods that could be applied for recovering
heavy oils and hydrocarbons [21]. EOR is classified into chemical [22], physical [23] and
thermal methods [24], depending on the nature of the applied technique. Among the
aforementioned methods, thermal methods are presenting a considerable interest in terms
of recovery and economy. Perhaps the most attractive method is pyrolysis. It is based
mainly on breaking down heavy molecules of peat into light molecules, which leads to
easier hydrocarbons flow. Regardless of the promising perspectives expected from the
application of pyrolysis for enhancing hydrocarbons generation in industrial plants from
peat, this method still needs assistance for higher extraction yields. This could be attended
by the application of catalytic systems which may play an important role in changing the
behavior of the peat pyrolysis reactions and even effect their parameters. It is common
knowledge that the utilization of agrowastes as a source for catalysts is a potential approach
for enhancing the reactions of peat pyrolysis [25–28]. Moreover, in our previous works,
we have studied the effect of different oil soluble catalysts [29–32] on heavy oil and peat
thermal processing and discovered that the use of catalysts decreases the activation energy
of the processes of oxidation and pyrolysis, which increase the reactions rate effectively.
Thereby, the present study has adopted thermogravimetry in combination with model
and free-model kinetic methods and approaches to investigate the effect generated by iron
tallates on peat pyrolysis, which of course allowed to suggest further research in the field
of peat exploitation and to indicate the process features and challenges.

2. Experimental Part
2.1. Experiments
2.1.1. Materials

We have used a sample of Greko-Ushakov field peat for investigating the process
of pyrolysis. The physical properties of the obtained peat are presented in Table 1. For
catalytic experiments, we have synthesized iron tallates by using different organic solvents
with a high purity (more than 99.5%) provided by Component Reactiv Company. The
associated non-organic salts have been purchased from Sigma-Aldrich.

Table 1. The main components contained in the Greko-Ushakovskoye field peat.

Component Composition of Peat Organic Matter Mass Fraction in the Composition, %

Cellulose 4–10
Humic acids 15–50

Lignin 5–20
Easily hydrolysable compounds 20–40

Water-soluble substances 1–5

2.1.2. Iron Tallates Preparation

The iron tallates have been obtained following the recommendations reported in [33].
Broadly speaking, the process of obtaining iron tallates is mainly based on using distilled tall
oil (DTO) as a ligand forming agent. The obtention of iron tallates occurred firstly by mixing
4 g of NaOH with 28.2 g of DTO at room temperature according to the following reaction:

C17H33COOH + NaOH→ C17H33COONa + H2O (1)
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The obtained sodium carboxylates solution (30.4 g) has been reacted with 15.2 g of
iron sulfates at 70–80 ◦C as follows:

2C17H33COONa + FeSO4 → (C17H33COO)2Fe + Na2SO4 (2)

The catalytic experiments have been performed by using 2 wt % of the opted catalyst
in the sample of the investigated peat.

2.1.3. X-ray Diffraction Analysis

The X-ray diffraction analysis was performed by using a Shimadzu XRD-7000S au-
tomatic powder diffractometer (Kyoto, Japan) via nickel monochromator with a step of
0.008 nm and 3 s exposure time, in combination with a Bruker D2 PHaser and CuKα

radiation with a wavelength of λ = 1.54060 nm.

2.1.4. Scanning Electron Microscopy (SEM) Analysis

SEM analysis was performed by the field-emission scanning electron microscope
“Merlin” from Carl Zeiss (Oberkochen, Germany) to study the morphology of iron tallates
after destruction at higher temperatures. Microscope observation was proceeded by trans-
forming the studied samples to carbon scotch and loading them in a vacuum chamber. The
surface morphology was analyzed on secondary electron mode, with a very high resolution
(0.8 nm).

2.1.5. Thermal Analysis

In order to study the peat pyrolysis process via thermogravimetric analysis, we have
used a STA 449 F1 Jupiter (Netzsch, Selb, Germany) thermoanalyzer in a temperature range
of 30–600 ◦C at different heating rates (5, 15, 20 ◦C × min−1) under 50 mL·min−1 flow
of argon gas. The samples’ mass was ~10 mg on average in aluminum crucible. Proteus
Analysis 5.2.1 and NETZSCH Kinetics Neo 2.1.2.2 program package have been used for
data processing.

It is common knowledge that peat pyrolysis processes include different reactions,
such as pyrolysis and thermal cracking. These reactions are quite complicated and their
understanding requires the application of sophisticated methods of analysis because of the
heterogeneous nature of the included reactants and medium’s composition. Consequently,
studying the kinetic behavior of peat pyrolysis may allow us a deeper understanding of
different phenomena, which may be related to the influence of catalysts on enhancing
the reactions’ rates and mechanisms. For this reason, the application of non-isothermal
kinetic approach coupled with the isoconversional and model approach methods will allow
us to determine the effect generated by iron tallates on the process of peat pyrolysis and
its mechanism.

2.1.6. Kinetic Theory

The complex nature of peat pyrolysis requires a detailed description of its kinetic,
which include conversion degree α, the preexponential factor A, and the apparent activation
energy Eα in addition to the reaction model f (α) as the main parameters, which is described
as follows:

dα

dt
= k(T) f (α) = Aexp(− Eα

RT
) f (α) (3)

2.1.7. Isoconversional and Model Approach Kinetic Analysis

Themogravimetric analysis has been applied during the present study in order to
determine the kinetic triplet of peat pyrolysis in the presence and absence of iron tallates
as a catalytic agent for this process. Thus, in order to be able to find these parameters, we
applied the Kissinger–Akahira–Sunose (KAS) [34] and Friedman [35] methods as model-
free analyses in order to calculate the associated energy of activation Eα and preexponential
factor A.
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The Kissinger–Akahir–Sunose (KAS) method is presented by the following equation:

ln (− βi
Tα,i

2 ) = Const− Eα

RTα,i
(4)

The Friedman method is described as follows:

ln
(

dα

dt

)
α,i

= ln[ f (α)Aα]−
Eα

RTα,i
(5)

where i is heating rate and Tα,i is the temperature at which conversion degree α is reached
under ith heating rate. For any given α, the value of Eα is calculated from the slope of the
plot ln

(
dα
dt

)
α,i

against 1
RTα,i

for Friedman and from the slope of the plot ln
(
− βi

Tα,i
2

)
against

1
RTα,i

for KAS. Moreover, kinetic model and the reaction type were found by applying the
model-based analysis which depends mainly on the obtained values of activation energy,
pre-exponential factor, reaction order, and rate. These models were optimized utilizing
KineticsNeo software (Netzsch). The kinetic models have been found with the lowest
number of steps to obtain an acceptable fit and consistent approach with the pyrolysis
process of peat in the presence and absence of iron tallates. Table 2 presents the classical
solid reaction kinetic description.

Table 2. Models’ methods for calculating kinetic parameters.

Model Equation

Reaction of nth order (Fn) f = (1 − α)n

Two-dimensional phase boundary (R2) f = 2(1 − α)1/2

Three-dimensional phase boundary (R3) f = 3(1 − α)2/3

N-dimensional nucleation according to Avrami–Erofeev (An) f = n·(1 − α)·[−ln(1 − α)](n−1)/n

Expanded Prout–Tompkins equation (Bna) f = (1 − α) n·αAutocatOrder

The reaction of nth order with m-power autocatalysis
by-product (Cnm)

f = (1 − α)n·(1 + AutocatOrder · αm)

Kamal–Sourur equation (KS) “Reaction rate = A” · (1− α)̂n ·
[exp(−E/RT) + AutocatOrder · α̂m · exp(−E2/RT)]

2.2. Discussion
2.2.1. Thermogravimetric Analysis

Thermogravimetric analysis is a reliable approach for studying different processes
in heterogeneous medium. Thus, its application with small samples allowed us to obtain
accurate data in a rapid and economic way. Changes in peat pyrolysis behavior has
been carefully investigated in a temperature range of 30–600 ◦C at different heating rates
(5, 15, 20 ◦C ×min−1) in argon medium. The obtained TG curves are presented in Figure 1.
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Figure 1. Thermogravimetric curves of the non-catalytic and catalytic processes of peat pyrolysis.

2.2.2. Kinetic Study

In order to emphasize the role played by iron tallates in improving hydrocarbons gener-
ation from peat by increasing the pyrolysis reactions’ rate, we have applied isoconversional
methods together with model approach principle to obtain trustworthy results according
to the recommendations provided by the International Confederation for Thermal Analysis
and Calorimetry (ICTAC).

Figure 2 and Table 3 present the Friedman and Kissinger–Akahira–Sunose energies of
activation of peat pyrolysis in the presence and absence of iron tallates in addition to the
associated pre-exponential factors.
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Figure 2. Pyrolysis activation energy and pre-exponential factors dependency on conversion degree
in the presence and absence of catalyst obtained by KAS and Friedman.

The obtained curves in Figure 2 demonstrate the multistep nature of peat pyrolysis in
the presence and in the absence of iron tallates. In other words, the non-catalytic pyrolysis
of peat proceeds through two regions as indicated by the highlighted shoulders of the
curve, which demonstrate higher values for both the activation energy at 30% conversion
degree and lower values at 60% conversion degree followed by continued increasing until
the end of the process. However, introducing iron tallates have completely changed the
curves’ behavior, where we note a regular increase in the values of activation energy and
pre-exponential factors with conversion degree evolution toward the end of the process.
We strongly believe that iron tallates have not only decreased the energy of activation of the
associated processes, but totally changed the mechanism of peat pyrolysis from a multistep
reaction pathway into a para-single one.

It is common knowledge that applying an iso-conversional approach is quite accurate
together with the application of model approach. Thereby, we have selected the matching
models for the processes of peat pyrolysis in the presence and absence of iron tallates by
16 two-step models for each process of peat pyrolysis. The F-test has been utilized during
the process of model selection as recommended by the work provided in [36]. Table 4
highlights the F-test models obtained by a value of 1.000. The values of all parameters
are attached to the Supplementary Materials Table S1. Figure 3 presents the TG curves of
the obtained peat pyrolysis models in the absence and presence of iron-based catalyst and
Table 4 provides the associated parameters to the obtained models.
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Table 3. Activation energies of catalytic and non-catalytic pyrolysis process based on KAS and
Friedman methods.

Non-Catalytic Peat Pyrolysis Catalytic Peat Pyrolysis

α/% Ea
kJ·mol−1

Ea
kJ·mol−1

Friedman method

10 194.1 ± 4 39.4 ± 3
20 215.6 ± 0.5 48.4 ± 4
30 228.9 ± 0.7 52.9 ± 4
40 224.8 ± 2.3 59.4 ± 5
50 207.4 ± 0.7 66.9 ± 4
60 211.0 ± 6 72 ± 6
70 251.0 ± 8 84.2 ± 4
80 308.7 ± 1.2 130.4 ± 1.8
90 501.9 ± 66 169.9 ± 2.5

KAS method

10 184.5 ± 4 32.3 ± 4
20 205.5 ± 0.8 38.9 ± 5
30 221.2 ± 0.18 45.3 ± 5
40 226.7 ± 2.0 51.1 ± 6
50 215.8 ± 1.4 57.7 ± 6
60 208.1 ± 4 64.7 ± 7
70 233.4 ± 8 72.9 ± 6
80 284.1 ± 1.2 99 ± 4
90 433.8 ± 43 140.9 ± 3

Table 4. Kinetic parameters of peat model pyrolysis processes.

Models

Peat Catalytic Pyrolysis Peat Pyrolysis

Cnm: An:
E = 39.2 kJ·mole−1, E = 153.3 kJ·mole−1,

LnA = 1.8 s−1, LnA = 12 s−1,
ReactOrder n = 1.72, Dimension n = 0.5

Cnm: Fn:
E = 89.7 kJ·mole−1, E = 143.2 kJ·mole−1,

LnA = 5.4 s−1, LnA = 9 s−1,
ReactOrder n = 5.76, ReactOrder n = 4.54

R2 0.99961 0.99980

F-test 1.000 1.000

The obtained models have confirmed the aforementioned hypothesis about the behav-
ior of pyrolysis in the presence and absence of iron tallates. In other words, the models
obtained for the non-catalytic pyrolysis of peat are associated to two models, which are
the An and Fn models, respectively, which witnesses the existence of two main major
steps during the reaction mechanism pathway. Unlike non-catalytic process, the models
obtained for the catalytic pyrolysis have demonstrated a unique model (Cnm) throughout
the whole mechanism pathway, which indicate the para-one step nature of peat pyrolysis
in the presence of iron tallates.
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2.2.3. Kinetic Predictions

We found much higher values for the preexponential factor in the case of non-catalytic
peat pyrolysis process, which in turn may affect the influence provided by the adopted
catalyst regardless the fact that it decreases significantly the values of activation energies.
Therefore, to confirm the role played by the catalyst, not only in changing the peat pyrolysis
mechanism, but in improving the process reaction rate, which, indeed, results in higher
yields in shorter time with less energetic loss, we found out the peat conversion time
dependency on temperature evolution at different conversion degrees as presented in
Figure 4 by taking into consideration 1 × 107 the obtained models in Table 4.
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Figure 4. Calculated pyrolysis times of peat in the presence and absence of catalyst at 10%, 50%, and
90% pyrolysis conversions.
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The obtained data from Figure 4 indicate the considerable effect generated by iron
tallates in enhancing and improving the pyrolysis reactions rate, especially at a temperature
range from 200 to 300 ◦C, which is commonly know as the main zone of high molecular
compounds cracking and pyrolysis reactions. In fact, in our previous works [31,37,38], we
have proposed the possible mechanism which may occure at this zone in the presence of
inert gas such Argon. Our previously published works have confirmed the formation of
iron oxide and iron sulfide nanoparticles at this stage (200–300 ◦C), which mainly catalyze
the processes of C-S bonds cleavage on their surfaces. In order to confirm this theory, we
have obtained a sample of iron tallates after experiments and applied X-ray diffraction
analysis and scanning calorimetric spectroscopy to analyze the obtained nanoparticles. The
obtained SEM image and XRD analysis are presented in Figures 5 and 6, respectively.
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As seen from Figures 5 and 6, the iron tallates transforms throughout the pyrolysis
process into iron oxide particles of 100–200 nm in average able to catalyze the reactions
of cracking and breaking down hetero-carbon bonds at different degrees, which con-
firm our aforementioned hypothesis about the mechanism of the opted catalyst for the
present investigation.

2.2.4. Thermodynamic Functions of Activated Complexes Formation

To further study the peat pyrolysis process, we calculated the thermodynamic func-
tions of the activated complex formation by using the Eyring equation:

k(T) =
KBT

h
exp

(
−∆‡G0

RT

)
(6)

where KB and h are the Boltzmann and Planck constants and ∆‡G0 is the standard Gibbs
energy of the activation complex formation.

Thus, by assuming that peat pyrolysis is a one-step process at each conversion degree,
we would be able to calculate enthalpy

(
∆‡H0

)
and entropy (∆‡S0) changes of the activated

complex formation by using the following equations:

∆‡H0 = Eα −RTst (7)

∆‡S0 = R
(

ln
hAα

KBTst
− 1
)

(8)

In Equations (7) and (8) the Tst is an arbitrary chosen temperature, which was defined
as the peak temperature at the minimum heating rate (473 K)

In order to calculate the standard Gibbs (∆‡G0) energy of the complex formation
activation, we have used a well-known equation from the classical thermodynamics course:

∆‡G0 = ∆‡H0 − Tst∆
‡S0 (9)

The calculated Gibbs energies, enthalpies, and entropies for different conversion
degrees were found based on the kinetic parameters obtained from KAS and Friedman
methods, and they are presented in Table 5.

The data obtained in Table 5 are illustrated by Figures 7–9.
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Table 5. Activation thermodynamic parameters for catalytic and non-catalytic pyrolysis process
based on KAS and Friedman methods.

Noncatalytic Peat Pyrolysis Catalytic Peat Pyrolysis

α/% ∆‡H0

kJ·mol−1
∆‡S0

J·mol−1·K−1
∆‡G0

kJ·mol−1
∆‡H0

kJ·mol−1
∆‡S0

J·mol−1·K−1
∆‡G0

kJ·mol−1

Friedman method

10 190 ± 4 52.6 ± 1.0 165 ± 4 36 ± 3 −229.5 ± 0.9 144 ± 3

20 211.8 ± 0.5 79.61 ± 0.11 174.1 ± 0.5 45 ± 5 −214.4 ± 1.2 146 ± 5

30 225.0 ± 0.7 91.08 ± 0.15 182.0 ± 0.7 49 ± 5 −209.8 ± 1.1 148 ± 5

40 220.9 ± 2.3 72.2 ± 0.5 186.8 ± 2.3 56 ± 6 −202.5 ± 1.3 151 ± 6

50 203.5 ± 0.7 30.8 ± 0.15 188.9 ± 0.7 63 ± 5 −194.0 ± 1.0 154 ± 5

60 207 ± 6 21.0 ± 1.2 197 ± 6 68 ± 6 −191.4 ± 1.3 159 ± 6

70 247 ± 8 65.6 ± 1.4 216 ± 8 80 ± 4 −179.2 ± 0.8 165 ± 4

80 304.8 ± 1.2 130.70 ± 0.20 242.9 ± 1.2 126.5 ± 1.8 −116.9 ± 0.3 181.8 ± 1.8

90 498 ± 66 361 ± 11 327 ± 67 166.0 ± 2.5 −64.1 ± 0.4 196.3 ± 2.5

KAS method

10 181 ± 4 41.6 ± 1.0 161 ± 4 28 ± 4 −247.9 ± 1.1 146 ± 4

20 201.6 ± 0.8 70.35 ± 0.18 168.3 ± 0.8 35 ± 5 −232.9 ± 1.2 145 ± 5

30 217.35 ± 0.18 88.95 ± 0.04 175.3 ± 0.3 41 ± 5 −221.0 ± 1.3 146 ± 5

40 222.7 ± 2.0 88.1 ± 0.4 181.1 ± 2.1 47 ± 6 −212.3 ± 1.3 148 ± 6

50 212.0 ± 1.4 58.95 ± 0.28 184.1 ± 1.4 54 ± 6 −203.2 ± 1.3 150 ± 6

60 204 ± 4 32.8 ± 0.8 189 ± 4 61 ± 7 −195.0 ± 1.3 153 ± 7

70 230 ± 8 56.2 ± 1.5 203 ± 8 69 ± 6 −186.6 ± 1.2 157 ± 6

80 280.3 ± 1.2 113.59 ± 0.20 226.5 ± 1.2 95 ± 4 −152.3 ± 0.7 167 ± 4

90 430 ± 43 292 ± 7 292 ± 43 137 ± 3 −96.6 ± 0.5 183 ± 3
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As can be seen from Figures 7–9, the thermodynamic functions of the activation process
calculated based on the data obtained by KAS and Friedman methods are consistent with
each other.

Let us begin our discussion with the enthalpy of activation. The dependency of this
parameter from conversion degree for non-catalytic decomposition demonstrates three
stages. In the first stage, there is an increase (0.1 ≤ α ≤ 0.3), at the second one, there
is a decrease (0.3 ≤ α ≤ 0.6), and in the third one (0.6 ≤ α ≤ 0.9), there is a significant
increase in activation enthalpy. The reason for this behavior is the multistage characteristic
of the pyrolysis process. At the first stage, the cracking of the relatively stable compounds
is realized, and less stable compounds are formed. It is supposed that the saturated
hydrocarbons of the peat composition, such as easily hydrosable compounds and humic
acid, condense at this stage, which leads to the formation of condensed fuel. At the second
stage, less stable compounds (the condensed fuel) formed at the first step in addition to
cellulose and lignin decompose under thermal cracking reactions, which requires less heat
for activation complex formation. At the third stage, the most stable compounds which
are presented in coke-like substances undergo decomposition; for this reason, there is a
significant increase in the activation enthalpy. For catalytic pyrolysis, the dependence
of enthalpy from conversion degree consists of two stages and is located below the non-
catalytic curve. Thus, we can conclude that the catalyst significantly reduces the heat
required for activation complex formation, and this reduction is more significant for most
stable fractions.

The dependences of the activation entropy on the conversion degree are shown in
Figure 7. For the case of peat pyrolysis without a catalyst, three stages are observed, and
throughout the entire curve, the change in entropy is positive. A positive value of (∆‡ S0)
indicates that the activated complex is more disordered than the initial state. At the same
time, when a catalyst is added, the activation entropy has a negative value, which indicates
the formation of a more ordered complex. The formation of a more ordered complex leads
to a slowdown in the process; however, as will be discussed below, this slowdown is
compensated by the enthalpy term.

The results obtained for Gibbs free energy of activation are shown in Figure 9. As is
well known, the standard Gibbs energy of the process allows us to estimate the equilibrium
constant, which in our case allows us to estimate the amount of the complex being formed.
The lower the Gibbs energy is, the greater the amount of the complex is formed, and,
therefore, the faster the process will proceed. As can be seen from the analysis of Figure 9,
the amount of the activated complex increases with the use of the catalyst, which means
that the process will proceed faster.
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Thus, from the analysis of Figures 7–9, we can conclude that, in general, the use of
iron tallates has a beneficial effect on the rate of the peat pyrolysis process.

3. Conclusions

To sum up, our work has led us to investigate the process of peat pyrolysis in the
presence and absence of iron tallates. Moreover, the present work has shed light on the
kinetics, thermodynamics and some mechanisms related to peat pyrolysis in the absence
and presence of iron-based catalyst. The obtained results showed a positive effect of the
opted catalyst on the process of peat pyrolysis. The ability of the used catalyst to transform
into nanoparticles, gives it the capacity to change the pyrolysis mechanism from a multistep
into a one-step reaction character. Moreover, it has been shown that the catalyst is able to
reduce the energy of activation of peat pyrolysis process, which is done by the cracking
of C-S, C-O and C-N bonds contained in the peat composition. In addition, the Gibbs
energy, enthalpy and entropy of complex formation values have been found to be lower
in the presence of iron tallates for all the applied isoconversional methods (Friedman and
KAS), which also simplify and increase the reaction rates in the presence of iron tallates.
The evidence from the present study points toward the beneficial effect generated from
the utilization of iron tallates in the processes of hydrocarbons generation from peat for
improving energy production in the future.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/pr10050974/s1, Table S1: Kinetic parameters of peat pyrolysis process in the presence and
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