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Abstract−The kinetic analysis of pyrolysis process of longan seed was performed in a thermogravimetric analyzer.
All experimental runs were carried out by using an initial sample mass of 15 mg and final temperature of 650 oC under
the inert atmosphere of nitrogen. Particle sizes in the range from 0.05-2.1 mm and the heating rates from 5-100 oC/
min were employed to investigate their effects on the thermogram and the kinetic parameters. The TG curves generally
showed sigmoid shape and displayed one major peak in DTG curve. The main devolatilization of longan seed occurred
over the temperature range of 210-330 oC. It was found that heat transfer resistance in a particle could be reduced either
by decreasing the size of particle or increasing the heating rate. The thermal decomposition of longan seed could be
well described by the two-parallel reactions kinetic model. This analysis of reaction kinetic gave the values of activation
energy for the decomposition of the two fractions in the model corresponding closely to those of hemicellulose and
lignin.
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INTRODUCTION

Biomass can be converted to energy and fuel via four main ther-
mochemical methods: pyrolysis, liquefaction, gasification and com-
bustion [1-4]. Presently, biomass pyrolysis is gaining increasing atten-
tion as a potential method to produce solid, liquid or gaseous fuels.
In particular, the liquid fuel has many advantages; for example, it
can be stored, easily transported, upgraded to high quality fuel or it
can be alternatively exploited as a chemical feedstock to recover
an array of valuable products [5-9]. The solid product called char
can also be used as a raw material to produce a porous carbon ad-
sorbent. Pyrolysis of biomass is a very complex process due to the
multiple components of biomass, leading to multitude of reactions
that occur simultaneously. It is known that biomass is basically com-
posed of three main fractions of hemicellulose, cellulose and lignin,
the compositions of which vary for each type of biomass.

The mechanism of biomass pyrolysis is indeed complicated, in-
volving many thermal reactions with simultaneous heat and mass
transfer. There has been considerable research effort to better under-
stand the biomass pyrolysis by proposing simplified models to pre-
dict the residual weight, decomposition rate and the kinetic param-
eters. Normally, in many of the kinetic formulations of thermal de-
composition reactions, it has been assumed that isothermal homo-
geneous gas or liquid phase kinetic equations can be applied [10].
Numerous pyrolysis models have been proposed and can be cate-
gorized as ones involving only one decomposition reaction, of paral-
lel reactions, of more than one pyrolyzed fraction, and of a con-
tinuous distribution of fractions [11].

A number of investigations of biomass pyrolysis kinetics have

been reported in the literature. For example, the pyrolysis kinetic of
olive stones and almond shells was studied by using the TGA tech-
nique [12]. The different kinetic schemes were grouped into two or
three overall processes corresponding to the decomposition of hem-
icellulose, cellulose and lignin. The best results were found for the
model describing the biomass decomposition via three independent
reactions. Teng et al. [13] studied the kinetics of rice hull pyrolysis
by using a combined model of volatile evolutions of four indepen-
dent parallel reactions. These reactions are associated with the mois-
ture evolution, and the decomposition of hemicellulose, cellulose
and lignin. The kinetic study on the pyrolysis of oil-palm solid waste
was modeled using the one-step global model and the two-step con-
secutive reaction model by Guo and Lua [14]. They found that the
two-step model could describe well their experimental data. They
also suggested that these two reactions are responsible for the soften-
ing effect and the formation of an intermediate during the pyrolysis
process. Font and co-workers [15] investigated the kinetic pyroly-
sis of almond shell by using the two-parallel reactions model. This
model assumes that the biomass consists of two main fractions hav-
ing independent pathway of decomposition based on the first-order
reaction.

In this study, the internal seed of a longan fruit was used as a bio-
mass resource. This seed has a round shape with an approximate
size of 10 mm in diameter. The seed is composed of two main parts,
the outer thin black hull and the inner brown kernel. This solid waste
is produced from the fruit cannery factories in Thailand and con-
sidered to be a potential raw material for activated carbon produc-
tion [16]. In this work, it was decided to systematically investigate
the pyrolysis kinetics of this solid in a thermogravimetric analyzer
with an aim to gain basic carbonization conditions necessary for
the production of activated carbon during the activation step. The
preliminary study of longan seed pyrolysis indicated that the DTG
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diagram exhibited only one major peak. Therefore, it is likely that
the decomposition reaction of longan seed may involve only one
global reaction. The one-step global model is thus selected to test
with the experimental data. However, it is well known that the pyrol-
ysis of lignocellulosic materials is a complex process. Therefore,
the two-parallel reactions model is also tried to describe the pyroly-
sis of longan seed. This model is based on the model proposed by
Font et al. [15]. However, in order to increase the model flexibility,
it is further assumed in the present study that the reaction order of
the first fraction is still first order but that of the second fraction will
be optimally searched [17].

THEORY

1. One-step Global Model
The one-step global model is a model containing only one dif-

ferential rate equation that is based on the best fitted reaction order.
It is the simplest kinetic model to describe the decomposition of a
pyrolyzed material. The kinetic equation of this model can be repre-
sented as

(1)

where k is the rate constant which obeys the Arrhenius law. The
final form of the rate equation can be written as

(2)

where α is the conversion defined in terms of the reacted mass frac-
tion as

(3)

with w0, w and wf being the initial, actual and final mass of the sam-
ple, respectively. A is the frequency or pre-exponential factor, E is
the activation energy, Rg is the universal gas constant, T is the ab-
solute temperature, n is the order of reaction and β is the constant
heating rate. The ordinary differential equation in Eq. (2) was used
to fit the experimental data to obtain the parameters A, E and n.
2. Two-parallel Reactions Model

The two-parallel reactions model basically assumes that the reac-
tion is controlled by kinetics regime and the secondary reactions
are neglected. This model proposes that the raw material consists
of two homogeneous fractions namely M1 and M2 and each frac-
tion decomposes simultaneously at different rates at a given tem-
perature, generating the volatile matters and solid char. The scheme
of overall reaction is given as

(4)

Eq. (4) can be as well represented in the form of two individual
parallel reactions as Eq. (5a), and (5b), respectively,

(5a)
(5b)

where k1 and k2 are the rate constants of each reaction. Now, the
residual weight fractions of solid product are defined as follows:

(6)

where mf is the final mass fraction of solid char, mf 1 and mf 2 are
the final mass fractions of the first and second components, respec-
tively. m, m1 and m2 are mass fractions of total residual weight, re-
sidual weight of component 1 and 2 present at time t, respectively.
Obviously,

m=m1+m2 (7a)

and

mf=mf 1+mf 2 (7b)

The rate of decomposition reaction in Eq. (5a) and (5b) can be
expressed in terms of α for a constant heating rate, β, based on 1st-
order and nth-order regimes for fractions 1 and 2, respectively:

(8a)

(8b)

Rearranging Eq. (8) and integrating to obtain

(9a)

(9b)

where a and b are the initial values of α1 and α2, respectively, and
they represent the initial weight fractions of the component 1 and
component 2 contained in the raw material. They are assumed con-
stant, being the raw material property. Obviously, the relationship
between a and b is

a+b=1 (10)

The integration of Eq. (9) can be achieved by expressing the ex-
ponential term in an asymptotic series and neglecting the higher
order terms [17]. The expressions for α1 and α2 can be derived as
follows:

(11a)

(11b)

Finally, the total of remaining mass at any temperature is the sum
of each residual fraction:

(12)

Eq. (12) was used to test against the experimental data and the six
kinetic parameters (a, A1, E1, A2, E2 and n) are obtained by model
fitting.

For the model fitting, the kinetic parameters are optimally searched
based on the minimization of sum of square of relative error (S)
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defined as

(13)

The subscript i refers to the data point in the total of N data points,
αexp represents the experimental value and αcal represents the value
calculated from a given set of estimated parameters.

EXPERIMENTAL

The longan seed was collected from the fruit cannery plant of
Malee Sampran Public Company Limited in Nakhon Pathom, Thai-
land. This fresh-longan seed was thoroughly cleaned by water and
dried in an oven at 110 oC for 24 h. The pre-dried longan seed was
then crushed and sieved to obtain the average particle sizes of 0.05,
0.1, 1.0 and 2.1 mm.

The pyrolysis of longan seed was carried out by using a thermo-
gravimetric analyzer (TGA7 series, Perkin Elmer, USA). The exper-
iment was performed in the non-isothermal pyrolysis mode under
the constant flow of nitrogen at the rate of 50 cc/min. The final tem-
perature was fixed at 650 oC, and the heating rates studied were 5,
10, 20, 30, 50 and 100 oC/min.

RESULTS AND DISCUSSION

1. Proximate and Ultimate Analyses of Longan Seed
The proximate and ultimate analyses of longan seed and other

biomasses used as raw materials for activated carbon production
are listed in Table1. The fixed carbon content of longan seed is 19.6%
with relatively low ash content of 1.7% and the sulfur content is
also low at 0.1%. As shown, these values of analyses are compara-
ble with various carbonaceous materials reported in the literature.
Therefore, the longan seed used in this study could be used as a po-
tential source for activated carbon preparation.
2. Typical Results of Non-isothermal Pyrolysis of Longan Seed

Results of the non-isothermal pyrolysis of crushed longan seed
under nitrogen atmosphere are presented in Fig. 1. Two regions of
weight loss behavior upon increasing pyrolysis temperature can be
observed. The first region covers the temperature from 100-400 oC.
The maximum weight loss rate occurs at 260 oC with the main py-
rolysis decomposition of longan seed proceeding through this tem-
perature range. This pyrolysis process involves the evolution of gases
and tar from the solid with the formation of residual char. The sec-

ond region for temperatures above 400 oC corresponds to the aro-
matization of char structure leading to a relatively small weight change
on increasing pyrolysis temperature [19].

S = 
αexp( )i − αcal( )i

αexp( )i
--------------------------------

2

i=1

N

∑

Table 1. Proximate and ultimate analyses of longan seed and some biomasses used for activated carbon preparation

Material
Proximate analysis (dry basis) [wt%] Ultimate analysis [wt%]

Fixed carbon Volatile matters Ash C H N S O (by diff.)
Longan seed 19.6 78.7 1.7 46.5 6.3 1.4 0.1 45.4
Oil palm shella 19.8 77.6 2.6 NA NA NA NA NA
Apricot stoneb 13.7 86.1 0.2 55.6 6.8 0.2 0.1 37.3
Almond shellb 11.8 87.2 1.0 51.0 6.3 0.5 0.2 42.0
Cherry stoneb 10.0 89.4 0.6 53.9 7.1 0.3 0.3 38.4
Grape seedb 19.0 78.2 2.8 62.2 7.8 1.6 0.2 28.2

aReference [14]
bReference [18]

Fig. 1. Typical residual weight fraction (TG) and weight loss rate
(DTG) for the non-isothermal pyrolysis of longan seed with
particle size 1.0 mm, heating rate 5 oC/min and nitrogen flow
rate at 50 cc/min.

Fig. 2. Effect of initial sample weight on TG curves for the non-
isothermal pyrolysis of longan seed at heating rates of 5 and
100 oC/min and particle size of 1.0 mm.
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3. Initial Sample Weight Effect
Fig. 2 compares the influence of initial sample weight on the TG

curves for the weights of 15 and 30 mg at two heating rates of 5
and 100 oC/min. It is seen that there is a measurable influence of
the initial weight for the condition of heating rate at 100 oC/min,
showing a shift of TG curves to a higher pyrolysis temperature over
the range of 240-400 oC as the sample weight is increased. This be-
havior may arise from the inter-particle transport resistance leading
to the heat transfer limitation at a high heating rate condition. It is
also interesting to observe that above 400 oC where the main devol-
atilization has already occurred, the initial sample weight has almost
no consequent effect on the solid yield. Thus, it is inferred that the
initial sample weight chosen in this study only affects. the increas-
ing of heat transfer resistance under the high heating rate condition.
For model analysis of pyrolysis kinetics of longan seed it is implic-
itly assumed that the process is controlled by the chemical reac-
tion. Therefore, the initial sample weight for 15 mg was chosen for
a subsequent series of experiments in this work to eliminate the heat
and mass transfer resistances in the pyrolyzed biomass.
4. Particle Size Effect

The TG and DTG results of the longan seed with different particle
sizes at the low heating rate of 5 oC/min are shown in Fig. 3. The
TG and DTG curves for all particle sizes still show a similar pat-
tern. However, it is found that the final yield depends on the particle
size, with larger particle size giving the higher char yield. It is ob-
served that the particle size starts to have an effect at around 270 oC,
separating the TG curves into different final yield values. For the
DTG data, the temperature range of the main devolatilization ap-
pears to start and end at approximately the same temperature for
all particle sizes (210-350 oC). However, the magnitude of the max-
imum rate of weight loss for the smallest particle size (0.05 mm) is
evidently higher than those of the other larger sizes.

According to the obtained results, the decrease in particle size
resulted in the decrease of char yield. This can be explained by rea-
soning that a temperature gradient existing in a small particle is less
than that in the larger one, indicating lesser heat transfer resistance
in the smaller size particle. Under this condition, the pyrolysis should
be controlled mainly by the reaction kinetics, thus giving the con-

Fig. 4. Effect of particle size on TG curves for the non-isothermal
pyrolysis of longan seed at the high heating rate of 100 oC/
min.

Fig. 3. Effect of particle size on TG and DTG curves for the non-
isothermal pyrolysis of longan seed at the heating rate of
5 oC/min.

Fig. 5. Effect of heating rate on TG curves (a) and DTG curves (b)
for the non-isothermal pyrolysis of longan seed for 1.0 mm
particle size.
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version of the smaller particle to be higher than that in the larger
particle. This observation is also in agreement with the work reported
by several previous investigations [14,20].

In addition, the degree of particle size effect on pyrolysis kinetic
was found to depend on the heating rate, as shown in Fig. 4 for the
TG results obtained at a higher heating rate of 100 oC/min. It is ob-
vious that the difference in solid yields tends to diminish at this high

Fig. 6. Comparison of TG curves for the non-isothermal pyrolysis of longan seed at two heating rates of 5 and 100 oC/min for different
particle sizes.

Fig. 7. The effects of particle size (a) and heating rate (b) on the TG curves as compared with the results from the one-step global model
fitting.

heating rate condition. This is probably attributed to the lowering
of particle heat transfer resistance caused by the increasing in the
heating rate. This heating rate effect will be further discussed in the
following section.
5. Heating Rate Effect

The effect of heating rate on the TG and DTG curves for longan
seed with particle size of 1.0 mm is shown in Fig. 5(a) and 5(b),
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respectively. There is no significant difference of TG curves in the
main devolatilization range of 200-300 oC. However, it is observed
that the heating rate significantly affects the maximum weight loss
rate of DTG curves, showing the maximum weight loss rate to in-
crease with an increase in the heating rate.

The yield of solid char is also significantly affected by the heating
rate in that the yield tends to decrease with increasing in the heating
rate. This effect of heating rate on the char yield was also remarked
by some previous investigators [14,21]. The solid yield decreases
at a high heating rate signifies a decreasing of heat transfer resis-
tance (smaller temperature gradient) due to the marked increase of

Table 2. The kinetic parameters obtained from the one-step global reaction model of longan seed pyrolysis

Parameter
Particle size [mm] Heating rate [oC/min]

0.05 0.1 1.0 2.1 5 10 20 30 50
A [min−1] 8.89×109 1.18×1010 5.16×1010 1.47×1011 5.16×1010 2.34×1010 3.10×1010 1.28×1010 1.64×1010

E [kJ/mol] 122.16 125.48 131.09 133.75 131.09 126.47 125.86 121.16 120.15
n 4.89 4.04 4.64 5.16 4.64 4.51 4.26 4.02 3.84
Max. error [%] 14.49 8.46 5.33 4.64 5.34 5.60 6.73 9.05 10.70

Fig. 8. Comparison of experimental and model computed TG and DTG curves for different particle sizes at a heating rate of 5 oC/min.

particle temperature. This heating rate effect should become less
for the smaller size particle, because of its lesser heat transfer resis-
tance. This postulation is supported by comparing the heating rate
effect at 5 and 100 oC/min for various particle sizes, as displayed in
Fig. 6. It is clear that the final yield obtained from heating rates at 5
and 100 oC/min for a particle size of 0.05 mm is approximately the
same, while the difference of these two yields in the larger particle
size intensifies as the particle size is progressively increased.
6. Model Fitting of Pyrolysis Data

With the appearance of only one peak in the DTG, it might be
reasonable that the experimental data could be described by the one-
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step global model. The fitting of the experimental data for different
particle sizes and heating rates to the one-step global model is shown
in Fig. 7(a) and 7(b), respectively, and the kinetic parameters are
listed in Table 2. Overall, it is found that the optimized results from
one-step global model agree reasonably with the experimental data.

Fig. 9. Comparison of experimental and model computed TG and DTG curves for different heating rates with a particle size of 1.0 mm.

However, the major mismatch is found in the temperature range of
150-220 oC, with the model over-predicting the initial decreasing in
mass fraction seen in the experimental data.

Next, the two-parallel reactions model was employed to test against
the experimental data. The comparison between the experimental
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data and the model prediction for the effects of particle size and heat-
ing rate is shown in Fig. 8 and Fig. 9, respectively, while the kinetic
parameters are listed in Table 3. Overall, the two-parallel reactions
model can describe the experimental data extremely well for all par-
ticle sizes and heating rates studied, with the maximum deviation

Table 3. The kinetic parameters obtained from the two-parallel reactions model of longan seed pyrolysis

Parameter
Particle size [mm] Heating rate [oC/min]

0.05 0.1 1.0 2.1 5 10 20 30 50 100
a 0.56 
b 0.44 
A1 [min−1] 4.35×1010 4.65×109 2.24×107 1.52×105 2.23×107 1.59×107 2.04×108 1.78×1010 8.62×1011 4.60×1014

E1 [kJ/mol] 134.43 124.31 100.96 79.00 100.96 97.93 107.04 125.62 140.81 164.87
A2 [min−1] 2.92 1.52 0.56 0.30 0.56 0.63 1.07 1.54 2.27 31.46
E2 [kJ/mol] 35.12 33.47 31.26 29.42 31.26 29.41 28.52 28.14 27.08 32.30
n 1.66 1.55 1.31 1.18 1.31 1.22 1.19 1.22 1.23 1.62
Max. error [%] 2.89 3.08 2.32 2.26 2.32 1.72 1.96 2.05 1.63 2.14

Fig. 10. The dependence of fitted kinetic parameters from the two-parallel reactions model on particle size (a) and heating rate (b).

being in the range of 1.63-3.08%. The two-parallel reactions model
can account for the mismatch previously predicted by the one-step
global model in the temperature range of 150-220 oC. Therefore,
the assumption of the two parallel decomposition scheme proposed
in this work appears to be satisfactorily sound. The model fitting
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gave the values of the fraction parameters a and b as 0.56 and 0.44,
respectively.

The effects of heating rate and particle size on the kinetic param-
eters are shown in Fig. 10(a) and 10(b) for clearer observation. Fig.
10(a) shows a continued decreasing of all parameter values as the
particle size is increased. The order of reaction 2 (n) decreases from
1.66 to 1.18 as the particle size is increased from 0.05 to 2.1 mm.
On the other hand, the kinetic parameters as affected by the varia-
tion in the heating rate do not display a definite trend, as seen in
Fig. 10(b). It should be noted that the model reaction is based on
the assumption of pure kinetic control, neglecting the effect of heat
and mass transfer resistances. Under this assumption, the kinetic
parameters should be independent of particle size and heating rate.
However, the variation of kinetic parameters discovered here could
be ascribed to the complex scheme of pyrolysis reaction and also
the influence of some heat and mass transfer resistance still exist-
ing in the real process.

All results from the model fitting show that the pre-exponential
factor and activation energy in the first fraction are higher than that

Fig. 12. The sensitivity analysis of kinetic parameters on the weight fraction remaining.

Fig. 11. The relative weight fraction (α) derived from the reaction
schemes for a particle size of 1.0 mm at heating rate of 100
oC/min.
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in the second fraction. These A1 and E1 parameters values are 1.52×
105-4.60×1014 min−1 and 79.00-164.87 kJ/mol and A2 and E2 are 0.30-
31.46 min−1 and 27.08-35.12 kJ/mol, respectively. It is clearly seen
that the parameters of reaction 2 (A2 and E2) are much lower than
those of reaction 1 (A1 and E1). This behavior could be further ex-
amined from the contribution of each pyrolysis reaction as shown
in Fig. 11. α1 and α2 are referred to as the decomposition of the bio-
mass composition in fraction a and b, respectively. The results in-
dicate that fraction α1 sharply decreases at 220 oC and reaches a final
fractional value at 300 oC. However, α2 decreases continuously from
the initial temperature of 100 oC up to the final temperature. These
decomposition behaviors suggest that reaction 1 proceeds faster than
reaction 2, as reflected by a much higher value of A. Tsamba et al.
[22] summarized the kinetic parameters values of biomass compo-
nents from the literatures and their studies as follows: Emin(hemi-
cellulose)=147.24±38.52 kJ/mol, Emax(hemicellulose)=172.75±39.44
kJ/mol, Emin(cellulose)=176.92±42.41 kJ/mol and Emax(cellulose)=
248.64±25.75 kJ/mol. By comparing with these reported results, it
was suggested that the values of activation energy obtained for reac-
tion 1 derived from the present study (79.00-164.87 kJ/mol) could
be attributed to the thermal decomposition of hemicellulose. Reac-
tion 2 should correspond to the decomposition of lignin since the
activation energy obtained in this work (27.08-35.12 kJ/mol) is in
the range of 34-65 kJ/mol for lignin decomposition as reported by
Varhegyi and co-workers [23].
7. Sensitivity Analysis of the Two-parallel Reactions Model

The two-parallel reactions model contains six kinetic parameters,
thus making it difficult to assess the accuracy of the model with
respect to the variation of model parameters. Therefore, the analy-
sis of the sensitivity of each parameter on the model results was
performed by changing its value by ±25% while keeping the remain-
ing parameters constant. The analysis was performed using the data
of the 1.0 mm longan seed particle at the heating rate of 100 oC/
min. The resulting change in TG curves is compared to the stan-
dard data computed from the optimized parameters, and is displayed
in Fig. 12. The maximum deviation derived from this sensitivity
analysis is listed in Table 4.

It is observed that the +25% of a (increasing fractional composi-
tion for reaction 1) gives a weight fraction higher than the standard
data in the temperature range of 200-275 oC but lower in the tem-
perature range of 275-400 oC, while for the −25% change the decom-
position behaviors show the opposite direction. The change of pre-
exponential factors, A1 and A2, describes how fast the decomposi-
tion rate proceeds: the higher the A values the faster is the rate of
reaction. An increasing in A1 is observed to decrease the weight frac-
tion in the temperature range of 250-300 oC. The increasing of A2

also causes a decreasing of weight fraction through the entire range

of temperature for reaction 2. However, it appears that the TGA
data are least sensitive to changes in both A1 and A2, as can be ob-
served from Table 4. The largest sensitivity is found for the activa-
tion energies of both reactions (E1 and E2) (see %max. deviation in
Table 4) and this parametric effect is more pronounced for reaction
1. The activation energy corresponds to the energy barrier of the
reaction with the higher value indicating the slower of the reaction
rate. Therefore, the increasing in the activation energy should pro-
long the decomposition reaction to the higher temperature or longer
time. The behaviors seen in the sensitivity analysis support this re-
sult; for example, as shown in Fig. 12, the main devolatilization of
reaction 1 is prolonged to the temperature range 350-450 oC with
+25% of E1, and the +25% of E2 also delays the reaction 2 to de-
compose at the higher temperature. The increasing of reaction order
n also delays the biomass decomposition, yielding the higher resid-
ual weight fraction than the lesser order reaction does.

CONCLUSIONS

The non-isothermal pyrolysis of longan seed exhibited a TG curve
with sigmoid shape and showed only one major peak in the DTG
curve. The condition of the particle size 1.0 mm and at the heating
rate of 5 oC with the final temperature being at 650 oC produced
the char yield of 30% and the main devolatilization occurred in the
temperature range of 210-330 oC. The heat transfer resistance was
increased by both increasing in particle size and decreasing in heat-
ing rate, resulting in a corresponding increase of char yield. The
kinetics of the decomposition of longan seed could be extremely
well described by the two-parallel reactions model. The initial frac-
tion of the biomass components derived from this model was 0.56
and 0.44 for reaction 1 and reaction 2, respectively. The pre-expo-
nential factors in the range 1.52×105-4.60×1014 min−1 and activa-
tion energy ranging from 79.00-164.87 kJ/mol were obtained for
reaction 1, the range of which depending on the particle size and
the applied heating rates. Reaction 2 was well fitted with the reac-
tion order of 1.18-1.62, the pre-exponential factors of 0.30-31.46
min−1 and activation energy of 27.08-35.12 kJ/mol. These values
of activation energy suggested that reaction 1 and 2 could be repre-
sented by the decomposition of hemicellulose and lignin, respec-
tively. The sensitivity analysis on the predicted TG curve for a par-
ticle size 1.0 mm at the heating rate 100 oC/min showed the highest
sensitivity towards the changes in the activation energies of both
reaction 1 and 2.
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