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ABSTRACT

The present study focused on extraction of Lonchocarpus cyanescens (L. cyanescens) fiber (LCF) and the physico-
chemical properties of the obtained fiber. The fiber was extracted by manual and traditional rating methods, treated
with sodium hydroxide, and characterized to determine its performance properties. The chemical composition of
cellulose, hemicellulose, and lignin was determined according to the acid detergent, neutral detergent, and Klason
methods, respectively. The results show significant quantities of cellulose (33%), hemicellulose (30%), and lignin
(24%) in the studied fibers. LCF exhibited a porous multicellular and poly lamellate network structure (FE-SEM)
with a crystallinity index of 56.5%. The thermal stability using TGA analysis indicates that the maximum and
main degradation temperature is 325°C. The crystallinity, thermal stability, and opening of micropores on the fiber
surface have been increased after alkaline treatment. As a conclusion drawn, LCF fibers could be used as potential
reinforcement in polymer matrices for a variety of applications where porous, multicellular, and poly lamellate
network structure is needed.
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1 Introduction

Population growth and industrial expansion have led to the intensive and abusive use of fossil
fuels. This raises major concerns about its long-term supply, the erratic price of petroleum products,
and, in particular, its environmental footprint. To alleviate these concerns, worldwide efforts are being
made to raise awareness among populations and industrialists regarding the use of resources within
the general framework of sustainable development. Leading to a strong interest in the use of clean
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technologies for the development of high-potential products in production chains by the researchers
and industrials communities. In addition, there are undoubtedly numerous environmental and human
restrictions associated with the use of fossil fuel resources, but the advantages generated by the usage
of agro-resources outweigh them. Agro-resources are biodegradable, inexpensive, environmentally
friendly, and also harmless to health [1,2]. Among the possible agro-based alternatives, plant fibers
offer numerous advantages and fit in perfectly with global trends in resource and energy management.
Plant fiber and derivatives can be used as reinforcement in polymer matrices for a wide range of
application, including energy storage [3,4], biomedical [5-9], packaging [10,11], construction
industry [12,13], automotive, aeronautics, sports and leisure, etc. [0,8,14—17]. Indeed, the
interest in plant fibers is also related to their abundance, renewability, biodegradability, and non-
polluting characteristics, as their low cost, low density, and high rigidity [14,15]. They can be
extracted from various plant parts such as leaves, roots, bark, fruit, bast, stems, etc. [12,18]. As a
result, there is a wide diversity of plant species that can be used to produce fibers suitable for use in
industrial applications [12,18]. However, their morphology and mechanical properties vary
according to botanical species, geographical location, origin, age, extraction procedure, and
processing methods used [18-20]. The commonly studied and compiled plant fibers in the literature
include cotton, flax, hemp, jute, kenaf, sisal, ramie, coir, banana, pineapple leaf, bagasse, wheat
straw, etc. [12,21], widely used in composite materials elaboration [12,16,22]. However, the current
scale of production of these fibers cannot fully cover the demand of the industries, hence the
need to explore new sources of plant fibers with adequate properties to meet the current need. For
this purpose, the scientific community still searching all over the world for natural fibers that are
locally available in various geographical areas. These fibers could also be a source of additional
local population’s income. The utilization of untreated plant fibers is often hindered by several
factors. These raw fibers exhibit high hygroscopicity, low durability and thermal stability, and
insufficient mechanical strength [23]. To address these limitations, various physical, chemical, and
biological treatments have been developed to modify the properties of natural fiber matrices and
surfaces [24-26]. However, the impact of these treatments on the surface, mechanical, and
biofunctional properties of different natural fibers remains unclear. This complexity arises from the
unique chemical composition of each fiber type, which is primarily influenced by its genotype,
cultivation conditions, and harvesting practices [18-20,24].

Among the diverse treatment methods available, alkaline treatment with sodium
hydroxide (NaOH) stands out as one of the most widely employed approaches [25,27]. This method
effectively removes non-cellulosic constituents, such as hemicellulose and lignin, along with impurities
like waxes and oils [27]. The presence of these undesirable elements adversely affects the
properties of plant fiber-based composites. Their degradation in alkaline environments
compromises fiber durability, leading to a decline in the composite’s long-term strength and
structural stability [25]. Consequently, their elimination during the pre-treatment stage proves
beneficial for the overall performance of the composite. Alkaline treatment with NaOH offers
additional advantages beyond the removal of non-cellulosic components. It also induces
defibrillation, resulting in a rougher fiber surface [28]. This increased roughness enhances
mechanical interlocking between the fiber and the matrix, optimizing the wettability of the fiber by
the matrix. These synergistic improvements contribute to an overall enhancement of the fiber’s
performance within composites [25,20].

In the present study, we report on a new plant fiber extracted from Lonchocarpus cyanescens
(L. cyanescens). L. cyanescens is a climbing shrub of the Fabaceae family native to the forests
and savannahs of Africa, a deciduous plant containing indoxyl, which yields the indigotin
contained in the dye indigo [29]. Apart from this usual use, L. cyanescens is used in African
ethnomedicine for the treatment of several infections such as skin diseases, leprosy, ulcers, yaws,
diabetes, diarrhea, treatment of bone pain, boils, anti-arthritic conditions [29].
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Up to today, L. cyanescens plant has merely been studied for their phytochemical properties
[29]. However, their fibers remain unknown heretofore to the scientific world in order to draw the
best profile from them. Therefore, with the aim of solving the growing demand for plant fibers, the
present study was undertaken to document information on the physico-chemical characteristics of
fiber extracted from the L. cyanescens plant. This study will provide the database needed to plan
a compilation of its industrial applications. To this end, embarking on an uncharted territory, this
study delves into the unexplored realm of fibers derived from the L. cyanescens plant. With meticulous
precision, we unravel the intricate tapestry of their physicochemical, thermal, and surface properties.
Furthermore, we embark on a journey to decipher the potential functional properties of these fibers
by subjecting them to alkaline treatment, meticulously examining their transformative impact on their
matrix and surface characteristics.

2 Experimental
2.1 Materials

L. cyanescens stem sample was collected at Toumodi in the central of Cote d’Ivoire, and identified
by botanists at the Centre Nationale de Floristique (CNF) of the University of Félix Houphouét,
Abidjan, Cote d’Ivoire. The chemical used were sodium hydroxide (98%) and sulphuric acid (H,SO,,
72%) from SD Fine Chem Limited, MA, USA.

2.2 Fiber Extraction

The tree was cut in piece and immersed in water for 7 days with 2% of NaOH. After, the stem was
separate with the tree and by manual and traditional rating, fiber was extracted and combed before
drying in sunlight for 3 days.

2.3 Alkaline Fiber Treatment

Chemical modification of L. cyanescens fibers (LCF) was performed using the mercerization
technique as reported in the literature [30,31] and then adapted to our study. Briefly, 10 g LCF was
immersed in 300 mL NaOH solution (5%) for 1 h at room temperature and then filtered. The residue
obtained was then washed with distilled water and rinsed with methanol to remove the remaining
sodium hydroxide. Finally, the resulting fibers were again rinsed with distilled water in order to reach
a neutral pH (pH = 7), filtered under vacuum and dried at 105°C in an oven for 24 h to give the treated
fibers noted LCF-T.

2.4 Fiber Characterization

2.4.1 Chemical Composition

The chemical composition of untreated (LCF) and treated L. cyanescens fiber was examined
according to the standard test methods reported by Guna et al. [32] and then adapted to our study.
In fact, cellulose and hemicellulose contents were determined according to the acid detergent and
neutral detergent methods. Briefly, 100 mL of a neutral detergent solution was softly added to 1 g of
finely ground fiber sample. The resulting solution was then heated under continuous stirring for 1 h,
filtered by vacuum suction and then washed with hot water to remove all traces of the detergent. The
residue obtained was oven-dried for 24 h at 105°C to give neutral detergent fibers (NDF). The mass
of NDF represents that of the cellulose contained in the samples. A similar procedure was followed to
determine hemicellulose content, replacing the neutral detergent solution with acid detergent. Lignin
content was determined by the Klason method (TAPPI T211 om-83). To this end, 300 mg (W) of fiber
was suspended in 3 mL sulfuric acid (H,SO,, 72%) for 1 h at room temperature (30°C). Next, 84 mL
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of 18 M MilliQ water was added to the suspension, then heated to reflux at 121°C for 4 h. After acid
hydrolysis, the residue was washed to neutralize the pH, filtered, dried in an oven (105°C, 24 h) and
weighed to calculate the percentage of lignin. To determine ash content, 3 g of fibers were burnt in a
ceramic crucible using a muffle furnace at 550°C for 5 h. The ash percentage was calculated on the
basis of the residual ash weight.

2.4.2 X-Ray Diffraction (XRD)

An X-ray diffraction (XRD) study was carried out on the LCF and LCF-T samples using X-
ray diffractometer (model Miniflex II, Rigaku, MA, USA). This analysis was used to determine the
crystal structure and crystalline parameters such as crystallinity index, crystallinity percentage and
crystallite size. In the present study, the analysis was carried out with Cu-Ka radiation at a wavelength
A =0.15418 nm at 40 kV and 30 mA. Scanning speed was 0.5° min~'. Diffraction spectra were recorded
over a range of angles 26 varying from 5° to 50° then processed with Origin Pro software and peak
intensities identified.

The crystallinity index (Crl) (Eq. (1)) and percentage crystallinity (Eq. (2)) were determined using
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Segal’s empirical method [33,34], known as the peak height method.
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where I, and [, represent the maximum intensities in the crystalline and amorphous regions,
respectively, i.e., the lowest between the (110) and (200) planes at 26 ~ 20°). The inter-reticular distance
(Eg. (3)), i.e., the lattice spacing (d,,) and crystallite size (L) (Eq. (4)), were determined by Bragg’s law
and Scherer’s law, respectively [35-39].
na

= 3

2sinf )
where 7 is the order of refraction (n = 1); A wavelength of the radiation beams (0.15418 nm) and 6 the
Bragg angel.
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K is the Scherer constant (0.9), A wavelength of the radiation beams (0.15418 nm), 8 is the width
at half maximum (FWHM) in radians of the crystal peak deconvoluted at the crystallographic plane
(200) and 6 the scattering Bragg angel in radians.

2.4.3 Fourier Transform Infrared (FTIR) Spectroscopy

The functional groups present in the LCF and LCF-T samples were analyzed by Fourier transform
infrared spectrometry (FTIR) (Jasco, Model No-4700, CSIR, Chennai, India) in attenuated total
reflectance (ATR) mode. All spectra were recorded in the 4000-500 cm™' spectral range, with an
accumulation of 32 scans at 4 cm™' resolution at room temperature.

2.4.4 Morphological Observation

Morphological observation was carried out on LCF and LCF-T to assess alkali-induced changes
in L. cyanescens fibers. The morphologies of the samples were examined with field emission scan-
ning electron microscope (FESEM) measurements (model-CLARA, TESCAN, Kohoutovice, Czech
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Republic) equipped with an energy-dispersive X-ray spectroscope (EDX). Prior to SEM observation,
the samples were sputtered with a thin layer of gold to avoid the charging effects of the electron beam
during examination.

2.4.5 Thermal Analysis

The thermal behavior of the samples was analyzed using a TGA/DSC system (model STA 449 F3
Jupiter®, NETZSCH, CSIR, Chennai, India) under a nitrogen atmosphere flowing at 100 mL/min.
This analysis was used to assess the thermal stability of untreated and treated fibers in terms of sample
mass loss. The temperature range used was 30°C to 600°C, with a heating rate of 10°C/min. For each
test, a sample of approximately 8 mg of previously dried ground fibers was used.

3 Results and Discussions
3.1 Chemical Composition

The chemical composition of L. cyanescens fibers is reported in Table | and presented as follow,
(33 £+ 3) % cellulose, (30 &+ 3) % hemicellulose, (24 + 2) % lignin and 4% ash. The relatively high
lignin content (24 + 2%) suggests that L. cyanescens fiber resists to microbial attack, giving it high
structural rigidity [15]. A comparative analysis of the chemical composition of L. cyanescens fiber
with other natural fibers is reported in Table | showing that L. cyanescens fibers contains a relatively
lower cellulose content than many other known natural fibers. However, L. cyanescens fibers contains a
higher cellulose content than Stipa obtuse [31] and close to that of sugarcane bagasse fiber, Coffee hull,
Teff straw [20], Calamus tenuis [15], etc. The mechanical properties of fibers extracted from natural
resources depend essentially on their cellulose content [40].

Table 1: Chemical composition of L. cyanescens fiber and comparison with other plants

Fibers Chemical composition Ref.
Cellulose Hemicellulose Lignin Ash
LCF 3343 30+ 3 24+ 2 4 This study
Cyperus campactus 67.9 19.5 12.6 [40]
Calamus tenuis 374+ 14 31.06 = 1.03  28.42+0.81 4.11£0.62 [15]
Stipa obtusa 29.54 27.57 23.76 3.52 [31]
Mikania micrantha 56.42 21.42 15.78 [41]
Chanvre 66.71 20.02 4.92 [42]
Lin 69.18 19.85 8.40
Thespesia populnea barks ~ 70.12 12.64 16.34 1.80 [35]
Cissus quadrangularis stem  82.73 7.96 11.27 [19]
Cissus quadrangularis root  77.17 11.02 10.45
Pennisetum Alopecuroides 40 29.5 19.66 6.76 [43]
Ramie ( Boehmeria nivea)  68-76 14-18 4-7 [44]
Kigelia africana 55.14+0.2 9.34 + 0.08 11.7+£0.2 [36]
Furcraea foetida 68.35 11.46 11.46 [2€]
Coccinia grandis L. 62.35 13.42 15.61 [45]
Agave Americana 68.54 £3.46 1841 +2.28  6.08 +3.39 [46]
Bamboo bleached pulp 7934 £2.1 1510+ 1.3 0.08 £ 0.003 [47]
sabai grass 42.9 £ 0.6 21.1+£ 1.0 185+ 1.6 [32]
Acacia mangium 47.1 £0.1 31.1 £ 0.5 23.0£0.2 [33]

(Continued)
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Table 1 (continued)

Fibers Chemical composition Ref.
Cellulose Hemicellulose Lignin Ash

Teff straw 36.7+0.55 23.6£0.88 19.5 +£1.02 [20]

Enset fiber 60.0+1.25 18.5£0.68 10.7 £ 0.65

Sugarcane bagasse 395+£1.08 234+1.24 21.0£0.95

Coffee hull 35.5+1.80 148 £1.10 30.7 £ 0.36

3.2 X-Ray Diffiraction (XRD)

The XRD profiles of the LCF and LCF-T samples are shown in Fig. | and the crystal parameters
are recorded in Table 2. All samples show diffraction peaks at 26 ~ 16°, 18°, 24° and 31°,
corresponding respectively to the (110), (110), (200) and (004) crystal planes of the cellulose If
monoclinic structure [31,41,48-50]. This implies that the LCF crystal structure was unaltered after
the alkaline treatment. Furthermore, a valley has been detected in the diffractograms at 26 ~ 20°,
suggesting that LCF and LCF-T exhibit amorphous regions [30,35,39]. Thus, these peaks prove the
semi-crystalline nature of LCF and LCF-T. This semi-crystalline nature of the fibers could be the
result of the substantial presence of amorphous components such as hemicellulose, lignin and
amorphous cellulose in the fiber structure. The crystallinity index and percentage of LCF evaluated
using Segal’s method are 56.5% and 69.7%, respectively. These relatively low values justify the high
proportion of amorphous components (hemicellulose, lignin and amorphous cellulose). However, the
alkali modified the crys-talline parameters such as the index and percentage crystallinity of LCF. The
index and percentage crystallinity of LCF-T are estimated at 76.2% and 80.7%, respectively. These
values are higher than those of LCF. These parameters increase refers to the removal of fiber
amorphous regions, which occurs as a result of the partial degradation of lignin, hemicellulose and
amorphous cellulose [31]. However, the crystallinity index of LCF is poroche of that of Spathes of
male date (57.82%) [39] and Cissus quadrangularis (59.22%) [19] but higher than many plant fibers
such as Calamus tenuis (37.38%+ 0.27) [15], Coccinia grandis stem (46.09%) [51], Stipa obtusa (45.63%)
[31], Moroccan Pennisetum Alopecuroides plan (49.14%) [43], etc., and smaller than that of Corypha
taliera fruit (62.5%) [52], Calotropis gigantea Bast Fibers (80.09%) [53], Hemp (88%) [54].

26 (°)
Figure 1: XRD diffractograms of LCF and LCF-T
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Table 2: Crystallographic parameters of L. cyanescens fiber

Samples Crl % Crl L (nm) d200) (nm)
LCF 56.55 69.71 1.81 0.367
LCF-T 76.16 80.75 0.47 0.374

The crystallite sizes of LCF and LCF-T calculated from the Scherrer equation are at 1.81
and 0.47 nm, respectively. LCF crystallite size is comparable to that of F rattan (Calamus manan)
(1.91 nm) [55], but smaller than that of Thespesia populnea fibers (3.576 nm) [35], Cyperus compactus
Retz (7.61 nm) [40].

3.3 Fourier Transform Infiared Spectroscopy (FT-IR)

According to the chemical composition analysis, L. cyanescens fibers are composed mainly of
cellulose, hemicellulose and lignin. These structural components of plant fibers consist of esters,
aromatic cetones and alcohols, with different oxygen-containing functional groups [31,52]. In order
to confirm the chemical composition of and assess the effect of alkali treatment, FT-IR analysis was
performed onto LCF and LCF-T samples. Fig. 2 shows the infrared spectra of LCF and LCF-T. All
infrared characteristics are shown in Table 3. Analysis of the spectra reveals a broad absorption band,
to know in the range of 3500 and 3250 cm™" attributed to OH stretching of the alcohol functional
group of the cellulose and water present in the fibers [19,43]. The absorption band observed at around
2890 cm ™! corresponds to the vibration of the C-H stretching of cellulose and hemicellulose [56]. The
absorption peak at 2135 cm™' is attributed to the presence of water and CO, bending [19], while
the one observed at around 1730 cm™' is attributed to the C=O carbonyl stretching of the ester or
carbonyl groups of the hemicellulose components present in LCF [40,43]. The intense particle peak
at around 1630 cm™' could be dedicated to water uptake by the fiber [56,57]. The vibrational peaks
observed at 1435 and 1335 cm™' respectively indicate vibrations of asymmetric-CH3 stretching and
C-O stretching of acetyl groups of the aromatic plane of lignin components in LCF lignin or C-
O stretching of hemicellulose [15,40]. The broad band between 1150 and 1000 cm™" attests to the
presence of the C-OH vibration [41] while the absorption peak observed at around 890 cm™' indicates
the presence of the C-O-C stretching of the B (1-4)-glycosidic bonds of the pyranose ring backbone
of cellulose [52,56]. In view of the above, it is worth noting that FT-IR spectra confirm the presence
of cellulose, hemicellulose and lignin in LCFE. However, in the LCF-T spectrum, the peak intensities of
the absorption bands characteristic of cellulose increased, while those corresponding to the functional
groups characteristic of hemicellulose and lignin decreased. This means that NaOH treatment tends to
remove non-cellulosic components such as hemicellulose and lignin to obviously give a more cellulose-
rich fiber residue. A similar trend has been reported by various heights regarding the effect of NaOH
on various plant fibers [30,36,58].
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Figure 2: FTIR plotted results of LCF and LCF-T

Table 3: Infrared characteristics of L. cyanescens fiber

FTIR peak origin Wavenumbers (cm ™)
LCF LCF-T
O-H stretching of the alcohol functional group of the cellulose 3381 3364
C-H stretching of cellulose and hemicellulose 2898 2896
CO, stretch 2142 2134
C=0 stretch of acetyl group of hemicellulose 1733 1724
OH of cellulose and water 1620 1635
Vibrations of asymmetric-CH; stretching of lignin 1434 1436
C-O stretching of acetyl groups of lignin or hemicellulose 1334 1349
C-OH vibration 1051 1048
C-O-C stretching of the B (1-4)-glycosidic bonds of cellulose 889 901

3.4 Morphological Observation

Fig. 3 shows the surface micrographs of LCF and LCF-T. These FE-SEM images show that
L. cyanescens fibers present a regularly arranged multicellular and polylamellate network with corners
of varying shapes from oval to round. This type of morphology has been observed in other natural
fibers such as Cyperus compactus [40], Pennisetum alopecuroides [43], Chloris barbata [59], Citrullus
lanatus [60] Sugar palm (Arenga pinnata (Wurmb.) Merr) [58], Coccinia grandis stem [51]. The
morphological view of presented by the FE-SEM image in Fig. 3a reveals that L. cyanescens crude
fibers (LCF) present a non-uniform porous surface and contain impurities due to the presence of
undesirable amorphous components such as hemicellulose and lignin. Conversely, the micrograph
in Fig. 3b shows that alkali eliminates surface impurities and improves micropore dispersion on the
LCEF-T surface, which indicates that NaOH treatment induces the elimination of surface impurities
and consequently improves the surface morphology of the plant fibers. Same observations has already
been made by various authors on other plant fibers [25,43]. The removal of surface impurities and the
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homogeneous dispersion of micropores due to alkali treatment are the interest of the present. Indeed,
the elimination of surface impurities and the dispersion of micropores onto the fiber surface could offer
an advantage for LCF-T to serve as reinforcement for polymer matrices in composite applications [61].
In addition, lignin and hemicellulose form the outer layer of the plant fiber due to their function as
binding substances. Their removal therefore leads to an increase in the contact surface of the cellulose
fiber with the matrix, and could consequently ensure greater adhesion of the fiber to the matrix or
increase the internal bonding strength.

& ~ 5
L * &7 : [ ¥
Mag WD ] Mag WD
2.00 kx 9.99 mm 2.00 kx 9.99 mm
Scan Mode Energy Scan Mode Energy

ANALYSIS 10 keV ANALYSIS 10 keV

Figure 3: SEM images of LCF (a) and LCF-T (b)

3.5 Thermogravimetry Analysis (TGA)

To evaluate the prospective use of LCF, we studied the thermal stability of LCF and LCF-T in
order to predict the most suitable conversion process. Indeed, the three main basic lignocellulosic fiber
components, namely cellulose, hemicellulose and lignin, control its thermal stability, and their order
of stability is state as follows: hemicellulose < cellulose < lignin [31,56]. Hemicellulose decomposition
predominates at 250°C-330°C, while cellulose and lignin decomposition occurs between 330°C and
570°C, and at temperatures above 570°C, lignin decomposition predominates [31]. However, it is worth
pointing out that lignin degradation is more complex, as it can start at around 160°C and extend up
to 900°C due to the activities of its various chemical bonds [31,40]. In the present study, the thermal
stability of the sample fibers was investigated by TG/DTG analysis, and the thermograms are shown in
Fig. 4. As a result, the LCF and LCF-T samples show three stages of thermal degradation in line with
the literature [36,52]. In LCF, the first degradation step occurred at around 60°C accompanied by a
mass loss of 6%, while that of LCF-T is observed at around 97°C for 11% mass loss. This degradation
step is attributed to moisture evaporation due to the intrinsic hydrophilic character of lignocellulosic
fibers, and to the volatilization of low molecular weight compounds [19,31]. Subsequently, the fibers
remained thermally stable up to around 225°C and 255°C for LCT and LCF-T, respectively. This
suggests that alkali improves the thermal stability of the lignocellulosic fiber probably due to the
removal of hemicellulose [30] as well as some surface impurities materials. In the second stage, losses
of 59% and 49% were recorded on the ATG curves of LCF and LCF-T, respectively, with major
decomposition observed at 325°C and 344°C, respectively. This relatively large mass loss observed
is attributed to the simultaneous degradation of hemicellulose and cellulose [39,40]. The maximum
degradation peak observed on the DTG curves was mainly due to cellulose degradation [39].

Finally, the third stage of degradation relates to lignin decomposition [40,3 1] with around 9% and
10% mass loss respectively for LCF and LCF-T.
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Figure 4: TGA (black) and DTG (red) curves of LCF (a) and LCF-T (b)

In view of its thermal characteristics, it is worth pointing out that L. cyanescens fiber could be
used as a reinforcement in matrices for which processing or use temperatures are below 225°C.

4 Conclusion

In the present study, a new lignocellulosic fiber was extracted from the plant of L. cyanescens,
treated with NaOH solution (5% N) and then characterized. Various conclusions can be drawn from
the above-mentioned analytical results. L. cyanescens fiber is porous and contains a relatively low
cellulose content of around 33%, embedded in a matrix of hemicellulose (30%) and lignin (24%).
FTIR analysis confirmed that L. cyanescens fiber is composed of cellulose, hemicellulose and lignin,
while XRD analysis revealed its semi-crystalline nature. Thermal analysis revealed that LCF is stable
up to around 225°C. After alkali treatment, some of the unwanted amorphous compounds such as
hemicellulose and lignin were removed, as shown by FTIR, XRD and TGA/DSC analysis to give
fibers with properties such as improved crystallinity and thermal stability. Compared with the crude
fiber (LCF), NaOH treatment enabled the opening of micropores on the surface and stability of the
L. cyanescens fiber up to around 255°C. This could give L. cyanescens fiber an additional advantage
as a reinforcement for polymer matrices with melting temperatures below 255°C.

Due to its remarkable properties, L. cyanescens fiber shows great promise as a reinforcing material
for a wide range of polymer composites. Its multilayer and porous structure, coupled with its enhanced
thermal stability after alkaline treatment, makes it particularly suitable for applications where these
characteristics are crucial. Here are some specific examples of potential applications:

Packaging: L. cyanescens fiber could be used to reinforce packaging, making it stronger, lighter,
and more durable. This would reduce the use of traditional packaging materials, such as plastic, and
thus contribute to environmental protection.

Particleboard and plywood: L. cyanescens fiber could be used to reinforce particleboard and
plywood, making them stronger, stiffer, and lighter. This would reduce the use of solid wood and
thus contribute to forest conservation.

Biomedical field: L. cyanescens fiber could be used to make biodegradable scaffolds for tissue
regeneration, orthopedic implants, and other biomedical devices. Its biocompatibility and porous
structure make it an ideal material for these applications.

In addition to these examples, L. cyanescens fiber could find applications in many other fields,
such as the automotive industry, aerospace, and construction. Future research will focus on optimizing

the properties of L. cyanescens fiber and developing new composites based on this fiber for specific
applications.
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In conclusion, L. cyanescens fiber is a renewable and promising material with a wide range of
potential applications. Its development could contribute to the creation of more sustainable and
environmentally friendly products.
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