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Abstract

High-density polyethylene (HDPE) reinforced with cellulose from rice husk (RH) were prepared and studied. The RH
biomass was submitted to acid extraction and bleaching process and then analyzed for its cellulose extraction efficiency
by X-ray diffraction (XRD) and Fourier transformation infrared spectroscopy (FTIR). After that, the RH cellulose
(RHC) was incorpored to the HDPE matrix by melt blending with different filler contents (5, 10 and 15 wt%), and then
characterized in terms of mechanical properties and morphology. The RHC incorporation in the HDPE matrix resulted
in an increase in elastic modulus regardless the filler content added; also, the impact resistance was maintained for
RHC contents up to 10%. The morphological analysis of the composites showed that the cellulose was well dispersed
in the matrix, which contributed to the improvement of the final rigidity of these materials, indicating the feasibility of
incorporating this residue in the production of HDPE composites.
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1. Introduction

Polymeric composites reinforced with vegetable fibers
have been the target of great academic and industrial interest
for replacing, generally with cost advantages and lightness,
materials made of conventional polymeric composites.
These composites are less aggressive and toxic, since they
are reinforced with raw materials of plant origin, such as
oils, starch and cellulose. Besides coming from renewable
sources, meeting the requirements of biodegradability
and preservation of the environment throughout its cycle
of lifel"], they can be an alternative for the reduction of
inappropriate waste disposal when the utilized fibers are
from agroindustrial waste!.

Rice is the most popular food in the world, its importance
can be noted by its numbers of consumption and production.
The consumption of rice as food for 2017 was estimated
at 53.7 kg/person. To meet this demand, rice production
forecasts, for the same year, were estimated at 759.6 million
tonnes according to the Food and Agriculture Organization
(FAO)PL. In this context, the Brazilian production of rice
is in the order of 12 million tons/year and the state of
Rio Grande do Sul represents 60% of this production!*.
For each ton of rice produced, it is estimated that 0.23 ton
of RH are formed during the rice refining process, being
the most voluminous by-product™. In this way, RH is an
agroindustrial large quantity residue in Rio Grande do Sul.
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The average chemical composition of RH is defined
in 35% cellulose, 25% hemicellulose, 20% lignin and
20% of others [°!. It is important to note that these contents
may vary significantly according to type of paddy, crop
year, climatic and geographical conditions and sample
preparation for analysis.

These peels have low commercial value because the
contained silica (SiO,) and the fibers do not have nutritional
value, therefore they are not used in human or animal feeding.
The destination found for the RH, in the last years, has
been the discharge into crops and river bottoms, resulting
in serious environmental impacts. In other cases, RH has
been used as a source of energy for parboiling, but it is also
a problem as it contributes to air pollution.

Polymeric composites using cellulose as reinforcing
agent have several advantages, generally these natural
reinforcements are lighter, more economically attractive and
provide greater resistance when compared with inorganic
reinforcing agents 7). But interestingly, there are no reports
on the use of cellulose obtained from RH in HDPE matrix.

Therefore, the objective of this work was to evaluate
the use of cellulose extracted from RH in the obtention
of composites with HDPE by melt blending, offering an
alternative reuse for this agroindustrial residue. The work
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also aimed to promote an improvement in the mechanical
properties of HDPE.

2. Materials and Methods

High density polyethylene - HDPE (GM9450F)
obtained from Braskem S/A was used as polymeric matrix.
The rice hulks were obtained from a cereal supply located
in Pelotas/RS — Brazil. All reagents used in this work had
analytical grade.

2.1 Cellulose obtaining from RH

Figure 1 presents a flowchart of the methodology used
for the RHC obtention.

Firstly, the rice hulks were milled in a knife mill
(Marconi —Model MA 340). After that, the milled biomass
was submitted to the first step treatment which consists in
an acid treatment to remove the hemicellulose and lignin
present in the RH . The milled RH was added in a solution
of water, acetic acid and nitric acid at a ratio of 6:5:1 v/v,
respectively, under mechanical stirring and reflux at 80°C
for 4h. The resulting material was washed and filtered with
distilled water untill reached the neutral pH.

The bleaching process was done by the imersion of the
resulting material from the first step in a solution of sodium
hypochlorite for 24h. After the steady time, the material
was filtered using distilled water untill was neutralized.
The non-passing material was the RHC, which was dried
at 60°C for 24h.

2.2 Cellulose characterization

2.2.1 X-ray diffraction (XRD)

The XRD analyzes were performed using a diffractometer
(D8 Advance Bruker) with wavelength of & = 1,541 A,
operating at 40 KV and 40 mA. The scans were performed
in the range of 20 between 10 and 50°, at a rate of 1/min.

2.2.2 Fourier transformation infrared spectroscopy (FTIR)

The analyses were done using a Spectrum 1000
spectrophotometer from Perkin Elmer, in the range between
400 and 4000 cm “'. Each spectrum corresponds to the
average of 10 scans at a resolution of 4 cm'.

Milled Rice
husks

Rice husks

Ratio of 1:20 biomass/solution
80°C under stirring for 4 hours

Figure 1. Flowchart of the RHC obtention process.

2/7

2.2.3 Scanning electron microscopy (SEM) analysis

The microscopy analyses of the RH in natura, the RH
after the first treatment and the RH cellulose were performed
by SEM using a Shimadzu, modelo SSX-550 Superscan
equipament.

2.3 HDPE/Cellulose composites preparation
2.3.1 Melting blending pocess

To produce the composites, a single screw extruder (CIOLA,
model MEP-18) with L/D = 22 was used. The temperature
profile used was 180/190 °C in the two heating zones and
190 °C for the matrix. The composites were obtained with
5,10 and 15 wt% by mass of cellulose. The pure polymer
also was obtained using the same processing conditions in
order to have their results compared to those obtained to
the composite materials.

2.3.2 Composites molding

The materials obtained from the extrusion process were
pelletized and then molded by compression at 200°C in a
hydraulic press (Marconi, MA098/A) using the following
cycle: pre-heating (for 2 min) / pressing (3 ton for 2 min) /
relief / pressing (5 tons for 2 min) / forced cooling in water
at room temperature. This process results in plates with
10 cm of length, 10 cm of width and 3.2 mm of thickness.
The specimens for tensile and impact mechanical tests were
stamped from the plates obtained.

Figure 2 shows a schematic of all the steps involved in
processing of the composites.

2.3.3 Composites evaluation

2.3.3.1 Mechanical characterization

The mechanical properties were determined by tensile
and Izod impact tests. The dimensions of the samples were
defined according to the American Society for Testing
Materials (ASTM) standards.

Tensile strengh test

The tensile tests were performed according to ASTM
D-638 on a universal testing machine (INSTRON E3000)
with a load cell of 5000 N, distance between claws of
115 mm and deformation rate of 5 mm.min'. The widths
and thicknesses of the specimens were measured using a
caliper gauge (Mitutoyo, £ 0.001 mm).

=
Pulp after
acid treatment

Rice husk
Cellulose - RHC

0,1M NaClOz2 solution (pH 4.0)
80 °C under stirring
for 2 hours
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Izod impact test

For the Izod impact tests (RESIL 25, from Ceast) the
specimens were notched with a depth of 2.54 £ 0.1 mm,
with minimum notch speed in accordance with ASTM D256.
The tests were performed at room temperature.

2.3.3.2 SEM analysis

The fracture surfaces of the impacted specimens were
observed by SEM, using a Jeol JISM- 6610LV equipament.
A thin layer of gold was deposited on the material with
metallizer.

3. Results and Discussions
3.1 Cellulose characterization

The in natura RH color is brown and after the first
chemical treatment a brown-orange coloration was observed.
After the bleaching, the material appears completely white
(see Figure 1). These color changes are directly associated
with the removal of non-cellulosic materialst®l. Thus, the
white color observed in the final product was an indication
of a high purity of the cellulosic material. However,
further analysis is required, such as chemical composition,
morphology, crystallinity and functional groups for its
characterization®’.

HDPE
Pellets

Rice husk

- 0
Cellulose - RHC Hot zone 01 - 180°C

Haot zone 02 - 190°C
Matrix - 190°C

Figure 2. Flowchart of the composites processing.

3.1.1 X-ray diffraction (XRD)

X-ray diffraction was used to investigate the crystalline
structure of RH before and after the chemical treatments used.
In addition, microcrystalline cellulose (MCC) of commercial
origin was analyzed for comparison. The diffractograms are
represented in Figure 3.

It is reported in the literature, that cellulose have
crystalline sctructure, due to Van der Waals’ bonds, while
hemicellulose and lignin have an amorphous characteristic!'.
As expected, natural rice husk has low crystallinity. There is
an increase in the crystallinity of the samples according to
the chemical treatments used, which may be related to the
partial elimination of hemicellulose and lignin, indicating
the efficiency of the procedure used to obtain the cellulose
from rice husk. The peaks at approximately 16°, 22° and 34°
are characteristic of type I cellulose™, corresponding to the
(101), (002) and (004) planes, respectively.

3.1.2 Fourier transformation infrared spectroscopy (FTIR)

Figure 4 shows the spectra of the in natura rice husk,
after acid extraction, RHC and MCC.

It is possible to observe in all spectra the presence of
two major regions of absorbance!'!!. The first region at
high wavenumbers (2700-3500 cm™) can be atribuited
to different vibrations in polysaccharides and the second

Izold

Impact Test
Preheating 200° C
3 ton. for 2 minutes
5 ton. for 2 minutes

Tensile
Strength Test

Intensity (a.u)

10

s Rice Husk Cellulose
" i N S T F P
Microcrystalline cellulose
Acid Treatment
Vo o Natural Rice Husk
~ ey, P b AR N Mt g A g A S AR
T T T I T T T T ! T T T T I T T T T I T T T T
25 30 35 40 45
20

Figure 3. X-ray diffractograms of RH, RH after acid treatment, RHC and MCC.
Polimeros, 29(4), 2019058, 2019 3/7



Bosenbecker, M. W., Cholant, G. M., Silva, G. E. H., Paniz, O. G., Carrefio, N. L. V., Marini, J., & Oliveira, A. D.

region at lower wavenumbers (800 to 1800 cm™) is typical
assigned to cellulose!'?l.

The peak in the region between 3500-3000 cm™! confirms
the presence of hydroxyl groups (O-H). For the RHC, the
increase in the area of this band indicates the presence of
a greater number of OH groups!'* and, consequently, an
increase in RHC hydrophilicity.

The peak in 2921 cm™ is observed in all spectra and
it is due to the presence of C-H stretching vibration in
polysaccharides, evidencing the presence of cellulose and
hemicellulose!'>',

The bands in the range of 1700-1730 cm! are attributed
to the vibration of acetyl and uronic groups of hemicellulose,
or even to the ester linkage of carboxyl and p-coumaric acids
in lignin"*!. In this region a peak reduction was observed,
according to the chemical treatment sequences, thus confirming
the partial removal of hemicellulose and lignin!'). A small
band was observed in the range of 1629-1621 cm!, which
can be attributed to the water absorbed in cellulose!'?.
In general, the FTIR spectra have confirmed that RHC have
a more open structure related to their greater wettability
as the hemicellulose is dissolved or removed!']. The band
at 1170 cm! corresponds to the asymmetric stretching of
the C-O-C bond of cellulose, hemicellulose and lignin!'®).

The bands observed at approximately 1030 cm™ and
at 800 cm™! in the spectra correspond to the stretching
bonds of C=0 in guaiacyl rings!'”’ and CH deformations in
cellulose!™, the latter one presents an increase in intensity
as the treatment is performed, indicating an increase in
cellulose content.

3.1.3 SEM analysis

Through the SEM images it was possible to investigate
the changes in the structure of the RH, as well as the cellulose,
as shown in Figure 5.

The RH, Figure 5A, presented a more compact structure,
with an irregular outer surface of hemicellulose, lignin,
inorganic components and lumps or protuberances!'®, when
compared to the RHC, Figure 5B and C, in which the bleached
fibers had a fibrous and rough structure, with a mean diameter
of 5 um!®; also some particulates are observed, which can
be related to residual material from the synthesis or even
remained impurities. It was also observed the presence of
some pores in the rough surface of the fibers, indicating
that there may be an increase in the effective surface area
for contact with the polymeric matrix, which contributes to
the improvement of the mechanical properties.

e~
It ST T

‘Absorbance (a.u)

e (ST SN I (NN S O S T s |

g o _Rice Husk Cellulose

e gttt g

Microcrystalline cellulose

Acid Treatment

Natural Rice Husk

b P o i

|
3500 2500

T T T T T T

I
2000
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Figure 4. FTIR spectra of HR biomass, HR after the acid extraction, RHC and MCC.

Figure 5. SEM micrographs of: (A) RH; (B) and (C) RHC.
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3.2 Composites characterization

3.2.1 Mechanical characterization

Figure 6 presents the graphs for the mechanical
characterization.

Tensile strength test

In Figure 6A it is possible to observe that the modulus
of elasticity of the composites presented different behaviors
in relation to the HDPE. The HDPE composites have higher
elastic modulus than pure HDPE. On the other hand, when
analyzing the results obtained for composite materials
prepared with different filler contents, it is verified that the
values of elastic modulus presented by these materials have
no significant difference. It is known that when a composite
is reinforced with cellulose, the tensile modulus of the
polymer compound can improve considerably. However,
this property change will also depend on the strength and
effectiveness of the interfacial adhesion between cellulose
and matrix '), which can be improved with prior treatment
and also of the amount of filler used. Low contents of
cellulose can form regions of high mechanical stress, by
a not so homogeneously dispersed mixture, resulting in a
decrease in elastic modulus. Higher contents of cellulose,
in its turn, can result in a better distribuition of stresses, and
thus greater modulus 2.

This small increase in the values of elastic modulus
indicates a low interaction between the polymer and the
matrix, and this can be explained by its lack of chemical
affinity, since the HDPE is apolar and the cellulose is known
for its polarity, as can be confirmed by FTIR.

Izod impact test

In Figure 6B it is observed that HDPE presented an
average impact resistance of 178.65 J/m, higher than the
composites with 5, 10 and 15 wt% of cellulose, with values
0f'172.99 J/m, 162.54 J/m and 126.36 J/m, respectively. Its
already established in literature that HDPE has a high Izod
impact strength, which is decreased when reinforced with
vegetable fibers 2!,

EHDPE ®a HDPE 10% RHC
L2IHDPE 5% RHC T HDPE 15% RHC

- ==

600+

2

Elastic Modulus (MPa)

:

(=]

(A)

Impact Strength (J/m)

Considering the standard deviations, it can be affirmed
that the addition of up to 10 wt% of RHC does not promote
significant reductions in the impact resistance when compared
to pure HDPE. The HDPE/15 wt% RHC presented a greater
decrease impact resistance, breaking more easily, and also
making it a material with greater rigidity lower tenacity. This
can be explained since the introduction of reinforcements
can promote stress concentration, generating the presence
of micro-interfacial voids, which make the microcracks
to propagate easily in the composite, and then reducing
impact resistance 2. Also, RH is fragile and therefore, have
a low capacity to absorb energy during the propagation of
the fracture. Similar results of decrease in impact strength
with increasing cellulose content was observed in literature
9 who reported an increase in its brittleness due to large
amounts of cellulose in a HDPE matrix. This decrease
in impact strength of the polymer matrix can also be
reverted by the use of impact modifiers, which improve
the matrix / reinforcement interface.

3.2.2 SEM analysis

Its well established that interfacial adhesion matrix/filler
and dispersion of the filler in the polymer matrix are
determining factors in mechanical properties of any
composite material ), In this way, the mechanical results
can be confirmed to the observed in SEM analysis. Figure 7
presents SEM micrographs obtained from the fracture surface
of the samples after the [zod impact tests were performed.

The micrographs revealed a heterogeneous distribution
of the RHC in HDPE matrix, with RHC presenting different
morphologies, such as rods-like structures, particulates and
also agglomerates. These different morphologies can be
justified by the fragmentation of RHC during the composites
extrusion and the agglomeraion due the greater affinity of
cellulose with itself than with the matrix.

Considering the amount of RHC used represents most of
the composite volume, we can affirm that it was possible to
achieve a good adhesion between the phases, with the RHC
distributed in the polymer, contributing to the increase of the
elastic modulus when comparing to the HDPE. However,
it is possible to observe regions of detachment of the RHC

EHDPE @a HDPE 10% RHC
1 STiHDPE 5% RHC TRZ HDPE 15% RHC

(B)

Figure 6. (A) Elastic modulus and (B) Impact strength for pure HDPE, HDPE 5wt% RHC, HDPE 10wt% RHC and HDPE 15wt% RHC

composites.
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Figure 7. SEM micrographs of (A) HDPE 5wt% RHC, (B) HDPE 10wt% RHC and (C) HDPE 15wt% RHC.

from the matrix, forming voids. The more RHC was used,
the more detachments could be perceived, due to the higher
amount of RHC. In the same way, more voids are formed.
The appearance of defects as voids with the increase in the
amount of RHC used, justifies the results obtained by the
impact resistance tests.

All observed fracture surfaces are rough, indicating that
the addition of RHC did not change the fracture behavior
of the polymeric matrix, which remained plastic.

4. Conclusions

Considering that the results of FTIR, XRD and SEM
are in agreement with the literature, we can say that the
treatment used was efficient for obtaining cellulose from
RH biomass.

The addition of RHC in the HDPE polymer matrix had
good effect on the elastic modulus of the composites, as
we can confirm by the improvement in the rigidity of the
composites when compared to the pure matrix, but without
significant changes for higher contents of RHC. The impact
strength have decreased as the RHC content increase in the
polymeric matrix. Micrographs obtained by MEV from the
fractured surface obtained by impact test of the composites,
revealed some adherence between RHC-matrix. In this
context, the results obtained for the HDPE composites with
the addition of RHC present a superiority over the pure matrix
and thus create the possibility of its use in composites and
an alternative to use this residue.
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polietileno de alta densidade, Este trabalho buscou desenvolver compésitos utilizando como matriz polimérica

casca de arroz, compdsitos o polietileno de alta densidade e como reforco foi utilizada a celulose obtida a
partir da casca de arroz. Os compositos obtidos foram preparados nas proporcoes
de 5, 10 e 15% em massa de celulose, utilizando-se para isto uma extrusora
de rosca simples. A celulose obtida foi caracterizada por difracao de raios X.
Os materiais compdsitos foram caracterizados através das técnicas de analise
termogravimétrica e calorimetria exploratdria diferencial. Por meio dos resultados
dedifracdode raios X foi possivel comprovarum aumento do indice de cristalinidade
da celulose apos sucessivos tratamentos quimicos, assim como ligeiro aumento
na estabilidade térmica com a adicdo de carga. No entanto, os dados obtidos por
calorimetria exploratéria diferencial mostraram que aparentemente a celulose
ndo apresenta influéncia significativa nas temperaturas de transicao do polimero.

THERMAL PROPERTIES OF HIGH-DENSITY POLYETHYLENE COMPOSITES REINFORCED WITH
CELLULOSE

Keywords: cellulose. Abstract
high  density  polyethylene. This study sought to develop composites using polymeric matrix the high-density
rice husk. composites  polyethylene and cellulose was used as reinforcement obtained fromrice husk. The

composites were prepared in the proportions of 5, 10 and 15% by mass of cellulose,
usingforthisasingle screwextruder. The cellulose pulp obtained was characterized
by x-ray diffraction. Composite materials were characterized by thermogravimetric
analysis and differential scanning calorimetry. Through the results of x-ray
diffraction it was possible to demonstrate an increase in the index of crystallinity
of cellulose after successive chemical treatments, as well as a slight increase in
thermal stability with the addition of load. However, the data obtained by differential
scanning calorimetry did not show a significant improvement in their results.
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INTRODUCAO

A crescente demanda por materiais de fontes

renovdveis com propriedades diferenciadas tem
possibilitado a inser¢ao de produtos e residuos da
agricultura (agroindustriais) em diferentes dreas de
pesquisa. O aproveitamento de residuos da atividade
agricola na produgao de compésitos e nanocompdsitos
poliméricos,pode reduzir os custos do produto final,
além de promover um destino adequado a estes
residuos, agregando-lhes valor (SIQUEIRA et al,
2010).

Neste sentido, estudos tém demonstrado interesse na
incorporagao de fibras vegetais em matrizes poliméricas,
proporcionando melhoria de suas propriedades e por
substituirem, geralmente com vantagens econdmicas
e de densidade, os convencionais reforgos inorganicos
como as fibras de vidro (POLLANEN, 2013).

A casca de arroz (CA) é um residuo agroindustrial
produzido em grandes quantidades no Rio Grande do
Sul (IBGE, 2018). Estas cascas possuem baixo valor
comercial, pois a silica e as fibras contidas nao possuem
valor nutritivo e por isso nao sao usadas na alimentagao
humana ou animal, resultando em sérios impactos
ambientais. Mais recentemente este material tem
sido empregado também como refor¢o em materiais
compdsitos poliméricos. A CA caracteriza-se também
por ser considerada como a fonte mais abundante de
celulose a partir de residuos agroindustriais do mundo
(ROSAetal., 2012; JOHAR; AHMAD; DUFRESNE,
2012).

Além disso, ndo hd trabalhos publicados na
literatura sobre a utilizagao da celulose obtida a partir
da CA em matriz de polietileno de alta densidade
(PEAD) principalmente em pesquisas realizadas
no Brasil) (BATTEGAZZORE et al., 2014). Neste
contexto, o objetivo deste trabalho foi caracterizar a
celulose e avaliar o efeito da utilizacio de diferentes
concentracoes de carga nas propriedades térmicas de

materiais compdsitos com matriz de PEAD.

MATERIAL E METODOS

Materiais
O polimero utilizado neste trabalho foi o polietileno
de alta densidade (PEAD), conhecido comercialmente

como PEAD 1G58, fornecido pela Petroquimica
Braskem S/A. A casca de arroz utilizada foi doada pela
empresa Cerealista Polisul, localizada na cidade de
Pelotas-RS, Brasil.

Obtengio da Celulose a partir da Casca de Arroz

A obtencio das fibras de celulose a partir da casca
de arroz envolveu duas etapas: tratamento alcalino e
branqueamento. O tratamento alcalino foi realizado
com o objetivo de remover a hemicelulose e a lignina
da casca.

Para isto, 35 gramas de casca na forma de um
p6 fino, doada pela empresa Cerealista Polisul, foi
colocada em uma solugao de 700 ml de dgua destilada,
290 ml de 4cido acético (CH3COOH) e 60 ml de
dcido nitrico (HNO3), esta solugao foi deixada em
banho-maria durante 4 horas. No término da reacio, a
solugio foi filtrada e o material s6lido obtido foi lavado
vdrias vezes até atingir um pH neutro.

Apés  tratamento  alcalino, o processo de
branqueamento foi realizado com adi¢io da casca
tratada em solucio de 700 ml de hipoclorito de sédio
(NaClO) comercial durante 24 horas. O material
resultante foi filtrado e também lavado com dgua
destilada. Em seguida, foi seco em estufa de secagem
da marca Quimis a 60°C, por 24 horas.

Preparagiao dos Compésitos PEAD/Celulose

Os compésitos foram obtidos pelo método de
mistura no estado fundido, com o auxilio de uma
extrusora de rosca simples com temperaturas de 180°,
180° e 190°C, nas zonas 1, 2 e 3, respectivamente.

Difragao de Raios X (DRX)

A técnica de DRX permite identificar a estrutura
cristalina do material, bem como o seu grau de
cristalinidade.

As andlises de DRX foram realizadas utilizando-
se um difratbmetro D8 Advance Bruker, com
comprimento de onda (A= 1,541 A), operando a 40
KV e 40 mA. A varredura foi realizada na faixa de 24
entre 10 e 50°, a uma taxa de 1°/min.

Com os difratogramas obtidos foi possivel
determinar o indice de cristalinidade da celulose de
acordo com a Eq. 1, segundo a metodologia proposta
por Segal et al. (1959):

_ 1(002) — I{am)

- * Q,
le 1{002) 100%

Eq. (1)
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onde: I, é o valor de intensidade maximo de difracao
do pico préximo a 20 = 22°, relacionado a parte
cristalina do material, enquanto [ éa intensidade do
halo de difragao do pico de que representa o material
amorfo em 26 -~ 18° (SEGAL et al., 1959).

Anilise Termogravimétrica (TGA)

A anilise termogravimétrica tem como objetivo
avaliar a estabilidade térmica do material estudado.
Para esta anilise foi utilizado um equipamento da TA
Instruments, modelo TGA Q50, a uma taxa de 20°C/
min, a partir da temperatura ambiente até 700°C, sob
atmosfera de nitrogénio.

Calorimetria Exploratdria Diferencial (DSC) do
Compésito

A calorimetria exploratéria diferencial (DSC)
foi realizada para avaliar o efeito da celulose nas
temperaturas de fusao (T ), de cristaliza¢ao (T ), e no
grau de cristalinidade do polimero. Foi utilizado um
equipamento da TA Instruments, modelo Q-1000,
com nitrogénio como gds de arraste, em fluxo constante
de 50 ml/min (ASTM E1269 - 11).

As amostras foram inicialmente aquecidas da
temperatura ambiente até 200 °C a uma taxa de
aquecimento de 10 °C/min, permanecendo nesta
temperatura por 3 minutos. Logo apds foram
resfriadas até 30 °C a uma taxa de 10 °C/min para
a determinagio da temperatura de cristalizagao (T) e

novamente foram aquecidas até 200 °C a uma taxa

6000

5000

4000

3000

Intensidade (a.u)

2000
1000
10 15 20 25

20

Figura 1. Difratograma de raios-x das amostras obtidas

de 10 °C/min. Para a realizacio das andlises foram
utilizados os termogramas do segundo aquecimento
por nio possuirem influéncia da histéria térmica das
amostras.

Através da Eq. 2 foi determinado o grau
de cristalinidade (X) dos materiais estudados

(CANEVAROLO, 20006):

AHm

Xc = m" 100%

Eq.(2)

RESULTADOS E DISCUSSAO
O Difracao de Raios X (DRX)

A difratometria de raios X foi utilizada para
investigar a estrutura cristalina da casca de arroz antes e
apds os tratamentos quimicos. A celulose é de natureza
cristalina devido a interagoes de ligagoes de hidrogénio
e forgas de Van der Waals entre moléculas adjacentes
contrdrias 3 hemicelulose e a lignina, que possuem
uma estrutura amorfa (PRADO; SPINACEA, 2015).

Os difratogramas de raios X das amostras obtidas
estao apresentados na Figura 1, no qual podemos
observar a presenga de trés picos caracteristicos de
celulose tipo I, em aproximadamente 16°, 22° e 34°
correspondentes aos planos (101), (002), (040),
respectivamente (HALAL et al., 2015).

64,12%

Casca de arroz
----- Tratamento alcalino

Celulose apos Branqueamento

30 35 40 45 50

Na Tabela 1, estao apresentados os resultados para cristalinidade obtidos a partir do método de Segal et al

(1959). Pode-se notar o aumento da cristalinidade para a celulose obtida apds branqueamento em relagio a casca

Revista Brasileira de Engenharia e Sustentabilidade, v.5, especial, p.7-12, dez. 2018
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de arroz, a qual apresentou um Ic de 64,12%, este

resultado é devido a remocgio de materiais nio

celuldsicos (BETTAIEBA et al., 2015).

Tabela 1.indice cristalinidade (% IC) calculado através
do método de Segal

Tratamento Alcalino

58,65

Amostras

% Cr

Casca de Arroz

47,80

Branqueamento

64,12

Anilise Termogravimétrica (TGA)
Os termogramas de TGA da celulose e dos

compésitos com 5, 10 e 15% de celulose sdo relatados

A.

E - —Jreap - 5% cotuos
— PEAD = 10% Celutos
— + — PEAD + 15% Celuloss)
L T ) Celulose
1 1 1 ]
[} 300 500 900

Temperatura (*C)

na Figura 2A enquanto na Figura 2B a derivada das
curvas de perda de massa (DTG) ¢ apresentada.

Segundo a literatura, a decomposicao térmica das
fibras naturais ocorre em diferentes temperaturas. A
decomposi¢io da hemicelulose inicia-se por volta de
220°C e continua até os 300°C, a celulose tem sua
degradacao iniciada perto dos 310°C até os 400°C,
enquanto a lignina apresenta temperaturas de
degradacao entre 200°C até 700°C (ABRAHAM et
al., 2011).

Através da andlise da curva de TGA para a celulose

é possivel observar dois processos de decomposic¢ao.

B.

Ll

== —{PEAD + 5% Cettose
FEAD + 10% Cealuloss|
— *# — PEAD + 15% Celulose|
| Celulose
N 1 N )
o i 300 " 500 ! 900

Temperatura (°C)

Figura 2. A. Curvas de TGA e B. Curvas de DTG da celulose e dos compésitos estudados.

O primeiro processo refere-se 3 uma perda de
massa inicial em torno de 100°C , ficando em
aproximadamente em 2% para a celulose, que foi
devido a desidratagio do material, que, mesmo
tendo sido seco antes das andlises, apresenta cardter
hidrofilico, dificultando a total eliminagao de dgua. A
segunda perda de massa ocorreu entre 200 e 400°C e
foi atribuido a degradagio da hemicelulose, pectina,
lignina e celulose (ROSA et al., 2010).

Analisando os resultados obtidos para os materiais
compésitos podemos notar que hd um pequeno
aumento da estabilidade térmica do compésito com o
aumento do teor de carga (ROSA, et al 2010).

O resultado deste trabalho estd de acordo como
reportado por Johar e Ahamad (2012), onde o
compdsito praticamente nio perdeu peso em 400°C;
contudo, a partir de 450 °C, a perda de peso foi rdpida
e acentuada, resultando em residuos minimos.

A Figura 2B mostra a curva da primeira derivada da
perda de massa (DTG), onde é observado um primeiro

pico em aproximadamente 327 °C para a celulose,

referente 3 maxima taxa de decomposi¢ao da celulose.
Um segundo pico é evidenciado em aproximadamente
487 °C e que equivale 2 mdxima taxa de decomposicao
do PEAD, onde observa-se uma sobreposicao dos
picos, indicando que a adigao de celulose na matriz
polimérica contribui para a obtengio de compésitos
sem gerar perdas na estabilidade térmica (BORSOI et
al., 2011).

Calorimetria Exploratéria Diferencial (DSC)

Na Figura 3A e B encontram-se os termogramas
de DSC do resfriamento e do segundo aquecimento,
respectivamente, que foram utilizados para caracterizar
o PEAD e os compésitos com 5, 10 e 15% em massa
de celulose. Os valores correspondentes a temperatura
de fusdo cristalina (Tm), entalpia de fusio (AHm),
(To),

cristalizacio (AHc), estaio demonstrados na Tabela 2.

temperatura de cristalizagao entalpia de

Revista Brasileira de Engenharia e Sustentabilidade, v.5, especial, p.7-12, dez. 2018
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2l [E-gPEAD
— = — PEAD = 5% Caluloce

PEAD - 10%Celulose
== v PEAD = | 5% Celulose
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= — - — PEAD + 3% Calulose
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Figura 3. A - B. Termogramas de DSC dos materiais estudados referente ao resfriamento e segundo aquecimento,

respectivamente.

Tabela 2. Valores obtidos por DSC da temperatura
de cristalizagao (T ), temperatura de fuséo (T, entalpia
de cristalizacdo (AH ), entalpia de fusdo (AH) e grau de
cristalinidade (%X ).

Amostra T (°C) T (°C) AH_(J/lgy AH_(J/g) X (%)
PEAD 115,52 132,54 164,50 182,20 62,18
PEAD + 5% 116,82 132,61 99,04 134,20 45,80
Celulose
PEAD + 10% 117,90 131,06 140,20 158,40 54,06
Celulose
PEAD + 15% 116,63 132,01 138,60 160,60 54,81
Celulose

Analisando a Tabela 2 é possivel observar que os
valores de temperaturas de fusio e de cristalizagao
dos materiais compdsitos foram similares aos valores
obtidos para o PEAD puro. (BORAN et al., 2016).
Resultados semelhantes foram obtidos por Fernandes
(2015), que estudou materiais compdsitos com matriz
de epéxi reforcada com cinza de casca de arroz. O
autor observou que as curvas de DSC dos compésitos
e da matriz sio muito similares, indicando que a
presenca de diferentes concentragdes de cinza nao
alterou significativamente o comportamento térmico
do polimero (FERNANDES, 2015).

Analisando as entalpias de fusio e cristalizagao,
percebe-se um aumento dos valores de entalpia com
o aumento do teor de celulose, porédm com uma
pequena reducio para o compésito de 15% de celulose
e quando comparado com o PEAD puro, observa-se
uma diminuigao bastante pronunciada em relagio aos
compésitos estudados.

Os valores de grau de cristalinidade para os

compésitos foram calculados usando a cristalinidade

do PEAD virgem (AH 100%) como parimetro, 293
KJ/mol. O grau de cristalinidade encontrado neste
trabalho (62,18%) estd de acordo com o relatado na
literatura, onde a faixa do grau de cristalinidade para o
PEAD estd na faixa de 62 e 82% (BECERRA, 2015).

Todos os compdsitos apresentaram um grau de
cristalinidade menor que o PEAD, que pode ser um
indicio de que as cargas utilizadas nio atuaram como
agentes nucleantes, que aumentariam a cristalinidade

do compésito conforme relatado na literatura

(GOMES; VISCONDE; PACHECO, 2013).

CONCLUSAO

O método utilizado para a obtengao da celulose
a partir da casca de arroz foi eficiente, revelando
um aumento da cristalinidade apds tratamentos
quimicos. Verificou-se um ligeiro aumento na
estabilidade térmica com a adigio de carga a matriz
polimérica, no entanto, nio foi observado uma
mudanga significativa nas temperaturas de fusio e de
cristalizacdo para as amostras estudadas. Vale ressaltar
que o reaproveitamento deste residuo contribui para a

diminui¢io do impacto ambiental e reutilizagio deste

material.
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Evaluation of the thermal behavior of high
density polyethylene reinforced with cellulose
obtained from rice husk

Mariane Weirich Bosenbecker', Sheila Costa Croche', Gabriel Monteiro Cholant’,
Oscar Giordani Paniz', Neftali Lenin Villarreal Carrefio’, Juliano Marini’, Amanda
Dantas Oliveira’

'Federal University of Pelotas, *Federal University of S&o Carlos

e-mail: marianebosenbecker@hotmail.com

Natural fibers obtained from agroindustrial residues, such as rice husk, are low
cost materials with interesting properties such as biodegradability and low
density, making them excellent candidates for use as reinforcing fillers in
polymeric matrices. These composites may present improvements in the
mechanical and thermal behaviors when compared to the pure polymer, and also
contribute to the reduction of environmental impact [1]. In this work, the
cellulose was extracted from the rice husk through an alkaline treatment and
bleaching process. Composites of high density polyethylene (HDPE) and cellulose
fibers were produced by melt mixing and thermally characterized by
thermogravimetry (TGA) and differential scanning calorimetry (DSC). The
inclusion of the cellulose fibers altered the crystallization behavior of the polymer
matrix, increasing the crystallization temperature and crystallinity index. In
addition, a reduction in the degradation temperature of the composites was
observed.
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