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Abstract The inadequate and indiscriminate disposal of
sugarcane bagasse (SCB) has received much attention. The
exploration of bioenergy properties of biomasses and its
biochars play an important role in achieving their utiliza-
tion. In this context, understanding thermal conversion
processes of biomass and biochars it is crucial to use them
at bioenergy production. The aim of this study was to
investigate thermal behavior of SCB biomass residue, as
well as his biochar, by thermogravimetric analysis (TG),
including thermodynamic parameters for non-isothermal
analyses using Ozawa-Flynn—Wall (OFW), Kissinger—
Akahira—Sunose (KAS) and Friedman, kinetic isoconver-
sional methods. Thermal analyses were conducted under
oxidative and inert atmosphere at heating rates of 5, 7.5 and
10 °C min~"'. The hemicellulose maximum mass loss rate
was at 250 °C, cellulose at 330 °C and lignin decomposi-
tion from 190 to 500 °C, but the maximum mass loss rate
at 430 °C, the devolatilization was at ~200 °C. The
variation of apparent E, represents single-step kinetics on
the degradation process and OFW model is in better
accordance with the experimental data and satisfactorily
described the complexity of degradation process. SEM/
EDX analyses showed carbon, oxygen, aluminum, mag-
nesium and iron.
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Introduction

Cellulose, the major constituent of all plant materials,
forms about half to one-third of plant tissues and is con-
stantly replenished by photosynthesis. Thus, it is the most
abundant and renewable natural resource on Earth [1].
Sugar factories generate approximately 300 kg of bagasse
(50% moisture) per metric ton of sugarcane, being the
major by-product of the sugar cane industry, very
promising raw material and the most important agricultural
residues in terms of availability and potential for use as a
bioenergy resource [2]. About 50% of this amount pro-
duced is enough to supply of energy [3, 4].

Sugarcane bagasse is the residue produced by mills after
juice extraction, and at 1990s, sugarcane trash in Brazil
was burned in before the harvest to make cutting the cane
and manual harvesting easier [5]. Bagasse and sugarcane
straw are lignocellulosic materials that have attracted
interest from scientists as potential sources of waste reuse
[6, 7].

For a better understanding, several researchers investi-
gated thermal decomposition of biomass by thermogravi-
metric analysis (TG) and have attracted considerable
attention [8, 9]. Pyrolysis processes have been improved
and are now widely used to biochar production. Biomass
pyrolysis is a complex process due to differences in the
chemical composition of components within the biomass
material [10]. Therefore, the thermal behavior of sugarcane
bagasse must be thoroughly studied.

For this reason, the use of techniques to characterize
surfaces of biomass such as scanning electron microscopy
(SEM) and energy-dispersive X-ray spectrometry (EDX)
provides a more direct form of establishing the chemical
and morphological changes occurring on the surface.
Scanning electron microscopy is a technique widely used
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to determine physical nature of solid surfaces. The pro-
vided images give a detailed surface view and a general
sight of the sample, being the most common tool used to
observe micro-structural transformations that occur during
thermal degradation of the biomass.

The aim of this study was to explore their thermal
behavior and better understanding pyrolysis process of
SCB by thermogravimetric analysis (TG), including ther-
modynamic parameters for non-isothermal analyses using
Ozawa—Flynn—Wall (OFW), Kissinger—Akahira—Sunose
(KAS) and Friedman kinetic isoconversional methods i.e.,
apparent activation energy (E,) and pre-exponential factor
(A) in order to utilize the sugarcane bagasse as biomass for
energy applications.

Methods
Samples preparation

The sugarcane bagasse used on this study was obtained
from Cerquilho City. At the laboratory, the biomass was
washed in tap water and dried by oven drying Solab model
SL-100/42 at 105 °C to constant mass [12]. After drying,
the samples were ground in a Wiley mill, MA0O48—Mar-
coni, followed by sieving, Solotest sieve, NBR # 100
(0.149 mm).

Thermal analysis

Thermogravimetric analysis was carried out utilizing
heating rates of 5, 7.5 and 10 °C min~! in simultaneous
DSC-TGA equipment, TA Instruments, model SDT Q600,
from 25 to 800 °C. Air and nitrogen were used as purge gas
ata 120 mL min~"' flow rate. About 1.5 mg of the biomass
was used in alumina pans in each analysis. The TA
Instruments software provides the thermogravimetry (TG)
and derivative thermogravimetry (DTG) curves.

Biochar estimation

Runs were performed in oxidative and inert atmosphere. To
estimate the biochar formation, it was considered that at a
given temperature “7,” the SCB analyzed in oxidative
atmosphere loses the residual water and other products
arising from the decomposition of inorganic materials, the
decomposition and burnout of organic matter is complete,
and only the inorganic oxides remain in the residual mass
at the end of the thermal analysis.

The SCB analyzed in inert atmosphere loses the same
products as the previous case for the inorganic contents, but
the organics are pyrolyzed this time, forming biochar as
residual carbonaceous matter. The biochar formed at a
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given temperature “7” is estimated by the difference of
respective residual masses in oxidative and inert atmo-

sphere at “T” and heating rate of 5 °C min™"'.

Kinetic study

Biomass pyrolysis is a complex process, due to differences
in the chemical composition of his components. Usually,
mass loss rate curves contain overlapping peaks and
mathematical models are typically used for their under-
standing [13].

Quantifying the rate of a chemical reaction is of high
importance during the degradation of its main components.
Thermo-kinetic behavior of the biomass allows control the
reaction rate as a function of temperature, pressure and
composition [14].

Isoconversional methodology in non-isothermal experi-
ments is recommended from International Confederation
for Thermal Analysis and Calorimetry—ICTAC kinetics
committee [15].

Model-free methods are based on an isoconversional
method where the activation energy is a function of the
conversion degree of a chemical reaction [16]. An exten-
sive comparison study between different methods that
model-free and multi-heating rate methods is particularly
successful in describing the multi-step kinetic processes. In
this work, we have combined three kinds of model-free
kinetics to understand the pyrolytic kinetic behavior of
sugarcane bagasse. The one-step global model assumes that
the degradation processes result in a single reaction,
below [17].

BiomassLVolatiles + Biochar

where k is the rate constant of reaction whose temperature
dependence is expressed by the following Arrhenius
equation:

k = Ae("E/RT) (1)

where E, apparent activation energy (kJ mol™'); T is the
absolute temperature (K); R universal gas constant
831 J K ' mol™'; A is the pre-exponential factor (s_l).
The rate of transformation from solid state to volatile
product is described by the following expression [18]

K1) )
t
where o is conversion degree of the process; k () is the
time of process; f (o) is the rate constant and the reaction
model.

Conversion degree, o, represents the normalized form of
mass loss data of decomposed sample and is defined as
below [19]



Pyrolysis and combustion of sugarcane bagasse

1815

mi — My

(3)

o=
mi — mg
where m; is the initial mass of the sample; m,, is the actual
mass; m; is the mass after combustion.
Combining Egs. (1) and (2) gives the fundamental
expression (4) of analytical methods to calculate kinetic
parameters, on the basis of TG results.

d

% Af(a)e =R (4)

d,
The expression of the function f («) and its derivative f

(a) are used for describing solid-state first-order reaction:

flo) = (1—a) (5)

where 7 is the order reaction.
Substituting expression (5) into Eq. (4) gives the
expression of reaction rate in the form:

d

2= A(1 — o) B/RT (6)
d
For non-isothermal TG/DTG experiments at linear heating
rate § = d7/dt, Eq. (6) can be written as:

dy A

4" (1 — o)"e Ea/RT (7)

This equation expresses the fraction of material consumed
in the time.

Kinetic study in this work was calculated considering
only sugarcane bagasse biomass dehydrated using Fried-
man, Kissinger—Akahira—Sunose and Ozawa-Flynn—Wall
methods described below.

Friedman

Friedman’s method applies the logarithm of conversion
rate as a function of the reciprocal temperature at different
degrees of conversion. Using Eqgs. (1) and (2), the equation
proposed by [20] that allows the activation energy E to be
determined for each given conversion degree, can be
expressed as:

In (ﬁ‘j;)) - 1n(‘ﬁ";>> = In[Af(a)] —% (8)

where i denotes the ordinal number of a non-isothermal
experiment conduced at the heating rate f5; and the sub-
script o denotes the quantities evaluated at a specific con-
version degree o.

By rearranging and integrating Eq. (8):

dy E,
In <E) a"i: In[A.f (o)] — RT,,

©)

The value of d,/d, is obtained numerically using
Ao = 0.025 and linear interpolation of the experimental

data. The plot of In (fd,/d,) versus 1/T at constant o for a
set of S values gives a family of straight line with slope
—E,/R. This model can be applied to the data sets obtained
at different heating rates § and different temperatures.

Kissinger—Akahira—Sunose

Kissinger—Akahira—Sunose method is assumed to be one of
the best isoconversional methods [21] applied without any
assumption concerning the kinetic model [16].

() w55

where E, and A are, respectively, the apparent activation
energy and the pre-exponential factor at a given conversion
degree, o, and the temperature 7 is that which the con-
version o is reached at a heating rate 8. The plot of In (5/T%)
versus 1/T slope gives —E,/R [16].

(10)

Ozawa—Flynn—-Wall

OFW method is one of the most common and widely
accepted methods in scientific community to compute
thermo-kinetic parameters from experimental data [13]. An
isoconversional integral method seems to be a safer alter-
native for the calculation of meaningful activation energy
values [22]. The Ozawa-Flynn—Wall kinetics isoconver-
sional method was applied considering the equation
below [23]
E,
In(f) = Co — o (11)
where f is b heating rate; E, apparent activation energy; C,,
function of the conversion degree «; R universal gas con-
stant 8.31 J K! mol_l; T the absolute temperature (K).
The kinetic study requires at least three different values
of heating hate (ff) and used the same values of alpha in
different absolute temperatures (7) obtained at thermo-
gravimetric curves. This methodology allows investigating
whether the mechanism of the conversion is charging with
the conversion degree estimating the respective E, at a
specific conversion degree (o).

Thermodynamic parameter

Pre-exponential factor (A) represents the frequency of
collisions between reactant molecules. It was calculated
based on Arrhenius equation for each conversion degree
[23, 24]. This parameter was calculated using an interme-
diate value of § (i.e., 7.5 °C min~") and the equation:

Ea/RTm>

RTm?

A= pE, exp( (12)
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SEM and EDX analyses

The sample of sugarcane bagasse biomass before and after
pyrolysis process was examined by SEM for surface
analysis (JEOL JSM-6010LA). The surface elemental
analysis of sugarcane bagasse biomass was also carried out
by energy-dispersive X-ray spectroscopy. Samples without
metal caps were placed on a carbon tape and observed
applying a potential of 3 kV and 500x/1000x amplified.
SEM and EDX analyses were realized considering sugar-
cane bagasse biomass dehydrated and his biochar passed
through pyrolysis process in a muffle furnace (Quimis
Q318S21) at temperature of 350 °C in three different
conditions of heating rates, 0, 30 and 60 min in almost total
absence of oxygen.

Results and discussion
Thermal analysis

From thermogravimetric results, it was observed that bio-
mass decomposition involved three main stages as the
water evaporation; devolatilization of thermally labile and
more stable volatiles; and biochar formation.

At the thermal degradation of biomass can be possible to
see three-step mass losses as moisture evaporation, oxida-
tive degradation and combustion of biochar (Fig. 1). These
stages of combustion do not occur uniformly or sequentially
but are related to nonlinear chemical and thermal processes.

Sugarcane bagasse is basically formed about 39, 28 and
18% of cellulose, hemicellulose and lignin, respectively,
and this is the most important characteristics of this bio-
mass. The thermal degradation of biomass also depends on
the mass ratio of its main components, as hemicellulose,
cellulose and lignin. The temperature range of hemicellu-
lose decomposition is from 190 to 300 °C, with maximum

mass loss rate at 250 °C. Cellulose decomposes within the
temperature range from 250 to 350 °C, with maximum
mass loss rate at 330 °C. The temperature range of lignin
decomposition in comparison with that of hemicellulose
and cellulose is broader, from 190 to 500 °C, but the
maximum mass loss rate at 430 °C, the devolatilization
was at ~200 °C.

Nevertheless, the maximums of cellulose and lignin
decomposition are almost overlapping and the thermal
decomposition of sugar cane bagasse is given by the
superposition of hemicellulose, cellulose and lignin
decomposition. It was observed from TG and DTG curves
shown in Fig. 1 that 10.2, 9.14 and 8.47 mass% mass
losses occurred between temperatures of 25 and 105 °C.

In Fig. 1d, e, f, was observed mass loss of 8.4, 8.7 and
7.4 mass% at 5, 7.5 and 10 °C min~’, respectively. This
mass loss is associated with water evaporation, and then, a
slight mass loss took place which could be due to the loss
of volatiles. Thermal decomposition and degradation for
biomass samples in air and nitrogen atmosphere initiated at
corresponding anticipated temperatures of 236, 210 °C,
and these variations in initial degradation temperatures of
biomass have been related to the differences in the ele-
mental and chemical compositions of the samples and
degradation or decomposition processes. Total mass loss
due to total degradation was higher in those samples which
have higher volatile matter and lower ash content.

Analyzing the TG and DTG distributions of SCB at
three different heating rates, it is possible to see that the
DTG curves have one main peak accompanied by a
shoulder and this behavior can be explained by the higher
volatile matter and holocellulose contents and the over-
lapping of these materials. In both atmospheres, it is pos-
sible to observe that the lower heating rate, lower is the
temperature at which they occur. Also, the difference
between the process at the three heating rates investigated
it is not significant.
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Fig. 1 TG and DTG curves of SCB at three different heating rates a 5, b 7.5 and ¢ 10 °C min~" and oxidative atmosphere
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Sugarcane bagasse is a herbaceous biomass materials
and because of that, the first stage of conversion in the
temperature range between 80 and 200 °C is associated
with thermal degradation of the biopolymers (i.e., cellu-
lose) and the second stage (201-400 °C) can be associated
with degradation of the carbonaceous matter formed in the
first stage.

Biochar estimation

The pore structure of biochar was affected by the distri-
bution and evolution of organic phases during pyrolysis
process. Therefore, change the organic phases of the bio-
mass resulting in a carbon-rich product at lower tempera-
tures its interesting because higher temperatures require
expensive and longer production. That low holding tem-
peratures (<500 °C) and short heating times (<2 h) are
generally enough for biochar production.

The TG curves in nitrogen and air atmosphere shown in
Fig. 2 allow to observe that the biochar formation occurs
mainly between 250 and 500 °C and from 500 to 800 °C
occurs thermal decomposition of the biomass and others
components. Table 1 shows that the highest biochar for-
mation occurs at 450 °C. However, at 450 °C during 1 h,
there is no biochar formation and can be also observed
higher quantities of ashes at this condition.

Kinetic study

The results obtained from thermogravimetric analysis were
elaborated according to model-free methods to calculate
the kinetic parameter as apparent activation energy and
pre-exponential factors. These kinetic parameters were
obtained using KAS, Friedman and OFW methods. The
situation is particularly complicated, because the thermal
degradation of the sugarcane bagasse is a complex process,

120
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Fig. 2 Thermogravimetric curves of SCB at inert and oxidative
atmosphere representing biochar formation

where a number of consecutive and parallel reactions are
involved.

Figure 3 shows TG and DTG curves of SCB in inert
atmosphere. The values used at calculation of these
apparent activation energy and pre-exponential factors
were obtained from them. The apparent activation energy
and pre-exponential factors for SCB are presented in the
range o 30 and 95% and the results obtained from Fried-
man were between 8.17 and 27278 kJ mol™' and
3.82E4+01 and 1.28E+03 s~' for apparent activation
energy and pre-exponential factor, respectively. The results
obtained from KAS method were between 3.39 and
78.28 kI mol™' and 1.01E+02 and 3.67E+02s~' for
apparent activation energy and pre-exponential factor,
respectively. The results obtained from OFW methods
were between 11.04 and 88.56 kJ mol™"' and 5.16E4-01
and 4.14E+02 s~' for apparent activation energy and pre-
exponential factor, respectively. All the results are given in
Table 2.

In lignocellulosic biomass, the apparent activation
energy can vary from 80 to 200 kJ mol™" to hemicellulose,
195-286 kJ mol ™" to cellulose and 18-65 kJ mol™" to
lignin. The apparent activation energies of red pepper
varied from 29.49 to 147.25 kJ mol™! [22] similar to the
values found for SCB in this work [22, 25]. Values of
apparent activation energy between 60 and 120 kJ mol ™"
are considerate low and can indicate that higher values are
required to decompose lignocellulosic biomass.

The overlapping of decomposition reactions of different
waste components as well as the interaction among com-
ponents and derived products gives an apparent reaction
rate characterized by an apparent activation energy that
describes the decomposition of the waste.

The activation energy estimated with these methods
varied from 3.39 to 272.78 kJ mol . This is due to dif-
ferent components of the waste and their different
decomposition mechanisms. This variation denotes chan-
ges in reactivity as a result of extent of reaction and the
complex nature of the reactions. Most of the variation
occurs in the first stages of decomposition (a 30-55%). At
latter stages, decomposition is governed by a lower and
almost stable activation energy, because of overlapping of
the decomposition reactions.

The knowledge of E, versus o allows detecting multi-
step processes and predicting the reaction kinetics behavior
over a wide temperature range. Figure 5 represents the
three model-free behaviors for SCB experiments. It is
possible to note that KAS and OFW methods had a similar
behavior while Friedman method presented a much higher
values of apparent activation energy. The decomposition of
SCB was multi-step reaction mechanism, and this can be
noted from the nonlinear relationship of activation energy
and the conversion rate.
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Table 1 Biochar estimation by the difference between the residual mass of sugarcane bagasse in inert and oxidative atmosphere at determined
temperature

250 °C 300 °C 350°C 400°C 450°C 500°C 550°C 600°C 650°C 700 °C
SCB residual mass/% in air 80.01 49.18 20.95 11.52 3.68 3.13 2.98 2.99 3.09 3.27
SCB residual mass/% in nitrogen  84.72 65.25 29.6 21.48 19.53 18.53 18.03 17.61 17.36 17.29
Biochar estimation/% 4.71 16.07 8.65 9.96 15.85 15.4 15.05 14.62 14.27 14.02
120 SCET0°C/min Figure 4 shows that the activation energy can decrease
- SeB 7.5 Clmin with the conversion degree which that for the considered
1007 \\\%_ﬂ,__.__ range of heating rates In do/dT depends linearly on (1/7).
80 | \\\\ The values of the apparent activation energy obtained by
& \\\ Friedman methods are higher than those by the OFW and
z 60 1 \\ KAS methods. It can be seen from these results that for the
= 40 \\‘g\\ largest part of the conversion range, KAS and OFW do not
W\ differ significantly both in the case proving the validity and
20 | S accordance of the models. The major advantage of OFW
method is that it does not require any assumptions con-
00 200 00 600 800 ceming the form of the kinetic equation other than'the
Temperature/°C Arrhemus—typ.e temperature dependence. Hov&{ever, Fried-
10 , . man method is related to the OFW method inasmuch as
b . aop they both rely on the use of several different heating rates.
0.8 f‘!“‘ — SCB5 °C/min The pre-exponential factors are directly related to the
2 ! ",r' /(l‘ biomasses structures and the values of first-order pre-ex-
@ 061 l‘ /] ]\i‘\ ponential factors for SCB ranged from 10' to 10° to
CIEJ 0all 77 il Friedman, 10" to 10> to KAS and OFW. The low pre-
z I\'\ﬁ //// \\ exponential factors (<10° s™") indicate a surface reaction
_g 02 ‘N // ‘ll",‘, at SCB, a harder complex and more difficult structure to
] \\\.\; /// \\L\K breakdown. The lower values in A and E, represent a faster
0.0 R T and easier decomposition of this biomass for the respective
o2 ‘ ‘ ‘ conversion degree.
0 200 400 600 800
Temperature/°C SEM and EDX study of SCB

Fig. 3 TG and DTG curves of SCB at three different heating rates in
inert atmosphere

These methods are potentially suited for use in systems
where many reactions are occurring such that the activation
energy varies with time. However, they can fail if the
reactions of widely different type occur simultaneously.
OFW can be less precise than the Friedman’s method.

The results of methods reveal that the apparent activa-
tion energy depends on the conversion degree and its val-
ues obtained by isoconversional differential and integral
methods are different. The systems which have competitive
or independent reactions both the Friedman and the OFW
methods lead to different values of the activation energy.
On the other hand, if E, is independent on o, then the two
methods lead to practically the same activation energy
value. For this reason, a comparison of the results from the
two methods was helpful to check on their accuracy.

@ Springer

Images obtained by scanning electron microscopy on the
surfaces of milled raw bagasse revealed two main mor-
phological features, fiber structures and pith. The fiber
surface is formed by parallel stripes and is partially covered
with residual material and pith is a more fragile and frag-
mented structure containing pits, which are small pores
connecting neighboring cells on the surface of the walls.
SEM clearly demonstrated that there is more uniformity
before pyrolysis process and highly heterogeneous pores
present at biochar and number of pore in the biomass was
higher than in the initial case. Biomass presents an uneven
structure before and after high temperatures exposure.
Fiber surfaces were also changed by milling treatment and
surface residual pith was removed and the parallel stripes
appear more exposed, SCB bundles start to dismantle and
the fibers become detached from the others. Bagasse
unstructuring is favored by the loss of cohesion between
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Table 2 Kinetic study of SCB using three isoconversional methods at different heating rates

FRIEDMAN KAS OFW

Conversion degree (x)/% E,/kJ mol ™! Als7! E,/kJ mol™! Als7! E,/kJ mol™! Als™1

30 46.95 2.19E402 21.64 1.01E4-02 32.50 1.52E4-02
35 275.48 1.29E4-03 67.79 3.18E+02 78.26 3.66E+02
40 272.78 1.28E+4-03 74.84 3.51E+02 85.21 3.98E+02
45 184.51 8.63E+02 78.28 3.67E+02 88.56 4.14E402
50 188.23 8.80E+02 75.00 3.51E+02 85.18 3.98E+02
55 204.84 9.58E+02 71.28 3.34E+02 81.33 3.80E+02
60 142.83 6.68E+4-02 59.80 2.80E+02 69.68 3.26E+02
65 71.51 3.34E+02 57.78 2.71E+02 67.51 3.16E+02
70 50.33 2.35E402 57.21 2.68E+02 66.77 3.12E+02
75 65.37 3.06E+02 53.74 2.52E+02 63.12 2.95E+02
80 77.04 3.60E+02 47.22 2.21E+02 56.40 2.64E+02
85 57.87 2.71E402 36.23 1.70E+02 45.12 2.11E+02
90 8.17 3.82E401 3.39 1.58E+4-01 11.04 5.16E4+01
95 58.23 2.72E402 28.17 1.32E+402 33.36 1.56E+02

300.00

250.00

200.00

150.00

E,/kJ mol~!

100.00
50.00
0.00

0

10 20 30 40 50 60 70 80
Conversion degree/o.

90 100

- Friedman - KAS - OFW

Fig. 4 Apparent activation energy varying according to different
methods and conversion degree

neighboring cell walls, as well as by changes in the inner
cell wall structure, such as damaging, hole formation and
loss of mechanical resistance it is occur as a consequence
of lignin removal from the sample. Figure 5 shows general
view of fibers and pith of SCB dehydrated and underwent
knife milling and 1000x amplified. The diameter of SCB
biomass fiber was much bigger, and each fiber appears to
be composed of several microfibrils. Each elementary fiber
possesses a compact structure; exhibiting an alignment in
the fiber axis direction. The micrograph of the original
sugarcane bagasse also displays lot of non-fibrous com-
ponents scattered over the fiber surface.

During thermal conversion, large amounts of volatile
matter flow from the solid material in a short time that
varies the particles surface, shrinking and splitting it.

WD10mmSS30

SElI 3kV x1,000 10pm

LaPTec Jun 29, 2016

B
SElI 3kV
LaPTec

x1,000  10pm

WD10mmSS30

Jun 29, 2016

Fig. 5 General view of surface of SCB obtained by scanning electron
microscopy

Therefore, there is a big morphological difference among
the four phases. SCB ground samples the fibrous structure,
with long fibers, according to its vegetable origin can be
determined. Harder structures as biochar present spherical
shape as coming from a previous pyrolysis present a much
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thinner distribution after grinding. After pyrolysis pro-
cesses, every sample presents a homogenous structure
probably because of agglomeration phenomenon due to
melting of alkali compounds.

Figure 6 shows general view of sugarcane bagasse
pyrolyzed at 350 °C and three different heating rates, (a, b)
heating rate of O min, (c, d) heating rate of 30 min and (e,
f) heating rate of 60 min. Samples were amplified in 500
and 1000x, respectively.

The fibers presented circular cross-sectional shapes.
Lignin was partially removed by thermal conversion
process, and the morphology of pyrolyzed bagasse was
different in respect of sugarcane bagasse biomass. The
SCB biomass has smooth and continuous surface, whereas
the SCB pyrolyzed has a rough surface. Thermal con-
version process showed a porous structure. This indicates
that pyrolysis removed external fibers which increases

Fig. 6 Surface images of
sugarcane bagasse biochar
pyrolyzed at 350 °C, a,

b general view of the sample
pyrolyzed at 350 °C during
0 min; ¢, d sample pyrolyzed at
350 °C during 30 min; e,

f sample pyrolyzed at 350 °C
during 60 min. Samples were
amplified at 500 and 1000x,
respectively

X . e AN
SEl 3kV  WD11mmSS30 X500

LaPTec

50um

SEI 3kV
LaPTec

WD11mmSS30 x500 50pm

SEI 3kV
LaPTec

X500 50pm
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surface area allowing cellulose becomes more accessible
to be degradeted. Cellulose is present as long chain
polymers packed into microfibrils covered by hemicellu-
lose and lignin. The morphology of biochar showed a
defibrillation and reduction on fiber length when pyrolysis
temperatures were increased. As can be determined after
exposure to this high temperature, the composition has
again changed, remaining the hardest carbon (70%),
oxygen (24%) and silicon (3%) structure remains as an
important element in ashes composition, while most of
the impurity precursors are still there in low quantities,
near 1% of the whole mass for aluminum, magnesium and
iron (Fig. 7).

An important possibility given by this analysis consists
of the identification of impurity particles generating alkalis
in ashes, considering them as oxides, hydroxides and car-
bonates. Figure 5 presents EDX elements.
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Fig. 7 EDX analyses of
sugarcane bagasse
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Thermal analysis allowed understanding the biomass
behavior and his composition which indicates an appro-
priate biomass to bioenergy production due to higher
contents of lignin, hemicellulose and cellulose noted at
thermal decomposition. All models are in good accordance
with the experimental data, while the KAS and OFW
exhibited the best and similar results. A variance in the
apparent activation energy and pre-exponential factors
observed during thermal decomposition with isoconver-
sional models implies that pyrolysis progresses rather
through multi-step kinetics, showing the complexity and
instability of this biomass. SEM analysis showed
notable morphological and compositional differences
among SCB and biochars. EDX showed carbon, oxygen,
aluminum, silicon, magnesium and iron.
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