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Study on wild grasses as a potential source of cellulose nanofibers
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Abstract

A manufacturing process is described for obtaining cellulose nanofibers from pink weed (Rhynchelytrum repens) and
foxtail (Bothriochloa laguroides) plants by physicochemical methods. These plants are considered weeds since they are
discarded because they have no use as livestock feed, and both have minimal biotechnological utility. The physical-chemical
characterization of the nanocellulose obtained from these sources were evaluated by infrared spectrometry, thermography,
microscopy characterization, dynamic light scattering, and X-ray diffraction. The cellulose nanofibers from pink grass have
a length of 1-10 um and a diameter of 30-120 nm, similar to those previously reported from different plant sources. In the
case of foxtail plants, fractal feature nano-objects with lengths less than 1.5 ym, and diameters in the 20-190 nm range were
obtained. Notably, this geometry for cellulose nano-objects has not been reported previously. In addition, the crystallinity index
was evaluated, obtaining values of 60% for both plants, and the crystal size was estimated using the Sherrer equation.
Keywords: Cellulose nanofibers, weedy plants, fractal structure.

Resumen

Se describe un proceso de manufactura para obtener nanofibras de celulosa a partir de las plantas pasto rosado (Rhynchelytrum
repens) y cola de zorra (Bothriochloa laguroides) por métodos fisicoquimicos. Estas plantas son consideradas como maleza ya
que son desechadas debido a que no tienen uso como alimento de ganado, y ambas tienen utilidad biotecnoldgica minima. La
caracterizacion fisico-quimica de la nanocelulosa obtenida por estas fuentes fue evaluada por espectrofotometria de infrarrojo,
termografia, caracterizacién microscépica, dispersion dindmica de luz y difraccion de rayos-X. Las nanofibras de celulosa del
pasto rosado tienen una longitud de 1-10 ym y un didmetro de 30-120 nm, similares a las reportadas previamente de diferentes
fuentes vegetales. En este caso, las plantas cola de zorra, se obtuvieron caracteristicas fractales de los nano-objetos con longitudes
menores que 1.5 um y didmetros en el rango de 20-190 nm. Notablemente, esta geometria para nano-objetos de celulosa no ha
sido reportada previamente. Adicionalmente, el indice de cristalinidad fue evaluado, obteniendo valores de 60% para ambas
plantas, y el tamafio del cristal fue estimado utilizando la ecuacién Sherrer.

Palabras clave: Nanofibras de celulosa, plantas de maleza, estructura fractal.
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1 Introduction

Cellulose is the most abundant organic compound in
nature because it is the fundamental component of the
outer cell wall of plant cells found in trees (wood) and
other plants This biopolymer has also been found in
algae, shrubs, and even in marine animals (French it
et al., 2002). Usually, this polysaccharide is combined
with other biomolecules such as lignin, hemicelluloses
(Ponce it et al., 2014) (shorter carbohydrates, mainly
pentosans), pectins, and fatty acids. More than 90%
of cellulose production is obtained from wood, and
the remaining 10% from other plants (loelovich,
2008). Being such an abundant polymer in nature
and considering the numerous sources from which it
can be obtained, cellulose has become an attractive
investment market. It was valued at $297 million
dollars in 2020 and is projected to reach a value
of $783 million dollars by 2025, with the highest
growth in Europe and North America. Currently, this
market represents around 7.5 million tons per year,
and cellulose is considered a high-engineering-value
product that is cheap, self-sustaining, ecological, and
renewable (Ltd, 2023).

Seven cellulose polymorphs are known (Io, Ig,
II, I, Iy, IVy, IVy), but only the I, and I/g
forms of cellulose are found in nature (French it
et al., 2002), (Fleming it et al., 2001; Gardner
& Blackwell, 2001; Marchessault, 1962). The I,
form is found predominantly in the cell walls of
algae and bacteria, while the Ig form is abundant
in cotton and wood. I, and Ig celluloses can be
simultaneously found in the same microfiber (Finch,
1985). On the other hand, nanocellulose, which is the
minimum scaffold (individual cellulose molecules) of
cellulose (Nair it et al., 2014), has been considered
an innovative nanomaterial, which has positively
impacted the productive sector, e.g., additive for the
polymer industry (Trache it et al., 2014), reinforcing
material in the development of composite materials
with better mechanical properties, and the biomedical
industry used as a carrier for specific drugs or platform
for organic sensors, due to its high biocompatibility
and biodegradation properties (Thomas it et al., 2020;
Chirayil it et al., 2014; Khalid it et al., 2021; Ruiz-
Palomero it et al., 2017; Bolio-Lépez it et al., 2011;
Garzon it et al., 2009).

Nanocellulose is obtained by transforming
cellulose wusing different processes (chemical,
physical, or biological or a combination), resulting
in very different mechanical and optical properties of
the product, when changing parameters even using the
same methodology (Dufresne, 2013). There are also
other references that lead us to be sure that there are
still aspects that can be improved at synthesis methods,
no matter the process selected (Shaghaleh, 2018).

The standard manufacturing physical processes
to obtain nanocellulose are cryo-crushing, grinding,
and high-pressure homogenizing, whereas the typical
chemical process is acid hydrolysis, and biological
process such as enzyme-assisted hydrolysis (Postek
it et al., 2013). The selection of the nanocellulose
manufacturing process is determined by the origin of
the cellulose (Brinchi it et al., 2013; Habibi it et al.,
2010).

Regarding cellulose nanofibers, there are several
fabrication methods that have been reported, including
phase separation, electrospinning, self-assembly
and others (Anusiya and Jaiganesh, 2022), where
properties and possible applications are different,
mainly because solvents and reactive used during
synthesis, which affect size, morphology, purity and
stability of the material. Depending on the future use,
some characteristics are more important, for example,
if the nanomaterial is going to be use as reinforcement,
thermal stability is very important, or, if it is going to
be used at the biomedical industry, purity become
more relevant (Isogai, 2020).

Even though synthesis methods have improved in
recent years, there are still important issues to solve,
mainly related with effective chemical pretreatments,
and energy-efficiency (Djafari Petroudy et.al., 2021).
In order to make this material more commercial,
energy use during synthesis is one of the most
important aspects to research.

In the present work, the process designed to
obtain cellulose nanofibers from weedy plants is
presented, as well as the results obtained by different
analytical techniques to characterize their chemical
and morphological properties. The evaluation of
the mechanical properties of the obtained cellulose
nanofibers was not considered in this work. However,
when analyzing the results achieved and the studies
reported in the literature, the synthesized nanomaterial
has a high potential to be used for bio-nano composite
applications (Chen et al., 2018) as well as a
reinforcement in polymeric composites (Winter et al.,
2017).

2 Materials and methods

2.1 Materials

2.1.1 Plants

The pink grass (Rhynchelytrum repens (Willd.) CE
Hubb. (= Melinis repens (Willd.) (Zizka)) and foxtail
(Bothriochloa laguroides (DC.) Herter) plants, used
as the primary source of cellulose for this study,
were obtained in the surroundings of the campus of
the Universidad Politécnica de Santa Rosa Jauregui,
located in Querétaro, Mexico. Figure 1 shows the
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Figure 1. Images of the plants used as raw material in
the study. A) Pink grass, ornamental specie commonly
used in gardening, and B) Foxtail, an herbaceous plant
reported as a weed in alfalfa, bean and corn.

images of the plants mentioned above.

2.1.2 Reagents

For the extraction of the fibers, the following analytical
grade chemical reagents were used : type 1 water;
sodium hydroxide, purity 98 %: JT Baker; denatured
ethyl alcohol, purity 99.9 %: JT Baker; toluene, purity
99.9 %: JT Baker; hydrochloric acid, purity 36.5 —
38.0 %: JT Baker.

2.1.3 Laboratory  Equipment and Analytical
Techniques

The equipment used was the following: Terla electric
oven, with a temperature range of 50 °C to 500 °C,
model 60-TE-H218LDM; Sartorius water purification
system, model H20PRO-UV-Tarium pro; ADAM
analytical balance, model EP 520 A, with a range of
250 g, and sensitivity of 0.0001 g; Sanyo Gallenkamp
MSE disruptor, model Soniprep 150; Cole-Palmer
ultrasonic bath, model EW-04711-75; TOPTION free-
dryer lyophilizer, model TOPT-10B, with a minimum
condenser temperature range of -50 °C, final vacuum
<10 Pa; VelaQuin cooling bath, model DC-2006,
with a temperature range from -20 °C to 100 °C;
SEOH heating blankets, model Mantle-500, with a
temperature range of 450 °C; Benchmark stirring
and heating plate, model H4000-HS, with a range of
temperature from 50 °C to 380 °C, and speed of 60 to
1500 rpm.

The analytical techniques used were dynamic light
scattering (DLS), molecular or particle size range from
0.3 nm to 10 um, Malvern Panalytical, Zetasizer Nano
S. High-resolution scanning electron microscopy
(HR-SEM), with the JEOL 7500 FE equipment.
Thermogravimetric analysis was performed in a
Mettler Toledo analyzer, model TGA 1. The FT-IR
spectrometer used was a Thermo, model Nicolet 6700.
The Transmission Electron Microscope (TEM) used
was a Hitachi low vacuum, HT 7700 — EXALENS,
as sample protection to observe the sample without

metal coating. The X-ray diffractometer (XRD) used
was a XPert-Pro, Malvern-Panalytical with Cu-Ka (41
= 1.542 A), 30 kV and 30 mA. JADE software from
The International Center for Diffraction Data, was
used to identify the 260 positions of the diffraction
peaks. Scherrer equation was used to determine the
crystal size from the X-Ray patterns, from foxtail
and pink grass fibers. Calculations of crystal size
were determined to measure the full width at half
maximum intensity of peak (8) in radian located at any
26 characteristic peak in the pattern. This means that
crystal size determinations only depend on the crystal
diffraction capacity and not on their morphology.

2.2 Sample preparation and analysis
2.2.1 Fiber treatment

The plants’ stems were washed using water type 1
and dried in an oven at 80 °C for 24 h, then cut
into sections with an approximate length of 1-2 cm.
For the extraction of oil and grease content, the
sections were placed in a Soxhlet system, employing
a toluene/ethanol 2:1 (v/v) mixture at 90 °C for 6 h.
This process was carried out in an extraction hood.
Subsequently, lignin and hemicellulose were gradually
removed and solubilized by a treatment of a 1 %
NaClO; solution, buffered at pH 4 with 5 % w/v
sodium bisulfate at 80 °C for 4 h. Afterward, the
cellulose fiber was subjected to an alkaline treatment
in a3 % and 6 % NaOH solution at 80 °C to 90 °C
for 2 hours for each percentage of solution. After this
chemical treatment, the fibers were rinsed with water
type 1 to neutralize them to a pH 7, where a white pulp
was formed and finally stored in an aqueous solution.

A schematic representation of the methodology
employed to obtain cellulose nanoparticles from
weedy plants is shown in Figure 2.

2.2.2  Separation of cellulose nanofibers

The cellulose pulp was filtered using a vacuum pump
at a force of 1 cm Hg with cellulose-acetate membrane
filters (@ 47 mm, 0.45 um). Finally, the separated
fibers were subjected to an ultrasonic homogenizer for
180 min and 440 min (See Figure 2).

2.2.3 Sample Preparation for physicochemical
analysis

For FT-IR analysis, a diffuse reflectance accessory
(DRIFT) was used. A sample drop was placed on
the analyzer glass, and the respective spectrum was
acquired. The analysis conditions were a resolution
of 4 cm‘l, 64 scans, and a region from 4000 to 400
cm’!. For thermogravimetry analysis, a portion of the
obtained cellulose was placed in the corresponding
sample holder for each of the analytical techniques
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Identification and selection
of weed-type plants

Plant cleaning with
Type 1 water

Oil and grease Soxhlet
extraction

Lignin and hemicellulose

1% NaClO,, 5 % NAHSO;
T=280°C

Alkaline treatment
remotion 3 % and 6 % NaOH
T= 80-90 °C

Ultrasonic process and
cellulose nanoparticles
production

Figure 2. The process diagram to obtain cellulose nanofibers from wild plants is presented. This process involves
several stages, such as removing impurities, pretreatment, and hydrolysis, to get pure and high-quality cellulose

nanofibers.

used to identify the corresponding material. The
thermogravimetry analysis was performed in the
temperature range from 25 °C to 750 °C, at a rate of 10
°C/min, in a hydrogen atmosphere, with a 50 ml/min
flow.

2.2.4 Sample Preparation for cellulose nanofibers
characterization

2.2.4.1 DLS analysis

The sample was prepared from the solution of 1 g in
100 ml, and then 30 ul of the sample was taken and
deposited in a cell to add 970 ul of distilled water.
Manual shaking was carried out, verifying that the
optical zone of the cell had no impurities. Afterward,
the cellulose nanofibers were analyzed by a Zetasizer
Nano S equipment, with laser wavelength of the
equipment at 632.8 nm, emitted by a helium lamp; the
collection angle was 173 degrees, at a temperature of
25 °C.

2.2.4.2 HR-SEM analysis

A suspension of 1 g in 100 ml of the cellulose
nanofiber solution was prepared and then sonicated for
10 min. A drop of this suspension was taken from the
middle of the vial and placed on a 5 x 5 mm silicon
sheet to be dried, and then HR-SEM was performed.
Different fields of observation were analyzed, and
images were obtained with primary and secondary
electrons and X-ray analysis of the different areas.

2.2.4.3 TEM analysis

The sample for TEM analysis was taken from a
cellulose nanofiber suspension sonicated for 35 min.
A drop was taken from the middle of the container and
placed on a carbon grid. Different fields of observation
were analyzed, and bright and dark field images were
obtained.

2.2.4.4 XRD analysis

The nanofiber suspension was dried for 24 h at 100
°C to obtain a solid and dry sample. The obtained
powders were then placed on an amorphous glass
for scanning beam measurements, ensuring the height
of the sample holder did not interfere with the
analysis. The X-ray beam inclined 0.7 degrees. The
experimental parameters included scanning step 0.5
deg/s and measurement interval between 10 and 90 in
2 Theta grades.

3 Results

3.1 Infrared spectrometry analysis

Vibrational spectroscopy has been used for both
qualitative and quantitative evaluation of cellulosic
materials, and it has the potential to provide efficient
results, using less expensive equipment (compared to
XRD or NMR) for routine measurements that can
be employed to determine crystalline properties and
chemical composition.
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Figure 3. FTIR profiles showing the spectral
fingerprint of cellulose nanomaterials obtained from
weedy plants and compared whit the spectra of each
nanocellulose substance.
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The comparison of FT-IR results, presented in
Figure 3 shows the relevant absorbance regions for
the characteristic functional groups of polysaccharides
under study, and for those extracted from pink
grass and foxtail plants. Detailed information on
absorbance wavelength and vibrational behavior of
fiber components are presented in Table 1, identifying
some specific absorbance peaks corresponding to
lignin, hemicellulose, and cellulose. Analyzing the
spectra of Figure 3, and reviewing the bibliographic
information reported in Table 1, the commercial
cellulose and that obtained from the foxtail plant and
pink grass have characteristic absorbance in the range
of 1170 - 1082 cm’!, attributable to other groups at
the skeletal pyranose (peak (g), Fig. 3). Moreover, the
absorbance at 1640 cm™! can be assigned to OH bonds
with cellulose (peak (e), Fig. 3).

In the case of lignin, there are characteristic peaks
in the range of 1600-1800 cm™! corresponding to

aromatic skeletal residues and another superimposed-
on benzene (peaks (c) and (d) respectively, Fig. 3)
whereas a distinguishing band is observed in the
interval of . The 1765 — 1715 cm™" due to C=0 groups.
Additionally, a peak between 3000 and 2800 cm™! is
formed for all the absorbance profiles presented in
Figure 3, due to a possible presence of OH or H-C-
H groups (peak (b), Fig. 3). In general, the functional
groups of the significant components of the fiber are
present in the spectrum of cellulose extracted from
foxtail plant, verifying that the synthesis process to
obtain cellulose from herbaceous material is viable.
The difference differences observed in absorption
spectra presented in Figure 3 may be due mainly to
the extraction method, the material, and the conditions
used during the experiments and sample analysis.

3.2  Thermogravimetric analysis

Thermogravimetric analysis (TGA) is typically used
to measure thermal stability. The shape of the TGA
curves generally describes mass loss as a heating
function. The mass loss will vary depending on the
type of cellulose particles, functional groups on the
surface, heating rate, and the atmosphere (air vs.
nitrogen). Figure 4 shows the corresponding TGA
curves of commercial cellulose, and cellulose obtained
from pink grass and foxtail plants. Commercial
cellulose presents a decrease in mass at low
temperatures due to water loss, followed by a
significant change between 300 °C and 380 °C,
which can be attributed to cellulose degradation
processes such as dehydration, depolymerization, and
decomposition of sugars, followed by the formation of
a carbon residue (Habibi it et al., 2010).

Table 1. Wavelength absorbance regions for cellulose, hemicellulose, and lignin components obtained from plant
species, reported by Raspolli Galleti et al., 2015; Hospodarova et al., 2018; Li et al., 2018; Javier-Astete et al.,

2021.
Peak Wavelength (cm™')  Fiber component Functional group  Assignment
(a) 4,000 - 2,995 Cellulose, OH Intra- and
hemicellulose and intermolecular
lignin stretching  of  the
functional group
(b) 2,890 Cellulose, CH3 H-C-H Symmetric methyl and
hemicellulose and methylene stretching
lignin
(©) 1,730 - 1,700 Lignin Aromatic
(d) 1,632 Lignin C=C Benzene’s overlapping
ring
(e) 1,640 Cellulose Fiber-OH OH groups bonded to
fiber
®) 1,270 - 1,108 Lignin C-O-CC-O0OH Functional groups
stretching
(2) 1,270 - 1,082 Cellulose and C-0-C Ether groups stretching
hemicellulose
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Figure 4. The graph shows TGA (Thermogravimetric
Analysis) curves for the obtained samples, compared
against commercial cellulose.

Further decomposition (lignin decomposition) of
the residue occurs above ~425 °C, assigned to
oxidation and formation of low-weight gaseous
products.

The TGA curves for cellulose nanofibers obtained
from foxtail plants and pink grass have a similar shape.
The two curves show a decrease in mass, namely
20 % for foxtail and 10 % for pink grass, at lower
temperatures than commercial cellulose. Accordingly,
fibers from both plants present a notable difference;
in the case of foxtail, it is between 250 °C and 380
°C, like commercial cellulose, whereas pink grass

is between 300 and 420 °C. This change occurs
in a broader temperature range compared to the
commercial polysaccharide, which can be attributed
to the increase in the content of cellulose nanofibers.
Consequently, these nanomaterials present thermal
stability more significant than 10% compared to
cellulose. This condition can be interpreted as both
samples having hydroxyl functional groups on their
surfaces and between the nanofibers, which have
been reported when nanocellulose is obtained by acid
hydrolysis with HCI (Camarero it et al., 2013).

3.3 Morphological analysis of nanocellulose

3.3.1 High-resolution scanning electron microscopy

HR-SEM by secondary and retro-dispersed electrons
was used to characterize the morphology of
cellulose nanofibers at different times of physical
treatment (machining). In Figure 5, samples M1
and M2 correspond to the pink grass plant at
different dispersion times. The images show cellulose
nanofibers with lengths greater than 1 um but
with diameters between 10 to 50 nm. This type of
morphology has been commonly reported, regardless
of the type of cellulose source used to obtain the
nanocellulose (de Morais Teixeira it et al., 2010; Soni
itetal., 2015; Ifuku it et al., 2007; Hosur it et al., 2016;
Herrick it et al., 1983; Turbak it et al., 1983).

Figure 5. HR-SEM micrographs from the two plants were analyzed, showing their structure and morphology in
detail. M1 (pink grass with the mechanical process to 180 min), M2 (pink grass with the mechanical process to 460
min), M3 (foxtail with the mechanical process to 180 min), and M4 (foxtail with the mechanical process to 460 min)

with yellow mark are nanofibers cellulose.
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Figure 6. Particle-size distribution content for
nanoparticle analysis in photomicrographs using
Image J software.

Samples M3 and M4 in Figure 5 correspond to
the foxtail plant. The resulting cellulose nanofibers
present bouquet-like forms found as joined filaments
similar to the plant’s morphology at the micro-scale.
Regarding the morphology and size, nanofibers in
samples M3 and M4 are similar, with dimensions
lower than 1 ym in length and a diameter between 50
to 80 nm. In sample M4, individual filaments are found
on the bouquets. The foxtail plant presents a fractal
system because the form of the cellulose nanofibers
has a similar appearance to the morphology of the
plant in macroscopic dimensions. This surprising
result has not been reported previously.

A fractal is a geometric object characterized by
presenting a structure that is repeated at different
scales. In a way, the fractal is an endless pattern, as was
proposed by Mandelbrot, and the term comes from the
Latin fractus, which means fractured or fragmented
(Mandelbrot, 2004). The fractal dimension is a
relevant parameter that describes the characteristics
of the fractal. This fractal dimension can also
provide information about other characteristics of the
nanoparticle, e.g., dynamic performance (Wang it et
al., 2020). Fractal structures also give indications that
the structure is very complex, as Hausdorff pointed
out that one could speak of “curves” of infinite
length, despite being contained in a bounded enclosure
(Mauldin, 1988).

Figure 6 presents the size distribution of the fibers.
In the case of nanocellulose obtained from pink grass,
around 1000 nanoparticles were measured. However,
carrying out measurements on the nanofibers of
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Figure 7. Particle distribution of the samples obtained
by DLS.

the foxtail plant generated criteria to determine the
contours of the nanofibers. In Figure 5-M4, those
considered as nanofibers are indicated in yellow. In
this case, it was possible to make measurements of 500
units identified as nanocellulose.

3.3.2 Dynamic light scattering

In Figure 7, the results obtained by dynamic light
scattering are presented. Panel A) corresponds to the
study on pink grass, and panel B) is the particle
size distribution for foxtail. Former results present a
bimodal distribution, with observed diameters of 51.44
nm and 295.3 nm. For the latter case, a distribution
with three signals is observed, where the first peak
corresponds to a particle diameter of 10.54 nm, later
a diameter of 62.11 nm and 347.6 nm. Smaller
diameters in both figures are those with the lowest
intensity, suggesting that they are individual particles;
conversely, in Figure 7 A), the diameter of 295.3 nm
corresponds to aggregated particles.

In Figure 7 B), the corresponding peaks at 62.11
nm and 347.6 nm can be identified from the length
of the fibers or two-dimensional nanofiber aggregates
or fractal-shaped particles. The geometry complexity
of the particles was not considered in the results.
Although there is a way to make comparisons between
HR-SEM photomicrographs and DLS signals, in this
case, it does not make sense since the nature of the
nanoparticles has a very relevant impact on the particle
size that DLS cannot solve. However, the analysis
carried out using this optical technique allowed us to
obtain information on the dispersion capacity of the
system, observing that the nanofibers obtained from
the foxtail plant present a more acute dispersion since
the particle size distribution presents a curve with three
intense peaks, at different particle sizes.

3.3.3 Transmission electron microscopy (TEM)

The images obtained by TEM allow for observing the
components of the nanofibers with better resolution.
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Figure 8. TEM microphotography of the nanomaterials obtained from both plants (left pink grass and right foxtail).
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Figure 9. Diameter and length distributions obtained by TEM. Pink grass distributions on the left and foxtail plant

on the right.

These images also depend on adequate sample
preparation to achieve a good dispersion of the
nanofibers; in this way, it is possible to perform
measurements and characterize the morphology of
the nanomaterials under study. Figure 8 is a TEM
brightfield micrograph; on the left are the nanofibers
obtained from the pink grass plant, and on the right
are the nanofibers from the foxtail. The images
show different nanofiber morphology for each sample.

The pink grass plant has solid-looking fibers with
diameters of 60 to 200 nm, with lengths of 0.5 to
2.1 pum. The nanofibers have sharp tips, and it is
impossible to observe if there are minor components at
the ends of the tips. The foxtail plant sample presents
a distribution of nanofibers that looks like the plant on
the macro scale; this confirms what was observed in
HRSEM, assuming a fractal structure.
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Figure 10. X-ray diffraction analysis of the
nanoparticles obtained from both plants.

The foxtail tips present an appearance where the
nanofiber’s minor components (ramifications) of the
nanofibers can be seen, suggesting that they may be
minor scaffolds of the nanofibers. The diameter sizes
of these fibers range from 20 to 180 nm in diameter
and 0.5 to 1.9 ym in length. The microphotographs
obtained by TEM were analyzed using the Image J
software generating histograms for the diameter and
length of the nanofibers. The distribution of diameter
and length of both plants (pink grass and foxtail plant)
are shown in Figure 9. When comparing these results
with those obtained by HR-SEM, it can be observed
that the distributions are comparable but have a better
resolution of the measurements by TEM analysis.

3.3.4 X — Rays Diffraction

The crystallinity of cellulose nanofibers is usually
done by XR diffraction. According to the nature of
the source of the nanocellulose, cellulose of type
I was expected. In several reports (Segal it et
al., 1959), two crystalline polymorphs are identified,
and the relationship between the intensities of both
does not provide information on the crystallinity
of cellulose. The contribution of crystalline and
disordered components constitutes the diffraction
pattern. The simplest and most widely used method
was developed in the 1950s by Segal it et al., 1959 and
is based on the maximum height of the signals at the
diffraction angles of 26 of 22.8° and 18° representing
crystalline and disordered cellulose, respectively. The
results of the foxtail plant and pink grass samples show
two peaks, one at 18° (disorder domain) and another at
22.8° (crystalline domain), which is the most intense
in both samples (Figure 10). The crystallinity index
was determined using the peak height method; the
following results were obtained: pink grass = 59.43
% and for fox tail plant equal 68 %. The crystal size
using Sherrer's method is 164 nm for pink grass and
126 nm for the tail plant.

Conclusion

A chemical and mechanical manufacturing process
was developed to obtain cellulose nanofibers from
weed plants. The chemical process was designed
to remove organic matter (lignin, hemicellulose,
and pectin), and in addition, this pretreatment
reduces the system’s energy to facilitate obtaining
cellulose nanofibers. The mechanical process replaces
the chemical stage, which removes amorphous
nanoparticles from the nanocellulose. This high-
energy physical process uses ultrasonic radiation,
at an energy of approximately 6 G, to disperse
the nanoparticles with crystalline structure from the
amorphous aggregates. The resulting products were
characterized using different analytical techniques to
confirm the quality of the cellulose nanoparticles
obtained, based on comparison with reported results.

The results presented here for the sizes and
morphology of nanofibers obtained from pink grass
are like those reported by different authors who have
obtained these nanomaterials with biomasses from
different sources. However, the nanofibers obtained
from the foxtail plant present a fractal-like behavior
since the morphology and other structural properties
are comparable at different scales.

Nanomaterials obtained from these plants showed
better thermal stability than commercial cellulose in
the range of 320 °C and 700 °C. The nanocellulose
obtained from foxtail presents a higher dispersion and
a narrower particle size. As for the results obtained by
FTIR, the cellulose nanofibers from both plants show
high levels of purity, since the characteristic bands
of lignin and hemicellulose do not have a significant
presence in the resulting spectra.
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