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RESUMO

NAKASHIMA, Gabriela Tami. Uso do palhico da cana-de-agucar para a producdo de
biocombustiveis solidos: Caracterizagao fisico-quimica e influéncia do tempo de estocagem.
2016. 59 f. Dissertagao (Mestrado em “Planejamento e uso de recursos renovaveis”) — Centro
de Ciéncias ¢ Tecnologias para Sustentabilidade, Universidade Federal de Sdo Carlos,
Sorocaba, 2016.

No manejo da cana-de-agiicar era comum a utilizacdo do fogo para facilitar o corte e colheita
da cana. No entanto, a Lei 11.241/02 do estado de Sao Paulo prevé a eliminacdo gradual da
queima da palha da cana-de-agticar. O maior produtor de cana-de-agucar do Brasil € o estado
de Sdo Paulo, que possui aproximadamente 4,7 milhdes de hectares de 4rea plantada. E
estimado que 1 hectare produza cerca de 14 toneladas de palha. Logo, as usinas vém tentando
incorporar esta palha na queima para geracao de energia, juntamente com o bagago. Porém, as
altas concentracdes de impurezas minerais estdo impossibilitando seu uso para fins energéticos.
O trabalho teve como objetivo o estudo da influéncia do tempo de estocagem e da granulometria
na caracterizagao fisico-quimica do palhigo da cana-de-agucar. Foi utilizado o palhigo de cana-
de-actcar da superficie e do interior do fardo coletados em diferentes periodos de estocagem,
0, 1 e 2 anos. O material coletado foi separado em 4 granulometrias diferentes (> 0,420mm,
0,250-0,420mm, < 0,250mm ¢ mix). As analises realizadas foram a distribui¢do granulométrica,
a analise imediata, o poder calorifico superior (PCS), a andlise quimica dos componentes das
cinzas, as imagens no Microscopio Eletronico de Varredura (MEV), o teor de lignina Klason,
a holocelulose ¢ os extrativos. Houve variagdes nos resultados do teor de cinzas com as
diferentes granulometrias. Observou-se maior concentragdo de impurezas minerais nas
particulas mais finas (< 0,250mm). O PCS variou entre 15,9 a 18,3 MJ.kg! e ndo apresentou
diferenca estatistica para os tratamentos. Os resultados indicam que a palha de cana-de-agucar
apresenta problemas relacionados as impurezas minerais, que dificultam e restringem seu uso
como combustivel solido na induastria. A granulometria da palha interferiu nas suas
caracteristicas fisico-quimicas. O palhico pode ser estocado no campo e o tempo de estocagem
nao interferiu na qualidade para o uso como combustivel solido.

Palavras-chave: Impurezas minerais, briquetes, granulometria, poder calorifico superior.



ABSTRACT

NAKASHIMA, Gabriela Tami. Use of sugarcane trash for solid biofuel production:
Physicochemical characterization and influence of storage time. 2016. 59 f. Dissertacao
(Mestrado em ‘“Planejamento e uso de recursos renovaveis”) — Centro de Ciéncias e
Tecnologias para Sustentabilidade, Universidade Federal de Sdo Carlos, Sorocaba, 2016.

In the sugarcane plantation it was common to use fire to facilitate the cutting and harvesting of
sugarcane. However, Law 11,241 / 02 in Sdo Paulo State provides the gradual elimination of
this straw burning of sugarcane. The largest producer of sugarcane in Brazil is the Sdo Paulo
State, which has about 4.7 million hectares of planted area. It is estimated that one hectare
produces about 14 tons of trash. Therefore, the mills have been trying to incorporate this trash
in burning with the bagasse for power generation. However, high concentrations of mineral
impurities are impossible its use for energy purposes. The aim of the study was to investigate
the influence of storage time and particle size in the physicochemical characterization of the
sugarcane trash. It was used the sugarcane trash inside and outside of the bale collected at
different storage time (0, 1 and 2 years). The collected material was separated into four different
particle sizes (> 0.420mm, 0.250-0.420mm, < 0.250mm and mix). The analyzes involved
particle size distribution, proximate analysis, the high heating value (HHV), the chemical
analysis of the components of the ashes, the images in the Scanning Electron Microscope
(SEM), the Klason lignin content, the holocellulose content and extractives. There were
variations in the results of the ash content with different particle sizes. It was observed a higher
concentration of mineral impurities in smaller particles (< 0.250mm). The HHV varied from
15.9 to 18.3 MJ .kg! and showed no statistical difference for the treatments. The results indicate
that the sugarcane trash presents problems related to mineral impurities which constrain its use
as a solid fuel in the industry. The particle size interferes in their physicochemical
characteristics. The trash can be stored in field and the time storage did not affect the quality
for use as solid biofuel.

Keywords: Mineral impurities, briquettes, particle size, high heating value.
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CHAPTER 1 - INTRODUCTION

1.1. GENERAL INTRODUCTION

The work is divided into four chapters to the study of sugarcane leaves and tops
(straw, also known as trash). Chapter 1 contextualizes the issue of elimination of sugarcane
trash in the pre-harvest. Chapter 2 presents the study of the influence of particle size and storage
time on ash content in sugarcane trash. Chapter 3 focuses on the chemical profiling of trash and
the influence of storage time. And Chapter 4 presents a general conclusion about the use of
sugarcane trash for solid biofuel production.

The study was conducted based on the problem observed in a sugarcane farm
located in Ibaté city — SP state. The farm total area is 800 hectares (ha). It is estimated an amount
of 12.5 ton of trash per ha/year. Around 50% is recovery by the bailer. In a tentative to comply
with the law established in Sao Paulo State, the gradual elimination of the use of fire in the
sugarcane pre-harvest, sought alternatives to the large amount (10,000 ton/year) of trash left in
the field.

The first alternative to the use of trash would be leave it on the ground to prevent
loss of water and to avoid soil erosion. But this trash ends up attracting insects such as
spittlebugs. In this case, the application of pesticide is required, resulting in high cost for this
operation.

Another alternative would be the recovery of this trash in bales for energy
purposes. However, this practice also involves costs: the purchase of balers and other machines.
One way to add value to the trash would be the briquetting process. In briquetting, the raw
material is densified and has improved uniformity issues in the final product, storage, handling
and transport.

The drawback found in this situation, is the presence of contaminants in the
material, which can wear the briquetting machine and other equipment used in sugarcane
process. Then, sugarcane trash is a material that has a technical problem in the production of
briquettes. Therefore, it sought to explore where these contaminants were more present in this

raw material.
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1.2. LITERATURE REVIEW

1.2.1. Sugarcane in Brazil

Brazil is one of the major producers of biomass, has great potential to employ
and develop techniques for the conversion of biomass into biofuels (LENCO, 2010). The
materials with the most research indication for bioenergy are agricultural residue, produced
directly in the field during harvest season; forest residues, and agro-industrial waste
(VASCONCELOS et al., 2007). According to Empresa de Pesquisa Energética (2015), the
Brazilian energy matrix counts with 39.4% of renewable sources. The sugarcane biomass is the
greatest representative with 15.7%, surpassing the hydraulic, which got to 11.5%.

The sugarcane was introduced in Brazil in 1532 by the Portuguese colonizers
(CONAB, 2014; UNICA, 2004). The crisis in 1929 reduced the sugar exportation and in 1931,
the Brazilian government in an attempt to encourage the consumption, added 5% ethanol to the
formula of gasoline (MEYER et al., 2012; UNICA, 2004). In order to reduce dependence on
oil and due the low demand for Brazilian sugar in the international market, in 1975, it was
created the National Alcohol Program (PROALCOOL) (GOLDEMBERG, COELHO and
GUARDABASSI, 2008; MEYER et al, 2012). There was much encouragement in the sector,
generating new plants only for the production of ethanol. In the mid-80s, 85% of the cars were
only running on ethanol (ANDRIETTA, STECKELBERG and ANDRIETTA, 2006). In 2003,
it was launched the first flex-fuel car in Brazil (CONAB, 2010). And today, 90% of vehicle
sales are composed by flex-fuel, and anhydrous ethanol already represents 27.5% of the mixture
in gasoline (TEIXEIRA, 2014).

The 2015/2016 sugarcane crop is estimated at 590 million ton (UNICA, 2015).
The demand for sugarcane coupled with soil, climate and territorial conditions make Brazil the
largest producer of sugarcane in the world (CONAB, 2010; TEIXEIRA, 2014). According to
data from CONAB (2014) (Fig. 1), the cultivation of sugarcane occupies about 9 million ha,
representing 1.06 % of the Brazilian territory, and the state of Sdo Paulo, is the largest holder
of this culture, with 4.68 million ha. According to the IBA (2015) data, the occupied area of
planted forests in Brazil is 7.74 million ha. Comparing the sugarcane plantations with planted

forests, the portion of sugarcane crops outweigh the planted forests by approximately 16%.
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Figure 1 - Total area of sugarcane plantations in Brazil.

e

@thers 7.9%
2.9%

I AL 4.3%

|

¢ GO 9.5%

Source: CONAB, 2014

A
PE

1.2.2. Use of Sugarcane Trash

The sugarcane (Saccharum sp.) (Fig.2) is a rigid plant and provides two types of
waste: bagasse, which is already being used as a source of energy for their own producers, and
the trash (straw and leaves). On its leaves there are spikes, requiring the use of fire to facilitate
its management, mainly in non-mechanized areas (LEAL et al, 2013; RIBEIRO and
FICARELLI, 2010; RIPOLI, MOLINA JR and RIPOLI, 2000).

According to Soccol et al. (2010) the trash and bagasse represent two thirds of
the sugarcane biomass. Hassuani, Leal and Macedo (2005) estimated an average generation of
14 ton.ha! of trash on a dry basis. And Ripoli and Ripoli (2004) define the trash as the
"remaining material on the surface plot after harvest, mostly mechanized, made up of green
leaves, straw, pointer and/or its stem fractions (industrialized or not); eventually, roots and

fractions of soil particles added to them".
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Figure 2 - Sugarcane plant parts.
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Source: Hassuani, Leal and Macedo, 2005.

The sugarcane pre-harvest without using fire implies higher risks and lower work
efficiency, because its burning makes the stem more malleable for cutting (RIBEIRO and
FICARELLI, 2010; RIPOLI, MOLINA JR and RiPOLI, 2000). However, the burning of the
trash, which is an incomplete combustion, emits polluting gases such as NOx, CO, HC and
other toxic compounds that cause environmental and health problems for the inhabitants of
areas close to sugarcane fields (RIBEIRO and ASSUNCAO, 2002; RIBEIRO and FICARELLI,
2010). The use of mechanized harvest increased in the sugarcane plantation in the mid-90s to
reduce costs and adapt to current environmental requirements (MUNDIM et al., 2009).

In Brazil, some laws were created to eliminate the use of fire in sugarcane
plantations due to the negative consequences generated for society and the environment. The
Federal Decree No. 2,661, of July 8, 1998, in Chapter IV, art.16 provides for the gradual
elimination of fire in mechanized areas of sugarcane crops (slope less than 12%) and areas
larger than 150 ha. The Sdo Paulo State Law 11,241 of September 19™, 2002, provides the
gradual elimination of sugarcane straw burning by 2021 for mechanized areas and by 2031 for
non-mechanized areas. However, an Agro-environmental Protocol was signed by the major
producers of sugarcane, anticipating the total elimination of sugarcane straw burning for 2014

for mechanized areas and 2018 for non-mechanized areas.
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On the other hand, Law No. 1,952 of December 20", 1995, of the city of Paulinia
(Sdo Paulo), that prohibits the sugarcane trash burning in its territory, was ruled
unconstitutional. In May 2015, the Supreme Court held that there are already laws on the federal
and state level, to the use of fire in agricultural areas and the gradual elimination as expressed
above, so the municipality could complement such laws and not annulment them.

The compliance of the existing laws, there was an increase in the amount of
lignocellulosic material left in the field (LEAL et al., 2013). This residue may remain on the
ground to improve the physical conditions of the soil, reducing the loss of water and nutrients
(SOUZA et al., 2005). However, due to the favorable conditions of the trash coverage, high
humidity and low temperature, there is an increase of pests which can cause further damage to
the plantation (MUNDIM et al., 2009; RAVANELLI et al., 2011).

The spittlebug (Mahanarva fimbriolata (Stél)), which was considered a
secondary pest for sugarcane plantation, with trash accumulation in the field has become
relevant for this culture (MADALENO et al., 2008; MUNDIM et al., 2009; RAVANELLI et
al., 2011). According to Dinardo-Miranda et al. (2004), the spittlebug is a problem because it
establishes and reproduces quickly in unburned sugarcane areas. This pest causes negative
effects on the productivity of stalks and can also participate in the addition of contaminants that
interfere in the sugar production and in the fermentation inhibition. Then, even contributing to
the maintenance of nutrients and soil conservation, the trash recovering can lead to problems,
raising the management costs of culture.

In order to avoid pesticide cost and others problems in remain the sugarcane
trash on the field, a solution would be the mechanized collection of trash, which can be used
for energy purposes (LEAL et al., 2013; MUNDIM et al., 2009). Residues of sugarcane have
great potential to improve and diversify the Brazilian energy matrix (RIPOLI, MOLINA JR and
RIPOLI, 2000).

The problem for the use of this biomass in mechanical harvesting is how to recover and
make it available in the most appropriate way. To recover the material in bales is necessary to
raking (Fig. 3) the trash scattered on the ground (MICHELAZZO and BRAUNBECK, 2004).
This system is used by several mills in Sdo Paulo State (RIPOLI and GAMEIRO, 2007). The
process is conducted by the machine called baler where the biomass is collected and densified

in bales (MICHELAZZO and BRAUNBECK, 2004).
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Figure 3 - Raking scheme.
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Source: Hassuani, Leal and Macedo, 2005 (adapted).

The bales can be stored after recovery. The surface of round bale shape plays a
role to protect the bale in the outdoor storage. Thus, the inner part of the bale is preserved while
the surface is exposed to degradation process (SANDERSON, EGG and WISELOGEL, 1997).
The outdoor storage has the advantage of having a lower cost and its location is near the road

to facilitate transportation of the biomass (MARTELLI, BENTINI and MONTTI, 2015).

1.2.3. Impurities Content of Sugarcane Trash

The recovery of trash increases the mineral impurities because the leaves were
scattered on the soil. After transport to the location where it will be processed, the bale will
need to be unloaded, unpacked, cleaned and sent for processing (GOMEZ et al., 2014).
According to Braunbeck and Bianchi (1988) cited by Franco (2003), the type of machine, the
type of soil and the process used for picking and loading can aggravate the amount of impurities
in sugarcane. The mineral impurities contained in the sugarcane trash may also have been
influenced by other factors: sugarcane variety, level of exudation, sugarcane cutting system.
The equipment used for removing these mineral impurities are not efficient. Excess of
impurities affect the material quality (GOMEZ et al., 2014).

The increase in disposable trash can be used as a supplement to sugarcane
bagasse in boilers for energy production (DIAS et al., 2011; LEAL et al., 2013; SEABRA et
al., 2010). The bagasse and the trash are different materials with different chemical

compositions. The addition of trash to bagasse in the boilers should be performed with caution,
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as the trash is heterogeneous and has higher amount of impurities than bagasse (RO et al.,
2015; SEABRA et al., 2010). Some mills use the percentage of no more than 20 to 25% of trash
in this mixture with the bagasse (CERQUEIRA-LEITE, 2007).

The amount of mineral impurities influences technical problems in biomass
compaction process (GOMEZ et al., 2014) and also in combustion in boilers, such as "fouling"
and "slagging" (JENKINS et al., 1998). The "fouling" occurs when substances vaporized during
the combustion are deposited on the surfaces and "slagging" corresponds to deposit of ashes in
a form of molten (SEGGIANI, 1999). Biomasses as sugarcane waste has, as main components
of the ash content, silica and potassium (BAXTER et al., 1998; CERQUEIRA-LEITE, 2007;
LEAL et al., 2013). Several authors also discussed the ash content variation. It was explained
by different recovery processes, the variety of sugarcane (BRAUNBECK and BIANCHI, 1988
apud FRANCO, 2003), growth stage (VASSILEV et al., 2010), planting location (VASSILEV
et al., 2010), soil type (VASSILEV et al., 2010; BRAUNBECK and BIANCHI, 1988 apud
FRANCO, 2003) and sampling errors.

The grinding process of sugarcane bagasse with water can leach mineral
impurities improving the quality of the biomass for fuel. For the trash this process becomes
infeasible due to high consumption of water and the increase of moisture content with this step
(CERQUEIRA-LEITE, 2007).

1.2.4. Chemical Properties of Sugarcane Trash

The characterization of the material is a crucial step to fit and allocate the best
purpose for biomass (NAIK et al., 2010; SANTOS et al., 2012; SZCZEBOWSKI et al., 2014;
VASSILEYV et al., 2010). This characterization will give the possibility to identify properties,
quality, applications and environmental problems (VASSILEV et al., 2010). The biofuel
characterization can be divided into: physical, chemical, thermal and mineral properties
(DEMIRBAS, 2005).

The chemical properties are very important to obtain a quality fuel. Some
chemical analyzes are ultimate analysis, proximate analysis and high heating value (HHV)
(DEMIRBAS, 2005). The proximate analysis is used to determine the moisture content, volatile
matter, fixed carbon and ash content, while the ultimate analysis determines the percentages of

the elements, as carbon, hydrogen, nitrogen, oxygen and sulfur of the biomass (GARCIA et al.,
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2013, YIN, 2011). These two types of tests are related to the heating value (GARCIA et al.,
2013; PROTASSIO et al., 2011; YIN, 2011).

Calorific value is defined as “the heat produced by combustion of a unit quantity
of a substance under specific conditions” (AMERICAN SOCIETY FOR TESTING AND
MATERIALS, 1998). According to Gémez et al. (2014), “the high heating value (HHV) is the
maximum amount of heat produced during the combustion in perfect conditions for its burning
in relation to 1 kg of solid or liquid fuel, or 1m? of gaseous fuel”. The HHV is probably the
feature that best defines biomass as a fuel (GARCIA et al., 2013). Other elements may influence
the HHV, such as lignin content and extractives (TELMO and LOUSADA, 2011).

Cellulose, hemicelluloses, lignin, extractives and minerals are the principal
constituents of the biomass (BRAND and MUNIZ, 2012; OLIVEIRA et al., 2013). The largest
portion of carbohydrates in plants is holocellulose that is composed by cellulose and
hemicelluloses (SANTOS, 2008; TELMO and LOUSADA, 2011). Lignin is the third most
abundant material in the plants. It plays an important role in mechanical strength in vascular
plants. And also, lignin is considered a source of bioenergy (SANTOS, 2008). The extractives
are organic compounds which can be found in the forms of fats, waxes, alkaloids, proteins,
simple and complex phenolics, simple sugars, pectins, mucilages, gums, resins, terpenes,
starches, glycosides, saponins, and essential oils (PETTERSEN, 1984). According to Santos et
al. (2012), sugarcane trash is formed by about 40% of cellulose, 30% hemicelluloses, 25%

lignin and 5% of extractives.

1.2.5. Sugarcane Trash for Energy Purposes

It is estimated an average generation of 14 ton.ha™! of sugarcane trash on a dry
basis (HASSUANI, LEAL and MACEDO, 2005). As a result of sugarcane trash accumulation,
the mills have tried to burn this trash with bagasse for power generation (CERQUEIRA-LEITE,
2007). However, this biomass presents low density making it disadvantageous (NAKASHIMA
et al., 2014). A study of sugarcane trash briquettes shows that the density in briquette form is
around 16 times greater than its density in natura (SILVA et al., 2015).

Biomasses in general, such as agricultural waste, wood, sawdust, and other
materials can be briquetted (BHATTACHARYA et al.,, 1989; TRIPATHI, IYER and
KANDPAL, 1998). Briquetting is a densification process of the raw material, with

heterogeneous characteristic transforming it into a homogeneous and uniform product. Its main
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advantages are low moisture content, the uniform size and quality fuel. The increase of heating
value per unit volume creates an alternative fuel to charcoal. The briquettes are easy to
transport, storage and handling (BHATTACHARYA et al., 1989).

The variables in briquettes production are moisture content (RHEN et al., 2005;
TRIPATHI, IYER and KANDPAL, 1998), higroscopicity (YAMAJI et al., 2013) and particle
size (GONCALVES et al., 2013; NAKASHIMA et al., 2014; SILVA et al., 2015; TRIPATHI,
IYER and KANDPAL, 1998). Some properties for high quality briquettes are low ash content,
low volumetric variation and good mechanical strength (BRASIL et al., 2015). Silva et al.
(2015) in their study of briquettes concluded that the production of sugarcane trash briquettes

is technically feasible.
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CHAPTER 2 — INFLUENCE OF STORAGE TIME AND PARTICLE SIZE IN THE
CHARACTERIZATION OF SUGARCANE TRASH

2.1. INTRODUCTION

The planted area of sugarcane in Brazil was 9,0 million ha in 2014 (CONAB,
2014). And it was estimated an average generation of 14 ton.ha™ of trash (top and leaves)
(HASSUANI, LEAL AND MACEDO, 2005). According to Leal et al. (2013), the two most
promising uses for sugarcane trash are the fuel for the generation of energy or feedstock for
biofuel of second generation. The use of trash makes the possibility to increase the use of
renewable energy in the country energy matrix (RIPOLI, MOLINA JR and RiPOLI, 2000).

The use of this trash for energy purposes requires an adequate recovery from the
field (LEAL et al., 2013; RIPOLI and GAMEIRA, 2007). An alternative to the recover the trash
would be the combination of raking and baling. The raker is the accumulation of trash to feed
the balers (Fig.4). This is a process that must be done with high efficiency because it can
significantly affect the raking and other operations due to mineral impurities (GOMEZ et al.,

2014). Afterwards, the material recovered is used to form the balers (Fig.4).

Source: author

Depending on the performance of the raking operations, the amount of soil
contaminants can adversely affect the material, resulting in higher ash content. The ashes can
be the result of the material itself and/or from contaminants. The ashes are formed mainly by
inorganic substances which do not burn at the end of the combustion process (BRAND, 2010).
Gomez ct al. (2014) and Jenkins et al. (1998) pointed out some difficulties presented by
inorganic materials in ashes: they can form encrustation on boiler and abrading the equipment

for biomass densification. Therefore, the proximate analysis that comprises the ash, volatile,
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fixed carbon and moisture content test is the key to understanding the thermal behavior of the
material (GARCIA et al., 2013).

Biomass is a heterogeneous material. This characteristic can cause sampling
errors, especially when the samples required for the equipment are in low quantity (eg. less than
1g for ash content analysis). It is possible to notice the differences when particles of that
material are separated in larger and lower particle sizes (BRIDGEMAN et al., 2007).

The aim of this study was to verify the influence of storage time and particle size

on the characterization of sugarcane trash.

2.2. MATERIAL AND METHODS

2.2.1. Material

The sugarcane trash used in this study was collected at ‘Fazenda Corredeira’,
located in the municipality of Ibaté (21.9547°S, 47.9967°W) in Sao Paulo State. The farm has
a planted area of 800 ha with an average yield of 87 ton.ha".year’!. The sugarcane varieties
planted are RB 855453, RB 867515, RB 855536, SP 803280, SP 813250.

The samples were collected directly from the bales stored on the field. Samples
from the surface (outside) and the inner (inside) of different bales were collected. The purpose
was to evaluate the surrounding (soil, rain, wind) effects on the bales and the variation of storage
time the sugarcane straw. The storage time was 0, 1 and 2 years. To verify the influence of
contaminants in the material it was used samples of 0 year treatment. They were taken in natural
form, washed in running water and dried in oven. The analysis of contaminants is important
due to the extreme abrasion of molds and pistons in the briquetting process of sugarcane trash.

The treatments were divided according to the particles size. They were used
particle > 0.420mm, 0.250-0.420mm, < 0.250mm. And fourth treatment was made by the
sample without separation of particle size ("mix"). The treatments were based on 3 storage time
(0, 1 and 2 years), 2 bales portion (outside and inside), 4 particle size (particle > 0.420mm,
0.250-0.420mm, < 0.250mm and fraction mix) and cleaning treatment for 0 year (with and
without) in a total of 24 treatments (Fig.5).

The sugarcane trash was oven dried, crushed using a vertical rotor mill with fixed

and mobile knives Willey MA -340.
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Figure 5: Treatments plan of the study.
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Source: Author.

2.2.2. Particle Size Distribution

All the different storage time of sugarcane trash were analyzed for
particle size distribution. The sieves used were 12.70mm (1/2in), 6.35mm (1/4in), 4.00mm (5
mesh), 2.00mm (10 mesh), 0.841mm (20 mesh) for sugarcane trash before the grinding. And
the sieves used for sugarcane trash after the grinding were 0.420mm (40 mesh), 0.250mm (60
mesh) and 0.149mm (100 mesh). The material went through a separation process in an orbital

shaker with these sieves and intermittent shaking action, type Marconi — MA 750.
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2.2.3. Proximate Analysis

Proximate analysis was provided with samples at 0% moisture content, with 3
repetitions for each treatment. The ash content was based on the American Society for Testing
and Materials (ASTM) D1102-84 standard. Approximately 1.0g of the sample was placed in a
porcelain crucible and brought to a temperature of 600°C in the muffle furnace for 6 hours. For
its cooling, the crucible was placed in a desiccator until it reached room temperature and it was
weighted.

The volatile content was based on American Society for Testing and Materials
(ASTM) E872-82. In porcelain crucible with cover, it was placed about 1.0 g of sugarcane trash.
The crucible with the lid and the sample was left in the muftle furnace at 900°C. The first 3
minutes with the oven door opened, and then closed, standing for 7 minutes. The crucible was
placed in a desiccator to be weighed after reached room temperature.

Fixed carbon was obtained by the following equation (1):

%fixed carbon = 100 - (%ash content + %volatile matter) (1)

2.2.4. Chemical Composition of Ash Content

The chemical composition of sugarcane trash ashes for 0 year (without cleaning)
and 0 year cleaned was determined by X-ray fluorescence (WDXRF) in Rigaku Supermini 200.
The samples (0% moisture content) were prepared in the mold filled with boric acid and ashes
from sugarcane trash. It was used a hydraulic press (20 ton) to produce the tablet (densification).

The tablet was placed in the sample holder and analyzed with a resolution of 26eV.

2.2.5. Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray Analyzer (EDXA)

The morphology of sugarcane trash was analyzed by scanning electron
microscopy (SEM). Samples were placed on an aluminum base and fixed in a carbon tape.
Prepared samples were kept in a desiccator until the time of analysis. To obtain the images was
used scanning electron microscopy Hitachi TM3000 operated with an acceleration voltage of

15 kV with Energy Dispersive X-ray Analyzer (EDXA).



25

2.2.6. High Heating Value (HHV)

The high heating value (HHV) was obtained based on standard American
Society for Testing and Materials (ASTM) D5865-98, using a calorimeter bomb IKA Model
C200 with isoperibol method.

2.2.7. Statistical Analysis

The proximate analysis and the HHV were statistically evaluated by analysis of
variance (ANOVA). The Tukey test was applied at 5% significance level for treatments that
showed significant differences. All statistical analyzes were performed by R 2.11.1 software.

(R STUDIO, 2012; R DEVELOPMENT CORE TEAM, 2008).

2.3. RESULTS AND DISCUSSION

2.3.1. Particle Size Distribution

The particle size distribution of sugarcane trash storage treatments before

grinding is showed in Fig. 6 and the distribution after grinding in Fig. 7.

Figure 6 — Particle size distribution of sugarcane trash before grinding.
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Figure 7 — Particle size distribution of sugarcane trash after grinding.
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Before grinding, the highest percentage was retained in the sieve of 12.7mm (%2
inch), ranging from 30.5 a 67.3%. This particle size is not allowed to briquettes production in
laboratory scale. The distribution after grinding presented the higher retention in 0.25 mm (60
mesh) sieve, ranging from 39.75% to 49.01%.

The particles distribution of sugarcane trash before grinding (Fig. 6) has a wider
range in particle sizes if compared to the distribution after grinding. This particles wide
distribution gives a heterogeneous characteristic to the material and it can difficult the briquettes
formation. After grinding, the distribution became narrow (Fig. 7). And the material is more
homogeneous with this distribution. It is known that particle size is an important variable that
interferes in briquetting process (SILVA et al., 2015). However, the grinding process must to
be studied carefully in industrial scale due to the high cost.

The sugarcane trash with 2 years storage time after grinding showed higher
amounts of particles retained in sieves 0.149mm and < 0.149mm (100 mesh) compared to other
storage time. This behavior might be due to degradation of the material in their storage, making

the material more breakable (LEHTIKANGAS, 2001).

2.3.2. Proximate Analysis and High Heating Value (HHV)
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The results for proximate analysis and the HHV for different storage time and

particle size are found in Table 1 and Table 2. The standards used for ash content analysis, such

as American Society for Testing and Materials (ASTM) D1102 and Technical Association of
Pulp and Paper Industry (TAPPI) T211om-02 specify that the sample should be less than 40

mesh particle size (0.420 mm). It is known that biomass is a heterogeneous material. And it is

difficult to represent it in just 1.0g of material. To verify the variation in the material among

different particles size, the analysis was divided in 4 classes: > 0.420mm, 0.250-0.420mm, <

0.250mm and mix.

Table 1- Proximate analysis of different size fractions of sugarcane straw.

Analysis Storage >0.42mm 0.42-0.25mm <0.25mm Mix
0 year 4.63+0.26 a D|[5.29+0.07 a C [12.29+0.16 a A|6.29+030 b B
0 year cleaned |3.65+0.05 b B|3.75+0.05 B [6.784049 ¢ A|4.00£0.06 c B
Ash 1 year inside 2.16+£0.15 d C|4.03£0.05 bc B |12.38+0.16 a A|[4.00£0.17 ¢ B
f%tent | year outside |2,4140.04 cd D|5.4440.68 a C |12.724027 a A|9.43£078 a B
2 years inside  [3.38+0.20 b C|4.70+0.32 ab B |834+0.05 b A|[4.90+0.18 ¢ B
2 years outside |2.70+£0.10 ¢ B|2.83+0.10 d B |6.49+£0.05 ¢ A|[6.14028 b A
0 year 77.22£1.04 ¢ A|77.23£1.17 cd A |72.97£0.60 bc A|77.50£0.20 ¢ A
~ Oyearcleaned |79.62+0.15 b B|[82.59+0.20 a A |75.76+1.68 a C|79.50+0.61 ab B
Xlzg‘;le I yearinside |81.0940.60 a A|79.73025 b B |72.35£036 ¢ C|79.91£0.63 a AB
(%) 1 year outside |81.00+0.27 ab A|76.1120.98 d B [68.30+093 d C|75.15£0.78 d B
2 years inside  |79.97+0.10 ab A|78.38+0.04 bc B |[75.12+0.34 ab C|78.43+0.40 bc B
2 years outside |79.83+0.14 ab A|79.44+0.14 b A |[77.05£0.15 a B|77.43+0.16 ¢ B
0 year 18.14+1.14 a A|1747+1.19 ab A |1047£1.01 d B|[16.21+0.45 ab A
) 0 year cleaned |16.72+0.20 ab A|13.65+0.19 ¢ B |17.46£1.19 ab A |16.50£0.55 ab A
E‘a"r‘;’in | yearinside | 16.74+0.46 ab A|16.23+022 b AB|15.27+0.20 B |16.08+0.65 ab AB
(%) 1 year outside |[16.60+0.26 b B |18.444+0.39 a A |18.9840.66 a A|15.41£0.09 b BC
2 years inside [16.65£0.13 b A|16.90+0.33 b A |16.53+0.37 bc A|[16.66£0.21 a A
2 years outside |17.46+0.11 ab A|17.33£0.23 ab A |[16.45£0.20 bc B|16.43+0.25 ab B

“The averages followed by the same letter (lower case) in the column and the same letter (capital letter) in the line
do not differ statistically by Tukey test at 5% significance level.

In Table 1 it can be noted that there is a tendency to increase the amount of ashes

in all treatments while the particle size decreases. Bridgeman et al. (2007) observed the same

behavior for reed canary grass and switchgrass. The ash content of the smaller size particles

(<0.088mm) fraction was approximately twice that of the larger particles (>0.088mm)

treatments. It is likely the mineral impurities are concentrated in fine particles. Tamaki and

Mazza (2010) analyzed various agricultural residues (triticale, wheat, barley, oat and flax). The

material was separated into fine (<0.177mm), medium (0.841-0.177mm), and coarse
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(>0.841mm) fractions. The average ash measurement (6.1%) of the fine fraction was five to
eight times higher than the other fractions (medium, 1.2%; coarse, 0.8%). The ash content for
flax (27.7%) in the fine fraction (<0.177mm) were more than 10 times higher than in the fraction
>(0.841mm (2.2%).

The ash content values obtained in this study ranged from 2 to 12% among all
treatments (Fig. 8). The ash content found for the sugarcane trash is very high compared to the
commonly biomass used for briquetting processes. According to Demirbas (2000) the wood
biomass has an average of 0.5% of ash content. The composition itself of the leaves in the
sugarcane presents silica, which indicates that the inorganic material obtained are from the plant
itself and some contaminants from the soil. Gdmez et al. (2014), Demirbas (2005), Jenkins et
al. (1998) claimed that the ash could cause wear and corrosion to equipment. Gémez et al.
(2014) obtained for ash content of sugarcane straw 7.5%, for green leaves 2.1% and for
sugarcane trash 2.2%. Hassuani, Leal and Macedo (2005) and Peldez Samaniego (2007)
presented for sugarcane straw 8.15% and 11.7% of ash content, respectively. Szczerbowski et
al. (2014) found for the sugarcane straw 6.23% of ash content however the samples used were

submitted through a clean process.

Figure 8 - Ash content obtained from sugarcane trash from different particle sizes.
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The cleaning process was applied for the treatment 0 year. It was expected that

there would be no difference between the particle size treatments. The results showed that the
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fraction <0.25mm was statistically different from the other particle sizes. This result confirms
that mineral impurities still retained in smaller particles even after cleaning in running water.
The treatment 0 year cleaned presented lower percentage of ash content
compared to treatment 0 year (without cleaning). The reduction was 21% to >0.42mm fraction,
30% to 0.42-0.25mm fraction, 45% to <0.25mm fraction and 36% to mix. It is necessary to take
care when wash the sugarcane leaves prior testing, because the silica on the leaf surface is lost
and it can influence the final result (SZCZERBOWSKI et al., 2014). The ash content reduction
by cleaning process did not influence the values for HHV (Fig. 9) and showed no statistical

difference among treatments for HHV, except for <0.25mm in 0 year cleaned.

Figure 9 - Ash Content x High Heating Value (HHV) for sugarcane trash of 0 year and 0 year cleaned.
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*The averages followed by the same letter do not differ statistically by Tukey test at 5% significance level.

The mineral impurities are observed in large amount in the fraction <0.25mm.
This fraction is considered the most critical. It was selected the fraction <0.25mm to analyze
the effect of storage time on ash content. It was found a reduction of 32% in the ash for treatment
2 years inside compared to 1 year. In the treatment 1 year outside compared to 2 years outside,
the reduction was 49% for 2 years. The reduction in ash content was higher in 2 years storage
time in the bale surface, probably due to the longer exposure to external factors such as rain and
wind. Mos et al. (2013) verified the reduction of mineral impurities during the storage time and
associated with senescence and direct contact with rain.

The mix treatment can be used to understand the behavior of all material. The
ash content for mix treatment is a result of weighted average of the fractions (particle size

distribution). The results for ash content and volatile matter for mix treatment are lower than
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treatment <0.25mm and higher than treatment >0.42mm and treatment 0.42-0.25mm. It
confirms the influence of the particle size distribution on analyzes.

The volatile matter is the amount of material that volatilizes during combustion
and represents the largest percentage of the material (BRAND, 2010). The Table 1 shows that
volatile matter varied from 68.3% to 82.6%. Hassuani, Leal and Macedo (2005) obtained the
results for volatile of dry leaves and the top of sugarcane, 84.5% and 79.3%, respectively.
Peldez Samaniego (2007) presented for volatile matter of sugarcane trash 81.55%.

The volatile material plays an important role in the combustion and makes the
ignitability easy. From this point of view, volatile matter acts as a promoter in combustion. The
burning of volatile is generally quite rapid and follows as fast as volatiles are released
(JENKINS et al., 1998; LU et al., 1997).

Heating value is the most important parameter to have a high quality fuel. The
heating value are functions of the initial composition (physicochemical, moisture content) of
the biomass (RAVEENDRAN and GANESH, 1996), ash content (PROTASSIO et al., 2011),
extractives (TELMO and LOUSADA, 2011) and lignin (TELMO and LOUSADA, 2011).
Hassuani, Leal and Macedo (2005) found for sugarcane dry leaves 17.4 MJ.kg"' and for
sugarcane top 16.4 MJ.kg'. Peldez Samaniego (2007) obtained 17.74 MJ.kg"' for HHV of

sugarcane trash. The values of HHV found in this work are in Table 2.

Table 2 - High heating value (HHV) of different size fractions of sugarcane straw.

Storage >0.42mm 0.42-0.25mm 0.25mm
0 year 18.10+0.87 a A 1793020 a A 17.03+0.28 A A
0 year cleaned  17.27+0.14 a A 17.02£0.04 a A 16.63+0.11 A B
HHV 1 year inside 18.13+0.40 a A 17.88+0.73 a A 17.15+094 A A
(MJkg-1) 1 yearoutside  18.32+0.54 a A 17.37+0.92 a A 1593199 A A
2 years inside 17.83+0.14 a A 18.072046 a A 17274038 A A
2 years outside  17.43+0.53 a A 17424032 a A 17.21£0.16 A A

“The averages followed by the same letter (lower case) in the column and the same letter (capital letter) in the
line do not differ statistically by Tukey test at 5% significance level.

Usually, ash and volatile content are inversely proportional and can influence
the results of heating value (BRAND, 2010). The Fig.10 shows the results of ash content,

volatile matter and high heating value.
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Figure 10- Ash content (%) x Volatile matter (%) x HHV (MJ .kg-1) of 0.42-0.25mm size fraction of sugarcane
trash. The averages followed by the same letter do not differ statistically by Tukey test at 5% significance level.
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The results showed that there are no statistical differences among the treatments.
The difference in ash (maximum of 2.61%) and volatile content (maximum of 6.48%) showed
in Tab. 1 was not enough to influence the HHV

It is observed in Fig. 11, a proportional relationship between Fixed Carbon (FC)

and HHV.

Figure 11 — Fixed Carbon (%) x High Heating Value (MJ.kg™') of 0 year sugarcane trash.
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The fixed carbon is a fuel material, because it is the fraction that remains after
the removal of volatiles and ashes (BRAND, 2010). The result showed that an increase of 7.67%
in FC represented a gain of 6.3% in HHV. It confirms the influence of FC on HHV.

2.3.3. Chemical Composition of Ash Content

Inorganic elements can be divided into two types, the elements that are inherent
in the biomass composition: calcium, potassium, magnesium, phosphorus, sodium, iron, silicon,
zinc and other minerals. The other type are the elements that can also be the result of soil
contamination acquired during the biomass collection process (JENKINS et al., 1998;
YAMAN, 2003). These inorganic elements can cause “fouling” and “slagging” in equipment

(Fig. 12 (a) and (b)), whether in grinding, densification or burning processes for energy.

Figure 12 - (a) Frayed piston of a briquetting machine; (b) Cylindrical molds for briquetting machine; (c) Not
uniform briquettes; (d) Briquettes of sugarcane trash.
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Source: author.

The inorganic content in ashes of the treatment 0 year (without cleaning) and 0

year cleaned is in Tab. 3.
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Table 3 - X-ray Fluorescence (WDXRF) analysis of sugarcane trash inorganic compounds for ashes of 0 year
and 0 year cleaned.

Oxide (wWt%)
0 year
Type  0year cleaned

NaxO 0.94 1.70
MgO 3.75 5.43
ALOs 6.76 3.85
SiO 52.37 45.93
P20s 2.14 4.49
SO3 3.60 3.59
Cl 0.47 1.01
K->O 10.01 13.58
CaO 10.82 15.83
TiO> 1.15 0.36
MnO 0.32 0.41
Fe>O3 7.49 3.53
CuO 0.01 0.02
ZnO 0.03 0.08
Rb2O 0.04 0.05
SrO 0.09 0.13

The amount of inorganic such as silica (Si0z), alumina (Al2O3) and iron oxide
(Fe20s) showed a reduction in the treatments 0 year and 0 year cleaned. This may have occurred
as they refer to elements that are not from the plant but from the soil. According to Townsend
(1982) cited by Loganathan (1987), the elemental composition of some studied soils have
approximately 45% silica, 25% alumina and 15% iron oxide.

Szczerbowski et al. (2014) obtained 51% of silica in their ash content of
sugarcane straw and for bagasse, the amount was about 30%. Peldez Samaniego (2007) the ash
chemical analysis for sugarcane straw presented 52.62% of silica, 15.8% of alumina, 3.93% of
iron oxide. In this study, silica represented 52.37% of the treatment without cleaning and
45.93% of the cleaning treatment of the total amount of the ashes. This cleaning process in
running water decreased 12.3% silica in the ash. The reduction in alumina was 57% and the

reduction in iron oxide was 47.1%.
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2.3.4. Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray Analyzer (EDXA)

The analysis by Scanning Electronic Microscopy (SEM) was performed for

samples of the sugarcane leaf surface before and after cleaning (Fig. 13-21).

The SEM images show how the cleaning process reduced the amount of

impurities on the surface of sugarcane trash. The Fig. 13 (a) examined by EDXA presented on

its surface the elements silica, aluminum and iron. In Fig. 14 (a) it was detected a sand grains

(silica). In Fig. 15(a) it is shown the contamination by dust (aluminum, iron and silica) and in

Fig. 15 (b) still had residual impurities after cleaning. The Fig. 16 presented the elements iron,

aluminum, phosphorus and silica.

Figure 13 - SEM images of the sample surface of sugarcane leaf amplified 100 times: (a) before the cleaning
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Source: author.
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Figure 14 - SEM images of the sample surface of sugarcane leaf amplified 500 times: (a) before the cleaning
process; (b) after the cleaning process; (¢) EDXA result for image (a).
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Figure 15 - SEM images of the sample surface of sugarcane leaf amplified 200 times: (a) before the cleaning
process; (b) after the cleaning process; (¢) EDXA result for image (a); (d) EDXA result for image (b).
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Figure 16 - SEM images of the sample surface of sugarcane leaf amplified 200 times: (a) before the cleaning
process; (b) after the cleaning process; (¢) EDXA result for image (a); (d) EDXA result for image (b).

5 h o ! 4 s o

AR

TM3000_1187 TM3000_1207
Ufscar_Sorocaba Ufscar_Sorocaba

12
10
8- %
6; )
4-:

9] (d)

keV

Source: author.

Other elements of the sugarcane leaf itself have a high silica content as detected
EDXA (Fig. 17-21). Silica is an element that is part of the composition of the sugarcane leaves
(GOMEZ et al. 2014; KORNDORFER and LEPSCH, 2001; SZCZERBOWSKI et al., 2014).
According to Hassuani, Leal and Macedo (2005) it is common for fast-growing grasses, as

sugarcane, show high concentrations of silica that act in maintaining their structure.



Figure 17 - SEM image of sugarcane leaf surface amplified 1,000 times.
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Source: author.

Figure 18 — SEM image for the structure of surface sugarcane trash amplified 1,000 times and the result of
EDXA.
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Figure 19 - SEM image of sugarcane leaf surface amplified 1,500 times.
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Source: author.

Figure 20 — SEM image for the spike of sugarcane trash amplified 1,500 times and the result of EDXA.
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Figure 21 — SEM image for the structure of the sugarcane leaf surface amplified 1,500 times and the result of
EDXA.
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2.4. CONCLUSIONS

. The sample particle size affects the results. The samples particle size should be chosen

carefully according to the test purpose.

" It is possible to outdoor storage (up to 2 years) for the sugarcane trash without changing
the properties;
" The sugarcane trash recovering process affects the quality of the material by

contamination from the soil;

. The contamination is concentrated in smaller particle size (<0.25mm);
= The variation in ash content (up to 2.61%) did not affect the HHV for sugarcane trash;
. The cleaning process in running water can reduce the contamination in sugarcane trash.

In industrial scale it is difficult to use water due the environmental problems;
. The high amount of ash content in the sugarcane trash may cause abrasion and wear in

the equipment.
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CHAPTER 3 - CHEMICAL CHARACTERIZATION OF SUGARCANE TRASH
STORED FOR BIOENERGY

3.1. INTRODUCTION

There are several factors to consider before qualifying a vegetable biomass to be
used as a raw material for solid biofuel, regardless their availability in large amount. For
example, the chemical composition of this residue (lignocellulosic materials), usually directly
influence their energy performance, favoring or disfavoring its high heating value (HHV) and
their behavior during combustion (MORAIS, 2007). Thus, it is known that high percentages of
lignin, a-cellulose and fixed carbon are related to a higher calorific value and a slower
combustion, raising the durability of the fuel burns.

In addition to the lignocellulosic nature, there are also extractives, chemical
compounds in small quantities that are soluble in water and in organic solvents; among
extractives there are terpenes, resins, volatile oils, fatty acids, waxes, tannins, and low
molecular mass carbohydrates (JENKINS, 1990). The energy contribution for the HHV from
the extractive depends on their chemical composition. And this ranges from plant sources and
in accordance with the age and the tissue of the lignocellulosic material subjected to combustion
(SANTOS et al., 2012).

The chemical composition of the biomass plays an important role for its
energetic performance. Samuelsson et al. (2012) evaluated how, time storage and method of
biomass storage can influence its chemical composition, overall regarding moisture and
extractives content, and also in the compacted material durability, in different shapes of
densified materials (pellets and briquettes).

It is important to know the physical and chemical properties of a material before
using it as solid biofuel. The analysis of all the results provided by the characterization of the
raw material allows evaluate it in order to address bottlenecks related to processing and quality
of briquettes.

One of the challenges faced by sugar and alcohol sector is how to use the
sugarcane trash. According to Leal et al. (2013), an average of 14 to 18% of sugarcane plant
results in the trash, which corresponds to 10 to 18 Mg.ha™! of sugarcane trash available for
energy purposes. The trash and the bagasse have different characteristics, although originated

by the same plant. Bagasse is also a waste generated from sugarcane, it is already being used
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by the own power plants for boiler feed. The chemical and morphological peculiarity of
sugarcane demand more research in this area (HOFSETZ and SILVA, 2012; MARABEZI,
2009).

The aim of the study was the chemical characterization of sugarcane trash in

different storage time aimed the energy purpose.
3.2. MATERIAL AND METHODS

3.2.1. Material

The sugarcane trash used in this study was collected at ‘Fazenda Corredeira’,
located in the municipality of Ibaté (21.9547°S, 47.9967°W) in Sdo Paulo State. The farm has
a planted area of 800 ha of sugarcane with an average yield of 87 tons. ha’l. year!. The
sugarcane varieties planted are RB 855453, RB 867515, RB 855536, SP 803280, SP 813250.

The samples were collected directly from the bales stored on the field (outdoor
storage). Samples from the surface (outside) and the inner (inside) of different bales were
collected. The purpose was to evaluate the surrounding (soil, rain, wind) effects on the bales
and the variation of storage time the sugarcane straw. The storage time was 0, 1 and 2 years.
The total treatments were: 0 year; 1 year inside; 1 year outside; 2 years inside and 2 years
outside.

The straw sugarcane was oven dried, crushed using a vertical rotor mill with
fixed and mobile knives Willey MA -340. Samples with 60 mesh (0.25mm) and 0% moisture

content were used.

3.2.2. Extractives

The determination of extractives was carried out in 3 steps according to TAPPI
standards T204-cm97 and T207-cm99 adapted. The first step was performed for extracting non-
polar substances with the organic solvent cyclohexane 1:1 ethanol. In each soxhlet set, they
were placed 3 packages with 2.0g each of sugarcane trash. For this extraction, the heaters were
adjusted to promote boiling and maintained for about 24 cycles (5 hours). The packages were
removed, taken to the oven at 105 £+ 2°C until constant weight. For the second step it was used
ethanol as a solvent in the soxhlet. The procedure was the same used in the first step. The third
step was performed with hot water to remove polar components. The packages were placed in

an Erlenmeyer flask with 1 L of deionized water and kept in a hot plate with constant stirring
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for 3 hours while maintaining the water level. The material was dried in an oven at 105+2°C

until constant weight.

3.2.3. Klason Lignin Content

The insoluble Klason lignin content was determined according to standard
TAPPI T222-om11. In a beaker with 1.0 g of free extractives material (0% moisture content) it
was added 15.0 mL of H2SO4 72% (by temperature 10 to 15°C) in small portions. This mixture
was kept in a water bath at 2°C for the dispersion material. After the dispersion, the system was
covered with a watch glass and kept in a water bath at 20+£2°C for 2 hours with frequent stirring.
In a 1L Erlenmeyer flask were added 300 ml of water and then transferred the material in the
beaker to the Erlenmeyer flask. The solution was diluted to H>SOs4 3% and boiled for
maintaining constant volume for 4 hours. After an overnight stay, the insoluble material
decanted for filtration. The solution was filtered, washed with deionized water and placed in an

oven at 105 + 2°C until constant weight.

3.2.4. Holocellulose Content

The holocellulose content was determined based on TAPPI T9m-45. In an
Erlenmeyer flask 500 mL was added 3.0 g of sugarcane trash (dry and extractive-free) and 120
mL of distilled water. The system was brought to a water bath at a constant temperature of
70°C. They were added 2.5 g of sodium chlorite (NaClO>) and 1 mL of glacial acetic acid. The
system was covered with the aid of a 50 mL beaker and kept in a water bath for one hour under
constant stirring. Again, it was added 2.5 g of sodium chlorite and 1 mL of acetic acid, the
reaction being maintained for another hour. After this time, it was added 2.5g of sodium chlorite
and 1 mL of acetic acid and the reaction will continue for three hours. Subsequently, the system
was cooled in an ice bath for about 30 minutes, and then the flask contents filtered in Biichner
funnel. The material retained on the funnel was rinsed with distilled water and acetone until
reaching neutral pH, subsequently brought in an oven at 105 + 2°C for drying to constant

weight.
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3.2.5. High Heating Value (HHV)

The high heating value was adapted from ASTM D 5865-98, in duplicate, using
1.0 g samples of the material in a bomb calorimeter IKA C200 with isoperibol method.

3.2.6. Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray Analyzer (EDXA)

The ashes of Klason lignin and holocellulose of the sugarcane trash were
analyzed by scanning electron microscopy (SEM). Samples were placed on an aluminum base
and fixed in a carbon tape. Prepared samples were kept in a desiccator until the time of analysis.
To obtain the images it was used scanning electron microscopy Hitachi TM3000 operated with

an acceleration voltage of 15kV with Energy Dispersive X-ray Analyzer (EDXA).

3.2.7. Statistical Analysis

Extractives, Klason lignin, holocellulose, HHV were statistically evaluated by
Anova. The Tukey test was applied at 5% significance level for treatments that showed
significant differences. All statistical analyzes were performed by R 2.11.1 software. (R
STUDIO, 2012; R DEVELOPMENT CORE TEAM, 2008).

3.3. RESULTS AND DISCUSSION

3.3.1. Chemical Characterization

The Table 4 shows the chemical composition according to the sugarcane trash

storage time.

Table 4 - Compositional analysis of sugarcane straw. The averages followed by the same letter do not differ
statistically by Tukey test at 5% significance level.

Storage time

0 year 1 year inside 1 year outside 2 years inside 2 years outside

Extractives (%) 16.78+1.8 a 12.75£1.3 ¢ 144704 b 13.01£1.18 bc 13.99+0.29 bc
Klason Lignin (%) 34.83+2.26 a 33.40+4.97 a 35.95+4.20 a 35.21+6.39 a 38.76+3.77 a
Holocellulose (%) 65.93+7.17 a 66.50+0.14 a 66.75£0.75 a 66.43+1.76 a 67.92+1.67 a
Ash (%) 8.9 9.45 8.11 5.19 5.97

Total 108.64 103.2 109.06 109.46 114.7

*The averages followed by the same letter do not differ statistically by Tukey test at 5% significance level.
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Szczerbowski et al. (2014) obtained 77.71% for holocellulose (hemicellulose +
alpha cellulose) for sugarcane straw. Santos et al. (2014) found for holocellulose an average of
75%, for ash content 4.9%, and extractives 17%. The results for holocellulose content (Tab.4)
showed lower results than Szczerbowski et al. (2014) and Santos et al. (2014). It was observed
the presence of mineral contaminants in the filtered holocellulose. It was proven by the ash
content. And the ash content presented high variation (from 5.19% to 9.45%) among the storage
time treatments.

According to Mos et al. (2013), the senescence of the plant presents a
degradation of cellular components and molecules such as proteins, lipids and carbohydrates.
Therefore, it was expected that the higher storage time resulted in the lower percentage of
carbohydrates in sugarcane straw. The table 4 did not show any statistical difference among the
storage time treatments for holocellulose. It indicates that there was no degradation by storage
time of the material.

The variations observed in the results of different authors may occur due to use
of different materials and/or methods (SZCZERBOWSKI et al., 2014). The results for Klason
lignin were considered high and can be explained due to the high amount of material impurities.

The Fig. 22 shows the results of HHV of the materials compared to the
extractives content in all treatments.

Figure 22 - Extractives (%) x High Heating Value (MJ.kg"') for storage time treatments.
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*The averages followed by the same letter do not differ statistically by Tukey test at 5% significance level.

Demirbas (2005) reported that materials with extractives-free had lower HHV.

It showed the influence of the extractives in HHV. The results showed that the extractives
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content varied 4.03% (from 12.75% to 16.78%). The variation among HHV was 0.7 MJ.kg’!
(from 17.37 to 18.07 MJ.kg!). The variation in HHV represented 4.0% and there was no
statistical difference. It showed that the variation in 4.03% in extractives had no influence in
HHV.

The Fig. 23 shows the results of HHV of the materials compared to the

extractives (non-polar, polar and total).

Figure 23 - Graphic showing the relation of 0 year extractives compounds (%) and High Heating Value (MJ.kg™!)
of sugarcane trash.
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The Fig. 23 shows the material (treatment O year) presented 17.93 MIJ kg™
Without polar extractives the HHV was 17.30 MJ.kg"!'. And without non-polar extractives the
HHYV was 16.61 Ml .kg™!. It was expected that without non-polar it would result in lower HHV
due the extraction of waxes and oils (components with high calorific value). Szczerbowski et
al. (2014) found that sugarcane trash has many components that can be extracted into water.
The hot water soluble extractives presented less caloric value compared to waxes and oils. It
was expected that without this polar content, the higher HHV than HHV without non-polar.
The best result for HHV was the treatment with polar and non-polar constituents (total). The
extractives contribute to increase the HHV.

The Fig. 24 shows the results of extractives content of sugarcane trash of

different solvents.
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Figure 24 - Extractives content of sugarcane trash of different solvents.
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*The averages followed by the same letter do not differ statistically by Tukey test at 5% significance level.

The extractives showed a reduction for the 0 year treatment to 2 years treatment
(Fig. 24). It was noticed that the reduction had more impact on extractives in hot water (polar),
which shows the influence of leaching in bales. Mos et al. (2013) assign a decrease in the
amount of ash by rain washing the bale surface, when they are stored on the field.

The results for Klason lignin and HHV are shown in Fig. 25.

Figure 25 - Klason Lignin (%) x High Heating Value (MJ. kg™!) for storage time treatments.
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*The averages followed by the same letter do not differ statistically by Tukey test at 5% significance level.

The results of lignin content ranged from 33 to 39% (Fig. 25). Landell et al.
(2013), Oliveira et al. (2013) and Szczerbowski et al. (2014) obtained as results for sugarcane
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straw, 25.96%, 22.5% and 20.57%, respectively. All the averages were higher compared to the
average found in the literature. According to Liu et al. (2010) and Fernandes et al. (2009),
cellulose, hemicellulose and lignin may vary with the plant tissue, age, storage, collection and
location. According to Greenhalf et al. (2013) the increase in lignin can increase the heating
value of the biomass material in combustion. The results for Klason lignin and HHV shown in

Fig. 27 showed little variation and did not differ statistically.

3.3.2. Scanning Electron Microscopy (SEM) and Energy Dispervisive X-ray Analyzer (EDXA)

The SEM-EDXA was used to help to identify the ashes of Klason lignin and
holocellulose. The images justify the high results obtained, mainly for lignin. Fig. 26-31 show
the images of SEM and the results of analysis by EDXA. All the images present silica,
sometimes as inorganic element from the sugarcane leaf itself (Fig. 26) and other shaped in

stones such as mineral impurities (Fig. 27, 29, 31).

Figure 26 — SEM image and EDXA from ash from Klason lignin content.
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Figure 28 - SEM image and EDXA from ash from Klason lignin content.
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Figure 29 - SEM image and EDXA from the ashes from Holocellulose content.
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Figure 30 - SEM image and EDXA from the ashes from Holocellulose content.
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Figure 31 - SEM image and EDXA from the ashes from Holocellulose content.
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3.4. CONCLUSION

. The storage time did not affect the content of holocellulose and Klason lignin;

. The extractives can be affect (decrease) by the storage time;

" The high amounts of mineral impurities (ashes) affected (raised) the results for Klason
lignin;

= A difference of 27% in ash content did not affect HHV;

. The storage time did not affect the characteristics of the material for energy purpose.
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CHAPTER 4 - GENERAL CONCLUSION

4.1. GENERAL CONCLUSION

The sugarcane trash has great potential for energy purposes. The cultivation of
sugarcane in Brazil occupies about 9 million ha, representing 1.06 % of the territory. The
2015/2016 sugarcane crop is estimated at 590 million tons.

In Brazil, some laws were created to eliminate the use of fire in sugarcane plantations.
The trash and bagasse represent two thirds of the sugarcane biomass. It is estimated an average
generation of 14 ton.ha™ of trash on a dry basis. Due to the favorable conditions of the trash
coverage there is an increase of pests which can cause damage to the plantation. Even
contributing to the maintenance of nutrients and soil conservation, the trash recovering can lead
to problems, raising the management costs of culture. In order to avoid pesticide cost and others
problems in remain the sugarcane trash on the fields, it is necessary to remove it. A solution
would be the mechanized collection of trash, which could be used for energy purposes. This
material has great potential to improve and diversify the Brazilian energy matrix.

The problem for the use of this biomass in mechanical harvesting is how to recover and
make it available in the most appropriate way. To recover the material in bales is necessary to
raking the trash scattered on the ground.

It is necessary to improve the process of recovery and cleaning of sugarcane trash. The
cleaning machines used for this process are not sufficient to remove the impurities from the
soil. The major problems are the impurities adhered to the trash, raising its ash content. The ash
content is a characteristic that is undesirable for the biomass. The ashes can lead to wear the
equipment, cause corrosion and increased amount of maintenance in the boiler.

The greater concentration of ash content was found for the fraction of fine particles (<60
mesh), representing twice the ash content of coarser particles. It was expected that higher ash
content will result in lower HHV. The fraction <60mesh presented higher ash content (6.5% to
12.7%) but there was no significant difference in HHV, which may have been driven by the
percentage of extractives content in the material. According to Bridgeman et al. (2011) the
larger particles fractions hold greater amount of cellulose, hemicellulose and lignin and in
smaller fractions there is a concentration of soluble small molecules (extractives).

In general, it can be concluded with this work that the particle size influences the
biomass quality. The particle separation allows the removal of the finer particles, which has the

highest ash content. The impurities are concentrated in smaller particles and interfere in
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chemical characterization (holocellulose and lignin content). The storage time did not affect the
characteristics of the material for energy purpose.

The manufacturer of briquettes production line was responsible for solving the problem
of abrasion in briquetting machine. Until the conclusion of this work, the manufacturer had not

provided answers to the resolution of the equipment wear.
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