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Fibers from pineapple’s crown (PCF), rice husks (RH) and cotton textile residues (RTF) were
characterized by SEM, X-ray diffraction, FTIR and thermogravimetric analysis. Moisture content, water
absorption, density and the distribution of the diameter of the fibers were also evaluated. RTF showed
cylindrical microstructure with smooth surface, PCF showed cellular structure and the microstructure
of RH is globular, showing cell pattern of the outer surface epidermis which is well organized and has
a corrugate structure. PCF and RH showed crystallographic planes of cellulose I and RTF showed a
mixture of cellulose I and cellulose II. RTF showed the highest degree of crystallinity and the lower
moisture content and water absorption. These results occur because the RTF has no hemicellulose,
as verified by FTIR. Comparing the three fibers, the RTF presented the lowest density and diameter.
Furthermore, the onset degradation temperature of RTF was 40 °C higher than the PCF and the RH.
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1. Introduction

Lignocellulosic material is one of the most promising
natural, abundant and renewable feedstock for application in
several areas such as bio-fuels, animal feeding, fine chemicals
and composites'. Large amounts of lignocellulosic wastes are
generated through agro-based processes such as biofuels and
food productions are often disposed improperly in municipal
landfills causing social, economic and technological harms.
Thus, the use of lignocellulosic waste as reinforcement in
polymer composites is an alternative to add value to the
production process and to minimize these residues in the
landfills. The agroindustrial residues were studied in this work
in order to compare their properties as fibers and to verify
if these fibers could be used as reinforcement in polymer
composites. Three agrofibers wastes were studied: pineapple
crown’s fiber, rice husks and residual textile fibers. These
wastes were chosen because i) Brazil is the third largest
producer of pineapple (4nanas comosus) with around 7% of
the world production what represents the world’s fifth tropical
fruit in harvested area. In the pineapple fruit, the crown
corresponds to about 25 wt % and it is disposed as waste**;
ii) rice is the third largest cereal crop of the world and the
major staple diet which supplies 77.90 kg / capita / year of
Asia population in 2007 The rice husk is a by-product
generated abundantly from rice milling industries and
corresponds to about 20 wt % of the total rice production”®.
Most of these wastes of rice husk are disposed in a landfill
and causes serious environmental pollution because of its
difficult decomposition in the soil due to the high level of
lignin and silica’; iii) Textile industry generates a great
amount of cotton waste which is mainly composed of cellulose

*e-mail: marcia.spinace@ufabc.edu.br

(about 90 wt %)'°. In the cotton spinning process, wastes are
generated by taking a large volume in landfills. In this work,
fibers of pineapple crown’s fiber (PCF), rice husks (RH) and
cotton residue textile fibers (RTF) were characterized and
evaluated for the use in polymeric composites.

2. Experimental
2.1. Materials

Textiles residues of cotton fibers were supplied by industries
of Itupeva city, SP, Brazil. Perola cultivars (4nanas comosus)
pineapples, were used to extract the pineapple crown and
were obtained from popular markets of Sdo Paulo-SP, Brazil.
Rice husks were supplied by Industries in the South of Brazil.

2.2. Preparation of fibers

PCF were manually extracted and washed with distilled
water at 80 °C for 1h, and after they were dried in a
conventional oven at 100 °C for 3 hi'). RH was ground in
mills knives (Model SL-31, Solab) and sifted with a 7 mm
sieve. RTF was used as received. Figure 1 shows picture of
RTF, RH and PCF.

2.3. Characterization

The morphology of the fibers was analyzed by SEM
(Jeol, Model JSM-6010 LA) with the samples coated with
gold prior to the measurement (Bal-Tec, Multi Coating
System MED020).

The diameter of about 100 fibers (for PCF and RTF) was
determined using a micrometer calliper (Mitutoyo, + 0.001 mm).
The diameter was measured at 3 points placed in three random
locations along the length of fibers.
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The density of the fibers was determined in triplicate
at 23 °C using a picnometer. The moisture content was
evaluated in triplicate at room humidity of 55 (£ 7) % and
a temperature of 25 (+ 3) °C. For this purpose, about 1 g
of RH and RTF and about 0.2 g PCF were maintained in
a conventional oven at 100 (+ 5) °C and the weight of the
specimens were measured until constant weight.

The water absorption was determined in triplicate using
about 1 g of RH and RTF and about 0.2 g PCF. The fibers
were dried at 100 (+2) °C for 2 h and maintained at 24 (+ 6)
°C in a desiccator containing a saturated solution of calcium
chloride to maintain the relative humidity at 54 (+ 7) %. The
weight of the samples was measured until constant weight,
which occurred at about 600 h. The percentage of moisture
content and water absorption were calculated using Equation
1 where W, and ¥, are initial and final weight of specimens.

W=(W-W,)/W*100 ()

X-ray diffraction (XRD, Rigaku, model MiniflexII)
patterns were measured with CuKa radiation (A= 1.541 nm)
at30kV and 15 mA. Scattered radiation was detected in the
range of (20) angle from 5 to 40° at a speed of 2°/min. The
resulting diffractograms were deconvoluted using Magic
Plot Pro 1.5 software® and the crystallinity index (CI) of
the fibers was calculated by the Equation 2.

CI(%)=(1-4 /4,)¥100 2)

Where A is the value of area under the curve related
to the amorphous phase and A is the total area of the
diffractogram®'2.

FTIR (Perkin Elmer Frontier) measurements were
made using KBr pellets in the range of 450-4000 cm™,
with 4 cm™ resolution and 64 scans. The mixture of KBr

(©) (d)

Figure 1. a) RTF, b) milled RH, c) pineapple crown’s, d) PCF.
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and fibers was dried (100 °C, 1 h) and the samples were
prepared immediately before measurement.

Thermogravimetric analysis (TGA Q500 V20.8 TA
Instruments) was made in the temperature range from 25 °C
to 800 °C, at a heating rate of 10 °C.min"" in N, atmosphere,
with a flow rate of 50 mL.min™! using about 10 mg for each
sample.

3. Results and Discussion
3.1. SEM of the fibers

RTF shows cylindrical microstructure with smooth
surface and low diameter variation along the fiber (Figure 2a).
This morphology is the result of pretreatment of the fiber
during textile process. Nevertheless, the microstructure of
PCF (Figure 2b) shows cellular structure and these cells
together form fibrils with tissues connected with each other
at several locations along the length to form fibers. Similar
to most lignocelulosic fibers, PCF shows irregular cross
section and diameter variations'’. Furthermore, it can be
seen traces of waxy materials and some damage in the fiber
surface due to manual extraction process.

The microstructure of RH is globular showing cell pattern
of the outer surface epidermis which is well organized and
has a corrugate structure. The regular spherical platelets of
almost equal sizes (40-50 um) appearing in parallel rows,
(Figure 2c and d). Silica probable is present all over the fiber,
but it is particularly abundant in the protuberances and fibers
of the outer epidermis and somewhat less abundant in the
inner epidermis adjacent to the rice kernel'*'5.

Mechanical interlocking due RH and PCF fibers surface
roughness can promote adhesion interaction, mainly of the
van der Waals type, between fiber and polymeric matrix'®"".

3.2. X-ray diffraction (XRD)

In the lignocellulosic fibers, cellulose is the main component
and it has crystalline structure, while other components such
as hemicellulose and lignin are amorphous'®. Cellulose has
a crystalline structure due to hydrogen bonding interaction
and van der Waals forces between adjacent molecules”.

Native cellulose consists of two polymorphs, triclinic
designated as I _and monoclinic polymorph designated as .
According to the Sugiyana system?’ the peaks at 2 6 = 14.7,
16.1 and 22.5° correspond to polymorph of cellulose I and
can be designated as (110 ), (110) and (200) crystallographic
planes; while in the Meyer-Mark-Misch system the planes
have indices (101), (101 ) and (002), respectively?.

Figure 3 shows RTF, PCF and RH diffractograms and the
deconvolution was done in order to examine the intensities
of the diffraction bands and to establish the crystalline and
the amorphous areas more precisely.

The deconvolution of the X-ray diffraction profiles
showed the presence of five peaks and an amorphous phase
(Figure 3). For RH fibers, it was observed peaks at 20 =15.3,
16.4,20.1, 22.3 and 34.8° and for PCF fibers were observed
peaks at 20 = 15.1, 16.2, 20.6, 22.7 and 34.5°, which were
assigned to the (101), (101), (012), (002) or (200) and (040)
crystallographic planes of cellulose I?'.

On the other hand, RTF is a mixture of cellulose I and
II and showed peaks at 20 = 12.1, 20 and 21.9° that were
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assigned to the (110), (101) and (200) crystallographic planes
of cellulose I1%>%, besides the peaks of cellulose I, (Figure 3).
Cotton fiber was mercerized during the pre-treatment in the
textile industry and this could change the crystalline structure
of'the cellulose contained in the resulting RTF fibers. On the
other hand, PCF and RH were not pretreated and show
polymorphic form, characteristic of native cellulose.

The crystallinity index (CI) calculated for PCF, RTF
and RH fibers were 43.7, 44.0, and 25.9%, respectively.
Higher crystallinity could leads to higher tensile strength
of the fibers** and thereby improves the reinforcement of
the polymeric composites.

3.3. Fourier-Transform infrared spectroscopy
(FTIR)

FTIR spectra of the PCF, RTF and RH fibers (Figure 4)
showed the typical bands of lignocellulosic fibers.

The strong bands at 3390, 3440 and 3432 cm™ of PCF,
RTF and RH, respectively, are attributed to stretching of
hydroxyl groups. For RTF these bands were broader than the
ones observed for PCF and RH fibers. This could be explained
since RTF fibers contain cellulose I and its structure is able
to form more hydrogen bonds than cellulose I, resulting in
a major broadening of these bands®.

Materials Research

For all samples, the bands around 2910 to 2930 cm™
are attributed to C-H_asymmetric stretching present
mainly in cellulose, which was the major component of the
lignocellulosic fibers?'*.

The band near 1735 cm™' assigned to unconjugated
stretching vibrations of the C=0 of the carbonyl and acetyl
groups in the xylan component of hemicellulose was clearly
seen on PCF fibers and it was observed as a shoulder for
RH fibers?°. Absence of the peak at 1735 cm™' leads to the
hypothesis that RTF has undergone to alkaline scouring so
most of the hemicelluloe were removed. The three fibers show
a peak at about 1640 cm™! related to absorbed water?!31-33

The bands at the region from 1000 to 1500 cm™ are
assigned to the aromatic region related to the lignin: the bands
at 1460, 1425 and 1220 cm™ are characteristic of C-H and
C-O deformation, bending or stretching vibrations of many
groups in lignin and other carbohydrates?34,

Cellulose show bands characteristics at 1055 and
1162 cm™ attributed to C-OR stretching and antisymetric
bridge C-OR-C stretching of cellulose, respectively?.
The peak at 1320 cm™! is attributed to the O-H of alcohol
groups and the band at 1420-1430 cm ' is assigned to aromatic
skeletal vibrations associated to C-H in plane deformation of
cellulose. The band at 1375 cm™ is related to C-H bending
in cellulose and hemicellulose®.

Figure 2. SEM micrographs of fibres surface: (a) RTF (bar: 5 um), (b) PCF (bar: 50 pm), (¢) RH (bar: 100 pm) and (d) RH (bar: 10 um).
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The band at around 1420-1430 cm™' is related to
crystalline structure and the band at 898 cm™! is attributed to
CH deformation in the amorphous region of the cellulose®.

For RH fibers, the intense band at 1047 cm™! is related
to the stretching vibrations of silicon-oxygen tetrahedrons
and the relatively weak absorption band at 795 cm™" is most
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likely linked to the symmetric and asymmetric vibrations of
the Si—O bonds in the silicon-oxygen network?®.

FTIR of the lignocellulosic materials identifies the presence
of components such as hemicellulose which giving them
a hydrophilic character. This hydrophilic character could
reduce the compatibility of the fibers with polymer matrices.
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Figure 4. FTIR spectra of PCF, RH and RTF.
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3.4. Density and diameter distribution of the
fibers

The values of density RTF, RH and PCF fibers (Table 1) are
comparable with other fibers density, such as sisal (1500 kg/m?),
banana fiber (1350 kg/m?) and the not-treated cotton, whose
density varies between 1500-1600 kg/m?, and all of them
have densities smaller than the glass fiber (2500 kg/m?)'-7,
This result is interesting because the use of these fibers can
reduce the weight of the polymeric composites.

The average diameter of RTF and PCF fibers are
14 (£ 5) and 18 (+ 12) um, respectively; these values are
lower than other fibers such as curaua and sisal®®. The average
diameter of RH was not determinate due this material was
milled resulting in particle morphology whose dimensions
depend on milling conditions.

The fibers diameter distributions were shown in Figure 5.

RTF fibers presented smaller diameter dispersion than
PCF fibers. This result can be due to the extraction method
of PCF fibers that causes fails in the fiber surface resulting
in irregularity of the diameters. On the other hand, RTF
fibers showed homogeneous diameter along the fiber due
chemical treatment that extracted part of lignin, hemicellulose
and particles on the fiber surface during textile process®.

Diameter distribution can be used to determine the
aspect ratio (length/diameter) of the fiber. Aspect ratio (ratio
between the length and the fiber diameter) is an important
parameter to be taken into account in the improvement of
fiber-matrix adhesion*.

3.5. Moisture content and water absorption

The lignocellulosic fibers moisture content depends on a
lot of factors, such as composition, age and climatic conditions
for development of the original plant*’. Furthermore, it may

Table 1. Density, moisture content and fiber diameter of PCF, RH
and RTF.
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also depend on the storage conditions and the time between
the extraction and the use of the fiber residue. Moisture
content in lignocellulosic affects physical and mechanical
properties of the composite because cause a decrease in the
fiber matrix-adhesion.

Table 1 show results of density, moisture content and
fiber diameter of PCF, RH and RTF

The moisture content of the fibers, dependent on the
content of non-crystalline parts and void content of the fiber,
amounts up to 10 wt % under standard conditions and were
normally described in the literature'.

Hemicellulose present in amorphous phase of the fibers
have large amount of hydroxyl groups, which interact strongly
with water by interactions of hydrogen. Thus, the higher
hemicellulose content of the fiber increases the affinity with
water. Therefore, the PCF fibers have the highest moisture
content as can be verified by FTIR spectrum, which showed a
peak at 1735 cm™ corresponding to hemicellulose. RH fibers
present a shoulder at 1735 cm™ on FTIR spectrum indicating
that the hemicellulose content was lower than PCF fibers.
The low moisture content of the RTF fibers was related to
the treatment of this fiber that was subjected to the spinning
process, which removes the hemicellulose.

The time required for the fibers to reabsorb moisture
is important to evaluate the mechanical properties of the
composites during their useful life’. Figure 6 shows water
absorption until 600 h of the PCF, RH and RTF.

For all fibers, the major part of water absorption occurred
in the first 2 h and after 600 h PCF, RTF and RH fibers
reabsorb 12.5, 5.5 and 8.2% of their total weight, respectively.
However, all fibers absorbed less water than their original
moisture content until 600 h.

3.6. Thermal properties

TGA and DTG curves of PCF, RH and RTF fibers are
shown in Figure 7.
The hemicelluloses degradation process of RH and PCF

Samples g{e';:rll?)' MOiS;’;e (wt Fiber(d:ral;neter fibers started at 200 and 207 °C and the temperatures of the
& ° # maximum rate of degradation were observed at 290 and
PCF 1273 18.0 (+0.6) 18+ 12) 291 °C with DTG 0f 0.35 and 0.25 wt % / °C, respectively;
RH 1405 10.7(=0.5) ) (Figure 7). For RTF fibers, the hemicelluloses degradation
RTF 1492 7.00 (= 0.4) 14 &3) process was not observed. This result confirms the result
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Figure 5. Fibers diameter distributions.
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Figure 7. Thermal properties of RH, PCF and RTF: a) TGA and b) DTG curves.

of FTIR that showed the absence of the characteristic peak
of hemicelluloses.

The cellulose degradation process for PCF, RH and
RTF fibers occurred in the range from 257 to 390 °C and
the temperatures of maximum rate of degradation were
observed at 366, 350 and 353 °C with DTG of 1.6, 0.8 and
1.8 wt %/ °C, respectively. The end of thermal degradation
of cellulose was observed above 390 °C (Figure 7).

The solid residue was observed for PCF and RTF fibers
above 500 °C and the value was approximately 8.8 wt %,
while for RH fibers the solid residue was already observed at
alower temperature (370 °C) and its value (33%) was greater
than the one observed for the other fibers. This residual mass
may be associated with the presence of silicon'’.

The amount of solid residue can also be related to the
carbonization of lignin which is slow, and carbon could
be the main product. Lignin is composed of three kinds of
benzene-propane and is heavily cross-linked; this structure is
different of cellulose and hemicellulose, which are composed
of polysaccharides. Then, due to this structure the thermal
stability of lignin is very high*!.

RTF fibers do not contain hemicelluloses and its onset
degradation temperature was about 40 °C higher than the
PCF and RH fibers. This result is interesting because it
allows the use of this fiber with polymer matrices having
greater thermal stability.

4. Conclusions

The fibers studied showed differences in chemical and
physical structures. RTF shows cylindrical microstructure
with smooth surface, PCF shows cellular structure and the
microstructure of RH is globular showing cell pattern of the
outer surface epidermis which is well organized and has a
corrugate structure. PCF and RH show crystallographic planes
of cellulose I and RTF shows a mixture of cellulose I and
cellulose II. RTF showed the major crystallinity degree because
it does not have hemicellulose as it was seen by FTIR analysis.
Besides, moisture content and water absorption are in accord
to this result. Comparing the three fibers, the RTF presented
the lowest density (1273 kg/m?) and diameter (14 (£ 5) um).
On the other hand, onset degradation temperature of RTF
was about 40 “C higher than the PCF and RH fibers. Then,
RTF showed the better properties for using in the polymeric
composites. Concluding, these fibers of agroindustrial wastes
showed properties comparable to commercial lignocelulosic
fibers, so they are potentially able to act effectively as the
dispersed phase in polymer composites, besides avoiding
the deposition of this waste in landfills.
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