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Abstract: This work explored the adsorption of Malachite Green (MG) dye by Acorn Pericarp (AP) in
the context of biomass valorization. The Acorn Pericarp was analyzed by Fourier transform infrared
spectroscopy (FTIR) and X-ray diffraction. The adsorption capacity under optimal experimental
conditions was studied at different adsorbent doses, the initial concentration times of the dye and pH.
The results presented in this work on the adsorption kinetics of MG showed that the pseudo-first-order
model (R? = 0.9971) better described the adsorption kinetics at 10~> M. The experimental isotherms
showed that Acorn Pericarp adsorption followed the Langmuir isotherm model (R? = 0.9889). The
thermodynamic study showed that MG adsorption is endothermic (AH® > 0) and spontaneous
(AG® < 0). For a sustainable industry, the sludge was converted into reinforcement of polystyrene
using in-situ polymerization with 10% by weight of filler. A morphological and structural analysis
was performed using SEM and FTIR, the results of characterization showed that the AP sludge was
incorporated well into the PS matrix.

Keywords: Acorn Pericarp; Malachite Green; adsorption; sludge; polystyrene; composite

1. Introduction

A multitude of chemicals are continuously discharged into water resources; these
products degrade very slowly and have a strong impact on the environment. Humans
are not the only ones affected by the danger of this chemical pollution, which produces a
perceptible impact obviously destructing fauna and flora, eutrophication and the appear-
ance of green tides or hormonal disturbances of the fauna. The wide use of synthetic dyes
produces wastewater containing organic matter of a complex molecular structure charac-
terized by high stability, which constitutes a serious environmental danger [1]. Malachite
Green (MQG) is a cationic triphenylmethane dye that is used to color cotton, tissue, paper,
and leather, as well as to process paints and printing ink [1]. In the aquaculture business,
MG is used as a fungicide and antiseptic to prevent parasites and illnesses in fish [2]. MG,
on the other hand, is extremely harmful to mammalian cells. They can also have an impact
on the food chain and produce human carcinogenic, mutagenic, and teratogenic effects.

The treatment of effluents including MG contaminants is critical in this situation.
Adsorption is a technique for the treatment of wastewater containing dyes, and it is char-
acterized by its simplicity and high performance. This technique, however, is limited
by the commercial cost. Faced with this limitation, the adsorbents have been developed
from low-cost sources such as agricultural and food wastes. Several researchers are in-
creasingly focusing on the removal of Malachite Green. Kundu et al. [3] used Cu-doped
Titania intercalated with Na in layers as an adsorbent for MG. For highly efficient MG
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adsorption, Guo et al. [4] studied the synthesis of MgO/Fe3O4 nanoparticles incorporated
into activated carbon from biomass. Qu et al. [5] also used activated carbon to study its
effect on Malachite Green adsorption, while Dehmani and his co-workers [6] used iron
nanoparticles as adsorbents for this dye.

Finding renewable raw materials for the production of fine chemicals, materials, and
fuels has become an important goal [7,8]. Lignocellulosic biomass is a promising alternative
to fossil resources due to its abundance, renewability, and versatility [7]. Lignocellulosic
biomass is one of the most abundant renewable resources on Earth and its use does not
increase net CO, emissions [9]. It is expected that sustainable and environmentally friendly
bio-based industries using biomass as the main raw material will replace the current bio-
based industries that cause serious environmental problems [10]. A biorefinery is a refinery
that converts biomass into energy and other beneficial by-products such as chemicals. A
biorefinery is the sustainable conversion of biomass into a range of biobased products (food,
feed, chemicals (materials), and bioenergy (biofuels, electricity and/or heat)) [9]. In contrast
to a refinery, a biorefinery can supply multiple chemicals by breaking down the initial
raw material (biomass) into several intermediates (carbohydrates, proteins, triglycerides),
which can then be broken down into value-added products [11].

The acorn is an alkene that contains a single seed (rarely two) and is surrounded by a
cup at its base. Large forest areas in Morocco are set aside for acorns, and acorn pericarp
are still thrown as solid waste, despite the fact that they have an unusual composition that
can be transformed into a good adsorbent. However, the adsorption process also poses
another issue that must be handled from the perspective of the circular economy. The
sludge has led to an accumulation less tolerant in the environment, so as a solution there is
the recycling of the sludge.

For several years, the apparition of some concepts, such as sustainable development,
industrial ecology and green chemistry, has been accompanied by the development of new
generations of materials. Among these materials, composites are constantly developing into
high-performance and less expensive products while meeting environmental constraints
and regulatory requirements for recycling.

Cellulosic biomass granulates as a reinforcement in polymers bring the possibility to
gain many applications of multidisciplinary interests. Polystyrene (PS), with an annual
production of 3.12 million tons, ranks fifth among the different plastics [12] lead the
attention of several researchers for years to the use of natural fillers from agricultural
biomass (Bio-fillers) that offers an alternative to the replacement of conventional fillers such
as synthetic fillers. PS has been reinforced with sisal fibers [13], with date palms [14] and
until now the bio-composite PS has an important place in the research topics; the results of
PS reinforced with banana fibers is a good example [15]. In continuation of these efforts, a
new composite material of a PS matrix incorporated by particles of acorn pericarp sludge
(AP) is proposed in the present work by in situ polymerization.

The objective of this research work is to explore the possibility of using Acorn Peri-
carp (AP) to remove MG from wastewater by studying adsorption parameters such as
concentration, temperature and time, acorn pericarp mass, as well as pH to determine
the adsorbent’s performance and then recycling the sludge by incorporation into the
Polystyrene (PS) matrix. The PS is one of the most common plastic materials thanks to its
very interesting properties. In the context of a sustainable industry, PS/ AP sludge compos-
ites were prepared by in situ polymerization, with a mass percentage of 10% by weight of
the reinforcement particles. The effect of adding AP sludge as reinforcement material on
the structural and morphological properties was also examined by FTIR analysis and SEM.

2. Materials and Methods
2.1. Chemicals

All chemicals were analytical grade and used directly without further purification.
Malachite Green-phenyl-d5 oxalate salt (C5,DsH49N4O13, 99%), sodium hydroxide (NaOH,
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99%), and hydrochloric acid (HCl, 99%) were purchased from Sigma-Aldrich (Saint-
Quentin-Fallavier, France).

2.2. Preparation and Characterization of Adsorbent

The acorn samples were obtained in the holm oak forest of El-Hajeb, Morocco. The AP
was washed, dried in an oven for 24 h at 110 °C, crushed, and sieved to get fine, homoge-
nous samples (<65 pm). AP was characterized, prior to the removal of Malachite Green,
using various techniques. Fourier-transform infrared (FTIR) spectra were collected from
4000 to 400 cm ! with a spectrometer (Shimadzu, JASCO 4100, Japan). X-ray diffraction
(XRD) patterns of the adsorbent were obtained using an X’PERT MPD-PRO wide-angle
powder diffractometer equipped with a diffracted beam monochromator and a Ni-filtered
CuKa source (A = 1.5418 A). The surface morphology of the sample was visualized by a scan-
ning electron microscope (SEM, Topcon model EM200B) equipped with energy-dispersive
X-ray (EDX) analysis.

2.3. Isotherm and Kinetic Studies

Malachite Green adsorption studies were carried out at temperatures ranging from
25 to 55 °C. They were made by swirling an MG solution (20 mL) at 400 rpm with an
adsorbate concentration ranging from 10> M to 10~* M and 0.1 g of AP. Under various
experimental circumstances, the kinetics and adsorption isotherm of Malachite Green
were measured. The MG concentrations were determined using a Shimadzu UV-1240
spectrophotometer and a calibration curve established at = 618 nm.

The kinetic and isothermal adsorption capacities of malachite green were determined
using Equation (1). Adsorption kinetics and isotherm data were modeled using the models

shown in Table 1. cc

mg 0 — Le

Qe():*V - (1)
g Madsorbent solution

where Q is the adsorption capacity (mg/g), Cy is the initial concentration of the MG solution
(mg/L), C. is the equilibrium MG concentration (mg/L), the adsorbent is the AP mass (g),
and V is the volume of the Malachite Green solution (L), respectively.

Table 1. The equations of the adsorption kinetic and isothermal models.

Isotherm Equation Parameter
Freundlich ge = KpC/" Kp,1/n
Langmuir Ge = q{”j&ffé" Gmax, KL
Pseudo-first-order (PFO) gt = e[l — exp(—kqt)] e, k1
. - _ _kogit
Pseudo-second-order (PSO) qr = 1+2kzqct Ge, k2

2.4. Preparation of Polystyrene Composite

The polystyrene composites were synthesized by in situ polymerization of styrene
in the presence of benzoyl peroxide and toluene and the AP sludge particles. First, the
sludge was dried for 12 h at 105 °C in an oven, ground to particle size (<65 um) and used
as reinforcement with 10% by weight. The reaction mixture was heated to 80 °C and the
temperature was maintained constant for 1 h. Then, the resin was allowed to cool to room
temperature for 15 min, washed with ethanol, filtered and transferred to silicone molds [16].

3. Results and Discussions
3.1. Characterization of Adsorbent
The diffractograms of the AP before adsorption are shown in Figure 1A. Two slightly

narrow peaks are detected at 20 values around 16° and 22°. Due to the crystalline structure
of the cellulose in the adsorbent, the large band at about 22° justifies some crystalline
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Intensity

phases of the substance. In effect, lignocellulosic materials have a structural deficiency
which makes it possible to obtain single crystals called whiskers [2]. A FTIR spectrum
illustrating the functional groups of the Acorn pericarp samples is shown in Figure 1 (B). We
noticed that the AP samples have similar aromatic and aliphatic functional groups. These
groups come from the three main components of the studied adsorbents, namely cellulose,
hemicellulose, and lignin. In fact, these three components are mainly composed of olefins,
esters, ketones, aromatic rings, and alcohols, with different oxygen-containing functional
groups such as O-H (3400-3200 cm '), C=0 (1765-1715 cm '), C-O-C (1270 cm~!), and
C-O-H (~1050 cm™!); the band at 1640 cm ™! is characteristic of the elongation of the C=C
bonds of aromatic compounds. The morphology and structure of the AP were discussed by
using the SEM. We can observe from Figure 1C that AP has a characteristic of a material
with an elongated appearance and a more intact and firm structure.
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Figure 1. (A) X-ray diffraction patterns of AP; (B) FTIR spectrum of AP; (C) SEM image of AP.

3.2. Adsorption of Malachite Green: Influencing Factors

Figure 2 indicates the effect of adsorbent mass on the percentage removal of MG. It can
be seen that the percentage removal of MG increases sharply and then reaches an almost
constant value when the adsorbent dose increases from 0.04 to 0.14 g. This is because there
are more binding sites of the adsorbent and a larger adsorption surface. When the dose
was increased from 0.40 g to 1.4 g, no significant improvement in MG removal percentage
was observed; therefore, the adsorbent dose of 0.1 g was identified as the preferred amount
of adsorbent for further research [17,18].
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Figure 2. Effect of mass on the MG adsorption using AP from aqueous solution (Ci =5 x 107> M,

T =303 K).

Malachite Green is a triphenylmethane dye whose molecular structure changes ac-
cording to the pH value of the solution. Under acidic conditions, this dye contains cations
and has excellent solubility in water. However, under basic conditions (pH = 11), changing
the dye to a methanol base will result in a loss of color. Therefore, the study was conducted
in the pH range of 2 to 10 with an initial concentration of 5 x 10~ M. Figure 3 shows that
the pH variations did not noticeably impact the overall removal efficiency of the dyes in
aqueous media.
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Figure 3. Effect of pH on the MG adsorption using AP from aqueous solution (m = 0.1 mg,
Ci=5x10"°M, T =303 K).

The efficiency of the removal of Malachite Green at different pH values is related to
the dominant charge on the solid surface. The electrostatic mechanism is suggested to be
the dominant adsorption mechanism under acidic and basic conditions, while chemical
binding seems to have a limited contribution in the present case [19,20].

In summary, the AP samples showed an adsorption efficiency of almost 100% at all
pH values (Figure 3) which gives a better chance of use in the field of industrial liquid
waste treatment.

Figure 4 presents the influence of various temperatures on AP removal efficiency.
Considering each temperature (25, 35, 45, and 55 °C), AP shows an excellent removal
effect on MG dye. At all temperatures, the removal efficiency is between 90% and 98.44%,
indicating that Acorn Pericarp is very stable and can retain its efficiency under a variety of
challenging conditions. The increase in the amount of adsorption with temperature shows
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that the processes are endothermic [21], an increase in temperature leads to an increase in
the heat thus an increase in the space between the solid particles, all of which promote the
adsorption of the Malachite Green molecule [22].

42 -

36

30

Q(mg/g)

24

— 11—
290 295 300 305 310 315 320 325 330 335
T(K)

Figure 4. Impact of temperatures on the MG adsorption using AP.

Figure 5 shows the adsorption and removal of Malachite Green on AP between contact
time and different MG dye concentrations. The results show that the best adsorption time
for 107> M is 15 min, and the best adsorption time for 5 x 107> M is 40 min. As the
contact time increases, the percentage removal decreases. Based on an adsorption time of
60 min, the percentage removal is greater than 99.4% at 1075 M, 98.52% at 5 x 107> M, 94 at
10~* M. For most initial dye concentrations, a consistent percentage removal is immediately
achieved. Several investigators have explained similar patterns of dye concentration
changes during biosorbent adsorption. The adsorption capacity of methylene blue by corn
husks decreased as the concentration increased from 20 mg/L to 100 mg/L [23]. When the
MG concentration was increased from 600 to 1500 mg/L, the % adsorption of acorn shells
decreased from 76% to 67% [24].

50 e 100°M @ 5x10°°M 10"4M

40

0 — 7T T~ T T T T T T 1 T "1
0 20 40 60 80 100 120 140 160 180 200
t (min)

Figure 5. Impact of solution concentration on the MG adsorption using AP from aqueous solution.

3.3. Adsorption Kinetics and Isotherm Study
3.3.1. Adsorption Kinetics

The adsorption kinetics of MG by AP is studied using two models, namely the
pseudo-first-order PFO and the pseudo-second-order PSO. A constant amount of AP
(100 mg) was used to compare the adsorption kinetics at different MG concentrations
(5 x 107> M) (Figure 6). Although the PSO model shows a good fit (R% = 0.9853), the
PFO model (R? = 0.9971) better describes the adsorption kinetics at 107> M. At higher
concentrations, the adsorption kinetics followed the PSO model (Table 2), indicating the
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concentration-dependent adsorption of MG by AP, and surface adsorption is the rate-
controlling step [25].
50 5 5 -4
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Figure 6. Adsorption kinetics of MG using AP from aqueous solution.
Table 2. Kinetic parameters for the MG adsorption on AP at different concentrations.
Pseudo-First-Order (PFO) Pseudo-Second-Order (PSO)
Ci (M) Qe (exp) 2 2
K1 R Qe K2 R Qe
105 12 3.09 0.71 11.795 0.004 0.99 15.16
5% 1075 22 4.92 0.90 21.708 0.006 0.99 24.72
104 42 8.48 0.97 41.28 0.008 0.99 43.89

3.3.2. Adsorption Isotherms

The equilibrium adsorption data of MG by AP was modeled by Freundlich and Lang-
muir isotherm models (Figure 7) (Table 3). Among the two isotherms tested, the adsorption

of Malachite Green by AP was best described by the Langmuir isotherm (R?

= 0.9889)

indicating that MG is adsorbed on the homogeneous surface of AP as a monolayer [26,27].
It has been reported that most adsorption processes involving MG follow the Langmuir
isotherm [28]. The present results are coherent with the findings of the kinetic studies.
The value of the Langmuir constant (K;) was observed to be 0.008 L/mg, which was

comparable to reports in the literature [29].
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Figure 7. Adsorption isotherms of MG on AP from aqueous solution.
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Table 3. Model parameters for the adsorption of MG on AP from aqueous solution.
Modeled of Langmuir Modeled of Frendlich
Temperature (°C)
Kp Qm R? K N R?
30 0.003 173 0.99 2.45 1.64 0.96
40 0.005 176 0.99 5.37 1.96 0.97
50 0.008 201 0.98 7.53 217 0.97

For the determination of thermodynamic parameters such as the variation of free
energy (AG®), the variation of enthalpy (AH®) and the variation of entropy (AS°), The
following equation was used. By plotting the Van’t Hoff equation, In (Ke) in terms of 1/T
(Figure 8), the values of the preceding quantities are determined and are listed in Table 4.

AH AS
RT "R

The enthalpy variation, AH® achieved here is 122 k] /mol (Table 4). The positive value
of enthalpy variation confirms the endothermic nature of the adsorption process. The
positive value of entropy, AS° corresponds to an increase in the degree of freedom of the
adsorbed species. The positive value of AS® also signifies that some changes occur in
the internal structure of palm oil fuel ash during the adsorption process. Similar types
of observations have been reported by other researchers for the removal of lead and
chromium from wastewater. The magnitude of the Gibbs free energy change, AG® obtained,
is negative, suggesting that the adsorption is quick and spontaneous. The negative value of
AG? confirms the feasibility of the adsorption process [30,31].

Ln(K, ) =—

&
Q

b

0.00300 0.00305 0.00310 0.00315 0.00320 0.00325 0.00330
1TK ™

Figure 8. Van "t Hoff plot for the adsorption of MG from aqueous solution using AP.

Table 4. Thermodynamic parameters calculated for the MG adsorption from aqueous solution on AP.

T (°C) AH® (kJ/mol) AS® (J/Kmol) AG® (kJ/mol)
30 —481
40 121.085 4155 —8.966

50 —13.121
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3.3.3. Mechanism of Adsorption

The adsorption of cationic dyes on the adsorbent’s surface depends on several con-
ditions and it is related to the chemical properties of both the adsorbent and adsorbate.
Investigating the type of adsorption mechanism is crucial for the further development of
adsorbents with outstanding characteristics. The MG is a cationic dye because its chemical
properties are greatly influenced by experimental conditions such as pH. On the other
hand, the PA has several functional groups in its composition, which would act as active
adsorption sites when interacting with cationic dyes. Therefore, it is very suitable for
application in dye removal as shown and confirmed in the present work. The adsorption of
MG on the surface of the PA can be performed following these steps [32,33]:

- Diffusion of the dye from the bulk solution to the boundary layer.
- Through the boundary layer, dye molecules can be diffused into the surface of
the adsorbent.

The adsorption of the MG is most probably dominated by electrostatic attraction. The
PA composition, such as cellulose, would easily get negatively charged in contact with an
aqueous solution, leading to increasing contact and attraction with the MG molecule. Other
interactions, such as hydrogen bonds, are possible between the adsorbent’s functional
groups and the dye’s molecule. In addition, the potential diffusion of dye molecules into
the inner pores of the adsorbent is also highly probable.

It has been shown from experimental studies that the adsorption of MG is a sponta-
neous process, and it is thermodynamically favorable at all tested temperatures. Therefore,
AP can be used as an effective and inexpensive adsorbent for the removal of Malachite
Green in industrial processes [34].

3.3.4. Comparison of Other Studies

The adsorption process can be influenced by experimental conditions; thus, the com-
parison of the adsorption capacity of the same adsorbate or adsorbent is a very challenging
task. Adsorbent’s chemical characteristics are very different and influenced by the ex-
perimental conditions and the interacting molecule. Bearing this in mind, it would be
interesting to get some insights into the difference between different adsorbent materials in
removing a specific dye. It would open ways for further exploration and improvement in
the case of high adsorption capacity and vice versa. In the case of MG, it can be seen from
Table 5 that among several low-cost adsorbent materials, AP shows outstanding adsorption
characteristics, which is demonstrated by its high adsorption capacity compared to other
low-cost adsorbents. Therefore, the adsorbent material investigated in the present study
can be an excellent choice for further exploration and development. In particular, the
simple and inexpensive preparation of AP would favor its application to obtain an effective
adsorption process for MG removal.

Table 5. Adsorption capacity of MG using different adsorbents reported in literature.

Adsorbent Om (mg/g) Isotherm Model = Reference
Ntural red clay 84 Langumir [35]
Activated sludge 250 Freundlich [36]
Rambutan peel-based activated carbon 388 Langmuir [37]
Neem sawdust 4.3 Langmuir [38]
Activated c.arbon derived f.rom Borassus 2046 Langmuir [39]

aethiopum flower biomass

Bio-polymer 0.4768 Langmuir [40]

Acorn pericarp 200 Langmuir
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3.4. Preparation of Polystyrene/AP Sludge Composites

The incineration of sludge can be accompanied by energy recovery in the form of heat;
other alternatives are storage or burial. Waste is increasingly taxed and their incineration
sometimes poses environmental problems (toxic emissions, etc.) that are costly or danger-
ous. Therefore, the reuse of sludge leads us to develop bio-composites, by incorporating
biomass polluting and without market value (the AP sludge) in polystyrene to reduce their
harmful environmental impact by reducing the accumulation of waste. A 10% by weight
of AP has been used for the synthesis of polystyrene/AP sludge (Figure 9) using in situ
polymerization of styrene with benzoyl peroxide and toluene. The mixture is subjected to
heating under 80 °C for 1 h, then allowed to cool for 10 min at ambient temperature. The
obtained material is rinsed with ethanol and filtered before being transferred into silicone
molds [16]. In this way polystyrene is reinforced by cellulosic biomass colored by MG,
eliminating the MG in the wastewater and then incorporating the particles as reinforcement
for the polystyrene matrix and minimizing the petroleum carbon percentage.

Figure 9. Polystyrene/AP Sludge composites.

3.4.1. Morphological Analysis of Composite

SEM-EDS was used to examine the morphological and qualitative elemental infor-
mation of polystyrene composites (Figure 10), the polystyrene has a compact and smooth
morphology [16]. After the insertion of AP sludge, we observed noticeable changes in the
morphology, from a compact polystyrene to a material which adopts a laminate morphol-
ogy, for the qualitative elemental information, we observe the nitrogen of MG in AP sludge.

AP-SlGdge

Enegy 1]

P5+10% APSludge

Figure 10. SEM-EDS of AP sludge, PS, and of PS/10%wt AP sludge.

3.4.2. Analyses Structural of Polystyrene Composite

The diffractograms of PS, Acorn pericarp, and PS reinforced by the Acorn pericarp
sludge are presented in Figure 11a. A broad halo XRD diffraction pattern is shown in the
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range of 7-30° for PS. The peaks located at 15° and 21° are associated with (20 0) and (11
0) crystallographic planes of cellulose [41]. In comparison with reinforced PS, we can see
a very clear transition of curves including the peaks at 16° and 7° to the highest angles,
namely to the right angles of the AC sludge (21° et 10°). The structural properties are also
changed after the incorporation of AC sludge, which can be confirmed by the decrease in
intensity. This indicates that cellulose is well incorporated into the PS.

100 - (a) (b)

PS/10% APS

804 ‘ /\ —— AP Sludge i 5k s ]f
/
i 1 | il

60 ! 1) J |} I
e g IR Ps-Lo;A_P\s A

~

J’.. :i#'-., !
A Y | 'S A VY

Intensity (a.u.)
Ab:

APS

04— —

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-1)

2Theta (degree)

Figure 11. (a) X-ray of PS, AP sludge, and PS/AP sludge, (b) FTIR spectra of PS AP; sludge, and
PS/AP sludge.

Figure 11b shows the FTIR spectra of PS, Acorn pericarp sludge (APS), and PS rein-
forced with Acorn pericarp sludge PS/10%wt APS. The medium bands about 1400 cm ™!
are attributed to the C-C-H and C-H and C-C of the ring. The peaks at about 759-543 cm !
are purely attributed to the ring [42]. We can note the intensification of all peaks for AP
sludge, also we can see the appearance of the band about 3500 cm ™! attributed to the
stretching vibration of hydroxyl Groupement (OH) of cellulose of AP.

4. Conclusions

This research work showed that Acorn Pericarp, as an available and economical mate-
rial, can be effectively used to remove the malachite green. In addition, the AP sludge was
converted into reinforcements of polystyrene in order to improve the performance of the
composites and specially to reduce the risk of sludge accumulation into the environment.
Acorn Pericarp showed excellent removal efficiency at all pH values, as well as the adsor-
bent dose of 0.1 g was chosen as the optimal adsorbent mass. The removal efficiency at all
temperatures is >98.44%, which means that AP is very stable and can maintain its efficiency
under various robust conditions. The adsorption kinetics of MG by AP is studied by two
models, namely PFO and PSO. Although the PSO model showed a good fit (R? = 0.9853),
the PFO model (R? = 0.9971) describes better the adsorption kinetics at 10~ M. The equilib-
rium adsorption data of MG by AP were modeled by Freundlich and Langmuir isotherms.
The adsorption of Malachite Green by the Acorn pericarp was best described by Langmuir
isotherm (R? = 0.9889), indicating that MG is adsorbed on the homogeneous surface of
the Acorn pericarp as a monolayer. It can be concluded that AP is a better alternative
for the removal of MG dye from the aqueous solution. The polystyrene/AP sludge com-
posite showed good matrix/reinforcement interactions. The present work would open
interesting options for the valorization and recycling of local waste materials towards the
implementation of a sustainable economic cycle on the local level.
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