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Abstract

In this study, the thermal behavior of two olive mill wastes samples such as olive mill solid waste (OMSW) and 
concentrated olive mill wastewater (COMWW) was examined at different heating rates ranging from 5 to 50 K/min 
in inert atmosphere using the technique of thermo gravimetric analysis. Avrami theory and iso-conversional Starink 
approach were used in this work to evaluate the kinetic parameters, including apparent activation energy (Ea) and 
reaction order (n). For the range of conversion degree investigated (20-80%), the values of apparent activation 
energy for olive mill solid waste (OMSW) were 147.51-158.79 KJ/mol and 200.13-212.51 KJ/mol for hemicellulose 
and cellulose respectively. Whilst the apparent activation energy of concentrated olive mill wastewater (COMWW) 
varied from 128.41 to 138.85 KJ/mol and from 201.3 to 226.67 KJ/mol for hemicellulose and cellulose respectively. 
With varied temperature (515-753 K), the corresponding values of reaction order was increased from 0.1004 and 
0.1061 to 0.1787 and 0.2886, along with a decrease to 0.1220 and 0.1889 for OMSW and COMWW respectively. 
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Introduction
In the view of shortage of fossil fuels and with the increasing 

concerns regarding human impacts on the environmental, renewable 
energy sources and waste materials play an important role as a 
viable alternative to fossil fuels for both production of chemicals and 
energy generation [1]. Biomass in general and agricultural waste in 
particular seems to be a realistic alternative power generation leading 
to environmental, economical and technical benefits [2,3].

In Mediterranean basin countries, olive oil production is one of 
the most important agricultural industries. The olive oil industry shows 
great relevance from an environmental sustainability viewpoint due 
to quantity and difficulty of treatment of related waste. The olive oil 
production, in fact, is characterized by relevant amounts of by products, 
namely solid wastes, named olive mill solid waste (OMSW), and liquid 
wastes, usually named olive mill wastewater [4]. Olive wastes seem to 
be a promising energy source to mitigate greenhouse gas emissions. 
Their thermal valorization eliminates them; increases the exploitations 
output and decrease their production costs.

Treatment and disposal of olive mill wastes are presently one of 
the most serious environmental problems in these Mediterranean 
countries. The most common methods for managing olive mill waste 
disposal are landfilling, incineration and farmland applications, 
but none of these methods are exempt from drawbacks. Olive mill 
wastewater can be applied to agricultural, forest or disturbed lands as 
fertilizer [5-9]. However, the presence of metals and trace elements in 
wastewater limits their use in agricultural application as a fertilizer. 
Disposal of olive mill wastes through landfilling should be avoided as it 
subtracts the soil from agricultural use. On the other hand, incineration 
reduces the volume of the olive mill wastes, but it is costly and generates 
emissions to air, soil and water [10].

Recently, new alternative disposal methods such as pyrolysis, 
combustion, gasification and liquefaction are currently being 

investigated which minimize the currently drawbacks. Thermochemical 
conversion process presents several environmental advantages 
such as the reduction in mass and volume of disposed solids, the 
reduction in pollutants and the potential for energy recovery [11-13]. 
Thermochemical conversion process such as pyrolysis could be an 
alternative and viable option for environmentally acceptable way to 
manage olive mill wastes disposal. Thermo gravimetric analysis (TGA) 
is one of the most commonly used techniques to study the primary 
reactions of decomposition of solids. In the case of carbonaceous 
materials (lignocelluloses, municipal solid wastes, plastic etc.), thermo 
gravimetric techniques have been used for the identification of the 
different fractions of polymers present in the material, and their 
proportions, to determine the decomposition kinetic constants or as 
a previous step in refuse incineration and pyrolysis. TG is normally 
performed in either an isothermal or non-isothermal mode. Evaluating 
the reaction kinetics by a non-isothermal TG is advantageous in 
that considerably fewer experimental data are required than in the 
isothermal method, and the kinetics can be probed over the entire 
temperature range in a continuous manner [14-20].

Many mathematical approaches have been developed to calculate 
the kinetic parameters, in terms of Coats–Redfern, Freeman and 
Carroll method [21,22]. These methods are usually based on the 
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Experimental techniques 

Olive mill solid waste and COMWW (Concentrated olive mill 
wastewater) samples were subjected to thermo gravimetric analyses 
in an inert atmosphere of nitrogen. Rheometrix Scientific STA 1500 
TGA analyzer was used to measure and records the sample mass 
change with temperature over the course of the pyrolysis reaction. 
Thermo gravimetric curves were obtained at four different heating 
rates (5, 10, 20 and 50 K.min-1) between 300 and 1173 K. Nitrogen 
gas was used as an inert purge gas to displace air in the pyrolysis 
zone, thus avoiding unwanted oxidation of the sample. A flow rate 
of around 60 ml.min-1 was fed to the system from a point below the 
sample and a purge time of 60 min (to be sure the air was eliminated 
from the system and the atmosphere is inert). The balance can hold a 
maximum of 45 mg; therefore, all samples amounts used in this study 
averaged approximately 20 mg. the reproducibility of the experiments 
is acceptable, and the experimental data presented in this paper 
corresponding to the different operating conditions are the mean 
values of runs carried out two or three times.

Kinetic modeling 

Kinetic analysis techniques have been classified as either 
model fitting (i.e., the identification of a kinetic reaction model) or 
isoconversional (i.e., model-free). The latter is preferred by researchers 
for two reasons [40-42]: (1) model-free kinetics are sufficiently flexible 
to allow for a change in Mechanism during a reaction, and (2) mass 
transfer limitations are reduced by the use of multiple heating rates. 
In contrast, model fitting kinetic methods generally involve a single 
heating rate, which is disadvantageous because the activation energy 
varies with the heating rate due to mass/energy transfer effects.

General kinetic equation of heterogeneous solid-state thermal 
transformation at a linear temperature heating rate has been 
traditionally described as, 

( ). ( )d K T f
dt
α α= (1)

/. . ( )E RTd A e f
dT
αβ α−=       (2)

The conversion of biomass can be calculated as:

( ) .exp( )EK T A
RT
−

=                   (3)

The rate of heterogeneous solid-state reactions can be generally 
described by:
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Where mt is the mass of the sample at a given time t and m0 and 
m∞ refer to values at the beginning and the end of the mass loss event 
of interest.

k(T) is a temperature-dependent constant and f(α) is the reaction 
model, which describes the dependence of the reaction rate on the 
extent of reaction. The mathematical description of the data for a single 
step solid-state decomposition is usually defined in terms of a kinetic 

preliminary assumption of a certain reaction order and reaction model, 
such as nucleation, mampel, diffusional, autocatalytic and contracting 
geometry. Then the apparent activation energy and preexponential 
factor are calculated simultaneous, but not separately. Consequently, 
these approaches are viewed as the model-fitting method [23]. 
This kind of method often employs the single and simple reaction 
model during the reaction process, which can result in a substantial 
divergence. This divergence results from the difference between 
the ideal reaction model and actual heterogeneous reaction process 
consisting of series of parallel and sequential reactions. Besides, the 
values of activation energy and factor exponential A will vary greatly 
on condition that different reaction model is preliminary assumed; but 
the two parameters can always get good linear regression between each 
other. This manifestation of kinetic compensation effect could result 
in some difficult in determining the accurate reaction model, since 
more than one reaction model can be obtained using this method. 
Therefore, adopting the model-fitting method may bring about the 
highly uncertain values of the kinetic parameters [24-39].

In terms of the studies of pyrolysis kinetics of olive mill solid 
waste (OMSW) and concentrated olive mill wastewater (COMWW), 
most investigations adopt the model-fitting method, and usually take 
the first-order reactions as the presumed reaction model. Some other 
researches generally assume a certain reaction order and a particular 
reaction model. The main objective of this study is to investigate the 
variation of pyrolysis kinetics of olive mill solid waste and concentrated 
olive mill wastewater at different conversion fractions and reaction 
temperature. In our work, we were able to make a kinetic study of olive 
mill wastes such as olive mill solid waste and olive mill wastewater. 
We obtained reliable and consistent results. These results allowed us 
to understand well the process of pyrolysis of olive mill solid waste and 
olive mill wastewater. 

Experimental 
Materials and sample preparation 

The olive mill wastes samples used in this research work was 
sampled from the olive oil process (Mâasra in Morocco), located in 
Béni-Mellal area (Central Zone) which located about 303 Km of Rabat. 
The olive mill wastewater samples were concentrated via evaporation 
with a rotating evaporator at atmospheric pressure to a concentrated 
remainder that could then be dried to a residue. On the other hand, 
the solid waste samples were air-dried, and both samples were ground 
to obtain a uniform material of an average particle size (0.1-0.2 mm). 
Table 1 shows the chemical compositions of samples while the physical-
chemical characterization of the raw OMWW depicted in Table 2.

OMSW/% COMWW/%
Proximate analysis
Moisture 8.3 3.8
Volatile matter 73.5 61.4
Ash 4.5 25.1
Fixed carbon 13.7 9.7
Elemental analysis
C 45.5 39.7
H 5.3 4.6
N 1.8 1.7
O 47.4 46
Chemical analysis
Hemicellulose 21.6 17.4
Cellulose 30.4 23.3
Lignin 43.5 34.2

Table 1: Main characteristic of OMSW and COMWW.

Parameters Values
pH (25°C) 5.15
Electrical conductivity Ms/cm à 20°C 6.73
Total phenols g/L 13.35
Total COD gO2/l 70.40

Table 2: Physical-chemical determination of the raw OMWW.
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and non-condensable volatile gases. The main devolatilization of the 
COMWW and OMSW starts at 423 and 436 K, respectively. Therefore, 
the COMWW organic content allows the thermal decomposition 
of cellulosic compounds at lower temperatures. This result can be 
explained by the characteristics of the organic compounds present 
in OMWW. The devolatilization step finishes earlier (707 K) for 
COMWW compared to OMSW (678 K). This behavior may be related 
to the original composition of OMSW being richer in cellulose. The 
mass loss of the main pyrolysis is 57.8% and 46.2% for OMSW and 
COMWW, respectively. This phenomenon is in full accordance with 
the lowest percentage of ash in OMSW approximate analysis.

On the DTG curves, the temperatures at which maximum rate of 
mass loss occurred are described by the position of the peaks in the 
curve. The difference in TG and DTG indicates that the two samples 
differ in reactivity. The OMSW and COMWW samples revealed large 
differences in their decomposition behavior. This step is associated 
with thermal volatilization of the compounds related to hemicellulose 
and cellulose present in two materials. In the case of the lignocelluloses 
material, the temperature of degradation and the thermal degradation 
rate of the hemicelluloses and lignin are lower than the values that 
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Figure 1: TG and DTG curves for the pyrolysis of OMSW at heating rates of 
5, 10, 20 and 50 K/min.
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Figure 2: TG and DTG curves for the pyrolysis of COMWW at heating rates 
of 5, 10, 20 and 50 K/min.

triplet: the activation energy, E; the Arrhenius parameter, A; and an 
algebraic expression of the kinetic model as a function of the fractional 
conversion α, f(α). These terms can be related to experimental data as 
follows:

( ) .exp( ). ( )d A E f
dt RT
α α

β
−

=  (4) 

Where β is the linear heating rate (β=dT/dt) and it is a constant.

Starink method: According to the Starink method, the approximate 
expression of FWO method and KAS method can be transformed into 
the same general formula [43,44] as: 

ln( ) ( )SS
BEC

T RT
β

= −                   (5)

Where for the FWO method; s=0, B=0.4567; for the KAS method; 
s=2, B=1. After a further exact analysis by Starink, the parameters of 
s and B has been adjusted to s=1.8, B=1.0033, respectively. Besides, it 
has been verified by Starink that the precision of apparent activation 
energy calculated by this method is higher than those of FWO method 
and KAS method. Hence the Starink method can be described as:

1.8ln( ) 1.0037( )S
EC

T RT
β

= − (6) 

For a given conversion fraction α, the points of ln(β/T1.8) versus 1/T 
at different temperature heating rates can be fitted to a straight line, and 
the slope of the line corresponds to -1.0037E/R. Hence the apparent 
activation energy E can be calculated from the slope of the straight line.

Avrami theory: Reaction order is also a significant parameter to 
investigate the pyrolysis characteristic of biomass, besides apparent 
activation energy. In order to calculate the reaction order, Avrami 
theory was used in this study, and it can be described [44,45] as:

( )1 exp( )n
k Tα
β

−
= −   (7) 

Where α, β and k(T) are the same parameters described in Equation 
3, and as the exponent of β, n represents the reaction order. Taking the 
double logarithm and transposing, Equation 7 is transformed into the 
following equation:

ln( ln(1 )) ln lnEA n
RT

α β− − = − −                                 (8)

For a given temperature, T, the points of ln(-ln(1-α)) versus lnβ at 
different temperature heating rates can be fitted to a straight line, and 
the slope of the line corresponds to -n. Thus, the reaction order can be 
deduced from the slope of the straight line. 

Results and Discussion 
Thermal decomposition characteristics of OMSW and 
COMWW

Pyrolysis profiles under inert atmosphere (mass loss TG and 
derivative mass loss DTG) of OMSW and COMWW are reported in 
Figures 1 and 2. It is seen that TG and DTG profiles of OMSW and 
COMWW are similar to those described in the literature [46-50]. In 
general, thermal decomposition of OMSW and COMWW was achieved 
in three different temperature regimes: drying, main devolatilization 
and continuous slight devolatilization. Up to about 393K, moisture in 
the sample was evaporated, resulting in mass loss. The mass loss in this 
first stage is approximately 8% for OMSW and 3.4% for COMWW. 
After drying, pyrolytic thermal decomposition reaction took place in 
the temperature range of about 423-707 K producing condensable 
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can be found on the cellulose [51]. Therefore, the initial temperature 
of degradation is higher in OMSW, which present a high amount of 
cellulose in comparison with COMWW as the literature reports [52]. 
However, the difference in the fraction of cellulose and hemicelluloses 
between two materials is relatively greater, which indicates that the 
different properties of the pyrolysis process between COMWW 
and OMSW are mainly affected by the percentage of cellulose and 
hemicelluloses [53]. In addition, it should be pointed out that a fuel 
with a higher percentage of ashes and impurities in this composition 
presents a lower initial temperature of degradation, and this effect 
takes place in the case of COMWW, due to a higher amount of ashes 
[54]. After the main pyrolytic process, there is slow and continuous 
degradation between 673 and 873 K attributed to lignin degradation. 
In the case of COMWW, a slight mass loss between 873 and 1073 K 
can be assigned to the decomposition of inorganic material [55]. The 
decomposition rate of COMWW is lower than OMSW (DTGmax value). 
The values obtained for this parameter confirms the lower reactivity 
of COMWW in comparison with OMSW. Residual masses at 1123 
K are 21.5% of the initial mass for OMSW and 35.6% for COMWW. 
This behavior may be due to the presence of polyaromatic compounds 
which need higher temperature to be thermally destroyed [56,57]. 
Furthermore, with regard to the literature [58,59] and our study, 
COMWW has a high inorganic salt content which may explain the 
high amount of ash in the COMWW sample.

Heating rate is one of the most important parameters influencing the 
pyrolysis characteristics (Figures 1 and 2, Table 3). It was clear that the 
heating rate affects significantly the maximum decomposition rate, with 
maximum decomposition rate tending to increase and occur at higher 
temperatures when pyrolyzed at higher heating rates. The phenomenon 
related to this important change in the maximum pyrolysis rate can 
be interpreted by the fact that biomass has a heterogeneous structure 

and possesses a number of constituents. These constituents gave their 
characteristic individual decomposition peaks in definite temperature 
ranges in the pyrolysis process. When heating rate was sufficiently low 
during pyrolysis, most of these peaks can be seen as small broken lines 
or vibrations. However, at high heating rates, separate peaks did not 
arise because some of them were decomposed simultaneously, and 
several adjacent peaks were united to form overlapped broader and 
higher peaks [54,55]. This fact can be a consequence of heat and mass 
transfer limitations. With an increase in heating rate, the temperature 
in the furnace space can be a little higher as the temperature of a particle 
and the rate of decomposition are higher than the release of volatilities. 
Because of the heat transfer limitation, temperature gradients may exist 
in the particle. Temperature in the core of a particle can be a bit lower 
than temperature on its surface, and different decomposition processes 
or releasing rates can occur. This is the reason why it is necessary to 
have a small particle, homogenous sample and the heat transfer surface 
between the sample and the crucible as large as possible [56].

Variation of apparent activation energy of OMSW and 
COMWW

To evaluate the variation of the activation energy on the conversion 
fraction (conversion degree) during the major pyrolysis process. 
Thirteen levels of conversion α varying from 20% to 80% with an 
increment of 5% employed at different heating rates 5, 10, 20 and 50 
K/min. The change of the conversion α, depending on the temperature 
and at different heating rates is shown in Figures 3 and 4. Based on 
the model-free of Starink method, the regression lines of olive mill 
solid waste and concentrated olive mill wastewater are illustrated in 
Figures 5 and 6. The calculated energy of activation and the square of 
correlation coefficient R2 are listed in Table 4.

It can be seen from Table 4, that the apparent activation energy 

Sample Heating rate/ 
K.min-1

First step/K Second step/K
Ti Tmax Tf DTGmax (%/K) Ti Tmax Tf DTGmax (%/K)

OMSW

5 435 546 669 0.4242 669 606 654 0.4310
10 444 552 575 0.3780 575 611 667 0.5836
20 457 564 584 0.3930 584 623 686 0.6080
50 477 575 602 0.4293 602 636 677 0.5716

COMWW

5 423 512 535 0.2313 535 577 676 0.2479
10 434 530 547 0.2268 547 593 689 0.2555
20 440 534 550 0.2221 550 597 696 0.2646
50 448 546 567 0.2494 567 609 707 0.2843

Table 3: Characteristics parameters of OMSW and COMWW during the pyrolysis process.

Conversion degree OMSW COMWW
α Ea/Kj/mol R2 (Correlation Coefficient) Ea/Kj/mol R2 (Correlation Coefficient)

Hemicellulose

0.2 148.39 0.92342 128.74 0.95974
0.25 154.68 0.97473 128.41 0.9646
0.3 147.51 0.97493 129.73 0.97602
0.35 150.34 0.97529 132.2 0.96487
0.4 151.53 0.99931 136.74 0.9574

0.45 158.79 0.99753 138.85 0.95213
0.5 200.13 0.99747 201.3 0.95239

Cellulose

0.55 209.49 0.99319 212.64 0.93197
0.6 208.04 0.99324 211.75 0.96115

0.65 209.79 0.99392 221.82 0.95034
0.7 211.67 0.95592 226.07 0.9596
0.75 211.8 0.9569 210.62 0.9594
0.8 212.51 0.9557 219.08 0.9603

Mean 182.66 --- 176.7 ---

Table 4: Activation energy (Ea) and correlation coefficient (R2) deduced from the Starink method for OMSW and COMWW.
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of the two both samples (OMSW and COMWW) varied greatly with 
different conversion fractions, instead of keeping constant. From Figure 
7, one can notice the same shapes of the curves Ea versus α. This result 
indicates that the existence of on-step that occurs in hemicelluloses 
and cellulose decomposition of two materials. The apparent activation 
energies have a value of 147.51-158.79 KJ/mol and 128.41-138.85 KJ/
mol for the hemicelluloses degradation of OMSW and COMWW, 
respectively. The apparent value of activation energy is about 200.13-
212.51 KJ/mol and 201.3-226.67 KJ/mol for the cellulose degradation 
of OMSW and COMWW, respectively. Activation energy is an 
obstacle that must be overcome before a chemical reaction is generated 
and higher value of activation energy means more difficult of a reaction 
occurs. It determines the reactivity and sensitivity of a reaction rate. 
So, different activation energies at different fractional conversions 
illustrate the multistage characteristic of the thermal decomposition 
process of OMSW and COMWW. It also shows the complexity of this 
physical and chemical transformation, and it should contain different 
reactions at different reaction stages.

Several researches [57-60] carried out non-isothermal kinetic 
analysis of the pyrolysis of olive mill solid waste in the heating rate 

range of 2-50 K/min. It was reported that the apparent activation 
energy in the 0.1-0.8 conversion interval ranged from 162-215 KJ/mol. 
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Thus, the result in this study showed the similar range to those obtained 
in the present study in spite of the small property differences between 
olive mill solid waste and concentrated olive mill wastewater. Other 
researchers analysed the thermal degradation of sugarcane bagasse, 
activation energy values found were 105 KJ/mol and 235 KJ/mol for 
hemicellulose and cellulose respectively. Other researchers investigated 
the kinetics of pyrolysis of rice husk under non-isothermal conditions 
in nitrogen. The experiments were conducted at different temperature 
heating rates from 5 to 100 K/min, and the energies of activation 
calculated was found to range from 72.7 to 97.1 kJ/mol. Researchers 
have also paid special attention to investigate the three biochemical 
composition of biomass, including cellulose, hemicellulose and lignin. 
As suggested by several authors [61], the apparent activation energy 
of cellulose, hemicellulose and lignin is generally about two hundreds, 
one hundreds and tens kJ/mol, respectively. Thus, it indicates that 
property of the biomass is also a key factor determining the variation of 
apparent activation energy in the pyrolysis process.

Variation of reaction order of OMSW and COMWW

During the major pyrolysis process, in order to evaluate the 
dependence of reaction order on temperature, seven levels of 
temperature were also employed at four temperature heating rates of 5, 
10, 20 and 50 K/min. Adopting the Avrami theory, the regression lines 
of olive mill solid waste and concentrated olive mill wastewater are 
shown in Figures 8 and 9. And the calculated reaction order is listed in 
Tables 5 and 6. The corresponding values of R2 are presented in Tables 
5 and 6. It can be seen from Tables that the Avrami theory is suitable 
for determining the kinetic parameter of reaction order, based on the 
data of R2 calculated. The reaction order of olive mill solid waste and 
concentrated olive mill wastewater both differed greatly rather than 
remained constant. However, they showed the same variation trend. 
With varied temperatures (515-753 K), the reaction order of olive 
mill solid waste was first increased from 0.1004 to 0.1787 and then 
decreased to 0.1220. As for the concentrated olive mill wastewater, it 
increased from 0.1061 to 0.2886 and decreased to 0.1889 afterwards.

Consequently, it can be observed that the varying currents of 
apparent activation energy and the reaction order for olive mill 
solid waste and concentrated olive mill wastewater are different. 
From the view of the varied mathematical mutual relation of the 
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Figure 8: Regression lines to reaction order proposed by Avrami theory for 
OMSW at heating rates of 5, 10, 20 and 50 K/min.
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Figure 9: Regression lines to reaction order proposed by Avrami theory for 
OMSW at heating rates of 5, 10, 20 and 50 K/min.

Sample Temperature (K) Slope n R2

OMSW

517 -0.1004 0.1004 0.951
545 -0.1117 0.1117 0.922
565 -0.1239 0.1239 0.996
587 -0.1647 0.1647 0.991
609 -0.1684 0.1684 0.983
644 -0.1787 0.1787 0.963
738 -0.1220 0.1220 0.993

Table 5: Slope, reaction order (n) and correlation coefficient (R2) deduced from 
Avrami theory for OMSW.

Sample Temperature (K) Slope n R2

COMWW

515 -0.1061 0.1061 0.977
546 -0.1505 0.1505 0.989
575 -0.1988 0.1988 0.984
603 -0.2289 0.2289 0.916
633 -0.2886 0.2886 0.943
683 -0.1597 0.1597 0.911
753 -0.1889 0.1889 0.997

Table 6: Slope, reaction order (n) and correlation coefficient (R2) deduced from 
Avrami theory for COMWW.

two kinetic parameter for the two samples, it can be further affirmed 
that the pyrolysis reaction mechanisms of olive mill solid waste and 
concentrated olive mill wastewater are obviously different. 

Assuming the addition of three independent parallel reactions, 
corresponding to three-pseudo components linked to the hemicellulose, 
cellulose and lignin, several authors in their works [62] simulated the 
corn straw pyrolysis using two different three-pseudo component 
models. It was observed that the three-pseudo component model 
with order kinetics was more accurate than the model with first-order 
kinetics at most cases. The application of first-order reaction models 
in biomass pyrolysis kinetics has become almost formulaic, and their 
indiscriminate acceptance has occurred without rigorous verification 
or sufficient awareness of their fundamental limitations. Therefore, 
it further demonstrates that pyrolysis of biomass is a complicated 
physiochemical process, and it might hard to determine a single 
value of reaction order during the whole process. In addition, various 
mathematical approaches can be adopted in combination, in order 
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to improve the calculation accuracy of kinetic parameters of biomass 
pyrolysis. Some studies have also been conducted to investigate the 
reaction order of the three biochemical composition of biomass [63-
67]. Theses researches reported that the pyrolysis of cellulose can be 
described by the first order of reaction, whilst the three-order reaction 
may be the most suitable assumption for the lignin component, 
according to the results other authors investigated the pyrolysis of 
hemicellulose employing the assumption of second reaction order, and 
observed that the hemicellulose of different biomass materials differed 
greatly in reaction order. Therefore, the difference of reaction order 
between olive mill solid waste and concentrated olive mill wastewater 
is also concerned with those three biochemical compositions with the 
different reaction order. In addition, the ash content in the biomass 
is another crucial factor, which may alter the reaction path, since the 
alkali metals in the ash can catalyze the formation of the char during 
the pyrolysis process, which has a direct correlation with the chemical 
reactivity of biomass pyrolysis.

Conclusion
TGA of OMSW and COMWW indicates that the two samples both 

showed two relatively large weight losses. The characteristic parameters 
of Ti, Tmax, Tf and DTGmax were found to have inconsistent variation 
trends. With conversion fraction increasing from 20% to 80%, the 
results showed that apparent activation energy obtained for the 
decomposition of hemicelluloses and cellulose derived from OMSW 
was given as 147.51-158.79 KJ/mol and 200.13-212.51 KJ/mol, while 
for COMWW; the values were 128.41 to 138.85 KJ/mol and 201.3 to 
226.67 KJ/mol, respectively. For the range of temperatures investigated 
(515-753 K), the reaction order of OMSW ranged from 0.1004 to 
0.1787, and 0.1061 to 0.2886 for COMWW.
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