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Abstract. The aim of this study is to investigate pyrolysis kinetic parameters of three high
potential energy biomasses including sugarcane residue (tops and leaves), corn cob and
Napier grass via thermogravimetry analysis (TGA). In addition, those of their mixture at
1:1:1 by mass is explored. Activation energy and pre-exponential factor were the two
considered parameters calculated by following the Ozawa-Flynn-Wall method using
condition of 30-900C with heating rates of 5, 10, 20 and 40C/min. The derivative
thermogravimetric (DTG) curves indicated that there might be at least three different
component structures in corn cob. The effective values of the both parameters were almost
similar as 214.54, 216.60, 212.51 kJ/mol and 1.510E+19, 1.575E+19, 1.562E+19 min -1 for
the sugarcane residue, the corn cob, the Napier grass, respectively. Finally, the ternary
diagram suggested that the increase of Napier grass proportion would slightly affect the
conversion of pyrolysis by reducing the total activation energy of the biomass mixture.
Keywords: Pyrolysis kinetics, sugarcane residue, corn cob, Napier grass, Ozawa-Flynn-Wall
method.
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1. Introduction
Sugarcane tops and leaves are unused residues from
agricultural field in Thailand. A survey about energy crop
farming issued from the Department of Alternative
Energy Development and Efficiency (DEDE), Ministry of
Energy indicated that, in 2013, the sugarcane tops and
leaves were produced about 17 million tons but were
unused about 15 million tons [1]. This unused amount was
in the top scale of unused agricultural residues besides rice
husk and oil palm frond [1, 2]. The unused sugarcane
residues have been always burnt in the fields because their
leaves have sharp edges and are hard to handle for farmers.
Burning the residues also emit greenhouse gas and
produce air pollution, especially aerosol particles causing
respiratory disease and other continual harm like PM2.5
(particulate matter with diameter of 2.5 micron and
smaller) and PM10 (particulate matter with diameter of 10
micron and smaller).
Corn cob is another waste from both agriculture fields
and industries with about 1.2 million tons produced in
2013. Although some of corn cob can be utilized as an
ingredient in animal foods, a material of plywood, a
substrate of drugs, etc., the corn cob still remains unused
about 10%, according to the DEDE report [1]. In addition,
the corn cob is found given high heating value and offered
high yield of biooil in the 3rd place among 25 bioresidues
in a research of Mythili et al. [3]. If considering only
expected potential bioresidues in Thailand [1, 2], the corn
cob got the highest in both heating value and biooil yield.
Another interesting biomass is Napier grass which is
an easy-to-grow and fast-growing plant. At first, it was
imported and mating designed for cattle food. Then, the
Napier grass has been promoted from the Department of
Livestock Development (DLD), Ministry of Agriculture
and Cooperatives, Thailand [4]. Until the Napier grass has
been promoted for compressed biogas (CBG) production
and/or power generation in the last decade. Napier grass
farming has been growing due to subsidies from Ministry
of Energy, Thailand [5].
Pyrolysis is a thermal decomposition “process” of
solid organic compounds like polymers and biomasses.
The pyrolysis process differs from combustion because it
is a non-oxidative process. In bioenergy conversion, the
pyrolysis processes are applied for higher-heat-content
biofuels such as charcoal, biooil and non-condensable gas
[6-10]. Typically, pyrolysis processes were divided into
three main types. First is “slow pyrolysis” or conventional
pyrolysis which operates around 300-550C with low
heating rate. The slow pyrolysis can produce 20-50% wt.
biooil and 25-35% wt. biochar as the main products [9, 10].
Second is “fast pyrolysis” or flash pyrolysis using
extremely high and immediate heating. The fast pyrolysis
can produce more biooil (60-75% wt.) and less biochar
(10-25% wt.) than the slow pyrolysis [6, 9, 10]. Sometimes,
“intermediate pyrolysis” has been classified as another
process [9, 10]. The last type is “carbonization pyrolysis”
which commonly known as char production. This process
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uses very low heating in mild condition and obtains
biochar as only main product [7].
Besides, pyrolysis is also called for a thermal “reaction”
which converts dry biomass into gases, tar and char. In
pyrolysis reaction, the released mass is called volatile
matter which includes condensable liquids and noncondensable gases. The actual pyrolysis may take place via
different mechanisms depending on structure of the
biomass. Some biomasses have noticeably single step of
pyrolysis, while some involve double steps, especially
woody biomasses or lignocellulosic biomasses [11, 12].
Lignocellulose consists of cellulose, hemicellulose and
lignin that are biopolymers apart from protein and
carbohydrate. Generally, agricultural wastes consist of 3050% wt. cellulose, 15-35% wt. hemicellulose and 10-20%
wt. lignin [3, 8, 10, 13].
In research field of biomass conversion, biomass
compositions can be divided into four groups including 1)
moisture 2) volatile matter 3) fixed carbon and 4) ash.
Each composition can be analyzed by methods according
to ASTM International standards [14, 15]. This
characterization is proximate analysis. Besides ASTM
methods, proximate compositions can be also calculated
using thermogravimetric analysis (TGA) by temperature
change with low heating rate via drying, pyrolysis and
combustion, respectively [16, 17].
Furthermore, TGA has been also employed as a
useful technique for kinetic studies in many thermal
reactions such as degradation of polymers [18,19], reaction
of metal oxides [20, 21] and combustion or pyrolysis of
solid fuels [22-26]. The TGA curve indicates the mass
change with the changing of temperature or time in
specific atmosphere. The derivative of TGA curve is called
derivative thermogravimetric (DTG) curve which shows
the rate of change per temperature or time. The DTG
curve could indicate the change more evidently than the
TGA curve. With different heating rates, TGA and DTG
curves were mutually applied for kinetic parameters i.e.
activation energy and pre-exponential factor (frequency
factor) according to Arrhenius equation. Furthermore,
this technique could also identify the reaction order via
verification of calculated values of the parameters.
There are many methods to calculate the activation
energy and the pre-exponential factor from TGA/DTG
results. The simple methods known as model free
methods are based on isoconversional principle. The
assumption for this method is that the conversion is
dependent on only temperature. The free model methods
had been used in kinetics studies in degradation of
biomasses or biomaterials [27-29]. Furthermore, a new
developed method like Distributed Activation Energy
Model (DAEM) was also used for biomass degradation
[24, 30]. One of the model free methods was OzawaFlynn-Wall (OFW) method which developed from
original Ozawa method. Still, there was some literature
indicating the restrictions and error correction when using
OFW on kinetics calculation of complex materials like
biomass [31-36]. However, the TGA with OFW has still
been favorable to use for kinetics calculation in many
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materials [18, 20, 21, 26, 37-39] because of its testing
simplicity and adequately accurate results to apply in
further simulations.
To develop new alternative solid fuels, the concept of
mixing biomass with coal or other biomasses have been
studied. In chemical properties studies of mixture, the
coal-biomass mixtures have been studied more than the
biomass-biomass mixtures [40-46]. There was a study
about advantages and disadvantages of various biomasses
comparing with coal [47]. The study of biomass-biomass
mixture was found only in the study of Nozela et al. [48].
Their study indicated that the mixture of sewage sludge
and pruning residues by 1:1 could reduce the activation
energy and gave higher heating value than the pure ones.
In this study, the mentioned biomasses, i.e. corn cob,
Napier grass and sugarcane residue were selected to
investigate due to their differently notable potentials or
advantages as energy supplies. The corn cob had very good
properties for energy conversion and was quite highly
produced. The Napier grass had been being more
cultivated and was fast-growing. The sugarcane residue
remained abundant as waste which needed to be proper
eliminated or utilized. However, using single biomass can
make problem to investment of the conversion processes.
Because different time of harvesting, volatility in
marketing, purchase prices, subsidies, etc. causes
abundance or lack of each biomass in some season. That
will make the production discontinued. Alternating
feedstock cannot be good option in some processes due
to unequal qualities of products. Thus, mixing the
biomasses can solve the instability of feedstocks and the
mixture may get better properties than the single one. The
ternary mixture is novel and interesting. In the preliminary
step, pyrolysis reaction kinetics is the first property to be
investigated. In addition, the kinetic results of this study
will be used in simulating and designing processes such as
biooil production via slow pyrolysis and gasification.
Therefore, the proposed biomasses and their mixture were
tested by TGA/DTG technique to find the kinetic
parameters of pyrolysis using OFW method and to
investigate the effect of biomass mixture on their pyrolysis
kinetics.

2. Methodology
2.1. Materials Preparation and Characterization
The fresh corn cob from Kamphaeng Phet Province
in the north of Thailand was stripped kernel off and dried
in the sun for 4-5 days. The fresh Napier Pakchong 1 grass
from Saraburi Province in the middle of Thailand and the
sugar tops and leaves from Chonburi Province in the east
of Thailand were also dried in the sun at least a week. The
sun drying was applied to all materials to ensure that they
would not be moldy before collected as raw materials.
Then, the raw materials were cut in a shredding machine,
dried in an oven with 110C atmosphere for a day, grinded
in a ball mill into small particles and sieved with mesh sieve
no. 80 (powder size not over 180 micron). The powder of

each biomass was collected and some amount of each was
characterized by proximate and ultimate analyses.
2.2. Thermogravimetric Analysis
In this study, four samples including three pure
materials (named SR100, CC100, NP100 for sugarcane
residue, corn cob and Napier grass, respectively) and one
mixture of all materials in weight equivalent (named Mix
1:1:1) were tested in METTLER’s TG/SDTA analyzer850e model. In every single test, 5 mg of the material in 70
μl alumina crucible was inserted then operated with 50
ml/min of N2 flow. The sample was heated from 30 to
900C with different heating rates of 5, 10, 20 and
40C/min. TGA and DTG data were then plotted and
calculated for kinetics of pyrolysis.
2.3. Kinetic Parameters Calculation
Generally, the rate of pyrolysis is defined as a
function of temperature ( T ) and conversion ( X ) ;
dX
= k( T ) f ( X )
(1)
dt
where the conversion is calculated from the mass change
as
w −w
100 − wt %
X= 0
=
(2)
w 0 − w f 100 − wt % f
Typically, the function of conversion, f ( X ) , can be
classified by assuming mechanism of solid-state reaction
i.e. 1) nucleation, 2) geometrical contraction, 3) diffusion
and 4) reaction order. In many studies of biomass
pyrolysis kinetics, the reaction order model assuming that
reaction is homogeneous, and the rate law is favorite to
define f ( X ) [23, 49] as

f ( X ) = (1 − X )n

(3)

The f ( X ) can have different reaction order ( n )
depending on its mechanism. A proper reaction order
would be investigated fitting to the experimental data.
Cortés and Bridgewater collected previous works and
found that the reaction order was about 1 to 3 for pyrolysis
of many biomasses [23]. Herein, the reaction order would
be chosen as integer of 1, 2 and 3.
The function of temperature is called rate constant
( k ) which can be defined as Arrhenius equation [23];
E
k(T ) = A exp( − a )
(4)
RT
so,
E
dX
= A exp( − a ) f ( X )
dt
RT

(5)

To investigate kinetic parameters i.e. activation
energy ( Ea ) and pre-exponential factor ( A ) of pyrolysis of
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each material, the newly developed isoconversional
method like OFW method was complied with TGA and
DTG data with different heating rates ( H ) of 5, 10, 20 and
40C/min [23].
T = T0 + Ht
(6)
Deriving derivative of conversion with temperature
instead of time, gets
E
dX A
= exp( − a ) f ( X )
(7)
dT H
RT
Defining dimensionless term of energy as  and
integral form of f ( X ) as g ( X ) [23], gives
E
= a
(8)
RT
E
A T
X dX
g ( X ) = 0
= 0 X exp( − a )dT
f (X ) H
RT
A  Ea  exp( − )
=
d
(9)

H R   2
Next, defining integral term of  as p( ) [23];
 exp( − )
p( ) = 
d
(10)
2

Table 1. Formula of f ( X ) and g ( X ) as a function of
conversion and reaction order used for pre-exponential
factor calculation.
Reaction order ( n )
Order 1
Order 2
Order 3

g( X )
− ln(1 − X )

(1 − X )2

(1 − X )−1

(1 − X )3

1 (1 − X )−2
2

2.4. Mixture Analysis
Ternary diagrams would be created for analysis effect
of mixing of the biomasses using four samples (three pure
materials and one mixture). After getting constants of
both the activation energy and the pre-exponential factor
which verified with experiments, the constants would be
plotted in ternary diagram of the activation energy and
ternary diagram of the pre-exponential factor as function
of mixture compositions. Using linear mixture method,
linear contours would be created and analyzed by analysis
of variances (ANOVA).

3. Results and Discussion
3.1. Materials Characterization

so,

g( X ) =
log H = log(

A  Ea
p( )
H R

(11)

A  Ea
) + log p( )
R  g( X )

(12)

In OFW method, the approximation of p( ) has
been developed and it is reliable in the range as below [23,
49].
log p( ) = −2.315 − 0.4567 , 20    60
(13)
Replacing in Eq. (12), then
log H = log(

A  Ea
E
) − 2.315 − 0.4567 a
R  g( X )
RT

(14)

To prevent all the materials from mold, the raw
materials had been sun-dried. Thus, the characterization
of the raw materials as shown in Table 2 was excluded the
actual moisture content. The proximate results showed
that the dry Napier grass had more volatiles but less fixed
carbon than the other two. In the ultimate analysis, C
content of Napier grass was close to C content of the
others. This meant that the high C content of Napier grass
was not only found from the fixed carbon but also from
the volatile matter. However, overall, the materials had
slightly different elemental compositions.
Table 2. Proximate and ultimate analyses of the raw
materials.

From Eq. (14), plotting the linear lines of log H
versus 1T at each conversion from 0.1 to 0.9. In many
studies using model-free models, the increment of
conversion should be 0.05-0.1, but 0.1 was proper and
favorite [21, 23, 26, 38, 50]. The activation energy value
can be calculated from the slope and the pre-exponential
factor can be found from the intercept term. The intercept
term involves g ( X ) which is the integral of f ( X ) as Eq.
(8). So, g ( X ) could get different expressions depending on
chosen reaction order as shown in Table 1.
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f (X )
(1 − X )

FC (% db.)
VM (% db.)
Ash (% db.)
C (% db.)
H (% db.)
N (% db.)
S (% db.)
O (% db.)*

Sugarcane
residue
15.15
78.39
6.46
45.44
6.23
0.61
0.14
41.12

Corn cob
13.78
83.10
3.12
42.05
6.35
0.66
0.47
47.36

Napier
grass
8.33
85.34
6.33
45.1
5.94
0.95
0.17
41.51

* — O element was balanced = 100-C-H-N-S-Ash
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(a)

(b)

(c)

(d)
Fig. 1. TGA and DTG curves of the biomasses: (a) sugarcane residue (b) corn cob (c) Napier grass and (d) mixture in
1:1:1 ratio.
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3.2. Thermogravimetric Results
TGA curves and DTG curves of each sample are
shown in Fig. 1. In all TGA curves, small amount of
remaining moisture was released when temperature
reached 100C. When the temperature was up to 200C,
the pyrolysis started, and the volatiles were released
increasingly. Until around 350C, the decreasing of mass
was slowed down and had small released after 500C.
DTG curves of sugarcane residue and Napier grass
showed single peak of mass change while DTG curves of
corn cob pointed three peaks. This could be indicated that
there were three evidently different component structures
inside which decomposed at different temperature ranges.
According to Yang et al. [51], initial decomposition
belonged to pyrolysis of hemicellulose which mainly
occurred at 220-315°C then decreasingly at higher
temperature. While, pyrolysis of cellulose happened
extremely at 315–400°C. But pyrolysis of lignin, which was
hardly degradable, would decompose in wide range from
160 to 900°C. Considering DTG curves, cellulosic
component was majority decomposed in sugarcane
residue and Napier grass. In case of corn cob, the first

peak indicated the decomposition of hemicellulose, and
the top/last peak showed decomposition of cellulose. The
middle peak might belong to 1) intercomponent between
hemicellulose and cellulose, or 2) intermediate of doublestage pyrolysis of cellulose [52]. However, in some works
which corn cob was analyzed by TGA, there were only
double peaks which separately belonged to hemicellulose
and cellulose [53, 54]. In case of Napier grass, the single
peak was a merging peak [55, 56]. Similarly, the single peak
of sugarcane residue also agreed with one in the previous
work [57]. These quasi-single peaks of Napier grass and
sugarcane residue indicated that main decomposition was
the cellulose.
In case of the mixture, DTG curves was merged
among the materials and gave slightly separated peaks
effluent by corn cob portion. Considering effect of heating
rate, TGA curve with higher heating rate would shift to
right, evidently in pyrolysis range (200-500C). While
DTG curve with higher heating rate would have higher
peak(s), and the peak(s) would shift to right as well. These
could be explained that higher heat would increase
conversion rate but decrease conversion time affecting the
conversion to delay.

(a)

(b)

(c)

(d)

Fig. 2. Isoconversional plots via Ozawa-Flynn-Wall method on (a) sugarcane residue (b) corn cob (c) Napier grass
and (d) mixture in 1:1:1 ratio.
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3.3. Kinetic Parameters Estimation
Complying to Eq. (14) using OFW method, the linear
plots at various conversion of 0.1, 0.2 up to 0.9 of each
sample are shown in Fig. 2. The slopes of each line were
used to calculate the activation energy values, and all the
results are shown in Fig. 3 and Table 3. But OFW method
had accuracy limit of 20  Ea RT  60 , the activation
energy values at conversion of 0.9 of sugarcane residue
and at 0.8-0.9 conversion of Napier grass were not reliable,
as well as at 0.8-0.9 conversion of the mixture. While the
pre-exponential factor values were calculated by the
intercepts as a function of reaction order in g ( X ) term.
The estimated results of pre-exponential factor are shown
in Fig. 4 and Table 3. All the pre-exponential factor values
indicated independent to the reaction order. However,
trends of the pre-exponential factor were similar with the
activation energy, so the values at high conversion of
sugarcane residue, Napier grass and the mixture were also
unreliable. After cutting the unreliable values off, these
indicated that the range of the activation energy were
104.5-222.7 kJ/mol for the sugarcane residue, 119.8-264.4
kJ/mol for the corn cob and 87.8-289.2 kJ/mol for the
Napier grass. The pre-exponential factor was in the ranges
of 6.06E+10 to 1.16E+19 min-1 for the sugarcane residue,
2.84E+13 to 3.41E+21 min-1 for the corn cob and
8.35E+8 to 3.72E+25 min-1 for the Napier grass.
Considering the activation energy of each biomass,
the activation energy was low at initial conversion then
increased and reached stable at conversion above 0.4. In
middle range of conversion, the activation energy of all
biomasses was similar. This might be because they were
lignocellulosic biomass with very close components as
discussed in Table 2. The activation energy was low at
initial conversion because devolatilization started at about
200°C required not much energy to release the volatiles.
The rank of the initial activation energy of these biomasses
was likely contrary to the rank of their volatile matter (VM)
content. At conversion of 0.1, Napier grass had the lowest
activation energy related to its highest VM. Then, at
conversion of 0.2-0.3, the activation energy of corn cob
became a little lower than Napier grass and sugarcane
residue had higher activation energy than the others in
conversion of 0.1-0.3 due to its lowest VM.
The overvalues at 0.8-0.9 conversion in cases of
sugarcane residue and Napier grass could be suspected
due to degradation of lignin. Because lignin was harder to
be decomposed than cellulose and hemicellulose, so it
needed higher energy to degradation. As previously
mentioned, lignin could be decomposed in wide
temperature range, while the others were almost

decomposed under 400°C or in lower conversion range.
In the previous similar works, some biomasses had the
overvalues at high conversion, for examples, Miscanthus
[23] and sugarcane leaves [57]. In case of corn cob, it might
contain less lignin than the others, so it had no overvalues
at 0.8-0.9 conversion. This case accorded to other works
investigating kinetics of corn cob [29] and cellulose [39].
However, there was no clear evidence in this work.

Fig. 3. The activation energy values of biomasses as a
function of conversion, which were calculated by OzawaFlynn-Wall method.
Table 3. Estimated values of the activation energy and
the pre-exponential factor from Ozawa-Flynn-Wall
method at different conversion.

Ea

* ln A

X

SR

CC

NP

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

104.5
142.5
208.2
210.3
213.3
214.4
218.6
222.7
884.5
24.83
31.24
44.39
44.56
44.20
44.43
43.96
43.90
154.97

119.8
127.3
134.7
203.9
208.2
212.3
216.5
220.6
264.4
30.98
31.18
31.36
45.10
44.73
44.42
44.21
44.13
49.58

87.8
141.9
146.7
211.4
212.3
215.1
289.2
494.3
887.2
20.54
31.74
31.38
44.28
44.05
44.17
58.88
96.00
155.21

* — values of
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ln A

represented by

n=2

Mix
1:1:1
100.2
108.9
144.3
149.1
213.1
213.4
215.5
500.8
912.0
24.70
25.06
31.48
31.53
44.20
44.57
44.49
98.67
161.33
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(a)

(b)

(c)
(d)
Fig. 4. The pre-exponential factor values of (a) sugarcane residue (b) corn cob (c) Napier grass and (d) mixture in 1:1:1
ratio as a function of conversion, which were calculated by Ozawa-Flynn-Wall method.
3.4. Model Verification
As seen in Fig. 3 and 4, the activation energy and the
pre-exponential factor changed at different conversion.
But using constant values had been more convenience to
apply in other modelling and to compare among
biomasses. Thus, herein, the values at top peak of DTG
was selected to be representative values (the all values are
shown in Fig. 7). According to Eq. (5), almost parameters
were fixed except the f ( X ) term. Various reaction
orders were investigated as shown in Fig. 5 and verified
with experimental data as shown in Fig. 6. In Fig.5, the
higher reaction order would reduce the conversion rate in
high conversion range. In these cases, there was no
significant different on R2 at reaction order of 3 to 6.
Overall, the 5th order was found the most proper with the
highest R2 and fitted with the curves at high conversion
over 0.7. However, varying reaction order could not affect
the curves in low conversion range.
In Fig. 6, the calculated conversion curves which
used the parameter values at the DTG peak and reaction
order of five, were almost fitted with the experimental
curves along the middle conversion to the final conversion
but not fitted in initial conversion range (conversion less
than 0.2-0.3). These mismatch lines always occurred
because of using single values of the parameters, similar

26

with a work of Cortés et al. [23]. The values of activation
energy and pre-exponential factor should use less in the
initial range. Thus, to completely fit the calculated curves
to experiment, complicated equations of each parameter
as a function of conversion should be created in the future.
3.5. Mixture Analysis
After investigating the proper values of the kinetic
parameters, the activation energy and the pre-exponential
factor, including 216.60 kJ/mol and 1.575E+19 min -1 for
the corn cob, 212.51 kJ/mol and 1.562E+19 min-1 for the
Napier grass, 214.54 kJ/mol and 1.510E+19 min-1 for the
sugarcane residue, were plotted in corners of the ternary
diagrams as shown in Fig. 7. All the pure biomasses show
values of both parameters very close to each other. This is
because of the similar structure or compounds in the
biomasses, according to the properties as discussed in
Table 2. However, in case of the activation energy,
difference of 216.60 and 212.51 kJ/mol could shift the
temperature of conversion curve about 10C when used
in the modeling while there was rarely changed in case of
difference of 1.510E+19 and 1.575E+19 min-1 of the preexponential factor.
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(a)

(b)

(c)
(d)
Fig. 5. The experimental (solid) and calculated (dash) conversion curves with different reaction orders of (a) sugarcane
residue (b) corn cob (c) Napier grass and (d) mixture in 1:1:1 ratio as a function of temperature when heated at 5C/min.
When putting the mixture point with the activation
energy of 214.53 kJ/mol and the pre-exponential factor of
1.523E+19 min-1 in the middle of diagrams, the contours
could be created as can be seen in Fig. 7. For the ANOVA,
the diagram of the activation energy had p-value of linear
mixture method of 0.0063 but the diagram of the preexponential factor had p-value of 0.422 which much over
p-value of reliability limit at 0.05. Thus, the biomass
mixture had an affected on the activation energy but not
had an affected on the pre-exponential factor. Focusing
on the diagram of the activation energy, decrease of the
activation energy had direction to the Napier grass corner.
This indicated that the increasing of the Napier grass ratio
in the mixture would reduce the total activation energy and
shift the conversion curve.

4. Summary
In this study, three raw materials which had potential
for energy utilization in Thailand were selected i.e.
sugarcane residue, corn cob and Napier grass. They were
investigated their pyrolysis kinetics using TGA and DTG
technics with temperature range of 30-900C and N2
atmosphere. The kinetic parameters such as the activation
energy and the pre-exponential factor were calculated
using the isoconversional method developed by OzawaFlynn-Wall (OFW) with 5, 10, 20 and 40C/min.

Furthermore, the mixture of the raw materials in
equivalent ratio was also investigated the kinetics.
The TGA and DTG results showed that pyrolysis of
all samples occurred in about 200-500C. The DTG curve
of the corn cob had three visible peaks indicated that there
might be at least three different component structures
inside the corn cob, while the other raw materials had only
one peak.
Using OFW method, the activation energy and the
pre-exponential factor was calculated. Range of the
activation energy of the sugarcane residue was 104.5 to
222.7 kJ/mol, the corn cob was 119.8 to 264.4 kJ/mol,
and the Napier grass was 87.8 to 289.2 kJ/mol. Range of
the pre-exponential factor of the sugarcane residue was
6.06E+10 to 1.16E+19 min-1, the corn cob was 2.84E+13
to 3.41E+21 min-1, and the Napier grass was 8.35E+8 to
3.72E+25 min-1. In verification, single values of the
activation energy and the pre-exponential factor (214.54
kJ/mol and 1.510E+19 min-1 for the sugarcane residue,
216.60 kJ/mol and 1.575E+19 min-1 for the corn cob and
212.51 kJ/mol and 1.562E+19 min-1 for the Napier grass)
were simple to use, and reaction order of five had a little
better fitting than the order numbers nearby. The
calculation curves could get good agreement with the
experiments in conversion range over 0.3. In comparison,
the parameters’ single values of each raw material were
very close to values of the others because the
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compositions of the raw material were very close to each
other. In addition, the rate of pyrolysis might be further
calculated as a function of conversion to cover all range of
conversion.
Next, ternary diagrams dependent on weight
percentage of the three raw materials were plotted for the
activation energy and the pre-exponential factor. The
diagram of activation energy showed that the mixture with
more Napier grass would slightly decrease the total
activation energy which could shift temperature of
conversion.
In conclusion, the single values of the activation
energy and the pre-exponential factor could be applied in
simulations. The kinetic parameters of these biomasses
were very close to each other due to their analogous
compositions. Lastly, the mixing of biomass seemed to
have a little better effect on the pyrolysis reaction. Thus,

(a)

more calculation methods and more ratios of the mixture
should be investigated for more accurate and clear effect
of the ternary mixing.
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Fig. 7. The ternary diagrams of (a) the activation energy (b) the pre-exponential factor with linear contours as a
function of weight percentage of sugarcane residue, corn cob and Napier grass.
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