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ABSTRACT

The thermal degradation of the agricultural residpecies such as rice husk (RH), corn
cob (CC) and sugarcane bagasse (SGB) in the itragsphere has been studied by thermo-
gravimetric analysis (TGA). Parameters of the rieackinetics of biomass pyrolysis were
calculated using Flynn-Wall-Ozawa method (FWO) aachpared with acacia wood’s one. The
results show that, the average activation energycefhusk is lower than activation energy of
acacia wood. The average activation energies of cob and sugarcane bagasse are higher than
that of acacia wood thermal degradation. This tdsag important role in the reactor design for
using agricultural residue to generate power ssgbyeolysis or gasification.
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1. INTRODUCTION

In the last decades, large study was dedicateddwaide to the getting back of energy
from renewable fuels. Biomass is an alternative agmkwable energy source, abundantly
available worldwide. Biomass includes three maimgonents such as hemicellulose, cellulose
and lignin with traces of minerals and extractivehjch exist in the range of 19 — 25 %, 32 -
45 % and 14 — 26 % (by weight), respectively [1ljeTpercentage of these constituents varies
from biomass to biomass. The difference in themagponse exhibited by biomass is due to the
varying proportion of these components. Thermo-gnatric conversion processes are an
important option for integrated energy and chersicatovery from biomass.
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Pyrolysis is the thermal decomposition of biomassuaring in the absence of oxygen and
is the first step in any thermochemical convergimctess, as gasification or combustion.

Thermal behavior of biomass can be investigatedyamp thermo-gravimetric analysis
(TGA). TGA is the thermal analysis technique whismow being widely used to evaluate the
thermal behavior of solid fuels such as biomaskmpers, coal [2, 3]. It gives date on change in
weight with respect to temperature correspondinigntaperature variation throughout the work.
Many studies have focused on TGA of biomass buy delv studies have come out in
determining the kinetic parameters of all majorstiinents of biomass such as hemicellulose,
cellulose and lignin [4]. Moreover, previous wofk$ have taken only one sample as a matter of
study. The agricultural residues in Vietnam, sushrige husk, were also studied with the
thermal behavior [6] but to the best of our knowgjedthere is no publication about
determination of kinetic parameters. The presamysfocuses on TGA of different biomass
samples such as rice husk (RH), corn cob (CC) agdrsane bagasse (SGB) at a heating rate of
3, 5 and 1°C miri* in inert nitrogen atmosphere. The reasons for tdveating rate is that it
facilities effective heat and mass transfer witthia particles. Further, small heating rate provide
distinct degradation zones in the TGA curves. indther hand, the current study determines the
kinetic parameters (activation energy, pre-expdakeractor and order of reaction) for all
biomass samples. The focus of this study is to rataled the thermal behavior of agricultural
residues in Vietnam. Determination of kinetic pagéens such as activation energy, pre-
exponential factor and order of reaction is esakas all these parameters help in estimating the
thermal nature of biomass samples.

2. MATERIALSAND METHODS

Three biomass materials were used in the presedy:sRH, CC and SGB. The biomass
feedstock was provided by the School of Chemicajirexering, Hanoi University of Science
and Technology (Vietnam) which were farmed and ésted in Thanh Hoa (Vietnam), dried for
a period of 2 - 3 weeks and after that dried owg({15 h at 105C) and the samples were kept
in closed polyethylene bags to avoid contaminaginar to carrying out the tests. The samples
were milled to powder and sieved to a particle 83 than 1 mm. The proximate analysis of
the dried biomass samples on a dry basis and wesensin the previous publication [6]. The
techniques and procedures were also clearly predémtthe previous publication [7]. Thermo-
gravimetric analysis (TG/DTG) with Parkin Elmer PMRDiamond model was used for both
pyrolysis analyses. 10 mg sample was loaded intoalamina crucible and heated at
programmed temperature by the rates of 3, 5 an8C1fin® in nitrogen environment. The
weight loss of biomass samples were recorded dtin@gnalysis process. Because of the two
step nature of thermal decomposition reactionsiag necessary to determine and use different
kinetic parameters to describe the thermal degi@datver the entire temperature range of
higher than accuracy. Parameters of the reactioetiks of biomass pyrolysis were applied by
Alwani et al. [6] using Flynn-Wall-Ozawa method.

The most commonly used equation to describe thetiomarate in the non-isothermal
decomposition Kinetics is presented as Eq. 1.

da 1)
whereaq, t, k and f¢) represent the degree of conversion, time, ratetaot, and reaction model,

respectively. k is the rate constant of reactiolmsentemperature dependence is expressed by the
Arrhenius equation (Eq. 2)
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—-E,
k= A.eRT @)

where: Eis the activation energy (kJm9 T is the absolute temperature in Kelvin (K),sRfie
gas constant (8.314 J'knol) and A is the pre-exponential factor (M)n

The conversion ratex) can be calculated according to Eq. 3.

M = Ma 3
m; — mg

where: mis the initial mass of the sample, im mass at time t, and; 8 the final mass.

o=

Combination of equations 2 and 3 gives the fundaah@xpression of analytical methods
to calculate the kinetic parameters, which is esgped in Eq. 4.
9o A f(a).RT
A (a).e
For a dynamic TGA process, introducing the heatatg, § = dT/dt into Eq. 4, Eg.5 can be
derived:

(4)

da  da —E )
—  =R— = RT
It T A.f(a).e

Egs. (4) and (5) are the fundamental expressionanafytical methods to calculate kinetic
parameters on the basis of TGA data.

The techniques developed for the evaluation ofkihetic parameters for non-isothermal
thermo-gravimetric analysis can divided into figfimodels and free models. With the free
model is not necessary to assume a kinetic reaetfile kinetic parameters are obtained as a
function of conversion or temperature. Within suctodel there are the iso-conversional
methods which assume a constant degree of conueasid therefore the reaction rate depends
only on the temperature. Thus, these methods dalevestimation of the activation energy, E
as a function of conversion, and independently of the reaction model).f(

The Flynn-Wall-Ozawa method (FWO) is an integral-@®nversional technique where
regrouping the terms of equation (5), and integgathese with respect toand T variables and
using the approximation of Doyle the following egpsion is obtained:

(6)

InB =1 AE 5.331 — 1.052 Ea
np = Og(Rg(x)) . . RT

Thus, in the FWO method the plot of ph(versus 1/T for different heating rates allows to
obtain parallel lines for a fixed degree of conia@is The slope (-1.052 R) of these lines is
proportional to the apparent activation energyedual E values are obtained for different
values ofa, it can be assumed with certainty that there single reaction step. By contrast, a
change in Ewith an increase in the conversion degree is atdie of a complex reaction
mechanism [3, 8, 9].

3. RESULTSAND DISCUSSION

The thermo-gravimetric analysis (TG) curves foethbiomass samples and acacia wood at
10 °C min* under nitrogen atmosphere are presented in Figliteeir thermal behavior was
similar to each other. Three distinct weight losages could be determined and it is in
agreement with other research [9]. The first stegeorresponding to removal of moisture
content of biomass. In the second stage (first mposition), it is a rapidly removing volatile in
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a narrow temperature range (approximately 200 — 4@)0of biomass. The degradation of
biomass in the second s started at 210, 209 an82&% RH, CC and SGB, respectively. There
was 52.7 % weight loss for RH, 56.6 % for CC and’3% for SGB residues. Hemicellulose,
cellulose and lignin are the major component ofnzies and the decomposition of those
ingredients occurred at this temperature range.iétdimose decomposition takes place in the
range of 200 — 35fC, cellulose is decomposed in the range of 3500°6&nd partial of lignin

also decomposed in this temperature range [10].
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Figure 1. TG curves of biomass samples at heating rate BZIfin™ in the nitrogen environment.

For third stages in the range of 400 — 900(second decomposition), all biomass samples
had a much lower weight loss in comparison to #mord stage. The weight loss for CC and
SGB was 14.6 % and 17.8 %, respectively. WhileRbr, the weight loss was 12.1 %. For this
stage, Taro Sonobe et §l1] reported that the char consists of the resiofugnin and some
cross-linking of cellulose with lignin continues torther exothermic polymerization stage of
char. The explanation assumes that at the higmepderature, the polymerization of biomass
char continuously occurred and the polymerizatieaction is dependent on the unique
properties of biomass char. The results are theesas the thermal behavior of acacia wood
reported in our previous research. Thermo-gravimetnalysis of acacia wood in nitrogen
atmospheres at 3, 5 and AD min* were also three distinct stages of weight lose 3écond
stage was occurred in a range from 210 to°89&nd the third stage from 360 - 380 to 85(7].
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Figure 2. TG curves of RH at heating rate 3, 5 an8Cin™ in the nitrogen environment.
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Heating rate is one of the most important parametefluencing the pyrolysis
characteristics. The TG curves for the pyrolysisrioE husk at different heating rates is
presented in Figurre 2. It is clear from this TGweuthat considerable different trends in the
rates of weight losses took place when heatingadlagéeged from 3 to 1%C min. The weight
loss increased with heating rate increasing. Thenpimenon related to this important change
can be explained by the fact that biomass haseadggtneous structure and possesses a number
of constituents. These constituents gave theiracharistic individual decomposition weight loss
range in the pyrolysis process. When heating raie sufficiently low during pyrolysis, most of
these temperature ranges and these peaks can teasesamnall broken lines or vibrations.
However, at high heating rates separate peaks didoocur because some of them were
decomposed simultaneously and several sequentiger@ture ranges were united to form
overlapped broader and higher peaks [12 - 14]. PhEnomenon can be a result of heat and
mass transfer limitations. The temperature in tmadce space can be a little higher as the
temperature of the particle and the rate of decaitipa are higher than the release of volatiles
with heating rate increasing. Because of the hreasfer limitation, temperature gradients may
exist in the particle. Temperature in the core phsicle can be a bit lower than temperature on
its surface and different decomposition processesleasing rates can occur. This is the reason
why it is necessary to have a small particle, hcgnegus sample and the heat transfer surface
between the sample and the crucible as large aibm§s].

The kinetic parameters such as pre-exponentiabrfaeictivation energy and order of
reaction of the biomass samples are determined¥® fmethod. The details about the method
was also shown in our previous report [7]. The ploit the FWO method, which was used for
the determination of the Evalues for all species studied, show a generadir8ecause the
kinetic behavior is similar for the agricultural exfies studied, only RH was chosen as a
representative model for the presentation of theegiilts. Therefore, Figurre 3 shows the results
of the application of the FWO method withvalue from 15 % to 85 % that occur strong thermal
degradation of biomass. The linear fits obtainednfthe plot of lod vs. 1000/T. The Evalues
were calculated from the angular coefficient olgdirfrom the straight line fit. The obtained
kinetic parameters for all samples are shown inélrab
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Figure 1. Plot of FWO method for RH showing the linear fitg@ined
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Table 1. Activation energies obtained using the FWO metlwwdhe wood species studied.

a RH cc SGB
E R® Ea R® Ea R®
(kImol*) (kImolt) (kImol*)
015 968 0.99 110.2 0.92 168.6 0.99
025  161.2 0.84 139.4 0.96 180.9 0.99
0.35  192.8 0.89 138.9 0.99 165.4 0.96
045  149.1 0.99 252.8 0.97 156.9 0.97
055  171.4 0.99 315.5 0.99 173.1 0.99
0.65  166.0 0.98 224.2 0.99 174.2 0.94
0.75  140.8 0.91 212.7 0.98 177.7 0.99
0.85  179.3 0.97 161.8 0.93 171.6 0.99
AV 15717  0.95 194.43 0.97 171.06 0.98

The activation energy is approximately 157.17 kJmolr the RH specie. The average
activation energy of CC and SGB is 194.43 and B kBnol". This indicates that RH has a
lower thermal stability than corn cob and sugarchagasse probably because they contain
lower quantities of cellulose. SGB has highestutedle content [15] leading to a higher
activation energy. The activation energy value 6f i@ this study is the similar with the report
of Sittisun et al [16] that the activation energgsnvfrom 154 to 255 kJmibl The average
activation energy of RH is near activation enerfjyacacia wood (AW) (158.36 kJmyl The
cellulose and lignin content of AW are from 39 ®©\&2t% and 24 to 25 wt%, respectively [17].
According to Mamleev et al. (2006) [18] the polyimation of cellulose by trans-glycosylation
during pyrolysis involves an activation energy elds 200 kJmél. The E of hemicellulose
with a value close to 110 kJmdB]. The average activation energy of CC and SGBhigher
than the activation energy of acacia wood therregtadation.

4. CONCLUSION

This study investigated the thermal degradation detdrmined the kinetic parameters for
the reaction of pyrolysis of biomass rice husk,ncoob and sugarcane bagasse in a nitrogen
atmosphere for three different heating rates. Ttieation energy for the RH, CC and SGB with
the Flynn—Wall-Ozawa method was also compared thighactivation energy of other biomass
that was reported. The activation energy of ricekhbetween 96.8 kJnibland 179.3 kJmdl
and the average activation energy is 157.17 Kynoover than activation energy of acacia wood
(158.36 kJmal). The average activation energy of corn cob amghcane bagasse is higher
than the activation energy of acacia wood and hiegk thermal degradation which are 194.43
and 171.56 kJmdl| respectively.
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