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Abstract- This work aims to study the slow pyrolysis of agro-pellets produced from olive mill solid waste blended with pine
sawdust. Thermogravimetric analyses were conducted under inert atmosphere (N,) at different heating rates (5°C.min™",
10°C.min™", 20°C.min" and 40°C.min™") in order to assess the thermal degradation behaviour of the produced agro-pellets. We
observed that the different pellets thermal degradations follow the usual behaviour of lignocellulosic materials. Moreover, the
kinetic parameters such as the activation energy (E,) and the pre-exponential factor (A) values were evaluated based on two
models. These kinetic parameters are close to those reported in the literature. Hence, the thermo-physical and chemical
properties of the produced biofuels promote them as promising alternative fuels for producing energy in domestic or in

industrial implementations of heat and or electricity.
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1. Introduction

In shadow of the energy crisis and environmental
degradation following the rapid industrialization, the security
of energy supply has motivated research in renewable
energies worldwide [1, 2, 3]. Moreover, biomass occupies
the third place of point of view energy potential rank. This
corresponds to about 14% of the world energy consumption
with 2900 EJ/y (1EJ = 10'"®]), especially as this form of
renewable and sustainable form of energy can be applied in
order to win environmental, technical and economic benefits.
The renewability is guaranty by a reasonable forest cutting,
residues reuse and by-products valorization. The
sustainability can be ensured by respecting the equilibrium of
respectively carbon, nitrogen and water cycles.

There are approximately 750 million productive olive
trees worldwide, 98% of them are located in the
Mediterranean region. The three major olive oil producers
worldwide are Spain, Italy, and Greece, followed by Tunisia

and Turkey [4]. In Tunisia, the olive wastes produced by the
olive oil industry are composed by about 400000 tons of
olive pomace per year and about 1000000 t/y of olive mill
wastewater [5-8]. However, the woody residues coming from
wood manufactories are produced in small amounts. The
olive mill solid wastes used in this work are obtained by the
three phase’s trituration process which is the most used in
Tunisia. This lignocellulosic biomass is mainly composed by
pulp and pits residues which hold important quantities of
organic matter. In addition, about 4% of residual olive oil in
the olive mill solid wastes increases the high heating value
(HHV) by comparison to the exhausted olive mill solid
wastes [7]. Exhausted olive mill solid wastes are obtained
when extracting the residual oil from the raw material using
an organic solvent (hexane) and a fractioned distillation
colon apparatus.

Depending on the temperature and heating conditions,
three types of pyrolysis can be distinguished: (1) the slow
pyrolysis is carried out with a relatively low heating rate (1-
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10°C.min™") [9]. The main product of the slow pyrolysis
(carbonization) is the biochar product. It is the so-called
charcoal characterized by particle sizing of tens of
millimeters). This process takes place at relatively low
temperatures (250°C — 600°C). (2) the fast pyrolysis
characterized by a more higher heating rate (> 50°Cmin™),
by a final temperature close to 500°C and with a short
residence time in order to avoid the cracking or the
recombination of vapors. The resulting degradation reactions
give rise to low fractions of charcoal. At the contrary, the
condensable vapors (forming the tars) and the biogas are the
major components. Rapid cooling of the pyrolysis vapors
makes it possible to obtain a liquid commonly called
pyrolysis oil or bio-oil. It is to be reminded that this process
gives higher yields when working in a fluidized bed. The
particle sizes used are in the order of a millimeter [10]. (3)
the flash pyrolysis which is realized at very high heating
rates conditions reaching few hundreds of degrees/second.
Under these conditions, the formation of liquids (tars and
oils) is clearly favored. The bio-oil yields can reach 80%
[11]. The particles sizes in this case are in the order of
hundreds of micrometers [10].

In order to solve the abundant supply of biomass waste
generation, the pyrolysis process is selected in this work as
an environmental and friendly technic. Indeed, this process
provides not only a solution to a pollution source, but also
produces a clean renewable energy which can redress the
imbalance in the energy balance of an under-developing
country like Tunisia. Pyrolysis is a thermal process in an
inert atmosphere during which the biomass waste undergoes
a thermal degradation using a heat source in a specific
temperature range (130°C — 500°C). Indeed, after the
dehumidification step the process starts by the release of the
volatile matter composed by the bio-oil and the bio-gas, and
ends by the charcoal formation. Depending on the used
biomass, the heating rate, the residence time and the particle
sizing the percentages of the three compounds (biogas, bio-
oil and charcoal) will be different [12, 13].

In this study, the used process is the slow pyrolysis
based on TGA equipment occurring at relatively low heating
rates 5°C.min”, 10°C.min”, 20°C.min" and 40°C.min’'
respectively. This protocol is commonly used in industrial
applications in the waste treatment domain [14]. The process
duration depends on the heating rates. Thus, it can vary from
several dozen of minutes to many hours as it takes place at
relatively low temperatures. In biomass pyrolysis, thermal
degradation behavior results of the degradation of the three
main components of biomass; the hemicelluloses, the
cellulose and the lignin respectively.

In order to apprehend better the thermal degradation, a
kinetic analysis is built based on the diffusion and the
chemical reaction mechanisms. This allows us to determine
some crucial kinetic parameters involved in the Arrhenius
law such as the pre-exponential factor (A), the activation
energy (E,) and the reaction order (n).

2. Materials and Methods
2.1. Samples and preparation:

The raw biomass used in this study is the olive mill
solid wastes which were collected from the Zouila oil Press
Company situated in Mahdia (the Sahel region of Tunisia).
This company is specialized in the second extraction of
residual olive oil from olive pomace and in the soap industry.
The olive mill solid wastes (OM) are of two types:

» Raw olive mill solid wastes (OM), with initial
moisture close to 50-60%.
» Exhausted olive mill solid wastes (EOM), with
initial moisture close to 8%.
The pine sawdust (PS) is the second biomass used in this
work in order to make the suitable blends was provided from
a wood factory situated in the region of Mulhouse in France.
Cylindrical pellets of 5-6 mm diameter and 15-30 mm length
were prepared as it was mentioned in our previous works [7].
Hence, five pellets types were obtained with different mass
fractions of (OM) and PS from 25 to 100% wt of OM:
» OM25PS75: Composed of 25% (OM) and 75% pine

sawdust (PS).

» OMS50PS50: Composed of 50% (OM) and 50%
(PS).

» EOMS0PS50: Composed of 50% (EOM) and 50%
(PS).

» OM100: Composed of pure unexhausted (OM).
» PS100: Composed of pure pine sawdust.

2.2 Experimental device and kinetic approach
2.2.1. Thermogravimetric analysis.:

Thermogravimetric analyses (TGA) were carried out
using a KAHN 121 balance. A preliminary blank test should
be performed at the beginning to ensure that any trace of
oxidizing air is completely discharged from the heat balance,
and to avoid any fluctuations by deleting the blank test
values from each run values during the data treatment phase.
These fluctuations are due to the buoyancy forces caused by
the gas flow. This goal can be achieved by circulating a flow
of nitrogen (N;) during 30 min. After this, a sample of 10 mg
is introduced, and a rise of temperature under a constant
heating rate is performed with a constant gas flow of 12
NL.h™". The thermal degradation will be considered complete
when the final temperature of 900°C is reached.

2.2.2. Kinetic approach

The Kinetic study is indispensable for apprehending the
course of decomposition-reaction progression and for
determining the dependence of the rate of progression on
process parameters. Also, the knowledge of the kinetic
parameters governing the thermal degradation is essential not
only for optimizing the reactors, but also for the prediction of
the material lifetime as it was reported by Dhyani et al. [15].

In the literature several approaches based on the kinetic
analysis of non-isothermal TGA data were used in order to
characterize the decomposition reactions, and to access their
kinetic parameters. More precisely, in our study the kinetic
parameters were determined using the method based on the
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Arrhenius law and which was abundantly reported in
literature [16, 17, 18, 19]:

Ea
K(T) = Axe™(®) (1)
Where, E, is the activation energy (kJ.mol™), A is the
frequency factor (min"'), R is the universal perfect gas
constant (8.314 J. mol™ k™) and T is the absolute temperature.
The rate of the decomposition reaction in all the kinetic
studies is presented by the following expression:
=KM@

i )
Where a is the degree of conversion of the pyrolysis process,
f(a) is a function which depends on the particular
decomposition mechanism, K(T) is the decomposition rate
function and t is the time.

a is the degree of transformation of the used biomass. It is
calculated from the corresponding TG curve using the
following formula:

Wi—Wg
a=——

)

Wi_Wf

Where, w;, w,, W, are the initial, at time t and the final mass of
the sample respectively.

Since the heating rate is constant, § can be expressed as:

p=2=cte )

The variation of the degree of decomposition can be described
as a function of the temperature T:

da A

o = 5P (ﬁ)f(a) )
% - %exp (g) dT (6)

After the integration of (Eq.6), the following expression can be
obtained:

@ da éfOTexp (g) dT

9(a) = 0 7@ 7 (7

Using the integral method of Coats and Redfern [20], (Eq.7)
gives:
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Then, after the division by T” and taking logarithms, and
assuming that 2RT/E<<1, (Eq.8) gives:
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Hence, after plotting the linear graph of Ln [g (0))/T°] as a
function of (1/T), a straight line with slope (-E/R) is obtained.
Thus, on the basis of the good shape of f(a) and g(a), the
activation energy and the frequency factor can be determined
from the slope and the intercept of the regression line
respectively.

Table 1 lists the functions f(a) and g(a) used in this study
to describe the thermal degradation of biomass. Two models
were considered based on literature reports for interpreting
experimental data resulting from the pyrolysis process [16, 18].

Table 1 Algebraic expressions of the functions reaction

mechanisms operating in the reactions in the solid state.

Model | f(a) g(a)
reaction mechanisms
F, 1-a —In(l—a)
(1-a)? I
Fy [(1 — a)]
— 3 1
poo 079 /A -]
1)
Diffusion mechanisms
D, 1 a
(2a) (5)
D2 [—Ln(1 —a)]™ 1-a)ln(l-—a)+
@ (6)
D3 ;(1 — a2 [1—(1-a)/3]?
-1 -
3 2a
21— o) (M 22
D ;(1- 0l (1 3 )
-1 =)' -(1—-a)??

(®)

3. Results and Discussion

3.1 Thermal degradation under inert atmosphere:

The thermal degradation behav&g of the different
samples at different heating rates (5, 10, 20, 4O°C.min'1)
under nitrogen inert atmosphere was examined. Fig. 1 and
Fig. 2 show the variation of the mass loss (x) and the

563



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

M. Zribi and M. Lajili, Vol.9, No.2, June, 2019

opposite of the derivative of the mass loss (-dx/dt) called
DTG for the five samples at a heating rate of 5°C.min".

As it was reported in literature, the pyrolysis curves follow
the usual behavior during the thermal degradation of lingo-
cellulosic materials [21]. Indeed, three mass loss steps can be
distinguished in the TGA and DTG curves respectively [22]:
The first zone of the mass loss is the phase of
dehumidification due to the evaporation of the moisture and
the loss of light volatiles occurring between 30°C and 170°C.
The second zone is the devolatilisation step starting at about
193°C, 183°C, 192°C, 193°C and 218°C respectively for
OM25PS75, OM50PS50, EOMS0PS50, OM100 and PS100.
The fluctuations of initial temperatures of biomass
degradation can be attributed to the differences in the
elemental and the chemical composition of samples [23].
However, the high mass losses in this region are associated
to the decomposition of a part of lignin and especially to
holocelluloses (hemicellulose and cellulose). This zone is
often called active pyrolysis zone.
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Fig. 1. TGA curves during the thermal degradation of the
different samples obtained under inert atmosphere at a
heating rate of 5 °C.min™'
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Fig. 2. DTG curves during the thermal degradation of the
different samples obtained under inert atmosphere at a
heating rate of 5 °C.min™'

Finally, a quite mass loss was observed indicating the
decomposition of the not yet degraded lignin. This is the so-
called passive pyrolysis which ends when reaching a constant
mass composed by the fixed carbon and the ash (constituting
all together the charcoal) [24, 25]. According to the analyses
of DTG curves, shoulders and peaks are observed in the

active pyrolysis zone carried out at different heating rates for
all samples (except OM100 for which two peaks; the first on
the left is related to the hemicellulose and the other on the
right is related to the cellulose) as it is shown on Fig. 3.
Results obtained at 5°C.min™" is almost the same obtained in
our previous work [7]. Moreover, the shoulders are attributed
to the hemicelluloses and to a part of lignin decomposition,
whereas, the sharp peaks are associated to the cellulose
decomposition [26]. At the end of the second step a slow
decrease of the mass loss rate is observed. It corresponds to
the slow degradation of the not yet degraded lignin. This
assumption was already observed for woody biomass [27,
28]. Such thermal behavior may be explained by the difficult
decomposition of lignin and its high thermal stability [29,25,
26]. Indeed, it is known that lignin pyrolysis takes place at a
temperature ranging between 190°C and 900°C. That’s why;
we notice the absence of any peak describing the lignin
decomposition [30, 31]. Knowing that the cellulose content
in the samples (except OM100) is higher than that of
hemicellulose (41% against 21% for pomace and 35%
against 20% for pine sawdust), it is foreseeable that the
intensity of the peak related to cellulose will be higher than
that of the shoulder related to hemicellulose. Moreover, the
thermal degradation of these samples shows that more the
heating rate increases the faster the mass loss will be.
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Fig. 3. DTG curves during the thermal degradation of PS100
obtained under inert atmosphere at different heating rate of 5,
10, 20, 40 ° C.min™"

As it is shown on Fig.4, the thermal degradation rates
in both active and passive pyrolysis regions increased with
the heating rate. This behavior was already reported in the
literature for various biomasses [24, 32, 33]. Likewise, it can
be seen that when increasing the heating rate, the rate of
degradation in the active pyrolysis step is increased
significantly. Thus, we concluded that these samples become
more reactive when increasing the heating rate from
5°C.min"' to 40°C.min™" as it exhibited in Fig. 3, Fig. 4, Fig.
5 and Table 2. Also, we noticed that the heating rate
influenced the temperature ranges which encompass all the
constituent stages during the pyrolysis process. Indeed, it is
clear that the interval temperature corresponding to the active
pyrolysis step becomes wider. More precisely, the
devolatilisation starts at a lower temperature and ends at a
higher one as it is illustrated on Fig. 3, Fig. 4, Fig. 5, and in
Table 2.
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Fig. 4 DTG curves during the thermal degradation of
OMS0PS50 obtained under inert atmosphere at different
heating rate of 5, 10, 20, 40 ° C.min"'
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Fig. 5 DTG curves during the thermal degradation of OM100

obtained under inert atmosphere at different heating rate of 5,

10, 20, 40 ° C.min™"

The DTG curves corresponding to the OM100 sample as
it was reported in our previous work [7] are characterized by
two peaks with almost same intensity corresponding to
hemicellulose and cellulose respectively. However, the peaks
intensities are highly affected by the imposed heating rates as
it is illustrated on Fig. 5. More precisely, the peaks
intensities increase with the heating rate due to a notable
increase of the reactivity. Indeed, the DTG takes its
importance from the fact that it constitutes a preliminary
indicator of the material reactivity. For a heating rate of 5°C
min™', the maximum rate of mass loss was marked by PS100
and OM25PS75 (approximately 0.08 %.s™), while the lowest
value is obtained for OM100 (approximately 0.038 %.s™). It
is to be mentioned that these obtained results are higher than
those found by ElI May et al. [34], under the same
experimental conditions.

Based on previous investigations [35, 36], and using the
maximum mass loss R and its corresponding temperature
Tpea» The reactivity can be evaluated using the following
expression:

Ry = Y, 2b16 (10)

Tpre

From Table 2, and For the heating rate of 5°C.min”',
the Ry values are ranging between 0.14 (for OM100) and
0.25 %.s".°C™" (for OM25PS75) respectively. These values
are very similar to those reported by El May et al. [35].

3.2 Kinetic analysis:

In order to apprehend the thermo-physical phenomena
occurring during the thermal degradation of all samples, we
think that it is primordial to determine the kinetic parameters
such as the pre-exponential factor A, the activation energy E,
and the order of the reaction. The regression factor R” is a
crucial control tool for testing the accuracy of our
calculations. As it is shown in Table 3 and in Table 4, the
performed regression analysis gives correlation coefficients
ranging between 85 and 99 % for the different samples.
Calculations were carried out in the two main zones
corresponding to devolatilisation and to charcoal formation
under different heating rates (5, 10, 20 and 40°C.min™")
respectively. For low temperatures, one noticed that the
models based on the diffusion mechanism (D,, D3, Dy) lead
to the best fits with the experimental data. More precisely,
this is the D; mechanism which gives the best correlation
(i.e. the highest regression factor). This result is in a perfect
agreement with what was reported in the literature [34, 37-
39]. The obtained analysis of the kinetic parameters show
that for a given heating rate, the highest values of the
activation energy during the active pyrolysis phase
(devolatilisation step) were obtained with the PS100 sample,
while the lowest values were obtained with the OM100
sample. This is the major interest of olive wastes biofuels
which are known by their character to be highly flammable.
However, the highest frequency factor corresponds to PS100
sample. This crucial parameter playing an important role in
the reactivity of thermal degradation can be considered as an
advantage for the blended samples (Table 3). Our obtained
results are found to be quietly higher than those found by
Chouchene et al. [40].

For high temperatures (i.e. the charcoal formation
zone), the models based on the chemical reaction mechanism
are dominants. More precisely, the third order chemical
reaction mechanism (F;) gives the best correlation for all
samples in agreement with some results reported in the
literature [34, 39]. Indeed, it was found that during the char
formation the highest activation energy was obtained with
the OM100 sample, followed by PS100, EOMSO0PS50,
OMS0PS50 and OM25PS75 respectively. This fact can be
explained by the high molecular weight of components
constituting the lignin of the OM100 sample. Indeed, raw
olive residues are known to be rich in fiber (crude cellulose
and ADF). Furthermore, the degradation of these
components is hard which can be explained by their
relatively high activation energy. Hence, the activation
energy values during this step can be related to the fixed
carbon and the ash contents as it was stated by Chaabane et
al. [41]. It is to be mentioned that the obtained values of the
activation energy we found in this work are higher than those
reported in some works in the literature [26, 31]. In addition,
the variation of the activation energy for the different
samples proves that the chemical reaction regimes are
governing the thermal degradation of the different samples
[42]. Furthermore, the highest activation energies (in the
range of 79.20 and 119.98 kJ.mol™) were found in the first
zone (active pyrolysis) where the main pyrolysis reaction
took place and the largest weight loss occurred [43].
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In the same context we concluded that the activation
energy values we found are higher than those obtained
during a fast pyrolysis process [44]. This can be explained by
the fact that the residence time is longer during the slow
pyrolysis. Other reasons that may cause much lower values
of activation energy during the fast pyrolysis may be related
to the much higher heating rates and to more catalysts effect

efficiency.

Table 2 Characteristics of pyrolysis under inert atmosphere.

temperature Rihoutder Tanoutder °C) | Rpea (% 5™) | Tpear (°C) Ryx10°
ranges (°C) (% s™ (%s' C"
PS100 :
R5 218-576 0.04 282 0.08 332 0.24
R10 220-612 0.08 296 0.15 346 0.43
R20 234-671 0.14 304 0.29 361 0.80
R40 234-749 0.38 348 0.54 381 1.41
OM25PS75 :
R5 193-569 0.04 274 0.08 317 0.25
R10 182-576 0.07 284 0.15 331 0.45
R20 202-596 0.15 302 0.28 352 0.79
R40 214-641 0.31 327 0.54 374 1.44
OMS50PS50 :
R5 183-682 0.04 274 0.07 315 0.22
R10 186-706 0.08 310 0.13 346 0.38
R20 183-744 0.17 310 0.28 347 0.81
R40 203-764 0.32 323 0.52 370 1.40
EOMS50PS50 :
R5 192-621 0.04 262 0.07 304 0.23
R10 180-667 0.08 272 0.15 317 0.47
R20 194-778 0.16 298 0.27 338 0.80
R40 211-719 0.34 311 0.56 351 1.60
OM100 :
temperature | R peat (%8 | Tpeat °C) | Rpeaka (% 8™) | Tpearz °C) | Rux10° (%
ranges (°C) h s'Ch
R5 193-696 0.04 252 0.04 319 0.14
R10 207-746 0.10 262 0.11 332 0.35
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R20

210-764

0.16

280

0.15

343

0.50

R40

218-765

0.36

297

0.34

364

0.65

Table 3 Kinetic parameters during the step of the devolatilization under an inert atmosphere for different heating rates: 5,

10, 20, 40 ° C.min™

Sample Heating rate Temperature n E, A(s™) R? f(a)
(°C min™") range (°C) (kJ mol™
PS100 5 222-358 | 695 98.95 226x10° | 0.857 D2
116.29 2.87x10° 0.919 D3
104.91 2.01x10° 0.833 D4
216-374
10 0.58 103.03 6.34x10° 0.898 D2
118.07 4.73%10° 0.943 D3
108.19 4.70%10° 0.916 D4
224-391
20 0.56 104.44 9.95x10° 0.898 D2
119.98 6.78%10° 0.943 D3
915421 109.57 7.15x10° | 0917 | D4
40 0.52 103.97 8.06x10° 0.918 D2
117.13 3.69%10° 0.954 D3
108.51 5.09x10° 0.933 D4
OM25PS75 5 204-346 0.63 91.01 6.3x10° 0884 | D2
105.32 4.47x10° 0.931 D3
95.92 4.62x10* 0.904 D4
10 187-357 0.63 89.68 6.75%10* 0.939 D2
100.45 2.15%x10° 0.959 D3
93.37 3.74x10% 0.948 D4
20 176-382 0.54 84.77 2.48x10* 0.941 D2
93.91 87.90 5.36x10* 0.957 | D3 D4
1.2x10* 0.948
86.42 D2
40 181-407 0.47 95.51 3.70x10* 0.946 D3
89.54 7.54x10% 0.961 D4
1.76x10* 0.953
OM50PS50 5 195-344 0.71 87.55 3.10x10° | 0.899 | D2
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100.00 14.58x10* 0.937 D3

91.80 1.97x10* 0.915 D4

10 190-380 0.67 82.38 7.96x10° 0.921 D2
92.35 2.01x10* 0.948 D3

85.80 4.06x10° 0.932 D4

20 181-377 0.46 83.35 2.19x10* 0.939 D2
93.09 5.42x10* 0.960 D3

86.68 1.11x10* 0.948 D4

40 177-403 0.43 | 84.49 93.33 2.80x10* 0.943 D2
87.52 5.47x10% 0.961 D3

1.31x10* 0.951 D4

EOM50PS50 5 210-339 0.65 96.38 8.08x10° | 0.875 | D3
86.17 6.92x10° 0.828 D4

10 194-347 0.65 103.38 5.13%10° 0.939 D3
95.55 7.44x10° 0.918 D4

20 194-368 0.65 104.19 6.22x10° 0.945 D3
96.88 1.06x10* 0.926 D4

40 185-424 0.58 88.06 1.55x10* 0.887 D3
80.37 2.41x10° 0.850 D4

OM100 5 179-346 1.13 70.89 7.68x10° | 0901 | D2
79.20 1.43x10° 0.935 D3

73.72 3.52x10? 0.914 D4

10 210-360 1.34 121.30 2.29x10° 0.766 D2
87.78 1.31x10* 0.846 D3

79.71 1.88x10° 0.803 D4

20 203-380 1.21 72.23 1.85x10° 0.855 D2
81.92 4.28x10° 0.903 D3

75.53 9.11x10? 0.874 D4

40 218-397 1.17 71.999 2.58x10° 0.832 D2
83.11 7.86x10° 0.888 D3

75.79 1.40x10° 0.854 D4
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Table 4 Kinetic parameters during the step of the char formation under an inert atmosphere for different heating rates: 5,

10, 20, 40 ° C.min™"'

Sample Heating rate | Temperature E (kJ mol'l) A (s'l) R? f(a)
(°C min™") range (°C)
PS100 5 358-462 44.45 154.16 0.935 F3
10 374-483 40.58 134.69 0.935 F3
20 391-511 33.75 63.50 0.961 F3
40 421-528 26.84 45.60 0.949 F3
OM25PS75 5 366-478 32.90 18.45 0.918 F3
10 357-511 37.84 75.79 0.980 F3
20 382-523 37.58 126.22 0.969 F3
40 407-547 32.66 93.97 0.968 F3
OMS50PS50 5 344-479 36.98 2722 0.939 F3
10 380-561 29.11 6.23 0.985 F3
20 377-551 35.83 85.88 0.979 F3
40 403-584 32.08 64.91 0.974 F3
EOMS0PS50 5 339-464 4035 47.18 0.968 F3
10 347-497 37.45 5.03x102 0.981 F3
20 368-528 36.32 70.60 0.979 F3
40 424-551 31.52 57.11 0.981 F3
OM100 5 346-429 48.06 86.40 0.977 F3
10 360-485 36.85 19.63 0.984 F3
20 380-493 35.73 2021 0.963 F3
40 397-471 4051 120.30 0.987 F3

4. Conclusion

In this study, slow pyrolysis tests of 5 pellets types prepared
from olive mill solid wastes (OM) and pine sawdust (PS) at
different heating rates were carried out. Obtained results
show three steps forming the whole process of a
lignocellulosic biomass material; the dehumidification, the
devolatilisation and the charcoal formation.

When working at different heating rates, it is possible to
apprehend the reactivity mechanisms and the spreading of
the temperature range during which the conversion occurs. A
detailed kinetic study based on the Arrhenius, allowed us to
assess the most crucial parameters governing the pyrolysis
process for all samples. We conclude that the devolatilisation

zone is governed by the diffusion mechanisms, whereas the
charcoal formation zone is governed by chemical reaction
mechanisms. Furthermore, it was found that the kinetic
parameters depend not only on the pyrolysis type process,
but also on the composition of the biomass. Moreover, the
activation energy and the frequency factor are found higher
during the devolatilisation phase than during the char
formation step.
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