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Abstract
The objective of this work was to prepare and characterize a biocomposite made from plantain pseudo stem (PSP), agro-
industrial waste and polylactic acid (PLA) for potential use in removing Cr(VI) from solution. Cellulose (CL) was extracted
from the plantain pseudo stem waste and modified with PLA. The effect of adsorbent dosage on adsorption efficiency at different
concentrations was evaluated, and an adsorption-desorption study was conducted to determine the biocomposite’s lifetime. FTIR,
SEM and TGA-DSC analyses were performed. The results showed that the plant fiber was successfully modified with PLA,
resulting in the formation of the PSP/PLA biocomposite. It was observed that the adsorbent dosage affected the adsorption
process, with the best removal efficiencies being 51.74% at 65 mg/L and 49.74% at 30 mg/L at an optimal pH of 2. Adsorption-
desorption cycles showed that the biocomposite can be reused up to twice. The inherent properties of the plant fiber were
critical, and the crosslinking agent enhanced the biomaterial’s performance. This biocomposite shows potential for removing
metal contaminants from the solution, thereby contributing to the increased utilization of waste biomass.
Keywords: Polylactic acid, Biocomposite, Cellulose, plantain pseudo stem, Agricultural waste.

Resumen
El objetivo de este trabajo fue la preparación y caracterización de un biocompuesto a partir de residuos agroindustriales
de pseudotallo de plátano (PSP) y ácido poliláctico (PLA) con potencial uso en la remoción de Cr (VI) en solución. Se
realizó un proceso de extracción y modificación de celulosa con PLA. Se evaluó el efecto de la dosis de adsorbente sobre
la eficiencia de adsorción a distintas concentraciones, y se realizó un estudio de adsorción-desorción para determinar la vida
útil del biocompuesto. Se realizaron análisis de caracterización FTIR, SEM y TGA-DSC. Los resultados mostraron la exitosa
modificación de la fibra vegetal con PLA, dando lugar a la formación del biocompuesto PSP/PLA. Se observó que la dosis de
adsorbente afecta el proceso de adsorción, siendo las mejores eficiencias del 51.74% para 65 mg/L y del 49.74% para 30 mg/L a
un pH óptimo de 2. Los ciclos de adsorción-desorción determinaron que el biocompuesto posee una reutilización máxima de 2
veces. Las propiedades inherentes de la fibra vegetal fueron fundamentales, y el agente entrecruzante mejoró el desempeño del
biomaterial. Este biocompuesto muestra potencial para la eliminación de contaminantes metálicos en solución, contribuyendo a
reducir la brecha en el uso de biomasas residuales.
Palabras clave: Ácido poliláctico, Biocompuesto, Celulosa, Pseudotallo de plátano, Residuos agrícolas.
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1 Introduction

In recent years, suitable solutions have been sought
for the utilization of agro-industrial waste generated
by various industries worldwide to reduce their
environmental impact. Collectively, the United States,
India, and China generate approximately 1,550 million
tons of agricultural waste annually, with China
being the largest producer (Kumar Sarangi et al.,
2023; McNeill et al., 2024). Much of this waste
represents a valuable source of biomass for the
production of value-added products, contributing to
environmental sustainability and the circular economy
by reducing the accumulation of agricultural residues
and offering an alternative to fossil-based materials
(Kumar Sarangi et al., 2023). The waste generated
includes sugarcane bagasse, coconut shells, wheat
husks, jute fibers, peanut shells, plantain peels,
cassava peels, yam peels, and oil palm residues
(Nata et al., 2024; Saifullah et al., 2024; Tejada-
Tovar et al., 2019). To take advantage of these
biomasses, the synthesis of composite materials has
been proposed as an alternative that contributes to
environmental protection, with potential applications
in the development of biodegradable packaging and
wastewater treatment due to their biological origin
(Saifullah et al., 2024; Sherugar et al., 2022). For
use in treating contaminated water, waste biomasses
are transformed into porous surface-active adsorbent
biocomposites capable of retaining both organic and
inorganic contaminants. However, the use of residual
fiber alone is not sufficient to produce highly efficient
materials; therefore, natural fibers are combined with
a polymeric matrix to enhance their physicochemical
properties and increase the adsorption capacity of
the materials. This positions them as a promising
alternative due to their low cost, environmental
friendliness, and high efficiency (Zarna et al., 2021;
Zheng et al., 2024).

Plantain pseudo stem (PSP) is a lignocellulosic
natural fiber commonly used in the preparation
of biocomposites due to the presence of hydroxyl
and carboxyl functional groups that facilitate the
removal of contaminants from solutions (Selimin
et al., 2022). An effective method for preparing
PSP-based biocomposites involves crosslinking the
vegetable fiber with a modifying agent such as
polylactic acid (PLA). PLA provides good thermal
and mechanical resistance, which enhances the
adhesion characteristics of the biomaterial, modifies
its hydrophilic properties to hydrophobic ones, and
improves its efficiency in adsorbing pollutants from
solutions (Kadea et al., 2024; Vatanpour et al., 2022).

Chromium is a heavy metal that has been widely
studied due to its classification as one of the most
toxic pollutants and its high prevalence in various

industrial processes. Chromium in its hexavalent form,
Cr(VI), is among the most common and hazardous
species found in the environment (Diaz-Rodriguez et
al., 2025). Its level of toxicity poses a serious threat
to all living organisms, causing conditions such as
stomach ulcers, anemia, and disorders of the lungs,
kidneys, liver, and even the reproductive system. In
addition to its mutagenic and teratogenic effects,
Cr(VI) exhibits high environmental mobility due to its
strong oxidizing potential and high solubility (Islam
et al., 2020; Zhao et al., 2023). Exposure to this
chemical increases the risk of developing various types
of cancer, including stomach, colon, and lung cancer.
As a result, environmental protection agencies have
established permissible concentration limits for Cr(VI)
in water. According to the U.S. EPA, the maximum
allowable concentration of chromium is 0.05 mg/L in
drinking water and 0.1 mg/L in surface water (Khan et
al., 2016; Zhao et al., 2023).

The literature does not report many applications
of converting waste biomass into PLA-modified
materials for use in metal removal. For example,
Luqman. et al., 2020 developed a biocomposite film
using cellulose derived from banana fiber, and PLA,
and characterized their morphological and crystalline
properties by SEM and XRD respectively. Analyzing
the results obtained, PLA/plantain cellulose seemed
to increase the thermal stability of the biocomposite
film. Similarly, Yang et al., 2024 developed a
biocomposite from a mixture of starch, cellulose,
and PLA. The prepared biocomposite showed good
hydrophobic properties and excellent mechanical
properties, improving the tensile strength from 2.09
MPa to 3.53 MPa. On the other hand, Madenli et al.,
2023 prepared a biocomposite based on fungal hyphae
(Aspergillus oryzae and Penicillium roqueforti) for
the removal of Cr(VI). The results showed a removal
efficiency of 98.9% of the contaminant within 11
hours and Moreno-Rubio et al., 2025, used Luffa as a
bioadsorbent material to remove Cr(VI) from synthetic
waters. The prepared material was characterized by
SEM and FTIR analysis. The results obtained showed
the presence of mainly C and O, while FTIR identified
hydroxyl, carbonyl and carboxyl functional groups.
It was also obtained that Luffa is composed of 14%
lignin, 76% cellulose and 10% hemicellulose. Finally,
the adsorption process obtained an efficiency of 100%
of Cr(VI) in a period of 1416 hours.

Considering the importance of developing new
materials using waste biomass generated by various
anthropogenic activities, this research aims to prepare
and characterize a biocomposite based on PSP and
PLA for the removal of Cr(VI) from solution,
positioning it as an adsorbent material that contributes
to closing the existing gap in the utilization of agro-
industrial waste for potential applications in pollutant
adsorption processes.
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2 Methodology

2.1 Materials and reagents

Plantain pseudo stem from agro-industrial waste
collected in the city of Cartagena, Colombia, and
PLA (C3H4O2)n purchased from Nature Works were
used as raw materials in the preparation of the
biocomposite. PLA served as the modifying agent.
Sodium hydroxide (NaOH), supplied by EMSURE,
was used for alkaline extraction; sodium chlorite
(NaClO2) and glacial acetic acid (CH3COOH) were
employed for cellulose purification; and sulfuric
acid (H2SO4), also from EMSURE, was used to
obtain cellulose acetate (CA). Additional materials
used included hydrochloric acid, acetic anhydride,
dichloromethane, acetone, a heating plate with
magnetic stirrer, analytical balance, oven, sieve shaker,
and electric mill.

2.2 Obtaining cellulose acetate

To obtain cellulose acetate, a pre-treatment of the
plantain pseudo stem fiber was first carried out. The
fiber was sourced from a plantation in the city of
Cartagena. It underwent a process of peeling, washing,
and air-drying for three days. After drying, the fiber
was milled to reduce its size and then sieved to obtain
the desired particle size. Cellulose extraction was
performed through a double alkaline treatment using 2
wt.% NaOH for 45 minutes at a temperature of 75 °C
to remove lignin, hemicellulose, and other impurities.
Considering the solid-to-liquid ratio, 20 g of NaOH
and 20 g of pretreated fiber were added to one liter of
solution. This process was carried out in duplicate. The
fibers were then thoroughly washed with water until a
neutral pH of 7 was reached and subsequently dried at
60 °C for 24 hours (Joshi et al., 2024; Melikoğlu et al.,
2019).

Subsequently, 500 mL of distilled water were used
to prepare a bleaching solution by adding 50 mL of
glacial acetic acid (CH3COOH) and 50 g of sodium
chlorite (NaClO2), with magnetic stirring at 200 rpm
for 24 hours to carry out the bleaching of the cellulose.
The recovered material was filtered, washed to a
neutral pH (7), and dried for 24 hours at 50 °C
(González-Delgado et al., 2022; Melikoğlu et al.,
2019).

Finally, to obtain CA, 10 g of CL were mixed
with 25 mL of CH3COOH and stirred at 160 rpm for
30 minutes at 35 °C. To the resulting mixture, 40 mL
of CH3COOH and 0.08 mL of sulfuric acid (H2SO4)
at 95% concentration were added, followed by an
additional 45 minutes of stirring. Then, a solution of
40 mL of acetic anhydride and 0.6 mL of H2SO4 was
added to the mixture, which was maintained under
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Figure 1. Methodology for obtaining CA. 161 

Once the CA  was obtained, it was washed with plenty of distilled water until a neutral pH 162 
(7) was obtained and then dried at room temperature for 48 hours. 163 

2.3. Preparation of the biocomposite 164 

Two solutions were prepared: the first containing 50 mL of dichloromethane and 1.8 g of 165 
PLA, and the second containing 50 mL of acetone and 5 g of the obtained CA. Each solution 166 
was poured into a glass container with a lid and subsequently subjected to ultrasound 167 
treatment for 45 minutes at 60 °C. After the designated time, 17 mL of the first solution and 168 
50 mL of the second were taken and evenly combined in a Petri dish. Finally, the mixture 169 
was left to stand at room temperature for 24 hours to allow for solvent evaporation (Abu 170 
Aldam et al., 2020). 171 

2.4. Parametric Study 172 

A parametrization study was carried out, evaluating two factors: the initial concentration of 173 
the pollutant (Cᵢ) and the amount of adsorbent (Xᵢ). The operating ranges evaluated are shown 174 
in Table 1. 175 

Table 1. Study parameters and ranges. 176 

Parameter Range Unit 

𝐶! 
30 

(mg/L) 65 
100 

𝑋! 
10 

(mg) 20 
30 

2.5. Characterization of the biocomposite 177 

!

Figure 1. Methodology for obtaining CA.

stirring for 1.5 hours. Afterward, 10 mL of distilled
water and 20 mL of CH3COOH were added, and the
mixture was kept under agitation for 20 hours. The
final material obtained from this entire process was
filtered under vacuum, washed with distilled water,
and dried at 35 °C for 48 hours (Ortega & Rodríguez,
2018). This methodology is illustrated in Figure 1.

Once the CA was obtained, it was washed with
plenty of distilled water until a neutral pH (7) was
obtained and then dried at room temperature for 48
hours.

2.3 Preparation of the biocomposite

Two solutions were prepared: the first containing
50 mL of dichloromethane and 1.8 g of PLA, and the
second containing 50 mL of acetone and 5 g of the
obtained CA. Each solution was poured into a glass
container with a lid and subsequently subjected to
ultrasound treatment for 45 minutes at 60 °C. After
the designated time, 17 mL of the first solution and
50 mL of the second were taken and evenly combined
in a Petri dish. Finally, the mixture was left to stand
at room temperature for 24 hours to allow for solvent
evaporation (Abu Aldam et al., 2020).

2.4 Parametric study

A parametrization study was carried out, evaluating
two factors: the initial concentration of the pollutant
(Ci) and the amount of adsorbent (Xi). The operating
ranges evaluated are shown in Table 1.

Table 1. Study parameters and ranges.

Parameter Range Unit

Ci 30 (mg/L)
65

100

Xi 10 (mg)
20
30
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2.5 Characterization of the biocomposite

The biocomposite surface charges were studied
by means of pHpzc Fourier Transform Infrared
Spectroscopy (FTIR) analysis was also carried out
to identify the functional groups involved in the
materials, using the IRAffinity-1 FTIR Shimadzu
equipment, serial number A213749. The morphology
and surface composition of the biocomposite were
studied by SEM analysis using a TESCAN MIRA3
model. Thermogravimetric analysis and DSC were
performed to determine thermal stability, using a
TA Instruments thermogravimetric analyzer, serial
number 0600-11099, model SDT Q600, with a heating
ramp of 10 °C/min, alumina crucibles, and a flow rate
of 20 cm3/min.

2.6 Point of zero charge (pHpzc)

The point of zero charge of the synthesized PSP/PLA
biocomposite was determined to establish the pH
at which it has the greatest capacity to retain
contaminants on the surface. Eighteen test tubes were
used, including replicates, each containing 0.01 g of
biocomposite, to which 10 mL of K2Cr2O7 solution at
100 ppm was added. The pH of each solution in the test
tubes was adjusted with 0.1 M HCl and 0.1 M NaOH
over a range from pH 2 to pH 10, and the samples
were shaken for 24 hours in a shaker (Iheanacho et al.,
2023). After the set time, the pH of each sample, both
original and replicate, was measured.

2.7 Biocomposite reuse study

A study was carried out to evaluate the reusability
and regeneration of the synthesized Cr(VI)-loaded

biocomposite using an adsorption–desorption cycling
process with NaOH and HCl solutions. For this
purpose, 30 mL solutions of 0.2 M HCl and NaOH
(separately) were prepared, and each of these solutions
was placed in contact with 0.5 g of residual biomaterial
recovered from the adsorption tests for 2 hours under
stirring at 140 rpm. The material was then washed
and dried in an oven at 100 °C for 20 minutes. The
resulting biomaterial was tested with Cr(VI) solutions
at 100 mg/L under agitation at 140 rpm for 2 hours.
To measure the reuse efficiency, the absorbance was
measured using a UV-Vis spectrophotometer by the
diphenyl carbazide method (Badawy et al., 2023). This
process was performed in triplicate.

3 Results and discussion

3.1 Synthesis of PSP/PLA composite
biomaterial

According to the proposed methodology, Figure 2
shows the synthesized PSP/PLA biocomposite. During
the synthesis process, the alkaline extraction of CL
showed a brown color attributable to lignin and
impurities remaining in the plantain stem fiber, which
were subsequently removed through the alkaline
process. With the bleaching process, the lignin present
was eliminated by oxidation, resulting in purified CL.
The alkaline extraction technique and the formation
of CA were used to successfully modify PSP/PLA
from 20 g of plantain pseudo stem fiber, obtaining 18 g
of CL in the extraction process and 6 g of PSP/PLA
biocomposite.
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3.2. Thermogravimetric analysis - TGA 225 

In order to analyze the purity, thermal, and stability properties of the CL extracted from 226 
plantain stem fiber, a TGA-DSC analysis was carried out over a temperature range from 0 °C 227 
to 600 °C with a heating ramp of 10 °C/min and a flow rate of 20 cm³/min. The results 228 
obtained from the analysis are shown in Figure 3, where it is observed that the thermal 229 
stability of the plantain stem CL is reached at 22 °C, with a slight mass loss between 23–230 
83 °C, which can be attributed to the evaporation of contained water and adsorbed moisture 231 
from the environment (Mi & Wang, 2024). The onset of decomposition occurs between 232 
279.48 °C and 358.74 °C, with a significant mass loss, reaching 99.12% at 340.10 °C, which 233 
can be attributed to the degradation of lignin, CL, and hemicellulose still present in the 234 
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obtained from Citrus limetta, recording a degradation temperature between 165 °C and 237 
390 °C. Similarly, Shrestha et al., 2021, obtained comparable results for weight loss and 238 
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of 228 °C to 384 °C. 240 
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Figure 2. Synthesized PSP/PLA Biocomposite.
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Figure 3. TGA-DSC analysis of CL extracted from plantain pseudo stem 243 

3.3. Point of charge pHpzc 244 

Figure 4 presents the results obtained in the determination of pHpzc for the synthesized 245 
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removed Cr(VI) ions using sodium alginate/phosphorus tetramethyl sulfate beads at an 264 
optimum pH of 3. 265 

Figure 3. TGA-DSC analysis of CL extracted from plantain pseudo stem

The results showed good yield throughout the fiber
utilization process, achieving 90% for the extraction of
CL and 100% for the synthesis of the biocomposite.
These results are consistent with those reported in
previous studies on the CL fraction obtained from the
plantain stem, where Thi Thuy Van et al., 2022 and
Meng et al., 2019, obtained efficiencies of 82.136%
and 91.33%, respectively. Regarding the mixture of
CA with PLA, recent research shows that a higher
content of CL improves the mechanical properties of
the material, such as tensile strength and elasticity.
Additionally, it improves its hydrophobic properties
and its amorphous nature, as specified in the study
conducted by Abu Aldam et al., 2020.

3.2 Thermogravimetric analysis - TGA

In order to analyze the purity, thermal, and stability
properties of the CL extracted from plantain stem
fiber, a TGA-DSC analysis was carried out over a
temperature range from 0 °C to 600 °C with a heating
ramp of 10 °C/min and a flow rate of 20 cm3/min.
The results obtained from the analysis are shown in
Figure 3, where it is observed that the thermal stability
of the plantain stem CL is reached at 22 °C, with
a slight mass loss between 23–83 °C, which can be
attributed to the evaporation of contained water and
adsorbed moisture from the environment (Mi & Wang,
2024). The onset of decomposition occurs between
279.48 °C and 358.74 °C, with a significant mass loss,
reaching 99.12% at 340.10 °C, which can be attributed
to the degradation of lignin, CL, and hemicellulose
still present in the sample (Satha et al., 2020). These
results are consistent with those reported by Gupta &
Raghav, 2020, who observed similar behavior in terms
of weight loss and degradation of CL obtained from
Citrus limetta, recording a degradation temperature

between 165 °C and 390 °C. Similarly, Shrestha et
al., 2021, obtained comparable results for weight loss
and degradation of CL extracted from plantain stem,
reporting a degradation temperature range of 228 °C
to 384 °C.

3.3 Point of charge pHpzc

Figure 4 presents the results obtained in the
determination of pHpzc for the synthesized PSP/PLA
biocomposite. The determination of the point of zero
charge is of great importance, as it helps to understand
the electrical charges of the biomaterial, which are
dependent on the pH of the solution and related to
the ionization of functional groups on the surface of
the adsorbent (Aigbe & Osibote, 2021; Rodríguez
et al., 2010). The results showed that for PSP/PLA,
the pHpzc exhibited a value of 8, indicating that
at this value the surface charge of the adsorbent
is zero (Tejada-Tovar et al., 2023). It is important
to mention that electrostatic interaction favors the
adsorption of anionic species when the pH of a
solution is lower than the point of zero charge (pHpzc),
while covalent interactions facilitate the adsorption
of cationic compounds when the pH of the solution
is higher than the pHpzc (Labied et al., 2018).
Studies reported in the literature have highlighted the
importance of pH in the adsorption of heavy metals.
For example, Yadav et al., 2024, showed that the
optimum pH for the removal of Ni(II) ions is 8.
Similarly, in the study by Nurdin et al., 2015, cited in
Aigbe & Osibote, 2021, they found that the optimum
removal of Cd(II), Ni(II), and Cu(II) ions occurs at pH
8. Considering that in aqueous solutions, chromium
is generally present as Cr2O7

2– and HCrO4–, carrying
out the adsorption at low pH will favor the PSP/PLA
biocomposite to have a positively charged surface,
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the presence of amines (N–H), and between 3500–3750 cm–1, indicating O–H, which could 274 
be due to residual water present in the sample. On the other hand, peaks with strong intensity 275 
appear, indicating the presence of a carbonyl group (C=O) between 1690–1760 cm–1, and 276 
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Figure 4. Data obtained from pHpzc.

which will facilitate the adsorption of chromium
(Tejada-Tovar et al., 2023). Due to this, a pH of
2 was chosen, considering that most related studies
are conducted at pH 2–3. For instance, Liang et al.,
2023, successfully removed Cr(VI) ions using sodium
alginate/phosphorus tetramethyl sulfate beads at an
optimum pH of 3.

3.4 Fourier Transform Infrared Analysis –
FTIR

Fourier Transform Infrared Spectroscopy (FTIR) is
a technique used to characterize different types of
samples, whether in solutions, pastes, films, powders,
fibers, liquids, or gases. Figure 5 shows the FTIR
spectra of the plantain pseudo stem vegetable fiber and
the synthesized PSP/PLA biocomposite, both before
and after the Cr(VI) adsorption test. It is observed that
the plantain pseudo stem fiber (Figure 5a) shows peaks
between 3300–3500 cm–1, indicating the presence
of amines (N–H), and between 3500–3750 cm–1,
indicating O–H, which could be due to residual water
present in the sample. On the other hand, peaks with
strong intensity appear, indicating the presence of a
carbonyl group (C=O) between 1690–1760 cm–1, and
alkenes (C–H) at lower frequencies (Rahim & Mas
Haris, 2022).

On the other hand, the synthesized biocomposite
with PLA, presented in Figure 5b, displays more
frequent and characteristic peaks. The presence of
amines (N-H) is maintained, and a strong absorption
band appears between 2850-2970 cm−1, indicating
the presence of alkanes (C-H), which consecutively
generate other bands that extend down to 1470
cm−1, indicating the stability of the formed molecule.
Likewise, aromatic rings (C-H) are observed at lower
frequencies, 690-900 cm−1, indicating greater stability
and confirming that a homogeneous mixture of the
PSP and PLA materials was obtained (Luqman et al.,
2020; Villabona-Ortíz et al., 2024).
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Figure 5. IR Spectra of (a) Plantain pseudo stem fiber,
(b) PSP/PLA before adsorption, (c) PSP/PLA after
adsorption.

Analysis of the biocomposite after adsorption
(Figure 5c) reveals a clear decrease in the
characteristic peaks of the functional groups; however,
stretching vibrations are still present: a stretching
vibration belonging to hydroxyl groups (O-H) is
observed between the wavelengths of 3800-3900
cm−1, and peaks characteristic of C-H groups
(alkanes) appear between 2890-2940 cm−1. Peaks
indicating the presence of amines (C-N) are also
evident between 1250-1500 cm−1, which help
maintain pH balance by counteracting the acidity
of the adsorbed Cr(VI) solutions. Additionally,
the presence of aromatic rings (C-H) is observed
between 750-1000 cm−1, confirming the stability of
the synthesized biocomposite (Hsini et al., 2020;
Nandiyanto et al., 2019). The notable decrease in
the intensity of the bands is due to the fact that
the pollutant is captured by the active sites of
the biocomposite, generating interactions with the
functional groups of the adsorbent that cause these
changes, which confirms the functionality of the
material in the adsorption process (Villabona-Ortíz
et al., 2024).

3.5 Scanning Electron Microscopy – SEM
Analysis

SEM analysis was carried out on the biocomposite
prepared before and after the Cr(VI) adsorption test to
study its morphological characteristics and understand
the effect of the PLA matrix on its behavior. Figure
6 shows the SEM micrographs of the biocomposite
before (Figure 6a) and after the adsorption test (Figure
6b). Figure 6a shows the general structure of the
biocomposite with more visible fibers, along with
a clear distribution and organization of the PSP
materials within the PLA matrix. The homogenization
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Figure 6. SEM micrographs of PSP/PLA at
magnifications of ×500 and ×10,000: (a) before
adsorption, (b) after Cr(VI) adsorption.

of the mixture and adhesion between the components
can also be observed, resulting in a composite with
a rough and fibrous surface in parts, which may
confer hydrophobic characteristics and greater tensile
strength (Wang et al., 2020). These results are similar
to those presented by Wan Ishak et al., 2020, who
synthesized a cellulose–PLA-based biocomposite, and
SEM analysis showed a homogeneous mixture of the
components with a rough surface. Similarly, Singh
et al., 2020, developed a biocomposite based on
cellulosic fibers and PLA, obtaining similar results
in the homogenization of the material mixture and
surface roughness of the biocomposite.

After the Cr(VI) adsorption test (Figure 6b), it
is observed that the biocomposite presents a more
compact surface, with fewer visible pores and brighter
areas, suggesting the adhesion of the contaminant to
the biocomposite surface, highlighting its capacity for
Cr(VI) removal from solution (Fijoł et al., 2021).

3.6 Effect of adsorbent dosage on
adsorption

The adsorption processes are affected by different
parameters, such as temperature, contact time, pH,
initial concentration, and stirring speed (Ishtiaq et al.,
2020). In this study, the adsorption capacity of the
synthesized biocomposite was evaluated by varying
the adsorbent dose and the initial concentration of
the pollutant at pH 2. The adsorbent doses used were
30 mg, 20 mg, and 10 mg. Figure 7 shows the results
obtained for the efficiency of the adsorption process
(%) as a function of the amount of adsorbent used
for the removal of Cr(VI) at initial concentrations
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of 30 mg/L, 65 mg/L, and 100 mg/L. It can be observed
that, for an initial concentration of 30 mg/L, an
efficiency of 49.74% was obtained with a dose of
30 mg of adsorbent, 18.15% with a dose of 20 mg,
and 15.29% with a dose of 10 mg. For an initial
concentration of 65 mg/L, an efficiency of 51.77%
was obtained with a dose of 30 mg of adsorbent,
12.62% with 20 mg, and 15.15% with 10 mg. Finally,
for an initial concentration of the pollutant (Cr(VI))
of 100 mg/L, an efficiency of about 6% was obtained
with a dose of 30 mg and 20 mg, and an efficiency of
7.57% with a dose of 10 mg. The results showed a
trend in which increasing the dose of the synthesized
biocomposite led to greater adsorption efficiency, with
the best adsorption yield obtained at a contaminant
concentration of 65 mg/L and an adsorbent dose of
30 mg. This is due to the fact that a greater presence of
adsorbent enhances the removal of a greater amount of
contaminant (Shekhawat et al., 2023).

3.7 Biomaterial reuse tests

The recovery and reuse of the synthesized
biocomposite were evaluated using two Cr(VI) elution
agents (0.2 M HCl and 0.2 M NaOH). As shown in
Figure 8, the capacity of the biocomposite for efficient
Cr(VI) removal was assessed over three adsorption–
desorption cycles. It was observed that HCl has the
advantage of recovering the surface of the adsorbent
more effectively than NaOH. This is due to the
fact that HCl reduces the electrostatic interactions
generated between the adsorbent and Cr(VI), allowing
the release of the metal ions and the recovery of the
adsorbent surface for reuse. It is also evident that, with
each cycle, the biocomposite significantly reduces
its adsorption capacity, especially when using NaOH
(Prasad et al., 2022).
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The results obtained throughout the study suggest
that the biocomposite synthesized and modified
with PLA represents a promising alternative for
the treatment of contaminated water due to its
characteristics, including excellent homogeneity in
the material mixture, water resistance, thermal
stability, good adhesion of the polymeric matrix
to the fiber, as well as excellent yield in the
synthesis process. In order to provide a broader
and more versatile perspective on the PSP/PLA
biocomposite, a comparative table (Table 2) is
presented, including other studies reported in the
literature on the synthesis and characterization of
materials derived from agricultural waste. The data
presented show consistency between the synthesis and
characterization results obtained in this study and
those reported by other researchers.

Table 2. Comparison with other studies.
Biomass Modifying agent Contaminant removed Characterization Reference

Bamboo Glycidyl methacrylate (GMA) Cr (VI) SEM: Showed a rough surface on the synthesized
material.
FTIR: 1697–1706 cm–1 (C=O stretching vibration), a
peak at 1173 cm–1 attributed to C–O group stretching,
and 814 cm–1 (epoxy ring group); peaks between 2929
and 3380 cm–1 are due to aliphatic C–H, N–H, and O–H
stretching vibrations. The peaks at 2900–3000 cm–1 were
weakened, which was attributed to the impact of amine,
hydroxyl, and aliphatic C–H groups on adsorption.

(Zhang et al., 2022)

pH: 2

Coconut shell PHB Methylene blue

SEM: The biocomposite presented effective
homogenization; it was observed that the biopolymer
layers are thin due to increased water resistance in the
presence of PHB.

(Villabona-Ortíz et al., 2024)

FTIR: It showed peaks between 3200–3500 cm–1,
attributed to single bonds indicating the presence of
hydrogen bonds and the vibration of O–H, COOH,
and NHx functional groups. Peaks at 2860 cm–1 and
2935 cm–1 are attributed to aliphatic compounds; peaks
between 1650 cm–1 and 1850 cm–1 suggest the presence
of carbonyl groups and aromatic rings; 1490 cm–1 and 829
cm–1 correspond to C–H, O–H, and C–O bonds.
TGA: The highest mass loss of coconut cellulose occurs
between 250 °C and 350 °C, with a loss of 49.4%,
corresponding to the degradation of hemicellulose, lignin,
extractives, and lignocellulosic derivatives.
pH: 8

Passion fruit peels
NaOH y Ca(CH3CO)2 Zinc (II)

TGA: 390 °C to 400 °C represents the degradation of
cellulose. (Castro et al., 2021)

Orange peels FTIR: Peaks between 3600–3000 cm–1 correspond to the
hydroxyl group (O–H); 3000–2800 cm–1 belong to the
stretching of C–H groups; 1744 cm–1 and 1638 cm–1

correspond to the stretching of COO– and C=O; peaks
between 1430–1455 cm–1 indicate C–H groups, and peaks
between 1422–1420 cm–1 indicate the presence of N–H.

Plantain peels SEM: It showed a porous structure due to the removal
of soluble substances during treatment with alkaline
solutions.

Potato pulp (PP) PHBV - SEM: This indicates that the interfacial adhesion between
the PHBV matrix and the PP powder is relatively poor. (Righetti et al., 2019)

TGA: Thermal degradation occurs in the temperature
range of 200 °C to 600 °C and is due to the degradation
of hemicellulose, cellulose, and lignin.

Plantain pseudo stem PLA -

FTIR: A peak between 3300–3500 cm–1 indicates the
presence of amines (N–H); 2850–2970 cm–1 corresponds
to C–H stretching; and peaks between 690–900 cm–1

indicate greater stability.

Present study

SEM: Homogenization of the mixture and adhesion
between the components, resulting in a composite with a
rough and partially fibrous surface.
TGA: The onset of decomposition occurs between
279.48 °C and 358.74 °C, with greater mass loss due to the
degradation of lignin, cellulose, and hemicellulose present
in the sample.
pH: 2
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Conclusions

The process of preparation and modification of the
PSP/PLA biocomposite was successful, showing that
the PLA biopolymer confers hydrophobic properties
to the cellulose acetate extracted from the plantain
stem, demonstrating that it is possible to cross-
link vegetable fibers with biopolymers to produce
biocomposites with potential use in the removal of
pollutants.
Similarly, the TGA-DSC analysis of the cellulose
showed that its decomposition occurs between
279.48 °C and 358.74 °C, with a mass loss of 99%,
primarily due to the evaporation of water and moisture
content and the degradation of lignin, cellulose, and
hemicellulose present in the sample. Additionally, the
point of zero charge (pHpzc) for the biocomposite was
determined to be 8, indicating that at this pH value, the
surface charge of the adsorbent is neutral, which may
favor the adsorption of metals when treating solutions
with a higher pH.
The results obtained in the adsorption test showed
that at a concentration of 65 mg/L and a dose of
30 mg of adsorbent, an efficiency of 51.77% and
an adsorption capacity of 3.72 mg/g were achieved.
Finally, the characterization of the material revealed
that the biocomposite possesses high stability. SEM
analysis showed that the biocomposite has a fibrous
and compact surface, confirming the presence of the
biomass used. Additionally, it was observed that after
the adsorption process, Cr(VI) adhered to the surface
of the biocomposite, confirming its capacity to remove
this contaminant. FTIR analysis also revealed the
presence of O–H, C–H, amine (C–N) groups, and
aromatic rings (C–N).
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