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Abstract The aim of this work was on the thermal
characterization of wastes of the sugarcane industry, such
as bagasse, filter cake and vinasse, in both forms: pure and
blended. Thermogravimetric analysis (TG), derivative
thermogravimetric (DTG) and differential thermal analysis
(DTA) were used for the evaluation of the thermal behavior
of the samples under four different atmospheres: N,, CO,,
N,/O, and CO,/O,. Comparison of thermal behavior of the
samples under combustion (N,/O;) and oxy-combustion
(CO,/0,) reveals that replacing N, by CO, causes dis-
placement of mass loss steps to higher temperatures and
increases some DTG peaks. Higher heat capacity of carbon
dioxide and higher partial pressure of CO, molecules in
relation to N, ones explain these observations. Under CO,
(100 %) environment, an endothermic event—due to CO
release—is observed at around 900 °C, which is attributed
to the reverse Boudouard reaction. Interestingly, in all
samples, when vinasse is present, such endothermic event
starts at lower temperature (~ 700 °C), which can be un-
derstood as a reaction catalyzed by the high potassium
content in the vinasse. Synergistic effect studies indicated
that bagasse improved reactivity of blends due to its higher
volatile content. Since there are no reports regarding the
thermal characterization of wastes of the sugarcane in-
dustry under combustion, oxy-combustion and gasification
atmospheres, this work establishes an important database
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Introduction

The energetic demand is increasing due to population
growth and industrialization. Conventional energy sources
have limited reserves and should not last much longer [1].
It is estimated that current reserves of coal, oil and natural
gas will last for another 218 years, 41 years and 63 years,
respectively, if the present demand remains constant [2—4].

There are several promising solutions to decrease
greenhouse gas emissions and further increasing energy
efficiency. New technologies have been proposed to reduce
CO, emissions, such as oxy-fuel combustion. In this pro-
cess, the fuel is burnt in a rich oxygen environment and the
recycling process provides the increasing of the CO, con-
centration, ready to be trapped [5].

The use of biomass in the oxy-fuel combustion process
could be considered as the sink for CO, [6]. However,
many technical and scientific features must be elucidated
since it is a relatively new field of energy generation [7]. A
plentiful biomass in Brazil is sugarcane and the wastes
generated by sugarcane mills. Bagasse and filter cake are
solid by-products of sugar and ethanol production [8].
Vinasse is a liquid waste from alcoholic fermentation of
sugarcane juice for ethanol production [9].

The use of bagasse as a fuel depends on its heating
capacity, which is consequence of its physical-chemical
composition. Energy generation from bagasse is well
established for decades in Brazil. Vinasse and filter cake
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have been usually applied as fertilizers on sugarcane crops
due to their high concentration of phosphorous and potas-
sium [10]. However, such activity might cause several
changes in soil such as elevation of pH, salinization and
leaching of metals to underground waters [11, 12]. An al-
ternative use of these wastes is anaerobic digestion for
biogas generation [13]. Despite promising results, this
process still presents some drawbacks like production of
corrosive gases such as H,S [14].

The incomplete combustion of biomass generates sub-
stantial amounts of several pollutants such as CO and
particulate matter [15]. Furthermore, low efficiency of the
process, ash sinterization and fouling in addition to large
quantities of ashes produced by some biomasses are
problems regarding this process [16]. Also, biomass pre-
sents lower amounts of carbon, lower heating values and
higher contents of oxygen in relation to fossil fuels [13].
Finally, the presence of alkali metals and chlorine in bio-
mass may derail the use of produced ashes in construction
materials [17]. Chlorine present in the ashes interacts with
alkali metals, enhancing their mobility by the generation of
alkali chlorides with low melting points. Such compounds
leave the ashes as volatile gases that cause direct corrosion
by accelerating the oxidation of metal alloys [18, 19].

Co-firing of coal and biomass blends is one of the most
promising alternatives to use renewable fuels due to high
efficiency and low financial investment of the process.
Since biomass and coal present quite different composition,
such technique reduces CO,, NO, and SO, emission levels
in relation to coal-fired power plants [20]. Also, it mini-
mizes wastes generation and decreases fuel costs, soil and
water pollution. The existing coal power plants could be
used for such purpose [21, 22]. Besides, the catalytic role
of alkali and alkaline earth metals on pyrolysis and gasi-
fication of carbon is known for decades. Sodium and,
mainly, potassium present higher catalytic activity among
these metals [23-26]. Several reports related to the gasifi-
cation of coal/biomass blends noticed such catalytic effect
when a biomass rich in Na or K was employed [27-29].

Regarding biomass/biomass blends, Gil et al. [30]
studied the combustion characteristics of pellets prepared
from several sources of biomass (pine, chestnut and euca-
lyptus sawdust, cellulose residue, coffee husks and grape
waste), pure and blended. They detected intermediate
combustion profiles for the blends in relation to the raw
samples by TG-DTG. Lajiji et al. [31] observed similar
trends of thermal behavior for pellets constituted by blends
of pine sawdust and olive waste in N, and synthetic air.
Also, the authors noticed that, by adding olive waste to
pine sawdust, the reactivity of the blend was improved due
to higher volatile content of olive waste. Jiricek et al. [32],
when burning biomass blends, observed that the addition of
lignin (2040 % ratio) to wheat straw modified
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volatilization rates, which affected oxidation, in an air—
oxygen atmosphere by TG. Also, heat was released more
continuously when co-firing lignin and wheat straw.
However, burning blends containing different sources of
biomass are an important and promising field on pyrolysis,
combustion and oxy-combustion processes. This study
evaluated the thermal behavior of bagasse, filter cake,
vinasse and their blends in typical atmospheres of py-
rolysis, combustion and oxy-combustion. Some of the
studied samples were also heated in a typical gasification
atmosphere, and their thermal degradation profiles were
investigated. Synergism between constituents of a blend
was determined in order to estimate the interactions among
volatiles and produced char during thermal decomposition.

Experimental
Sample preparation

Bagasse, filter cake and vinasse were obtained from sug-
arcane mills situated near Araraquara city (—21°47'40"S,
48°10'32""W, elevation of 664 m), Sdo Paulo state, Brazil.
The sugarcane plants (Saccharum officinarum) were har-
vested at an age of 12 months, approximately. They were
milled in sugarcane mills, removing the juice out of the
shredded pulp (bagasse), which was used in this study. The
juice, after several steps, generates, as by-products, filter
cake (from sugar production) and vinasse (from ethanol
production).

All samples were prepared by washing with distilled
water at room temperature (except vinasse) and drying at
80 °C to remove moisture. Then, they were ground or
milled by a hand mortar followed by sieving to obtain
particles with dimensions around 90 pm. For thermal
characterization, the samples were mixed (1:1 w/w) in
order to compare with original samples forming the fol-
lowing binary blends: bagasse + filter cake (B + Fc), ba-
gasse + vinasse (B 4+ V) and filter cake + vinasse
(Fc + V).

In order to verify the occurrence of a catalytic effect of
potassium on the reverse Boudouard reaction by thermal
analysis, this metal was added to demineralized bagasse
according to the procedure described by Jones et al. [33]
with some adaptations. A mass of milled bagasse was
heated to 60 °C for 5 h in 500 mL of HCI 2 mol L™" under
stirring. Then, the sample was filtered and washed in order
to remove chloride ions. The demineralized bagasse was
dried at 60 °C until no variation of mass was detected. A
solution of 1 % potassium biphthalate was added to the
sample, and the system was kept under stirring at room
temperature for a week. Finally, the obtained K-enriched
bagasse was filtered and dried.
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Sample digestion

A mass of 1.00 g of original samples was digested in a
2012 Digestor FOSS Tecator® according to the procedure
proposed by Jesus et al. [34]. A volume of 10.0 mL of
concentrated HNO3; was added to each sample, and the
flasks were kept covered for 16 h at room temperature.
Then, they were heated at 140 °C until total vaporization of
the solvent. Another 10.0 mL of concentrated HNO5; was
added, and a 30 % H,O, solution was slowly dropped into
the reaction tubes until evolution of nitrous fumes ceased,
resulting in a colorless solution which indicated the ending
of digestion procedure.

The digested samples were cooled at room temperature,
filtered and diluted in volumetric flasks (100 mL). They
were stored in refrigerator for the determination of inor-
ganic matter by: flame photometry (Micronal® B262 Flame
Photometer)—Na and K; atomic absorption spectropho-
tometry (Varian® SpectrAA 240 FS)—Al, Ca, Fe and Mg;
vis-spec (Femto® 435 spectrophotometer)—P.

FT-IR spectra

FT-IR spectra of samples were acquired by using a Perkin-
Elmer® Spectrum 2000 spectrophotometer. The pellets
were made by mixing each biomass sample with KBr at a
10:1 (m/m) ratio. The obtained spectrum for each sample
was the average of 16 scans in the IR range of
4000-400 cm™" at 2-cm ™! spectral resolution.

Thermal characterization

Thermogravimetric, derivative thermogravimetric and dif-
ferential thermal analysis (TG, DTG and DTA, respec-
tively) were performed by a TA Instruments® SDT-2960
Simultaneous DTA/DTG. For pyrolysis, combustion and
oxy-combustion studies, N,, synthetic air and CO,/O, (8:2 v/v)
atmospheres were employed at a flow of 100 mL min~".
Also, thermal behavior of bagasse, vinasse, B 4+ Fc blend
and K-enriched bagasse in CO, atmosphere was studied.
Mass of 6.0 £ 0.5 mg of each sample was heated from
room temperature to 600 °C at a 20 °C min~' rate. When
CO, atmosphere was employed, samples were heated from
room temperature to 1000 °C (1100 °C when K-enriched
bagasse was employed) at a heating rate 30 °C min™".
Differential scanning calorimetry (DSC) analysis was
performed by a TA Instruments® DSC 2910. Sample
mass of 3.0 £ 0.5 mg was heated from room tem-
perature to 600 °C at a 20 °C min~' rate in static air

atmosphere.

Evaluation of synergistic effect

In order to determine whether a synergistic effect between
blend constituents actually occurred, an experimental DTG
curve of that blend was compared to an estimated one,
which was plotted as a sum of mass loss rates of each
constituent of the blend according to the following equa-
tion (Eq. 1) [35]:

(dm/dT) \g= Xa(dm/dT) ,+ Xg(dm/dT), (1)

where (dm/dT), and (dm/dT)g are the mass loss rates of
blend constituents (A and B) of the blend AB and X, and Xg
are their mass fractions. In this study, only binary blends
(1:1 m/m ratio) were used; therefore, X, = Xy = 0.5.

Results and discussion
Sample composition

As shown in Table 1, high concentrations of sodium and
potassium were detected in vinasse, according to many
reports regarding the use of that waste as a fertilizer [8, 36].
Due to its high phosphorous content, filter cake can also be
employed for that purpose as well [37]. Although its ashes
have been applied to soil fertilization [38], bagasse showed
the lowest concentrations of those elements when com-
pared to the other samples.

Regarding other elements, filter cake presented high
concentration of Al and Fe. Vinasse presented a great con-
centration of Mg and Na. The high Ca concentration ob-
served in both samples was due to the addition of Ca(OH),
to the juice for the production of sugar and ethanol.

FT-IR

Data acquired by FT-IR (Fig. 1) revealed that, as expected,
all studied samples had similar organic composition.

Table 1 Element concentrations in dry samples

Chemical Concentration/g kg~ (dry basis)
element
Bagasse Filter cake Vinasse

Al 0.276 £+ 0.049 8.141 £ 0.084 0.804 £ 0.020
Ca 0.415 £+ 0.028 15.50 £ 1.752 22.90 £+ 1.997
Fe 0.403 £+ 0.021 12.33 £ 0.311 1.477 £+ 0.008
K 0.995 £+ 0.070 4.406 + 0.474 0.110 £ 0.058"
Mg 0.275 + 0.011 2.196 £ 0.137 8.547 £ 0.027
Na 0.522 £+ 0.065 1.272 £ 0.122 21.90 £+ 1.058
P 0.127 £ 0.003 3.718 £ 0.693 1.901 £ 0.092
T x10°
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Fig. 1 FT-IR spectra of bagasse (line), filter cake (dashed line) and
vinasse (dotted line)

Stretchings and scissorings related to carbonyl and hydroxyl
functional groups were observed. Also, C—-C and C-H
stretchings associated with aromatic rings and aliphatic
chains, respectively, typical of any biomass [39] were de-
tected. Interpretation of the spectra is discussed in Table 2.

Thermal behavior of the samples

TG curves of the original samples are shown in Fig. 2. All
samples presented moisture loss (7 < 150 °C) and de-
composition of organic matter in three steps of mass loss.
Higher ash contents detected for filter cake and vinasse (47
and 40 %, respectively) in relation to bagasse (5 %). Also,
vinasse started to decompose at a lower temperature than
other samples, probably due to the absence of fibers in its
structure, which favored degradation of the organic con-
tent. Furthermore, TG curves for the blends showed an
intermediate trend in comparison with pure samples in
every studied atmosphere. An intermediate thermal be-
havior in N,/O, and CO,/O, environments was also ob-
served for all blends since they were constituted in a 1:1
mass ratio.

Figures 3 and 4 display the TG curves obtained for the
pure samples in synthetic air and CO,/O, atmospheres,
respectively. In both conditions, vinasse showed the same
trend as previously observed in N,: sample decomposition
started early (around 160 °C in synthetic air and CO,/O,)
in comparison with bagasse and filter cake (above 250 °C
in same conditions).

Also, from DTG curves, it was noticed that all studied
samples presented four mass loss steps: First, there was
moisture loss until 150 °C approximately; then, it was
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Table 2 Interpretation of FT-IR spectra of samples

Wavenumber/  Attribution

cm™!

4000-3600 O-H stretching (free phenols and alcohols)

3600-3400 N-H asymmetric stretching

3400-3100 C-—H stretching of =CH,

3000-2900 C-H stretching of —CH (methyl and methylene)

1800-1700 C=0 stretching (non-conjugated ketones, carbonyl
and esters)

1700-1600 C=0 stretching (aromatic and p-substituted ketones)

1600-1550 C=0 stretching coupled with aromatic rings
vibrations

1550-1500 Aromatic rings vibrations

1500-1450 C-H asymmetric deformation (~CH; and —CH,)

1450-1400 Aromatic rings vibrations coupled with C-H
scissoring

1400-1300 C—H stretching (aliphatic C—H of CHj and phenolic
O-H)

1300-1200 Condensation of S and G rings

1150-1100 C=0 deformation (conjugated esters)

1100-1000 C-O deformation (secondary alcohols and aliphatic
esters)

1000-950 C-H rocking (aromatic C-H), C-O deformation
(primary alcohols) and C-H stretching

950-900 C-H angular deformation (CH sp)

900-850 C-H angular deformation (aromatic rings)

850-800 C-H angular deformation (G unit)

800-750 CH,, vibration

650-600 OH angular deformation

600-500 C—C planar deformation

500-450 C—Cl angular deformation

observed a peak with a shoulder at 310 °C regarding to
hemicellulose and cellulose decomposition steps; finally, a
peak at 7 > 500 °C emerged, related to degradation of the
remaining lignin. Presence of CO, in the furnace atmo-
sphere caused a displacement of the mass loss steps to
higher temperatures for all samples.

Although a displacement of DTG peaks to higher tem-
peratures was noticed, their intensities were increased for
some samples in CO,/O, atmosphere. Partial pressure of
CO, affected the release of gaseous products, making such
reactions faster than in N,/O,. Figure 5 shows a compar-
ison between DTG curves in both atmospheres of bagasse.

DTA peaks (mainly the last one) were also displaced to
higher temperatures in CO,/O, (Fig. 6). Such feature was
more pronounced in B 4+ V and Fc + V blends. Further-
more, the intensity of DTA peaks was increased for some
samples. Figure 6a, b compares DTA curves of B + V and
Fc + V blends, respectively, in both atmospheres.
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Fig. 2 TG curves in N, of bagasse (line), filter cake (dashed line) and
vinasse (dotted line)
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Fig. 3 TG curves in synthetic air of bagasse (line), filter cake (dashed
line) and vinasse (dotted line)

Similar DSC profiles were observed for each sample
(Fig. 7). In the beginning, there was an endothermic peak
until around 150 °C (moisture loss). Later, two exothermic
shoulders emerged. The first one (180-430 °C) was related
to oxidative decomposition of cellulose and hemicellulose,
whereas the second one (430-above 600 °C) was associ-
ated with the degradation of lignin and char oxidation.
Also, it was noticed that the second exothermic peak was,
for all samples, more intense than the first. Since a high
heating rate (20 °C min~') was employed for the ex-
periments, release of volatiles at the beginning of thermal
decomposition was not favored. However, there was an
inducement of char oxidation which caused an increase in
second peak’s intensity. These events have been reported

100
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o

T T T T T
200 300 400 500 600

Temperature/°C

T T
0 100

Fig. 4 TG curves in CO,/O, of bagasse (line), filter cake (dashed
line) and vinasse (dotted line)
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Fig. 5 DTG curves in N,/O, (line) and CO,/O, (dotted line) of
bagasse

recently in a study which determined the influence of the
heating rate in DSC analysis [40].

Blends showed resembling profiles (an endothermic
peak followed by two exothermic shoulders) only with
increased intensity than observed for original samples.
Besides, there was a displacement of the second exother-
mic shoulders to lower temperatures when vinasse was a
blend constituent. Such event, which ended above 600 °C
for the original sample of vinasse, showed maximum peak
intensity between 460 °C and 505 °C for the blends B + V
and Fc 4+ V.

In CO, atmosphere, vinasse started to decompose in
lower temperatures than bagasse, as previously seen in N,
N,/O, and CO,/O, (Fig. 8). However, a mass loss step
between 700 and 850 °C appeared which was not observed

@ Springer
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Fig. 6 DTA curves in N,/O, (line) and CO,/O, (dotted line) of
aB+VandbFc+V

for bagasse. The DTA curve of vinasse showed an en-
dothermic peak at that temperature interval.

Several works on coal gasification [24-26, 41, 42] re-
ported that presence of alkali and alkaline earth metals
(mainly potassium) catalyzed the reverse Boudouard re-
action (Eq. 2), one of the most important in that process
which yields CO. Boudouard equilibrium is the following:

C +CO, =2CO AH = +172kJmol ! (2)

This reaction is highly endothermic and produces carbon
monoxide at a significant rate only at high temperatures
(above 900 °C). Nevertheless, when carbonates containing
such metals are present, that reaction can take place at
lower temperatures (T > 700 °C), near fusion points of that
carbonates [43].

In that catalytic process, the carbonate (K,COs3) is
bonded to the char surface. When heated in CO, atmo-
sphere, oxygen atoms of the carbonate react with surface
carbon atoms producing CO and generating a reduced
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Fig. 7 DSC curves of a bagasse (line), filter cake (dashed line) and
B + Fc (dotted line); b bagasse (line), vinasse (dashed line) and
B + V (dotted line); c filter cake (line), vinasse (dashed line) and
Fc + V (dotted line)

potassium complex. CO, from the atmosphere oxidizes
such reduced complex forming a new complex (-COK) and
releasing carbon monoxide. Around 800 °C, potassium
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Fig. 8 TG and DTA curves for bagasse (line), vinasse (dashed line)
and B + V (dotted line) in CO, atmosphere

evaporates and the catalytic process comes to a halt [44].
Thus, due to the high potassium content detected in vinasse
by flame photometry (110 g kg™"), possibly a similar
process could occur in that sample.

B + V blend showed an intermediate behavior in rela-
tion to the original samples. Notwithstanding, as noticed in
vinasse, the blend started early to decompose in relation to
bagasse and an endothermic mass loss step took place
around 750 °C.

Bagasse presented a very similar trend as observed in
N,. However, at 600 °C, about 18 % of the sample still
remained in CO,, while only 5 % were detected in N,
atmosphere. Presence of CO, in the environment affected
the release of volatiles and, later, decomposition of the
produced char resulting in a larger mass of sample at the
same temperature.

When K-enriched bagasse was heated in CO, atmo-
sphere (Fig. 9), it was observed the same TG profile pre-
viously detected for bagasse until around 400 °C. Then, a
mass loss stage appeared and it was observed until 600 °C
due, possibly, to biphthalate degradation. Finally, another
mass loss stage associated with an endothermic peak was
detected. This peak had low intensity and presented its
apex at, approximately, 990 °C. As previously described,
when the samples of vinasse and B + V blend were heated
in the same conditions, we believe that a similar process
occurred for K-enriched bagasse. After addition of potas-
sium biphthalate, bagasse presented the same endothermic
peak at a higher temperature than the observed for vinasse
and B 4 V blend. Probably, such trend happened due to a
lower concentration of potassium in the K-enriched ba-
gasse sample (comparing to vinasse and B + V blend)
since a 1 % potassium biphthalate solution was used for
that procedure. However, more studies need to be done in
order to verify such observations. Nevertheless, probably,

DTA/LV

0 200 400 600 800 1000
Temperature/°C

Fig. 9 TG (line) and DTA (dotted line) curves for K-enriched
bagasse in CO, atmosphere

the reverse Boudouard reaction was catalyzed after addi-
tion of potassium to bagasse.

Evaluation of synergistic effect

It was not observed noticeable changes regarding to DTG
curves profiles of blends in N, environment as can be seen
by Fig. 10a. Every studied blend presented an experimental
DTG curve very resembling to the estimated one in that
atmosphere.

Blends that contained bagasse presented such changes,
both in synthetic air and in CO,/O,. When bagasse was
added to filter cake, an increase in intensity of the second
decomposition step peak (around 340 °C) was detected.
Such increment was not estimated in both atmospheres
(Fig. 10b, c). B 4+ V blend showed, apart from a more
intense peak, displacement of the third mass loss step
which emerged nearly 440 °C in synthetic air and 510 °C
in CO,/O, (Fig. 10d, e).

These events denoted an increase in reactivity of such
samples which was probably caused by higher content of
volatiles belonging to bagasse. The weaker covalent bonds
of those molecules cleaved yielding free radicals. When
they reacted with filter cake or vinasse, the decomposition
reactions were favored in a process very similar to bio-
mass—coal blends as reported in some studies [45].

Nevertheless, Fc + V blend did not show an increase
in reactivity mainly for lower volatile content compared
to bagasse. Moreover, it was observed in synthetic air
environment: a decrease in peak intensities referring to the
first two mass loss steps (approximately 300 °C) and a
displacement of the third mass loss peak (around 490 °C)
to higher temperatures than estimated (Fig. 10f). Possibly,
occurred retention of volatiles by inorganic compounds,
present in both constituents of the blend, yielded
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secondary carbonates [46] and, thereby, delayed this de-
composition step. In CO,/O, atmosphere was noticed
some decrease in first peak intensity (around 320 °C).
Still, the second peak of the experimental DTG curve
presented a very like behavior of the estimated curve
which denoted the absence of synergism between blend
constituents (Fig. 10g).

In CO, atmosphere, the B 4+ V blend showed a decrease
in DTG peak intensity for the first and second decomposition
steps (<400 °C) when the experimental curve profile is
compared to the estimated one (Fig. 10h). However, there
was a increase in intensity of the last experimental DTG peak
(~790 °C) combined with a displacement to higher tem-
peratures of such peak (approximately, 10 °C increment).

Again, probably, the higher content of volatiles due to
the addition of bagasse to vinasse played a crucial role in
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those events. First, the CO, molecules exerted a higher
partial pressure on volatiles, which made their release
slower in relation to the other studied atmospheres. Then,
around 790 °C, a greater content of carbon was avail-
able to be converted to CO by the reverse Boudouard
reaction, thus, increasing the experimental DTG peak
intensity. Furthermore, despite containing half of vinasse
mass and, consequently, half of potassium concentration,
the DTG peak intensity of the blend was very resembling
to the one detected for the vinasse sample in the same
conditions (—0.232 % °C~' and —0.244 % °C™"', re-
spectively) for such decomposition step. Therefore, it is
very likely that the process of thermal decomposition in
CO, atmosphere of the B + V blend is analogous to co-
gasification of coal (or petroleum coke) and biomass
blends [27-29].
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Conclusions

When bagasse was mixed with the other samples (B + Fc
and B 4 V), the last mass loss step began at lower tem-
peratures when compared to Fc + V blend. A higher
content of volatiles, mainly released by bagasse, reacted
with the produced char and induced blend decomposition.
Such observation is very resembling to the co-firing of
coal-biomass or low rank-high rank coal blends, in which
the blend constituent with high content of volatiles pro-
motes char decomposition.

Displacement of mass loss steps to higher temperatures
in oxy-combustion atmosphere in relation to combustion
atmosphere was caused by higher heat capacity of CO,
when compared to N,. Furthermore, some of these steps
presented a higher decomposition rate due to the increment
of partial pressure associated with carbon dioxide mole-
cules. Thus, variation of reaction atmosphere affected heat
transfers and kinetics, which are relevant points regarding
new technologies.

Vinasse decomposition initiated at lower temperatures
than other samples in every studied atmosphere. Possibly,
because of lack of fibers in its composition and different
interactions between organic and inorganic matter in that
sample, the thermal stability of vinasse was lower than
bagasse and filter cake. Therefore, sample morphology
should be taken into account since it affects directly its
thermal behavior.

Although a greater heat flow was detected for all blends
in relation to pure samples, only in blends with bagasse as a
constituent (B 4+ Fc and B + V) occurred synergetic in-
teractions that favored their thermal decomposition in
combustion and oxy-combustion atmospheres. Since more
volatiles were present in such blends, their reactivity was
increased and allowed char oxidation to take place at lower
temperatures.

Probably, in CO, atmosphere, the reverse Boudouard
reaction could have been catalyzed by potassium in
vinasse. Combining such waste with a biomass rich in
volatile matter (bagasse) presented an increase in reactivity
in a process analogous to co-gasification of coal and bio-
mass blends. Also, due to its higher moisture content, it
could be easily mixed with other types of biomass. Hence,
synergistic interactions between vinasse and other types of
biomass will be evaluated on next studies.
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