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Abstract

Despite the fact that a few countries in the Mediterranean and the Middle
East have limited crude oil reserves, they have abundant biomass feedstocks.
For instance, Jordan relies heavily on the importation of natural gas and
crude oil for its energy needs; but, by applying thermochemical conversion
techniques, leftover olive oil can be used to replace these energy sources. Un-
derstanding the chemical, physical, and thermal characteristics of raw mate-
rials is essential to obtaining the most out of these conversion processes.
Thermogravimetric analysis was used in this study to examine the thermal
behavior of olive-solid residue (kernel) at three different heating rates (5, 20
and 40 C/min) in nitrogen and oxygen atmospheres. The initial degradation
temperature, the residual weight at 500 and 700°C and the thermal degrada-
tion rate during the devolatilization stage (below 400°C) were all determined.
It was found that in N, and O, atmospheres, both the initial degradation
temperature and the degradation rate increase with increasing heating rates.
As heating rates increase in the N, atmosphere, the residual weight at 500 or
700°C decreases slightly, but at low heating rates compared to high heating
rates in the O, atmosphere, it decreases significantly. This suggests that a
longer lignin oxidation process is better than a shorter one. Coats and Red-
fern approach was used to identify the mechanism and activation energy for
the devolatilization stage of pyrolysis and oxidation reactions. The process
mechanism analysis revealed that the model of first-order and second-order
reactions may adequately describe the mechanism of heat degradation of the
devolatilization step of olive-solid waste for pyrolysis and oxidation processes,
respectively.
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1. Introduction

Jordan has struggled greatly in recent years to meet its energy needs because the
majority of its energy needs were met by imported oil, natural gas, and petro-
leum products. Due to the enormous number of refugees it has taken in from
nearby unstable nations, its population has been growing quickly to large num-
bers (from 5 to 11.3 million in the years 2000 and 2023, respectively [1]), which
exacerbates its energy dilemma. New energy sources have emerged as a result of
rising energy use and needs. However, common local energy sources including
solar, wind, oil shale, and nuclear energy are currently being considered or some
are already in use. Furthermore, Jordan has a lot of biomass resources, namely
energy crops, farms, agricultural waste, municipal trash, and animal waste,
which might help with the search for alternative energy sources, particularly in
rural areas. The study’s focus, olive cake, represents one of the most significant
agricultural wastes.

In Jordan, the production of olive oil has become a significant agricultural
industry, particularly in the north and center of the country. This is ultimately
the result of the government’s expansion strategy for olive tree agriculture, nota-
bly over the past two decades. More than 15 million olive trees are thought to
exist throughout the nation, yielding about 100,000 tons of olive fruit per year
[2]. Jordan now produces 24000 tons of olive oil annually, making it the
eighth-largest producer of olive oil in the world [3]. The pressing or squeezing of
the olives results in the production of olive oil as the primary product and olive
cake as an additional or subsidiary product. The output of olive oil and olive
cakes in Jordan from 2016 to 2021 is depicted in Figure 1 [2]. It is obvious that
2019 had the highest production of oil and solid residues, at 35,000 and 53,000
tons, respectively. Moreover, Figure 1 illustrates how production variation can
be attributed to a number of variables. These variables include the amount of
rain that falls each year, the conditions and methods used to extract olive oil, the
age or modernity of the pressing equipment, and the quality of the olive fruits.

Thermochemical methods are frequently used to convert biomass waste into
forms of usable energy. Combustion, pyrolysis, and gasification are the three
main types of conversion processes that fall under this category, and they are all
carried out at temperatures between 300 and 1500°C [4]. Due to the fact that
olive cake burns cleanly and produces no sulfur oxides and little nitrogen oxides
during combustion, it is possible to directly burn olive cake or co-burn it with coal
or another biomass fuel. Fluidized bed methods have shown efficient ways to

transform waste solid biomass, like olive cake, into usable energy [5] [6] [7]. For
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Figure 1. Olive oil and olive cake quantities per year.

example, Khraisha et al. [7] have studied the combustion behavior of Jordanian
olive cake in a fluidized bed combustor at different operating conditions. They
have found that olive cake can be continuously burned like most solid fuels with
a combustion efficiency of 80 - 90%.

Olive solid wastes are pyrolyzed to produce a variety of energy products, in-
cluding solid char, liquid oils, and gases. The quantity and quality of the finished
products are significantly influenced by the temperature and heating rates. In
order to maximize liquid oils, for instance, low temperature and high heating
rates are chosen, whereas high temperature and low heating rates are chosen in
order to obtain significant amounts of gaseous fuel [8] [9]. Gasification is a con-
version process that transforms organic materials into primary permanent gases
with char, water, and condensable as byproducts at high temperatures and re-
duced conditions. It was found [10] [11] that the fluidized bed technique offers a
good way to convert waste solid material into useful gaseous products at tem-
peratures that are not very high. This is achieved by gasifying or co-gasifying
waste materials with low-quality coal.

A well-known method for examining the thermochemical behavior of solid
carbonaceous material, such as coal, oil shale, and biomass, is the thermogravi-
metric analyzer (TGA) [12] [13] [14]. Both dynamic (non-isothermal) and static
(isothermal) TGA methods were employed to gather information for reaction
kinetics or to forecast the thermal degradation of tested samples. However, each
one has special advantages and disadvantages, but as a whole, they provide use-
ful information that helps in developing an appropriate design for commercial
thermochemical convertors.

The study aimed to: (a) perform a thermogravimetric analysis in nitrogen and
oxygen atmospheres at three different heating rates (5, 20, and 40 °C/min) on a
waste solid sample of olive oil from Jordan; (b) determine the thermal degrada-
tion, initial degradation temperature, and residual weights at 500 and 700°C for
this olive-solid waste sample; and (c) examine the TGA data at the devolatiliza-
tion stage using the Coats and Redfern model to determine the kinetic parame-

ters and the nature of the mechanism.
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Figure 2. Olive solid residues before and after grinding.

Table 1. Physical and chemical properties of olive-solid residues.

H/C

. . . . HHV?, . (A/F)°
Proximate analysis Ultimate analysis atomic
kJ/kg . kgair/Kgfuel
ratio
M VM EC A C H: N S 02
18034 1.61 5.67

4.8 802 103 4.7 486 6.5 1.7 0.0 432

*Dulong formula, ®Based on mass balance calculations.

2. Experimental and Methods

2.1. Sample Preparation

Following the collection of the olive fruit from the Jordanian market, the sam-
ples of olive residue was produced and prepared. The raw olive solid residues are
shown in Figure 2 (on the left). These residues were cleaned, washed with water,
and then allowed to air dry. The solid residue samples were then crushed, sieved
to a mesh size of less than 250 um, and stored in a desiccator for later processing.

The crushed sample is shown in Figure 2 on the right side.

2.2. Physical and Chemical Analysis

The physical and chemical characteristics of olive residues were analyzed ac-
cording to standard methods. Table 1 shows the proximate, ultimate analyses,

and calorific value of solid olive residue.

2.3. Thermogravimetric Analysis

Olive-solid residue samples of about 10 mg were thermally investigated using the
mogavimetric analysis in N, and O, atmospheres at three heating rates (5, 20, 40
°C/min) from ambient temperature to 1000°C. The experiments were performed
in a Netzsch STA 409 PC Luxx thermal analyzer.

2.4. Kinetic Approach

The thermal decomposition of solid material may be represented by the follow-
ing reaction [15] [16] [17]:

A(solid) — B(volatile)+C (solid) (1)
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For dynamic TG experiments at constant heating rate of temperature change,

o = d7T] dt, the rate of conversion, dx/dt, may be written as:

dx E
i Aexp(—ﬁj f(x) )

where:

A: Arrhenius factor,
E: activation energy,
R: gas constant,

T degradation temperature,

t. reaction time,

x: fraction decomposed of the sample at time t, and is described as:

Wy —W

Wy — Wy

3)

wp wr: initial and final weight of the sample during the TG experiments,

w: weight of the sample at time t,

f{(x): conversion function. For example, (1 — x) for the first order reaction.

Integration of equation 2 leads to the general formula of Coats-Redfern [15]:

(4)

where g(x) is the integrated form of the conversion function f(x). According to

the reaction mechanism, this function, g(x), is commonly given in literature [15]

[16]. Table 2 summarizes all possible functions and mechanisms. EF and A ki-

netic-parameters can be obtained from the curve of line drawn from the lift side

Table 2. Reaction mechanisms, f{x) and g(x) forms for thermal solid decomposition
reaction [15] [16].

Model Mechanism fx) &(x)

1 First-order reaction 1-x -In(1-x%

2 Second-order reaction (1-x)? 1-x'1-1

3 Third-order reaction (1-x3 [(Q-x"2-1]/2

4 Power law (P2) 2x'2 X/

5 Power law (P3) 3x° X3

6 Power law (P4) 4x*M x4

. On.e-du.nensmnal 12x 2
Diffusion (D1)

8 Contracting area (R2) 2(1-x" 1-@1-x"

9 Contracting volume (R3) 3(1-x° [1-@1-x"

Two-dimensional

10 —In(1 - x)]! 1-xIn(1-

Diffusion (D2) (-In(1 =] (=2 In (1-0]+x
Three-dimensional

11 31_ 2/3/21_ 1_ 1/3 1_ 1_ 1/312

Diffusion (D3) (1-20"/[2(1-1-x")] [1-(1-9"]
Ginstling-B htei

12 s mg(DZ‘)’“ns on 32((1- 977 - 1) (1-(@x3) - (1- 9%

13 Avarami-Erofe’ev (A2) 2(1 -x) [-In (1 - 0] [<In (1 - x)]"?

14 Avarami-Erofe’ev (A3) 3(1-x) [-In (1 -x]*° [<In (1 -]

15 Avarami-Erofe’ev (A4) 4(1-x) [-ln (1 - %) ]** [-In (1 — x4
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of equation 4 against 1/T. The slope of the line gives E and the point of intersec-
tion A. However, in order to specify the most probable model, all mechanisms in
Table 2 were fitted to TG experimental data.

3. Results and Discussion

3.1. Proximate Analysis

The proximate analysis of the sample of olive-solid residue is presented in Table
1. It is clear to see that the olive residue contains a lot of volatile organic matter
(84 wt%, on a dry basis), which can be converted into gas and oil during pyroly-
sis. In addition, under high temperature (700 - 900°C) conditions, the residue
could be used as a feedstock for a gasification or combustion process. The tested
sample’s percentage of volatile matter generally falls within the range of biomass

and wood materials [18].

3.2. Ultimate Analysis and Heating Value

The ultimate analysis of the sample of olive residue is also shown in Table 1. The
tested olive residue was found to have a composition that is similar to other
biomass waste materials [19] [20]. However, because the amount of sulfur is so
small, there won’t be any significant environmental effects from using this ma-
terial in a thermal application. The nitrogen value of 1.6% indicates the ability of
the sample to cause the emission of NOx on combustion [21]. In general, the
air-to-fuel ratio and the heating value can both be calculated using the data from
elemental analysis. To calculate the heating value, one can use the Dulong for-
mula or any other empirical equation [22] [23]. The air-to-fuel mass ratio and
the higher heating value were calculated using material balance calculations,
Dulong formula and were found to be 5.67 and 18,034 kJ/kg, respectively. Ac-
cording to this, olive waste material has a higher energy throughput than, for in-
stance, lignite coals (HHV: 5.5 - 14.5 MJ/kg [22]). Generally speaking, the calcu-
lated HHV value of the olive solid waste sample is in the range of 18 to 23 MJ/kg
of the heating values of olive pit and leftover olive cake [21] [23] [24]. Based on the
overall average production of 40,000 tons of olive mill solid waste (estimated from
Figure 1), in a simplified preliminary approach, an overall annual energy potential
of 4.0 10* x 18.03 GJ, i.e. ca. 72.14 10* GJ or ca. 200 GWh. This is annual potential

resources would be equivalent to about 1.7 10* of TOE (ton of oil equivalent).

3.3. Thermal Analysis of Olive-Solid Residue

Figures 3(A), 3(B) and 3(C) and Figures 4(A), 4(B) and 4(C) illustrate the TG
and DTG thremograms of olive residue sample heated at 5, 20 and 40 °C/min,
under N, and O, atmospheres, respectively. Similar profiles were reported for
olive solid wastes by Chouchene et al. [25], Ducom et al. [26] and Gomez-Martin
et al. [27]. The TG figures reveal a small weight decrease (2 - 3%) at 100 to
200°C, which is possibly due to evaporation of moisture and or less volatile

components. After that, the TG curves have shown three mass losses through the
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temperature 200 to 800°C region. The first sharp drop in the weight of the sam-
ple with peaks (DTG curves) around 258, 277, 292°C for 5, 20, 40 °C/min in N,
and O, atmospheres, respectively (Figure 3 and Figure 4), are attributed for the
decomposition of hemicellulose [28] [29] [30]. The next weight drop at higher
temperature with peaks (DTG curves) around 320 - 345°C region for both O, and
N, atmospheres (Figure 3 and Figure 4), are attributed to cellulose decomposi-
tion [28] [29] [30]. These two weight drops which take place below 400°C are
called devolatilization stage [25]. Thereafter a slow pyrolysis and oxidation occurs
over a large temperature range until 900°C for N, and O, atmospheres, respective-
ly, as shown in Figure 3 and Figure 4. The slow reactions are attributed to the
lignin thermal decomposition (N, atmosphere) or oxidation (O, atmosphere) [31].
As indicated by other investigator [32], higher heating rates increase DTG peaks,
as individual devolatilization peaks overlap as well as this caused the disappear-

ance of the second peak as shown in Figure 4(C) at 40 °C/min.

100
o
20
-05
70 1.0 c
® =
H s £
60 <R
g g
50 20 &
40 -25
30 -3.0
35

100 200 300 400 500 600 700 800 900 1000-
: Temperature, °C

& A o
DTG, %/min

100 200 300 400 500 600 700 800 900 1000
Temperature, °C

DTG, %/min

-20

100 200 300 400 500 600 700 800 900 1000
Temperature, °C

©

Figure 3. A. TG and DTG at 5 °C/min under N, atmosphere; B. TG and DTG at 20
°C/min under N; atmosphere; C. TG and DTG at 40 °C/min under N atmosphere.
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Figure 4. (A) TG and DTG at 5 °C/min under O atmosphere; (B) TG and DTG at 20
°C/min under O, atmosphere; (C) TG and DTG at 40 °C/min under O, atmosphere.

3.4. Thermal Degradation Rate

As can be seen in Figures 5(A) and 5(B), the rate of thermal degradation rose as
the heating rate increased for both the hemicellulose and cellulose breakdown of
olive solid residues in N, and O, atmospheres. When cellulose is pyrolyzed in a
nitrogen atmosphere, the rate of thermal degradation increases more than when
hemicellulose decomposes. By contrast, the rate of thermal degradation for both
cellulose and hemicellulose components nearly remains constant in an oxygen
atmosphere, as illustrated in Figures 5(A) and 5(B). It’s interesting to observe
that, for both tested N, and O, atmospheres, the degradation rate increases with
increasing heating rate from 5 to 20 "C/min by about 4 times, while at 40
°C/min, it increases by about 2 times. It can be concluded that a strong evolution

toward volatile components and a high conversion rate of some heavy compo-
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nents to light species may be linked to the abrupt change in temperature from
low to high. This informs that the olive residue is more easily thermochemical
degradable at high heating rate than low one. This finding has been supported
by other investigators [28] [29] [30] [33] who found that the rate of thermal de-
gradation of biomass samples is directly proportional to the subjected heating
rate.

Figure 6 displays the initial temperatures of thermal degradation for the sam-
ple of olive-solid residue that was tested. Under O, atmosphere, the initial tem-
perature of degradation of olive-solid residue is slightly greater than under N,
atmosphere. Generally speaking, as the heating rate rises, so does the initial de-
gradation temperature. This finding suggests that the starting temperature of
devolatilization of olive oil residue is considerably impacted by an increase in
heating rate. Other researchers noted similar findings with biomass materials
[29] [30].

25 =N, =0,

10 ‘
5 20 40

Heating rate, deg C/min

Degradation rate, %/min

W

(A)

25 =N, =0,
=]
R
N
g1
&
[=]
.2
2 10
il
5
o 5
D

0

5 20 40

Heating rate, deg C/min
(B)

Figure 5. (A) Thermal degradation rate for hemicellulose decomposition of olive solid
residue under N, and O: atmospheres. (B) Thermal degradation rate for cellulose de-
composition of olive solid residue under N, and Oz atmospheres.

DOI: 10.4236/jpee.2024.123003 39 Journal of Power and Energy Engineering


https://doi.org/10.4236/jpee.2024.123003

Y. H. Khraisha

IN2 IO2

N
(=3
o

190

180

170

—
(=)}
(=}

Initial Degradation temperature, deg C
%
[=)

5 20 40
Heating rate, deg C/min

Figure 6. Initial degradation temperature for the decomposition of olive solid residue in
N: and O: atmospheres.

3.5. Residual Weight at 500 and 700°C

While combustion occurs at temperatures above 600°C, pyrolysis of biomass is
typically carried out at or above 500°C. Therefore, two temperatures, 500 and
700°C are chosen to compare the residual weight percent at different heating
rates and atmospheres (N, and O,). The residual weight of the olive-solid residue
sample under N, and O, atmospheres is displayed in Figure 7 at 500 and 700°C
at three different heating rates of 5, 20, and 40 °C/min. As previously mentioned,
Figure 3 and Figure 4 demonstrate how thermally and chemically highly reac-
tive the three components of lignocellulosic materials (hemicellulose, cellulose
and lignin) were in the 200 - 500°C temperature range.

The residual weight at 500 and 700°C is nearly constant at the three tested
heating rates under N, atmosphere (Figure 7). When biomass is pyrolyzed
without oxygen, gases, liquid (bio-oil), and solid (bio-char) are the end products.
500°C is the optimum pyrolysis temperature for bio-oil production [34] [35]. A
typical biomass feedstock produces 15 to 30 weight percent solid biochar materi-
al under these conditions. As illustrated in Figure 7 for N, atmosphere condi-
tions, the pyrolysis of the solid waste sample from the olives in this study yielded
a solid weight residue of roughly 31 to 33 wt% at 500°C. Other researchers noted
similar residual weight percentages for olive-solid waste that was thermally de-
composed in an inert atmosphere [25] [26].

The residual weight is highly influenced by the heating rate under O, atmos-
phere or combustion process, especially at low heating rates. In contrast to about
22 wt% at 20 or 40 °C/min, the residual weight, for instance, drops to approx-
imately 3 wt% at 5 °C/min at 500 C. This suggests that a longer lignin oxidation
process is preferred over a shorter one. Table 3, on the other hand, provides an
overview of the solid waste sample’s combustion thermal properties. The profiles
of the sample (DTG) shown in Figure 4 are used to determine the combustion
properties. It’s interesting to note that when the heating rate was increased, both

the burn out temperature and the maximum rate of combustion (percent weight

DOI: 10.4236/jpee.2024.123003

40 Journal of Power and Energy Engineering


https://doi.org/10.4236/jpee.2024.123003

Y. H. Khraisha

=0, 500°C = 0,, 700°C

35 =N, 500°C =N,, 700°C

Residual weight, wt%
— N N
w (=) w

—
(=]

5 20 40
Heating rate deg C/min

Figure 7. Residual weight at 500 and 700°C for the decomposition of olive solid residue
in N; and O; atmospheres.

Table 3. Combustion properties of the olive-solid waste sample.

Heating rate, °C/min 5 20 40
Initial temperature, °C 184 210 208
Peak temperature, °C 255 272 290
Burnout temperature, °C 493 675 749
Max combustion rate, %/min 3.17 11.32 22.34

loss/min) increased. For residual olive cake analyzed under air atmosphere and
heating rate at 30 °C/min, Miranda et al [21] have shown values of burnout
temperature, initial degradation temperature, and maximum combustion rate

that are very close to ones obtained for the analyzed sample.

3.6. Kinetics

Solid waste samples derived from olive oil were typically subjected to three prima-
ry stages of pyrolysis or oxidation. The devolatilization stage, which is the second
step following moisture removal, is defined as the breakdown of hemicelluloses
and cellulose in section 3.3. The final step is the very slow breakdown of lignin
over a wide temperature range (above 400°C). Only the second stage of the
process—the devolatilization step—which is crucial to the gasification, bio-oil
production, and combustion processes—is subjected to kinetic analysis in this
study. Furthermore, the solid waste’s thermal conversion at this point reaches be-
tween 52 and 60 weight percent, which is significant for kinetic analysis.
Regression coefficients of 15 different reaction mechanisms (Table 2) were
obtained graphically and tabulated in Table 4 and Table 5 for the devolatiliza-
tion step. According to Table 4, first order reaction mechanism was fitted to
TGA experimental data conducted in N, atmosphere. Figure 8 provides an illu-
stration of the Coats Redfern procedure’s graphical method for Model 1. This

mechanism was used to calculate the activation energies and Arrhenius factors
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for the devolatilization step for each of the three heating rates. The results are
displayed in Table 6. The apparent activation energies are somewhat dependent
on the heating rate. Nevertheless, it was found that the activation energy re-
quired to devolatilize waste samples made of solid olive oil ranged from 47 to 85
kJ/mol. This result reveals that the reactivity of thermal decomposition reactions
was only slightly affected by changes in heating rates (5, 20, 40 °C/min). These
outcomes are consistent with those of A. Chouchene et al. [25] for the devolati-
lization stage of solid waste from olives in an inert atmosphere. On the other
hand, different activation energies were demonstrated by other researchers [36]
[37]. The variation in olive-solid waste samples’ composition, the type of expe-
rimental technique employed, and the kinetic model applied could all be contri-

buting factors to the difference.

Table 4. Regression coefficients of olive-solid waste samples for devolatilization step un-
der N atmosphere.

2
Model R
5 °C/min 20 °C/min 40 °C/min

1 0.9727 0.9734 0.9830
2 0.9433 0.9513 0.9817
3 0.8803 0.8891 0.9376
4 0.8545 0.8827 0.8669
5 0.7755 0.8337 0.7987
6 0.6320 0.7534 0.6784
7 0.9161 0.9256 0.9217
8 0.9861 0.9520 0.9533
9 0.9598 0.9614 0.9653
10 0.9422 0.9467 0.9463
11 0.9653 0.9661 0.9703
12 0.9515 0.9543 0.9554
13 0.9639 0.9658 0.9768
14 0.9505 0.9549 0.9670
15 0.9288 0.9385 0.9510

Table 5. Regression coefficients of olive-solid waste samples for devolatilization step un-
der O atmosphere.

Model R
5 °C/min 20 °C/min 40 °C/min
1 0.9509 0.9455 0.9610
2 0.9890 0.9926 0.9978
3 0.9761 0.9803 0.9775
4 0.8027 0.7923 0.7690
5 0.7339 0.7203 0.6274
6 0.6322 0.6154 0.3861
7 0.8680 0.8613 0.8762
8 0.9055 0.8967 0.9108
9 0.9222 0.9141 0.9293
10 0.8979 0.8902 0.9065
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Continued
11 0.9307 0.9239 0.9409
12 0.9099 0.9022 0.9190
13 0.9381 0.9303 0.9433
14 0.9202 0.9088 0.9135
15 0.8945 0.8774 0.8591

Table 6. Kinetic parameters calculated based on the Coats & Redfern.

Heating rate, °C/min

N: atmosphere

O: atmosphere

E, kJ/mol A, min™! E, kJ/mol A, min™!
5 47.1 6.1 x 10° 119.9 8.6 x 101
20 85.3 1.8 x 107 117.4 5.7 x 10%°
40 77.5 4.8 x 10° 92.5 2.6 x 108
Model First-order reaction Second-order reaction
-11
1{4 1.5 1.6 1.7 1.8 1.9 2 21
i ’.. ®5 degC/min
-12 °. . %
'0.,'¢.3'~, @20 degC/min
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Figure 8. Plot of In [g(x)/T?] against 1/T (model 1) for olive-solid waste decomposition
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Figure 9. Plot of In [g(x)/T?] against 1/T (model 2) for olive-solid waste decomposition

under O atmosphere.
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The experimental TGA data collected in an O, atmosphere underwent the
same analysis. The regression coefficients for the devolatilization step under an
O, atmosphere are displayed in Table 5 for olive-solid waste samples. It is evi-
dent that the second order mechanism was fitted to the experimental data. Fig-
ure 9 provides an illustration of the Coats Redfern procedure’s graphical method
for Model 2. This mechanism was used to calculate the activation energies and
Arrhenius factors for the devolatilization step for each of the three heating rates.
The results are displayed in Table 6. Once more, the apparent activation ener-
gies are not significantly affected by heating rates (5 and 20 °C/min). The devo-
latilization of olive-solid waste samples under an O, atmosphere was found to
require an activation energy that generally ranged from 93 to 120 kJ/mol. A.
Chouchene et al. [25] reported activation values ranging from 55 to 100 kJ/mol
for the devolatilization step of olive solid waste decomposed under oxidative
atmosphere (10% and 20% O, concentration). J. Jauhininea et al [36] reported
that the devolatilization of olive-solid waste in an oxidative atmosphere had an
activation energy value of 154 kJ/mol. M. Wzorek et al [38] reported that sam-
ples of waste from olive mills that decomposed in an air atmosphere had an av-
erage activation value of between 130 and 139 kJ/mol. Several kinetic models

were used to compute the activation energy values.

4. Conclusion

Thermal degradation experiments of olive-solid waste were performed under ni-
trogen and oxygen atmospheres at different heating rates of 5, 20, and 40 °C/min
in temperature range from 25 to 1000°C. From the thermal degradation results,
we can observe that the pyrolysis and oxidation processes occur in three steps
drying, removal of volatiles and char conversion. In general, the TG curves
showed two main mass losses. The first one is enclosed in the region of about
170 to 400°C which represents the hemicellulose and cellulose conversion and is
confirmed by two peaks on DTG curves whilst the second loss occurs at high
temperature above 390 °C for lignin conversion. The initial degradation temper-
ature and the degradation rate increase with the increase of heating rates in N,
and O, atmospheres. The residual weight at 500 or 700°C decreases slightly with
the increase of heating rates in the N, atmosphere, but at low heating rates com-
pared to high heating rates in the O, atmosphere, it decreases significantly. Nev-
ertheless, after pyrolysis, the tested samples produced residual biochar weights of
between 27 and 30 weight percent, which is comparable to the weight of a nor-
mal biomass feedstock. The devolatilization of an olive-solid waste sample is a
first-order reaction in a nitrogen atmosphere and a second-order reaction in an
oxygen atmosphere, according to data from kinetic analysis and experimenta-
tion. It was found that the activation energy values for pyrolysis and combustion
ranged from 47 to 85 kJ/mol and 93 to 120 kJ/mol, respectively, during the de-
volatilization step. In conclusion, the outcomes acquired in nitrogen and oxygen
environments could offer more beneficial data for biomass gasification and

combustion processes, offering a more comprehensive and detailed explanation

DOI: 10.4236/jpee.2024.123003

44 Journal of Power and Energy Engineering


https://doi.org/10.4236/jpee.2024.123003

Y. H. Khraisha

of the pyrolysis and oxidation mechanisms.
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