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Abstract: The aim of this work was to investigate the physiochemical properties and thermal behavior of date stone in order to
find an appropriate of these materials for energy production. The physiochemical properties such as proximate analysis, ultimate
analysis, heating values and FTIR spectroscopy of date stone were investigated. The pyrolytic characteristics and kinetics was
investigated by thermogravimetric analysis. The experiments were performed in 105-900 °C temperature range under nitrogen
atmosphereat heating rates of 5, 10, 20 and 50 °C/min. Pyrolysis characteristics was accomplished at four stages which can mainly
be attributed to decomposition of extractives, decomposition of hemicellulose, decomposition of cellulose, and decomposition of
lignin, respectively. Pyrolysis characteristics and the thermal decomposition rate were significantly affected by variation in the
heating rate. However, the temperature peaks at maximum weight loss rate changed within creasing heating rate. The activation
energy was obtained by model free methods proposed by Friedman (FR), Flynn-Wall-Ozawa (FWQ) and Vyazovkin (VYA), and
the kinetic mechanism was deduced by master plots method. The masterplots method suggested that diffusion model was the most
probable reaction mechanism to describe the pyrolysis of hemicellulose and the reaction model function was g(x) =
(1 —x)In(1 — x) + x. The kinetic process for the decomposition process of cellulose can be described by reaction order model
g(x) =[(1—-x)"%2—-1]/2. The results suggested that the experimental results and kinetic parameters provided useful
information for the design of pyrolytic processing system using date stone as useful source of energy, chemicals and activated
carbons.
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1- Introduction

Due to the decrease in reservoir of fossil fuels and the
increasing concerns on environmental protection, a great
interest is focused on renewable energy sources. Among promising solution which does not interfere with the
these sources, the biomass is widely regarded as a clean, production of food and contribute to cover energy needs[3—
sustainable, renewable and alternative energy source in the 5].

future.It is already the fourth largest energy source in the Annually in Morocco, a large among of agricultural residues
world, and it is widely dispersed. In this regard, biomass such as date stone is generated during process of date palm
can be easily processed to produce chemicals and fuels since fruit. It is interesting to refer that date stone represents about
their reactivity and volatility are high[1]. In contrast to other one third of the date weight. These wastes are not utilized
renewable sources (e.g. solar, wind, hydro, geothermal) and can be utilized as an attractive energy source, preparing

Agricultural residues are a biomass which can be a
sustainable energy source if its economic, environmental
and social effects are properly managed. It is may be a

which can give heat and power, biomass offers a wide
flexibility and can be converted into solid, liquid
and gaseous fuel by applying suitable conversion
technologies[2]. Thermochemical conversion technologies
are advantageous over other conversion technologies in their
ability to utilize almost all types of biomass and recovery of
both energy and the chemical value of the feedstock.

activated carbons or it can be converted into value-added
chemical products[6,7]. However, the reuse of date stone
helps to achieve the objectives of waste management and
energy and chemicals recovery using thermochemical
conversion processes. Among these, pyrolysis is at spotlight
since it enables to produce energy fuels and chemicals
recovery[8-11]. The biomass pyrolysis process can simply
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be described as the thermal decomposition of biomass at
moderate temperatures (400-600 °C) in the absence of
oxygen to obtain preferably products (bio-oil, biochar or
biogaz). In order to use date stone for these applications, it
is very important to investigate their thermal characteristic
and kinetics.

Thermogravimetric analysis (TG) is the most common
method used for kinetic analysis of pyrolysis process, and it
provides a measurement of the mass loss of the sample with
temperature and time. The Kkinetic data from TG are not only
very useful for understanding the thermal degradation
processes and mechanisms, but also can be used as input
parameters for a thermal degradation reaction system.
Extensive literature has been published on the experiments
and mechanism aspects of a great range of biomass, such as
olive residue, bagasse and date palm wastes[3,12-16].H.
Ceylan[12]studied the Kinetics of the pyrolysis of plum
stone using thermogravimetric analysis. Activation energy
was determined using Friedman and Kissingere-Akahirae-
Sunose methods. They found a mean activation energy of
150 kJ/mol. Results of the Master-Plots method indicated
that the most probable reaction model function was the nth
order reaction model. Hani H. Sait et al.[3]investigated the
kinetics of the pyrolysis and combustion of date palm
biomass  under  non-isothermal  conditions  using
thermogravimetric analysis. The highest degree of reaction
and conversion was found within the temperature range of
200-450 °C. The activation energy was determined using
Coats-Redfern method. The activation energies under inert
and oxidative atmospheres were observed as 9.7-43.6kJ mol’
! and 9.04-30.95 kJ mol™. Y. El may et al.[14]determined
activation energy for the thermal degradation of different
date palm residues under inert and oxidative atmospheres
using Coats-Redfern approach. The activation energy of date
stone was observed to be 50.9 kJ mol™ and 57.7 k] mol™
under inert and oxidative atmospheres, respectively.

From the literature review, we found out that there
is no study on the description of the mechanism which
controls the thermal decomposition of date stone. This fact
motivated us to investigate the kinetics and mechanism of
the pyrolysis of this waste.The aim of present study is to
determine the physicochemical characterization of date
stone such as proximate analysis, ultimate analysis, heating
values and FTIR spectroscopy and to investigate the
decomposition  kinetics of date stone using the
thermogravimetric analysis (TGA). In this sense, kinetic
analysis was carried out by the application of the Friedman,
Ozawa-Flynn-Wall and the Vyazovkin methods, which
allow the calculation of the activation energy and masterplot
method is employed in order to deduce the Kinetic
mechanism of the pyrolysis process.

2- Materials and Methods

The date stone, used in this study were collected from the
factory in the region of Errachidia in Morocco. The date
stone were washed with distilled water and dried at room
condition. After drying, the stone were crushed and grinded
into powdered form. The proximate and ultimate analysis of
the date palm biomass has been presented in the Section 4.1.

2-2 Methods

Pyrolysis experiments were performed using
thermogravimetric analyzer METTLER TOLEDO. To
maintain pyrolysis conditions, high purity nitrogen was used
as the carrier gas. In each test about 20 mg of sample was
used. Each sample was heated to 105 °C and maintained at
this temperature during 60 min to obtain the weight loss
percentage associated with moisture. After the drying
process, the sample was heated to 900 °C at heating rates of
5, 10, 20 and 50 °C/min under a nitrogen flow of 60
ml/min.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.

The possible chemical functional groups present in the date
stone were investigated with the help of FT-IR technique
(model bruker tensor 27) in the range of 400-4000 cm™
wavelength.

3- Kinetic modeling
The original mass loss versus temperature (TG) curves
obtained at constant heating rate was transformed into the
degree of conversion (x) versus temperature curves by
means of the following equation:

W, —W

X=—"- 1)

Wo — Wy
where W is the weight of the sample at a given time t, W,
and wy , refer to values at the beginning and the end of the

weight loss event of interest.

In kinetic analysis, it is generally assumed that the rate of
heterogeneous solid-state reaction can be described by two
separate functions k(T) and f(x) such that:

dx E
prin k(T) f(x) = Aexp(— ﬁ) f(x)

k(T) is a temperature-dependent constant and f(x) is the
reaction model, which describes the dependence of the
reaction rate on the extent of reaction.

3.1 Isoconversional methods
3.11 Differential isoconversional

Friedman method (FR)[17]
This method is a differential isoconversional method, and it
directly based on Eq. (2) whose logarithm is

method:

2-1- Materials dx E
In| == | = In|Af (x)|—— 3
(dt) [Af (] RT ®)
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From this equation, it is easy to obtain values for E over a

wide range of conversions by plotting In (ﬂ g—ij against

1
— for a constant x value.

3.1.2 Integral isoconversional method: Flynn-Wall-
Ozawa method (FWO)[18-20]

The above rate expression can be transformed into non-
isothermal rate expressions describing reaction rates as a
function of temperature at a constant (B = dT/dt):

dx
aT ﬂ (——) f(x) )

Integrating up to the conversion, a, Eq. (5) gives

g(x) = jf():—j (——de (5)

where g(x) is the integral kinetic function or integral
reaction model when its form is mathematically defined in
Table 1.

One of the methods to obtain the E from dynamic data may
be the one used by Flynn, Wall and Ozawa[18-21]using the
Doyle’s approximation of p(x)[22], which involves
measuring the temperatures corresponding to fixed values of
x from experiments at different heating rates. This is one of
the integral methods that can determine the E which does
not require the knowledge of reaction order.

In(B) = In{ AE }—5.331—1.052E 6)
Rg(x) RT

1
Thus, for X =const., the plot In g vs._IT, obtained from

thermograms recorded at several heating rates, should be a
straight line whose slope can be used to evaluate the
activation energy.

3.1.3 Integral isoconversional method: Vyazovkin
(VYA)[23]

Another isoconversional method is the one developed by
Vyazovkin and Lesnikovick[23]that allows both simple and
complex reactions to be evaluated[24].

In Eq. (5), since E/2RT >> 1, the temperature integral can be
approximated by

T E R E
expl - — [dT ~ —T2exp| - —
ITo Xp( RT) E Xp( RT)

Substituting the temperature integral and taking the
logarithm, we have that

RA E1l
In(_l_ﬁz) = In{ }———

Eg(x) RT
For each conversion value (x), In(B/T?) plotted versus 1/T

gives a straight line with slope -E/R. Thus, E is obtained as a
function of the conversion.

3.3. Masterplots method

It has been shown that universal master plots, valid for
experimentaldata recorded under any heating profile, can be
obtainedby eq. (5):

9() =57 exp (37) dT = £ P(w) (9)
P(u) is an exponential integral, P(u) = f;‘—(‘%) du ,

where u = E/p

Because P(u) has no analytical solution, an approximation
formula of high accuracy is used

(Doyle, 1962):

P(u) = 0.00484. exp (—1.0516u) (10)
Inserting @ = 0.5 into Eq. (9), one can get:
9(0.5) = (57) P(tos) (11)

Where uy s = E/RTos’ Tos is the temperature when x = 0.5.
When Eq. (9) is divided by Eqg. (11), the following equation
is obtained:

9 P(W)
= 12
g(0.5)  P(ugs) (12)

Eqg. (12) shows that for a given x, the reduced-generalized

reaction rate,P(u)/P(O_s), is equivalent to g(x)/g(0.5) if
the proper g(x) is considered (details can be found
in[25,26]).The equation above implies that, for experimental
data recorded under non-isothermal conditions, the
knowledge of the activation energy isrequired to construct
the experimental master plots. The suitable pyrolysis
reaction mechanisms are obtained by comparing the
experimental (P(w)/P(0.5)) andtheoretical (g(x)/g(0.5))
curves.

Table 1: Set of reaction models applied to describe the reaction kinetics in heterogeneous solid state systems.

Mode! Differential form f (X) = 1dx Integral form ()
k dt

Nucleation models

Power law P2 oxY? X2

Power law P3 3x2/3 x1/3

Power law P4 434 x4
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Avarami-Erofeyev A2
Avarami-Erofeyev A3
Avarami-Erofeyev A4
Geometrical contraction models
Contracting area R2
Contracting volume R3
Diffusion models

1-D diffusion D1
2-D diffusion D2
3-D diffusion, Jander D3
Ginstling-Brounshtein D4
Reaction-order models

First-order F1
Second-order F2
Third-order F3

2(1— x)[-In(L—x)]"2
31— x)[-In(1—x)]*"3
41— x)[-In(1-x)]*"*

[-In(1-x)]"*
[-In(1-x)]"*
[-In(2-x)]"

2(1_X)1/2 [1_(1_X)1/2]
3(1_)()2/3 [1_(1_X)1/3]
1/2x X’
[_ In(l— X)]—l [(1— X) In(l— X)]+ X

31-x)2*/[2(1- (L-x)"*)]

3/[2((1-x)™"* - 1)]

[1_ (1_ X)l/3]2
1-(2x/3)—(1—x)*

(1-x) —In(1-x)
(1-x)? 1-x)"'-1
(1-x)° [(1-x)?*-1]/2

4- Results and discussion

4-1 Physico-chemical characteristics

The proximate and ultimate analysis of date stone is given in
Table2. It was observed that date stone are rich in carbon
and oxygen contents (43.81-46.9%). The composition
showedapproximately 0.45 % of nitrogen and0.19% of
sulfur.Biomass withlow nitrogen and sulfur contents are
attractive tothermochemical conversion processes because
high N and S contentswill lead to more toxic NO, and SO,
emission[27].

As depicted in Table 2, date stone are in high
volatilecontents (73.46 %)that could be considered suitable
forpyrolysis, gasification or combustion processes[3,28].
The ash contentsare low, about 2.24 %.Comparison with

Table 2: Physico-chemical characteristics of date stone.

literature data for date stone shows that the investigated date
stone have very low levels of ash[3,12]. Low ash
contentfeatures suggest that they can be regarded assuitable
feedstocks for pyrolysis process, since lower ash content of
feedstock takes the advantages to lowerfouling or
aggregation on reactors.

The knowledge of the ratios of H/C and O/C is
moreimportant for thermochemical conversion processes. In
most cases, biomasses are higher O/C and H/C ratios than
the fossil fuels.The high values of the atomic H/C ratio
(1.64) in date stone agree with the high volatilecontent
found by proximate analysis (73.46 %). The values obtained
for these parametersare relatively similar to those reported
for date stone in the literature[3,12,14].

Proximate analyses (wt.%) Ultimate analyses (wt.%) HHV(KJ/kg) we | o
Moisture | Volatile matter | Fixed carbon | Ash C H @] N S g
6.59 73.46 24.3 224 | 46.9 | 6.41 | 4381 | 0.45 | 0.19 18.77 1.64 | 0.70

The infra-red analysis of spectroscopy was employed to
identify the component of date stone. The FTIR
spectrumobtained is given inFig. 1.The spectra revealed
intense peak at 3320 cm™ that represents the O-H absorption
mainly indicatingthe presence of alcohols, phenols,
carboxylic acids or water.The peaksbetween 3000 and 2800
cm™correspond to C-H absorption due toCH,and CHjs
asymmetric and symmetric stretching vibrations.These
vibrations areexpected from hemicellulose, cellulose and

lignin[29]. The peak at 1740cm™ is attributedto the
stretchingmode of C=0 in hemicelluloses[30].The peakat
1600 cm™ is assigned to the COO asymmetric stretching
vibration in acidic groups of pectic polysaccharides and
lignin[31,32].

The peak at 1515 cm™'wasassignedtoC=C phenolic stretch of
guaiacy! ring of lignin[32]. The peaks at 1438 and 1372 cm™
were assigned to C-H bends from asymmetric and
symmetric CH; of polysaccharides and cellulose. The peak
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at 1236 cm™ was assigned to a C-C plus C-O plus C=0
stretch[32]. The very intense peak at 1035 cm™ was assigned
to a C-O-C asymmetric stretching vibration, and, along with
peaks at 1147 and 1102 cm®, they are related
tohemicellulose. It could be determinedthat date stone
include oxygen groups, carbonylgroups, ethers, esters,
alcohols, and phenol groups.

104
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Figure 1: FTIR spectra of date stone

4-2 Thermal decomposition characteristic

The thermogravimetric (TG) and DTG curves of the date
stone at heating rate of 5, 10, 20 and 50 °C/min were
exhibited in Fig.2.The pyrolysis process can be divided into
three stages since every singleslope change on a TG curve
indicates the beginning of a new stage: hemicellulose,
cellulose and finally lignin or char.Typically, the thermal
decomposition of biomass is given as: hemicellulose,
cellulose and lignin[13,33]. Generally, the main thermal
decomposition of lignocellulosic materials occurs over the
temperature range of 200-400 °C[13,15,34]. By considering
the TG curve obtained at 10 °C min™, it is apparent that date
stone show a mass loss (4.68 %) which finishes at
approximately220°C. This mass loss can be attributed to the
extractives in date stone. Extractives are compounds with
low molecular mass as compared to cellulose, and may
promote ignitability of the biomass at lower temperatures as
a result of their higher volatility and thus accelerate the
degradation process[35,36].

100

—=— 5 °C/min
—=— 10 °C/min
—4— 20 °C/min

804 —~— 50 °C/min

60

Mass loss (%)

40

20+

-14

21

Deriv. mass loss (%/°C)

-28 -

-35

r T r T r
150 300 450 600 750 900
Temperature (°C)

Figure 2: TG and DTG curves of date stone at different
heating rates.

From this point on, three components of date stone,
hemicelluloses,cellulose and lignin, startedto decompose as
the temperature increased.The main pyrolysis(where the
main degradationoccurred)starts at 220 °C and ends at
approximately 400 °C. During this main degradation stage,
the date stone had the highest weight loss, which was about
52 % of the total weight loss. This main devolatilization was
attributed to a sharp drop in mass loss curve and formationof
the main thermal degradation product, corresponding tothe
degradation of hemicellulose and cellulose[13,15,33,34].The
peak of cellulose decomposition is concealed by that of
hemicellulose, while the temperature demarcation for
cellulose decomposition is overlapped with that of
hemicellulose which dominates the thermal decomposition
of date stone.These peaks were identified at 291°C and 352
°C for degradation of hemicellulose and cellulose
respectively.

After the main devolatilization, there was a gradual drop in
weight loss. This phenomenon could beexplained by the
decomposition process of remaining solidresidues or char,
which increased wuntil 900 °C. This continuous
slightdevolatilization ~can  be  attributed to the
slowdegradation of lignin. The mass loss rate of this stage is
much lowercompared to those in the first and second
stages.The mass loss occurred in this stage was 16.03% and
the char at the end of the overall pyrolysis process was
determined as 27.97 %.The decomposition of cellulose and
hemicellulose cause theformation of organic volatiles,
whereas devolatilization of ligninenhances the formation of
char.

It is known that the hemicelluloses decompose before
cellulose and lignin and[3,12,33]. Yang et al.[33]reported
the  temperature ranges for  decomposition  of
hemicellulose,cellulose and lignin as, 220-315 °C, 315-400
°C and 160-900 °C, respectively.The results of this study
were inagreement with reported temperature intervals. Hani
H. Sait et al.[3]cited that the main devolatilization of date
palm biomasses startsat 200°C and can be completely at 400
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°C, was attributed dueto release of volatile matter. S.
Ceylan[12]studied the non-isothermaldegradation of plum
stone waste bythermogravimetric analysis. They cited
thatthe main degradation of plum stone takes place between
175-362°C. In this temperature range, most of the cellulose
andhemicellulose in the sample were degraded and
volatilized. Y. El may et al.[l4]confirmedthat the
hemicellulosesdegrade between 170 and 280°C, the
cellulosedegrades between 280and 340 °C, and the
degradation of lignintake place between340 and 500 °C. The
stages of thermal behavior are associated with the
components of date stone; whichmainly consists of
hemicellulose, cellulose and lignin as with allother
lignocellulosic biomasses.

The heating rate played an important role in determining the
characteristic temperatures of different stages and events as
shown in Table 3. The DTG curves for the pyrolysis of date
stone at different heating rates of 5, 10, 20 and 50 °C min™*
are shown in Fig. 2.An increase of the heating rate tended to
delay thermal degradation processes towards higher
temperatures, most probably due to increased thermal lag as
at a given temperature a higher heating rate implies that the
material reaches that temperature in a shorter
time[13,15,16]. One the other hand, the pyrolysis reactions
can affect the heat transfer in particle. The release of
volatiles leads to the formation of char which is in poor heat
transfer performance and prevents the heat transfer into
particle core to some extent.However, at high heating rates
separate peaks do not arise because some of them are
decomposed simultaneously, and several adjacent peaks are
united to form overlapped broader and higher
peaks.Furthermore, during the analysis, at low heating rate,
a larger instantaneous thermal energy is provided to the
system and a longer time may be required for the purge gas
to reach equilibrium with the temperature of the furnace of
the sample. While at the same time and in the same

temperature region a higher heating rate has a short reaction
time and therefore the temperature needed for the sample to
decompose is also higher. This causes the maximum rate
curve to shift to the right[37].

Table 3: Different temperature values of the date stone.
Heating rate Hemicellulose (°C) Cellulose (°C)

(°C min™) T/ Toad Tk T/ Toad Te
5 2241 223/326 326 /340 / 400
10 2321291 /334 334/352/414
20 239/298 /343 3437362 /426
50 253 /308 / 356 356 /380 / 440

4-3 Thermal degradation kinetics

The results of TG/DTG experimentaldata of date stone
pyrolysis obtained in the temperature regions of 200-400°C
were used for kineticanalysis. This Kinetic analysis results is
limited to the stages of the pyrolysis of hemicellulose and
cellulose.The isoconversional method adopted to analyze the
pyrolysis could eliminate the influence of the mechanism
function of uncertainty on activation energy. Friedman (FR),
Flynn-Wall-Ozawa(FWQ) and Vyazofkin (VYA) methods
were used to determine the activation energies. Linear
regression was used to obtain the values of activation
energies in terms of x= 0.2 - 0.8 with an increment of 0.05
for each stage (hemicellulose and cellulose).The results on
the activation energies for hemicellulose and cellulose
degradation of date stone calculated from the slope of three
isoconversional methods are reported in Table 4. In most
cases, we observed excellent fitting goodness with R? values
above 0.99.The dependence of apparent activation energy
(E) on the degree of conversion (x) (E-x curve) for
decomposition process of hemicellulose and cellulose
obtained by isoconversional methods is presented in Figs. 3a
and 3b, respectively.

Table 4: Activation energy (E) deduced from the FR, FWO and VYA isoconversional methods.

Hemicellulose cellulose
conversion x E. (Kj/mol) E. (Kj/mol)

FR OFW VYA FR OFW VYA
0,2 110,94 137,90 139,38 189,94 182,13 185,53
0,25 118,28 149,51 151,43 184,20 182,13 185,48
0,3 123,81 137,90 139,62 189,71 182,13 185,49
0,35 119,02 149,51 151,25 177,61 182,13 185,42
0,4 125,82 137,90 139,54 187,40 182,13 185,45
0,45 126,77 137,90 139,56 190,29 197,94 201,16
0,5 135,88 137,90 139,49 185,94 197,94 201,00
0,55 145,47 149,51 151,25 181,78 197,94 200,99
0,60 142,27 149,51 151,00 182,81 197,94 190,99
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Figure 3: Activation energy distribution at different
conversion rates (x) for degradation of hemicellulose (a) and
cellulose (b) in date stone determinate during FR, FWO and
VYA isoconversional methods

The mean activation energies calculated for hemicellulose
by FR, FWO and VYA methods were 132.80+13, 144.26+7
and146.18+7 kJ mol™, respectively. The value of activation
energy is about 179.02+11, 191.86+8 and 193.64+8 kJ.mol™
for the cellulose degradation byFR, FWO and VYA
methods, respectively.This result indicated that the
activation energy of hemicellulose is lower than that of

cellulose. It is well-known that the hemicellulose is the least
thermally stable of the biomass components, and therefore,
its activation energy in an inert thermal decomposition
process is lower than the cellulose one. The cellulose is very
stable links, thus requiring more energy for the
decomposition.

In comparison with the literature for different date palm
biomasses, Ceylan[12] investigated pyrolysis kinetics of
plum stone waste using model-free methods,and determined
activation energy for stage x = 0.1-0.65 (hemicellulose) is
150.7 kJ mol*and193.22 kJ mol™ for stage x = 0.7-0.8
(cellulose). These results agree with our study.Y. El mayaet
al.[14] used TGA to investigate thermal behaviour of
different date palm residues under inert and oxidative
atmospheres, andreported activation energy of date stone
pyrolysis as 50.9 kJ mol™ and 57.7 kJ mol™*(obtained by
Coats-Redfern  method)under inert and  oxidative
atmospheres, respectively. H.H. Sait et al.[3] studied the
pyrolysis kinetics of date palm biomass using Coats-Redfern
method. They reported activation energies under inert and
oxidative atmospheres between 9.7-43.6kJ mol“and 9.04-
30.95 kJ mol*(obtained by Coats-Redfern method),
respectively. The reported values using Coats-Redfern
method were lower than the results of our study.

As it can be seen in Table 4 and Fig. 3all three methods
predict the same trend of dependence of the activation
energy on the extent of degradation. As it was also noted the
results from the two integral methods, i.e., FWO and VYA
are almost identical, while those from the Friedman method
are shifted to low values. It has been claimed that this steady
difference can be explained by the different approximations
used to calculate the temperature in these method. The
differential method employs instantaneous rate values which
are more likely to be sensitive to experimental noise. In
addition, the integral methods assume a constant activation
energy thusintroducing a systematic error when E varies
with x.

As said previously, the knowledge of x as a function of
temperature and the value of the activation energy are
essential in order to calculate the experimental masterplots
against x from experimental data obtained under heating rate
(EqQ. (12)). Using the predetermined value of E = 141.08 kJ
mol™ (mean activation energy obtained the FWO, VYA and
FR methods), along with the temperature measured as a
function of a under various heating rates, the experimental
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master plots for TGA data of date stone was constructed
according to Eq. (12).Figs. 4 and 5 show the experimental
masterplots againstx constructed from experimental data
under different heating rates. The theoretical masterplots
corresponding to the f(x) functions in Table 1 are also shown
in Figs. 4 and 5. It is shown that the all experimental
masterplots of decomposition process of hemicellulose at 5,
10, 20 and 50 °C min™ are consistent with theoretical
masterplot for D, kinetic models. For degradation of
cellulose, the comparison of the experimental masterplots
with theoretical ones indicates that the kinetic process be
most probably described by F; model.

5
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—4P3
—>—P4
—+R2
—+—R3
| e F1
M—o—F2
/| ——F3
|+ A3
— M

D1
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4 D4

g(x)/g(0,5)

1,0
Conversion x

Figure 4: Theoretical masterplots of g(x)/g(0.5) vsx and the
experimental masterplot for degradation of hemicellulose.
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Figure 5: Theoretical masterplots of g(x)/g(0.5) vsx and the
experimental masterplot for degradation of cellulose.

5- Conclusion

— —#—5 °C/min

—o—10 °C/min
—4— 20 °C/min
—v— 50 °C/min

In this work, date stone was pyrolyzed in a TG analyzer
from 105 to 900 °C at different heating rates of 5, 10, 20 and
50 K/min. The results indicated that the pyrolysis process
contains three stages, mainly corresponds to hemicelluloses,
cellulose and lignin decomposition, respectively. It was
found that TG and DTG curves tended to shift to a greater
range of temperatures as the heating rates increased, causing
the maximum curve rate to spread to the right. The
activation energy of date stone was calculated using
isoconversional methods such as Friedman (FR),Ozawa-
Flynn-Wall (OFW) and Vyazofkin (VYA) methods. The
mean activation energies for degradation of hemicellulose
were 132.80+13, 144.26x7 and146.18+7 kJ mol™,
respectively. The mean value of activation energy is about
179.02+11, 191.86+8 and 193.64+8 kJ.mol-1 for the
cellulose degradation, respectively. The most probable
reaction mechanisms were described by D, and F,kinetic
models for degradation of hemicellulose and cellulose,
respectively.
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