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The agribusiness generates countless sources of biomass that are not appropriately and / or
adequately utilized, turning them into industrial wastes. This study aims to explore the Arrowroot
fiber as a source of raw material for the cellulose nanowhiskers production by acidic hydrolysis.
Hydrolyses were carried out varying the temperature and the sulfuric acid concentration, with the
hydrolysis reaction time fixed and constant stirring. The nanowhiskers of cellulose extracted from the
arrowroot fibers has great potential as reinforcing agents in the nanocomposites production regarding
to others cellulose nanowhiskers sources, because they have shown a similar performance as the other
fibers, good thermal stability, crystallinity index and good aspect ratio as compared to the literature.
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1. Introducion

Brazil for being a country with a large agribusiness produces
agricultural industries residues that cause environmental
impact and, then, the search for alternatives to the use of
organic matter generated grows in several research centers.
Producers and industries are facing the problem of the residual
biomass disposal, although it is biodegradable, it needs a
minimum time to be mineralized, becoming a source of
environmental pollutants. Such agribusiness residues contain
several biologically active substances that are wasted'.

Lignocellulosic fibers are excellent raw materials for
the chemistry of polymers and composites, which can be
proven by the high number of patents and national and
international articles, besides the large number of products
already marketed®”.

The arrowroot is attracting interests of the industries
that produce starch in Brazil against reports of differentiated
properties of that starch in bakery products. It is a root from
Latin America and it is native from Venezuelan forests®.

The rhizomes of arrowroot cultivated in Venezuela
presented 5.46% of protein, 5.96% of grease matter, 2.84% of
ash, 7.49% of cellulosic fibers, 78.25% of total carbohydrates
(expressed on a dry basis), 79.88% of humidity and pH of 6.9"!.

Recent interest in the use of rigid nanoscale particles as
reinforcing materials in polymeric matrices, composites or
nanocomposites, has increased. Two good examples of these
types of particles are the carbon nanotubes and cellulose
nanowhiskers'’.

In that context the use of arrowroot fibers is biomass
residues originated from the agribusiness, which present
good source to obtain the cellulose nanowhiskers.
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2. Material and Methods

Arrowroot fibers used in this study were donated by
farmers from the town of Cruz das Almas, Bahia, Brazil.
The fibers already came previously extracted from rhizomes
arrowroot, after being dried were triturated in a mill type
Willye TE-680, and then treated by the following processes.

Process for Extraction of lignin and hemicellulose: 10g of
arrowroot fiber were placed in 200 ml of sodium hydroxide
solution at 5% in a beaker with mechanical agitation, for
2 hours at a temperature of 80°C. Then they were filtered
under vacuum, washed with distilled water and dried at a
temperature of 70°C in a stove!'’.

Bleaching of fibers with Sodium Hypochlorite: After the
extracting lignin process, 5g of the treated fiber were submitted
to a solution of 200 ml of sodium hypochlorite (2.5%) and a
buffer solution 1:1 (acetic acid (5%) and sodium hydroxide
(5%, for 2 hours at 80°C until bleaching'?. Subsequently
they were filtered under vacuum, washed with distilled water
and dried in a stove at 70°C.

Preparation of the Nanowhiskers: After bleaching
the fibers were four separate samples realization to acid
hydrolysis, where four concentrations of sulfuric acid and
two temperature conditions were used, with the time and
the fiber mass fixed, for conducting the acid hydrolysis in a
beaker with mechanical agitations seen in Table 1.

Thermal stabilities of samples were determined using
Shimadzu TGA-50 equipment. The analysis conditions were:
a nitrogen atmosphere with flow 50 mL min™', heating rate
of 20 °C min' and temperature range from 25 to 1000 °C.
The diffractograms were obtained on X ray diffractometer,
Shimadzu model XRD-6000 with angles 26 between 5 and 80 6.
The chemical structure of the samples was analyzed using
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FTIR Shimadzu model IR Prestige-21. The Scanning Electron
Microscope JEOL 6390LV used.

3. Results and Discussion

Figure 1 show the thermal profile of the fiber in natura
(FNAT), bleached fiber (FBRA) and the nanowhiskers
obtained on the four conditions of acid hydrolysis.

Based on the thermogravimetric analysis the following
parameters were estimated: initial temperature of thermal
degradation (T ), humidity content (%), residue content
(%), Table 2.

It can be observed from Figure la and Table 2 that
the starting temperature of the thermal degradation of
the obtained cellulose nanowhiskers were closed to the
four acid hydrolysis conditions used. The fiber in nature
(FNAT) showed a higher initial thermal degradation due to
the presence of the fiber constituents that serve as barriers
to initiate its degradation, but the other samples are most
exposed due to the efficiency of the steps that leading up
to acid hydrolysis for nanowhiskers extracting. Samples

Table 1. Acid hydrolysis conditions for nanowhiskers obtaining.
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NAO1, NAO2 and NAO3 showed a higher residue rate, and
it can be attributed to the formation of a carbon layer on the
cellulose surface which can act as a barrier.

In Figure 1b, the curve of bleached fiber (FBRA)
presented two events that can be attributed to the presence
of hemicellulose and cellulose, where it shows an overlay on
the starting of the initial temperature of thermal degradation
of one with the end of the other.

The crystal structure of the fiber in nature (FNAT),
bleached fiber (FBRA) and obtained cellulose nanowhiskers
were studied by DRX as shown in Figure 2.

It is observed that in all the profiles of difratogram, there
is apeak at 20 equal to 22.7° (002 plane) and 16° (101 plane),
characteristic of cellulose type 1314 referent the crystalline
base of the unit cell found in cellulosic fibers. However, the
original crystalline structure of cellulose, the mechanical
strength has been maintained in nanowhiskers after acid
hydrolysis.

Crystallinity index (I ) was calculatedby 1 _[ 1y, T, L0,]1% 100,
where, I, is the intensity corresponding to the peak of
crystalline material (20 =22°),1  is the intensity event of

(am)

Volume of H SO Concentration
2Py o . .
Sample Mass (g) (mL) H,50, (%) Temperature (°C) Time (minutes)
NAO1 5 100 55 65 105
NAO02 5 100 60 65 105
NAO3 5 100 55 55 105
NAO04 5 100 60 55 105
Table 2. Thermal analysis values.
Sample T, . CO Humidity (%) Residue (%) 1. (%) Yield (%)
FNAT 268 14 16 23 -
FBRA 210 9 16 56 -
NAO1 243 6 27 47 33
NAO02 244 8 21 56 20
NAO03 242 9 20 61 30
NA04 243 8 13 64 30
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Figure 1. TG curves (a) and DTG (b) of the fiber in nature, bleached fiber and the cellulose nanowhiskers obtained.
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amorphous materials (20 = 16°)!']. The results are shown
in Table 2.

The results showed that the fiber treatment was effective
for amorphous part removal in the steps leading up to acid
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Figure 2. X-ray diffractograms of the samples.
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hydrolysis. The highest indexes of nanowhiskers crystallinity
were found for the samples NA03 and NA04, where the lower
temperatures for the acid hydrolysis reaction were used.

The chemical structure of the samples was analyzed
using FTIR by granulating of the sample with KBr. The FTIR
spectra of in natura and bleached fibers are shown in Figure 3
the following:

When comparing the spectra of in nature and bleached
fibers, it is observed in Figure 3a, that they exhibit similar
bands in the range of 3400 cm™ regarding to the OH group
present in the three constituents of the fibers.

In Figure 3b, the range of 700-1000 (cm™) in the sample
FNAT, regarding to the C-H group characterizing the lignin'
practically disappears when applying the bleaching. Also
analyzing sample FNAT, bands of 1077-1150 (cm™') are
attributed to the C-O-C functional group characteristic of
the cellulose', the same assignment is made to the band in
the wavelength range of 1646 (cm™) which is also observed
in the sample FBRA!'),

The sample FBRA in Figure 3b, also showed a small lignin
content in the range 0f 900 (cm™). The bands of 1028 (cm™)
to 1162 (cm™) are attributed to the cellulose®, that after
the bleaching process was most evident its presence. Small
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Figure 3. FTIR spectra of in nature, bleached fibers and of the nanowhiskers.
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bands between 1311 and 1552 (cm™), were also attributed
to presence of lignin.

On Figure 3c it is made a comparison between the samples
FNAT and FBRA with obtained nanowhiskers, lignin bands
are not observed, which cellulose bands predominate.

The nanowhiskers morphology obtained by the acid
hydrolysis with sulfuric acid was studied by transmission
electron microscopy as shown in Figure 4a-d. The micrographs
show that the structures at nanometer scales in needled
format, were obtained after acid hydrolysis of the bleached
fibers (FBRA), confirming the positive result of the treatment
used in the present study.
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From the micrographs, the diameter and length of
nanowhiskers were determined using the ImagelJ software
then was possible to determine the aspect ratio of the obtained
samples with of the different conditions of acidic hydrolysis.
The results are shown in Table 3.

In the NAO1 sample, low acid concentrations with the
higher temperature gave favorable environment for the
chemical extraction nanowhiskers with a higher aspect
ratio, compared to the other samples. In NAO3 sample,
which is worked with the smallest acid concentration and
lower temperature range with the highest measurement of
length and diameter.

Figure 4. Transmission electron microscopy of all samples obtained.
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Table 3. Length, diameter and aspect ratio of the obtained cellulose
nanowhiskers.

Diameter

Sample Length (nm) (nm) Aspect Ratio
NAO1 132+33 3.1+1.5 46
NAO02 121+41 3.7+1.2 33
NAO3 160+77 4.1+1.2 37
NA04 129+45 3.9+1.8 35

4. Conclusions

It was possible to obtain cellulose nanowhiskers in ways
needles, fibers from bleached arrowroot, they had good thermal
stability and a good crystallinity index, compared with the
literature. As seen in DRX diffractograms, it appears that
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the type I crystal structure of cellulose fibers was preserved
even after the chemical treatment process for purification,
which is a positive feature.

The nanowhiskers extracted with the lowest acid
concentration and higher temperature showed the best aspect
ratio, when compared with other extraction conditions used
in this study.

In general, the nanowhiskers obtained in this study for all
four extraction conditions used feature a similarity in aspect
ratio with other sources has already reported in the literature.
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