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Abstract. Due to their abundance and environmental friendliness, Paederia
foetida stem fiber (PFs) are an interesting material to develop as a substitute for
glass fiber. The goal of this research is to provide a thorough understanding of
the physical, chemical, and functional properties of PFs. The PFs were treated
for 1 h, 2 h, and 4 h with 95% ethanol and 25% NaClO,, respectively, before
being rinsed and dried in a 105 °C oven. The density, moisture content, functional
group (FTIR), and chemical composition of PFs were all tested to determine their
properties. The results showed that PFs raw has moisture content and density of
12 £ 0.78% and 1.02 £ 0.012 g/cm3, respectively. After submerged in chemical
solution for 4 h, the PFs had the lowest moisture content and density, but cel-
lulose content to increased (67%), compare with other fibers; due to lignin and
hemicellulose reduction. The functional groups of the PFs changed as the fiber’s
hemicellulose content reduced. The properties of PFs fiber suggest that it could
be used instead of glass fiber.

Keywords: Paederia foetida L fibers (PFs) - NaClO, - physical properties -
FTIR - Chemical properties

1 Introduction

Researchers and industrialists are currently interested in the development of natural
biopolymers from lignocellulosic materials due to their superior performance, sustain-
ability, and abundant sources [1, 2]. Plants, particularly those in the fiber section [1],
such as Sugar palm fiber [3], Acacia nilotica L., can be used to produce lignocellulose.
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[4, 5], Phaseolus vulgaris [6, 7], Momordica Charantia [8, 9], Agave Gigantea [10]. This
material has the potential to replace synthetic fibers, particularly as a composite filler [9,
10]. Unfortunately, the hydrophilic nature of this fiber makes it less desirable because it
weakens the interface bond between the fiber and the matrix, affecting the mechanical
properties of the resulting composite. Researchers have used chemical technology to
reduce the moisture content of the fiber while increasing its cellulose content. Sari et al.
[11] found that soaking the fiber in 1-8% NaOH for 2 h increased the cellulose content
from 47.59%-62.87% while decreasing the hemicellulose and lignin content of 27.28
percent and 25.5% respectively. After the fiber was treated with NaOH, the functional
groups of the fiber changed as well. Then, Sari et al. [12] reported that treating T. hibiscus
fiber with NaOH and KOH reduces the water content, density, and chemical composi-
tion of the fiber. Soaking Agave Gigantia fibers in NaOH solution followed by soaking
the fibers in 25% sodium chlorite (NaClO,) has also been reported to reduce moisture
properties, density, and crystallinity index whereas changing the functional groups of the
fibers [8]. Furthermore, 4 mL of acetic acid and 8g NaClO; and mercerization 5 NaOH
were found to be effective in removing 25% and 38% of the water content from raw
sugar palm fibers, respectively [2]. Previous research has shown that chemical treatment
is one of the simplest techniques for improving fiber properties and decreasing fiber
hydrophilicity.

Paederia foetida (PF) is a creeping plant that grows rapidly and forms a canopy,
making it a weed in agricultural areas. There is a very strong fiber in the stem of the PF
plant that has the potential to be a source of cellulose with high economic value. To the
best of our knowledge, no information exists about the properties of fiber from Paederia
foetida stem.

Therefore, the purpose of this research is to provide a thorough understanding of
the chemical properties, water content, density, and functional groups of the stem fiber
of Paederia foetida (PFs). Chemical treatment of PFs with ethanol, followed by 25%
sodium chlorite for 1 h, 2 h, and 4 h, respectively at room temperature (24 °C). The
chemical composition, density, water content, and functional groups of the fiber were
tested and compared to untreated fibers to characterize their chemical properties, density,
water content, and functional groups.

2 Methods

2.1 Materials

Fresh PFs-cured plants were obtained from the Setanggor area of West Nusa Tenggara,
Indonesia (Fig. 1a). The chemical solution used was ethanol (95%) and NaClO; (25%)
supplied by (Sigma-Aldrich).

2.2 Extraction of PFs

Freshly cured PFs plants (Fig. 1a) were cleaned of leaves and cut 10 cm in length. The
PF stems were cleaned with plain water, and the PF bundles were manually removed
with a plastic comb. The fresh PFs fibers are then sun dried for three days at a relative
humidity of 10 to 15%. The PFs were then cut into 10—15 mm lengths, ground with a
grinding machine, and sieved through an 80 mesh sieve.
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Table 1. Pronunciation

Samples

A-PFs/1 Soaked in ethanol and NaClO; for 1 h,
respectively.

B-PFs/2 Soaked in ethanol and NaClO; for 2 h,
respectively.

C-PFs/4 | Soaked in ethanol and NaClO; for 4 h,
respectively.

Fig. 1. (a) PF plant, (b) PF stem, (c). The PF fiber is 2 cm, (d). Cured fiber after grinding, (e-f).
Immersion of PFs in ethanol and NaClO;, (g). PFs treated.

2.3 PFs Treatment

1 L of ethanol solution was poured into a measuring cup containing 10 g of PFs and left
for 1 h, 2 h, and 4 h, respectively. The fibers were rinsed with mineral water to remove
any remaining ethanol solution from the PFs before being aerated. Furthermore, the PFs
were immersed in a 25% NaClO, solution for 1 h, 2 h, and 4 h, respectively, then being
rinsed with mineral water, aerated, and heated in a 105 °C oven for 60 min. Finally, as
shown in Table 1, three different samples were ready for characterization.

2.4 Characterization

Density. An AccuPyc 1340 pycnometer was used to determine density via gas incursion
under a flow of helium gas. In order to reduce the amount of moisture in the fibers, samples
were dried in an oven at 105 °C for 24 h. Before being placed in the pycnometer, the
sample was placed in a desiccator to eliminate any leftover water. At a temperature of
27 °C, 4 test samples from each individual treatment were used, and the average result



302 N. H. Sari et al.

was obtained. Equation (1) is used to calculate the sample’s density value [13].

3 M,
p<£ ) _ Mass 0

cm vol.

Moisture Content. For the analysis of the water content of A-PFs/1, B-PFs/2, and C-
PFs/4, five samples were prepared. All accordance with the requirement a 24-h heating
process in an oven set to 105 C. To determine the sample’s water content, its weight was
measured before, Wa, and after, Wb heating [11, 14, 15]. Equation is used to determine
the water content (1):

Wy — W,

Moisture content(%) = ——— x 100 2)
Wy

Fourier Transform Infrared (FTIR) Spectroscopy. To identify potential changes in
functional groups present in samples after various treatments, FTIR is utilized. By using
Perkin Elmer FTIR, spectra of PFs samples were collected at each treatment stage
(Frontier Spectrum Instrument, USA). The range of 4000 to 500 cm-1 was used to
gather the sample FT-IR spectra (10 10 3 mm). The sample containing the KBr matrix
was pelletized before the spectra were obtained at a scan rate of 4 cm1 per minute and
a wavelength range of 4000 to 500 cml.

Chemical Composition. Due to changes in immersion duration, the standard TAPPI
T203 om 93 method was used to determine the value of the cellulose, hemicellulose, and
lignin content of micro PFs. Soxhlet extraction with acetone and alcohol for eight hours.
Additionally, the lignin content was calculated using T222 om-88, and the hemicellulose
content was calculated using Gatenholm and Tenkanen’s technique (2003).

3 Results and Discussion

3.1 Density

As a result of the treatment, the densities of A-PFs/1, B-PFs/2, and C-PFs/4 decreased
from 1.67 +0.021 g/cm?, 1.25 £0.015 g/cm?, and 1.02 4 0.012 g/cm?, respectively. This
downward tendency can be brought on by the fiber’s loss of lignin and hemicellulose.
When immersed in a chemical solution for a prolonged period of time, the concentration
of lignin and hemicellulose gradually decreases.

The various fiber densities have dropped, as seen in Table 2. In ethanol and NaClO»,
the loss of amorphous non-cellulose molecules causes cavities to form in the fiber,
which in turn causes the fiber to inflate and eventually separate into its constituent parts.
According to Ilyas et al. [2], an increase in volume with a drop in weight may be the
source of the decreased density value. Additionally, it was discovered that the density
values of these three samples were lower than those of common man-made fibers such
aramid (1.4 g/cm?), carbon (1.7 g/em?), glass fiber (2.5 g/cm?), and sugar palm fiber
(1.30 0.0023 g/ecm?) [16].
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3.2 Moisture Content

Table 2 displays the moisture content of samples A-PFs/1, B-PFs/2, and C-PFs/4. Table 1
shows that samples A-PFs/1, B-PFs/2, and C-PFs/4 had moisture contents of 12.4 £ 0.021
wt%, 10.12 £ 0.015 wt%, and 5.4 £ 0.012 wt%, respectively. This drop is assumed to
be caused by a significant number of alkaline labile bonds between lignin, hemicellulose,
and polysaccharides that break when the fiber is submerged in a chemical solution for 4 h,
leaving only cellulose stable to dissolve in an acid solution [2].

3.3 FTIR Analysis

The FTIR spectra curves for A-PFs/1, B-PFs/2, and C-PFs/4 are shown in Fig. 2. The
wavelengths for all samples, which are 3432.01 cm™!, 2926.9 cm™!, 2347.33 cm™!,
1628.56 cm™!, 1424.53 cm™', 1372.09 cm~', 1161.02 cm~', 1055.84 cm~!,
897.49 cm~!, and 665.37 cm™!, respectively, have been clearly characterized from
Fig. 2. The presence of the prominent lignocellulosic components, such as cellulose,

Table 2. Moisture Content and Density of Different PFs Samples.

Samples codes | Moisture Content | Density

(%) (glem?)
A-PFs/1 125 +0.78 1.67 £ 0.021
B-PFs/2 10.12 £ 1.02 1.25 £ 0.015
C-PFs/4 5.4 +0.89 1.02 £0.012
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Fig. 2. FTIR of A-PFs/1, B-PFs/2, and C-PFs/4 samples
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Table 3. Peak Positions And Assignments Of Chemical Groups Of A-PFs/1, B-PFs/2, Dan C-
PFs/4 Samples.

Samples Assignments
A-PFs/l | B-PFs/2 | C-PFs/4
Wave number (cm_l)

3432.01 | 3434.91 | 3436.95 | O-H stretching vibrations of a-cellulose and hydrogen bond of
the hydroxyl groups/ Cellulose I

2926,9 |- - Alkyl C-H stretching/ Cellulose and hemicellulose components /
C-H stretching vibration in cellulose and Hemicellulose

2347.33 12090.84 | 2347.7 | C = C alkynes group
1628.56 | 1638.87 | 1638.72 | Water/adsorbed water
1424.53 | 1424.77 | 1424.25 | Cellulose/CH; bending

1372.09 Cellulose/C-H bending

1161.02 | 1162.35 | 1161.35 | Cellulose, hemicellulose, lignin/C-O stretching vibration in
cellulose

1055.84 | 1057.26 | 1056.05 | C-O stretching modes of the hydroxyl and ether groups in the
cellulose

89749 |- - Cellulose/p-Glucosidic linkage in cellulose

665.37 |663.99 | 665.64 | C-OH out of plane bending

hemicellulose, lignin, and other impurities, is indicated by the intense peaks (see
Table 3).

3.4 Chemical Composition

Table 3 lists the chemical compositions of samples A-PFs/1, B-PFs/2, and C-PFs/4. It
was discovered that the cellulose content of B-PFs/2 rose from the preceding 51.27%
(A-PFs/1) by 24.93%. After being immersed in a chemical solution for 4 h, the fiber
breaks the hydrogen bonds, causing the hemicellulose and lignin molecules to dissolve
[8].

The cellulose content of the C-PFs/4 sample was found to be higher than that of
the other samples studied and higher than that of Sugar Palm (56.67%), but still lower
than that of Agave Gigantea fiber (89.39%). The chemical composition of the developed
fibers is shown in the Table 4.
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Table 4. Chemical Composition of A-PFs/1, B-PFs/2, and C-PFs/4 Samples.

Samples Chemical contents (%) Reff.
Lignin Hemicellulose Cellulose

A-PFs/1 9.78 29.59 51.26 This Study

B-PFs/2 10.91 22.38 64.04 This Study

C-PFs/4 18.82 9.81 67.43 This Study

Sugar Palm 0.27 19.8 56.67 [19]

Agave Gigantia 0.53 3.73 89.39 [8]

4 Conclusion

Experiments were used in this study. Paederia foetida L’s density, moisture content,
functional groups, and chemical content have been investigated. The findings indicated
that while the moisture percentage of the fiber reduced after it was immersed in the
ethanol/NaClO; solution for a longer period of time (4 h), the fiber’s density and cellulose
content increased as a result of reduction of lignin and hemicellulose. Furthermore, the
wavelength absorption band of the fiber functional groups changed, indicating that lignin
and hemicellulose were removed from the fiber after being soaked in chemical solutions.
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