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ABSTRACT — Sugarcane bagasse, a waste material generated by the sugar-alcohol industry, is rich in
lignocellulosic components such as cellulose and hemicellulose. The bagasse can be employed as a raw material
in the pulp and paper industry, but is currently rarely used for this purpose, due to the availability of traditional
sources such as Fucalyptus and Pinus. The objective of this work was to compare the physical and mechanical
properties of papers produced using the cellulose extracted from sugarcane, Eucalyptus, and Pinus by the Kraft
method. Four paper samples were produced using cellulose obtained from the following fiber sources: (I) 100%
sugarcane bagasse; (II) 100% Eucalyptus; (111) 75% Eucalyptus + 25% Pinus; (IV) 75% sugarcane bagasse +
25% Pinus. Physical and mechanical tests were performed based on regulatory methodologies of the paper
industry. The results indicated that the physical and mechanical characteristics of the paper produced from
the sugarcane cellulose were similar to those of the traditional paper produced using Eucalyptus. Particular
features such as good tearing resistance and tensile strength, as well as increased porosity and moisture, could
be adjusted according to the intended use of the paper. Therefore, sugarcane bagasse can be considered a
sustainable alternative to Eucalyptus and Pinus for the production of high quality paper, adding value to this
agricultural residue.
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COMPARACOES ENTRE AS FIBRAS DE CELULOSE DE Eucalipto, Pinheiro E DA
CANA-DE-ACUCAR NA PRODUCAO DE PAPEL

RESUMO — O bagaco de cana-de-agucar é um residuo gerado da industria sucroalcooleira, rico em
componentes de materiais lignocelulosicos, como a celulose e hemicelulose. Estes podem ser empregados como
matéria-prima no segmento de papel e celulose, porém pouco aplicados no ramo papeleiro pela disponibilidade
das fontes tradicionais que sao o Eucalyptus e Pinus. O objetivo desse trabalho foi comparar as propriedades
fisicas e mecdnicas dos papéis obtidos a partir da celulose extraida da cana-de-agucar, Eucalyptus e Pinus
pelo método Kraft. Foram utilizadas quatro amostras de papéis: celulose obtida 100% de fibra de cana-de-
acucar (1), celulose obtida 100% de fibra de Eucalyptus (1), 75% celulose de Eucalyptus + 25% celulose de
Pinus (I1l) e 75% celulose de bagago de cana-de-agucar + 25% de celulose de Pinus (IV). Foram realizados
testes fisicos e mecanicos de acordo com as metodologias que regulamentam o setor papeleiro. Os resultados
indicam que o papel obtido a partir da celulose da cana-de-acgucar possui caracteristicas fisicas e mecdnicas
semelhantes ao papel tradicional produzido com Eucalyptus. Caracteristicas particulares como boa resisténcia
ao rasgo e tragdo, maior porosidade e umidade podem ser ajustadas para adequar o papel dessa fonte ao seu
uso apropriado. De modo geral, a celulose de cana-de-aguicar demonstra-se como uma op¢do frente ao uso
do Eucalyptus e Pinus na obtencdo de papéis de qualidade sustentdvel, tornando-se uma alternativa para a
utilizagdo de um residuo agricola.

Palavras-Chave: Lignocelulosicos; Setor papeleiro; Método kraft.
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1. INTRODUCTION

The production of pulp and paper is of global
importance, due to the high demand for these materials
by society. Increasing environmental concerns
mean that it is essential to use renewable sources of
cellulose, which has led to interest in methods that can
use agricultural residues to obtain products with high
added value (ARISP, 2018).

Brazil is one of the main producers of cellulose
and paper and is globally competitive in this sector,
with commercial forestry making an increasingly
significant contribution to the Brazilian economy
(Salles et al., 2011). In Brazil, the cellulose used for
paper production is mainly obtained from the two
plant species Eucalyptus and Pinus, depending on the
desired characteristics of the final product (Miranda,
2008).

The cellulose obtained from Pinus (coniferous
trees), classified as having long fibers, offers higher
mechanical strength and porosity, so it is used for
the manufacture of packaging, certificates, civil
records, driver licenses, and other documents that
require a long useful life (Castro, 2009). The cellulose
extracted from FEucalyptus (a hardwood tree) is
classified as having short fibers and accounts for 85%
of the cellulose produced in Brazil (IBA, 2016). The
properties of this type of cellulose are highly suitable
for the manufacture of printing and writing paper,
personal hygiene tissue, labels, and coating bases.

An attractive alternative to the traditional sources
used for cellulose production is the fiber of sugarcane
bagasse, which is generated in very large quantities
in Brazil, since the country is the global leader in
the production and marketing of sugar (DEPEC,
2017). The fibers of sugarcane bagasse contain a high
percentage of cellulose, favoring the production of
paper that is fully recyclable, which would contribute
to reducing the quantities of waste discarded in the
environment (ARISP, 2018).

Sugarcane has a low content of lignin, which is
the component least desired by the paper industry,
since a greater quantity of alkali is required in the
delignification process, resulting in the degradation
of carbohydrates and dissolution of low molecular
weight polysaccharides. This reduces the yield,
viscosity, and physical resistance of the pulp, while
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also generating a greater quantity of solids to burn
in the boilers (Maranesi, 2010). Another factor in
favor of the paper obtained from sugarcane bagasse
is its low cost, since most recycled papers have high
production costs, hence increasing the cost of the final
product.

Sugarcane bagasse is a low cost byproduct that is
widely available throughout most of the year. It can be
used to produce high quality fiber that is versatile and
suitable for diverse applications, while generating low
quantities of undesirable chemical products (ARISP,
2018). In comparison of the amounts of cellulose,
hemicellulose, and lignin in wood and sugarcane
fibers, the values for Eucalyptus and Pinus are
similar, although the fiber lengths are very different
(longer for Pinus). The length of sugarcane bagasse
fibers is similar to that of Eucalyptus fibers, being
characterized as short fibers (Andrade et al., 2013).

In Brazil, commercial forestry may have several
social and environmental implications (Borsato et al.,
2010). In light of this, the aim of the present work was
to compare the physical and mechanical properties of
papers obtained from celluloses extracted by the Kraft
method from forestry sources (Eucalyptus and Pinus)
and sugarcane bagasse.

2. MATERIALS AND METHODS

2.1. Types of cellulose and preparation of paper
sheets

The celluloses employed in the tests were
extracted by the Kraft method and were supplied by
the companies Fibria Papéis (Jacarei, Sdo Paulo State)
and GCE Papéis (Sdo Paulo). The samples were coded
using the numbers 1 (100% Eucalyptus cellulose
fibers), 2 (100% sugarcane bagasse cellulose fibers),
3 (75% Eucalyptus cellulose + 25% Pinus cellulose)
and 4 (75% sugarcane bagasse cellulose + 25% Pinus
cellulose).

The paper sheets were prepared in accordance
with the Associacdo Brasileira de Normas Técnicas
(ABNT - NBR ISO) guideline 5269-1 (ABNT, 2006a).
The as-received cellulose fibers were separated in
water, with vigorous agitation using a hydrapulper,
followed by addition of 20% (w/w) calcium carbonate,
10% (w/w) Hi-phase adhesive agent, and 10% (w/w)
aluminum sulfate. The resulting cellulosic mass was
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transferred to the former, where excess water was
drained, leaving only the fibrous fraction. Finally, the
material was pressed and dried on a drying mat, until
reaching a constant mass. All the subsequent analyses
were performed under controlled conditions (23 °C
and 50% relative humidity).

2.2. Grammage and thickness measurements

For grammage determination, the specimen
was cut to a size of around 17 x 17 cm and the area
was calculated, followed by weighing it on a semi-
analytical balance with precision of 0.001 g. The
result was obtained as the mass of the sample divided
by its area. The procedure was performed in triplicate.
The methodology was according to the procedure
described in ABNT NBR NM ISO 536 (ABNT, 2002).
The grammages obtained in this analysis were used in
the subsequent tests, since this parameter influenced
all the other results. In the step of producing the
sheets, the consistency of the mass was calculated
and the same grammage ratios were used for all the
papers.

For the determination of thickness, the
micrometer was set at zero on the scale, the sample
sheet was placed in position, and the movable disk
was lowered until it rested on the paper sheet. The
method provided resolution of 5 pm and accuracy of
+ 2.5 um. The procedure was performed in triplicate,
according to the methodology described in ABNT
NBR NM ISO 534 (ABNT, 2006b).

2.3. Measurements of opacity and porosity

For determination of opacity, the paper sample
was placed on a flat ceramic surface and the reading
was obtained using a diffuse reflectance instrument,
with resolution of 1% and accuracy of +/- 5% (absolute
value on the percentage scale of the instrument). The
procedure was performed in triplicate, following the
methodology described in ABNT NBR NM ISO 2471
(ABNT, 2001a).

The porosity of the paper was determined by
the Gurley method, as described in ABNT NBR NM
ISO 5636-5 (ABNT, 2006c¢). The sample was placed
between the discs, the system was sealed, and the time
was adjusted in order to allow the passage of 100 mL
of air, followed by reading the value on the instrument
display. The procedure was performed in triplicate.
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2.4. Tearing resistance, wet and dry tensile strength,
and humidity content

The tearing resistance of the paper was determined
using a dynamometer coupled to a guillotine, adjusted
as described in ABNT NBR NM ISO 1974 (ABNT,
2001b). The paper sample was folded in two parts
and positioned in the equipment, with subsequent
activation of the trigger to release the counterweight
(pendulum) and produce the tear. On the return, the
guillotine was locked so that there was no change
in the position of the pointer. The pointer indicated
the reading on a graduated scale. The procedure was
performed in triplicate. The tests were performed
in two directions, longitudinal (LO) and transversal
(TR), considering the fiber alignments in the prepared
sheets.

The tests of wet and dry tensile strength were
performed using a dynamometer with accuracy of
+0.1 kgf between 0 and 5.9 kgf, and +0.2 kgf above
5.0 kgf. The tests were performed according to ABNT
NBR NM ISO 14874 (ABNT, 2008) and ABNT NBR
NM ISO 1924-1 (ABNT, 2001c), respectively. For
the wet test, the specimen was immersed for 20£2 s
in a vessel containing distilled water, after which it
was placed between sheets of absorbent paper and
pressure was applied to remove excess water. The
specimen was placed in the dynamometer, avoiding
touching the area positioned between the fixing grips.
The pendulum hook was released and the load was
applied by pressing the control lever. The reading
indicated by the pointer on the strength scale was
recorded as soon as rupture of the specimen occurred.
The procedure was performed in triplicate.

The moisture content (as a percentage, on a wet
basis) of the paper was determined by weighing the
specimen and then placing it in an oven at 105+3 °C
for at least 30 min, until constant mass, followed by
weighing it again. The procedure was performed in
triplicate. The methodology followed the procedure
described in ABNT NBR NM ISO 287 (ABNT, 2012).

2.5 Statistical analysis of the results

Statistical analysis (ANOVA) was performed
after confirming the normality and homoscedasticity
of the data. When differences were observed for the
treatments (F; p <0.05), the Tukey test (p <0.05) was
used to evaluate the means (Box et al., 2005).
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Table 1 — Measured properties of the paper samples produced using the different fiber sources.
Tabela 1 — Resultados das propriedades obtidas dos testes realizados nas amostras de papel produzidas.
Properties Units Samples

2 3 4

Grammage g m-? 120.67+3.21 122.40+1.04 121.70+1.05 125.37+2.02
Thickness mm 2.42+0.02 2.16+0.03 2.354+0.12 2.29+0.03
Opacity % 90.66+0.57 87.63+1.33 88.16+1.94 83.53+3.75
Porosity s 100cm™ 2.41+0.03 6.00+0.11 5.124+0.65 8.43+0.50
Tearing LO mN m? g! 14.43+0.30 19.16+0.11 16.16+0.21 23.67+0.77
resistance TR mN m? g! 15.97+0.11 23.16+0.05 20.80+0.20 25.40+1.04
Wet tensile LO mN m? g’! 0.40+0.00 0.23+0.05 0.23+0.15 0.23+0.15
strength TR mN m? g! 0.33+0.05 0.20+0.00 0.26+0.05 0.30+0.00
Dry tensile LO mN m? g*! 8.50+0.20 4.83+0.05 3.40+0.36 6.06+0.05
strength TR mN m? g! 5.50+0.00 6.50+0.17 4.10+0.43 4.90+0.20
Moisture content % 6.06+0.05 7.23+0.05 6.73+0.21 7.56+£0.05

Sample 1: 100% Eucalyptus cellulose; sample 2: 100% sugarcane bagasse cellulose; sample 3: 75% Eucalyptus cellulose + 25% Pinus cellulose; sample 4: 75%

sugarcane bagasse cellulose + 25% Pinus cellulose.

3. RESULTS

In this work, comparative tests were performed
using papers produced using the fibers obtained
from FEucalyptus, Pinus, and sugarcane bagasse.
The average parameter values obtained in the tests
employing the paper samples are shown in Table 1.

Statistical analysis of the data was performed
to evaluate differences between the samples. Results
without statistical significance or with low significance
are not presented.

The porosity values of the samples followed the
order 4 >2 =3 > 1 (Figure 1).
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Figure 1 — Porosity of the paper samples. Groups with the
same letter are not significantly different (Tukey’s
test, p >0.05).

Figura 1 — Porosidade das amostras de papel. Grupos que

compartilham a mesma letra ndo diferem (Tukey, p >
0,05).
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The same trend was observed for the tearing
resistance, with the results for both LO and TR
directions showing the highest values for sample 4,
followed by samples 2, 3, and 1 (Figure 2). These
results indicated that the porosity of the paper had
little influence on the tearing resistance.

In contrast, in the dry tensile strength tests,
sample 1 showed the highest strength in the LO
direction, followed by samples 4, 2, and 3 (Figure 3).
No significant differences between the sample groups
were observed in the wet tensile strength tests.

The values obtained in the moisture analyses
followed the same order observed for porosity and
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Figure 2 — Tearing resistance of the paper samples in the
longitudinal (LO) direction. Groups with the same letter

are not significantly different (Tukey’s test, p >0.05).

Figura 2 — Resisténcia ao rasgo no sentido longitudinal (LO) das
amostras de papel. Grupos que compartilham a mesma
letra nao diferem(7ukey, p > 0,05).
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Figure 3 — Dry tensile strength of the paper samples in the
longitudinal (LO) direction. Groups with the same letter
are not significantly different (Tukey’s test, p >0.05).

Figura 3 — Resisténcia a tragdo seca no sentido longitudinal (LO)
das amostras de papel. Grupos que compartilham a
mesma letra ndo diferem (Tukey, p > 0,05).

the LO and TR tearing resistances, with sample 4
presenting the highest moisture content, followed by
samples 2, 3, and 1 (Figure 4).

4. DISCUSSION

The findings showed that the paper composed
only of FEucalyptus fibers was the least porous,
while mixing these fibers with those of Pinus, at
a ratio of 3:1, resulted in porosity similar to that
for the paper composed only of sugarcane bagasse
fibers. The highest porosity was shown by the paper
composed of a 3:1 mixture of sugarcane bagasse and
Pinus fibers, which could lead to low permeability
of the paper. Highly porous papers are used in
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Figure 4 — Moisture contents of the paper samples. Groups with
the same letter are not significantly different (Tukey’s
test, p >0.05).

Figura 4 — Teor de umidade das amostras de papel. Grupos que

compartilham a mesma letra ndo diferem (Tukey, p >
0,05).
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biological assays, as alternatives to nitrocellulose and
microcapillary membranes (Hansson et al., 2016),
indicating a possible use for this paper. However, the
paper obtained using 100% sugarcane bagasse fiber
(sample 2) presented porosity similar to that of the
traditional paper produced using a mixture of Pinus
and Eucalyptus (sample 3).

The resistance of the paper to tearing and
stretching was related to the length of the fibers that
composed it. Longer fibers result in stronger paper,
while some studies have found that thinner fibers
provide greater strength, compared to thicker fibers
(Seth, 1996; Yu, 2001; Hiltunen and Paulapuro, 2011).

In the tearing resistance tests, a synergistic effect
was observed for the mixture of the short fibers of
sugarcane bagasse with the long fibers of Pinus
(sample 4). This was not observed for the mixture of
Eucalyptus and Pinus fibers (sample 3). Considering
the samples consisting of 100% shorter fibers, the
paper produced using sugarcane bagasse (sample 2)
presented higher tearing resistance, compared to the
paper obtained using Eucalyptus fibers (sample 1),
indicating that fiber length alone could not explain the
resistance characteristics (Andrade et al., 2013). This
was supported by the results of the dry tensile strength
tests, where the paper with the highest strength was
composed of 100% short fibers (sample 1). No
significant differences among the samples were found
in the wet tensile strength tests.

The tensile strength of paper is also influenced
by the elastic modulus, which is not governed by the
fiber length, but rather by effects related to specific
fiber segments, involving interfiber bonding and fiber
strength (Hiltunen et al., 2002).

5. CONCLUSIONS

The results indicated that sugarcane bagasse is
a promising material for use in the paper industry.
The paper obtained by replacing Eucalyptus fibers
with sugarcane bagasse fibers presented improved
characteristics in terms of tearing resistance and
tensile strength, as well as porosity and moisture
content.

Considering these findings and the widespread
availability of sugarcane bagasse in Brazil, further
studies should be conducted with the aim of using
these fibers for applications in the paper industry.
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