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I. Introduction:

Morocco like all countries in the world, is going through a severe water crisis that could lead to water
stress in the upcoming years. According to the World Resources Institute (WRI) (National
Geographic). Water is a necessity for life, but the excessive production of pollution, especially
industrial waste, that is dumped into water, is affecting its supply (Gupta et al., 2013). These effluents,
especially synthetic dyes used in the textile and food industry (Yan et al., 2018), which are typically
organic and have an aromatic chemical structure are harmful to human health and challenging to clean
up (Sen et al., 2013, Yagub et al., 2014). These dyes affect aquatic life by limiting light penetration
and destabilizing biological processes even at low concentrations (Rodriguez Couto 2009).
Coagulation, flocculation, oxidation, ozonation, membrane filtration, reverse osmosis, and adsorption
are some of the physical, chemical, and biological processes that have been used in this purpose over
time (Korbahti et al., 2011, Raizada et al., 2019, Naseem et al., 2001, Nataraj et al., 2009).

Gourchane et al., Mor. J. Chem., 2023, 14(3), pp. 674-688 674


https://revues.imist.ma/index.php/morjchem
https://doi.org/10.48317/IMIST.PRSM/morjchem-v11i3.40166
mailto:i@um5.ac.ma

Due to its simplicity and low cost, adsorption remains to be the most frequently used treatment method
(Mohammed et al., 2018, Villegas et al., 2016, Elouardi et al., 2017). Activated carbon (and activation)
continues to be the most widely used adsorbent for dye removal despite its high cost and excessive use
(Aboua et al., 2018, Aloui et al., 2016, Trachi et al., 2014). This explains the numerous researches
carried out throughout the centuries on activated carbon as an ideal adsorbent for the removal of dyes
from the most basic methylene blue as an example to the most complex of dyes (Sakr et al., 2015,
Kifuani et al., 2018, Khelifi et al., 2016, Miyah et al., 2015; Akartasse et al. 2022) However scientists
are currently examining and researching new biomaterials that are environmentally friendly (Abida et
al., 2023, Kali et al. 2022; Turgut et al. 2021). in this context we have opted to research the dye's
adsorption on a duckweed-based biomaterial.

A small, floating, vascular plant in the family Lemnaceae known as duckweed is well-known all over
world for its ability to phytoremediation (Liu et al., 2021, Nguyen et al., 2021, Sarkheil et al., 2020).
Given the purifying characteristics of this plant and its simplicity of accumulation (as a living plant)
and adsorption (in powder form) of heavy metals and dyes (Halaimi et al., 2014, Imron et al., 2019,
Reyes Ledezma et al., 2020, Singh et al., 2021, Chen et al., 2013, Chen et al., 2015), it is crucial to be
interested in recycling this biomass in various applications. We were able to apply the adsorption of an
azo dye (Cl Reactive Blue203) on the powder’s duckweed Lemna gibba.

2. Methodology:

2.1 Characterization of the dye:

We used the CI Reactive Blue 203 dye, also known by its marketing name Remazol Marine Blue,
which belongs to the family of azo dyes. Its chemical formula is (C2sH20N5021Se.4Na), and its
maximum wavelength is Amax=605nm. its chemical structure is illustrated (Figure 1) (Erden et al.,
2009).
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Figure 1: Chemical structure of Cl Reactive Blue 203.
2.2 Preparation and characterization of the bioadsorbent:

e Powder preparation:
The bioadsorbent used in this study was prepared from Lemna gibba biomass collected after
purification at the Bouregreg-Rabat pilot lagoon (33°56'33.6 "N 6°48'00.5 "W). After already being
multiple times washed with tap water and then with distilled water, the plant was dried in the open air
for a few days. To get rid of the chlorophyll, the dried plant was left to drip with distilled water for 24
hours, then we dried the product in an oven at 80°c for one hour, and finally we crushed and sieved it
to obtain a fine powder.

e Granulometric analysis:
It is known that the finer the particle size, the greater the specific surface area and the better the
adsorption, so we tried to fix the specific surface area by using a stainless steel sieve with cloth and
sheet (DIN 4188) with a diameter of 250um.
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e Determination of moisture and ash of the bioadsorbent:
We chose to determine the moisture content by the quantitative method of gravimetry of volatilization,
i.e. the measurement of the loss of mass after the release of water from the powder. For this purpose,
1g of powder was weighed and placed in the oven at 105°c for one day until the weight was stabilized,
then placed in a desiccator and weighed after cooling. The percentage of moisture is given according
to (Eq.1):

%H= 2" 100 (Eql)  (Kifuani et al., 2018)

ma

ma: mass of the powder before steaming in g and mb: mass of the powder after steaming in g
The same method was used to calculate the total ash content, with the exception that the powder was
calcined for 3 hours at 800°C in a muffle furnace. The difference in mass before and after calcination
is then used to determine the total amount of ash. (Kifuani et al., 2018)

Tablel: Characteristics of the Bioadsorbent Lemna gibba.

parameters Values

Grain size (Granulometry) 250 pm.
Moisture (%) 10%
Ashes (%) 85%

e Characterization of the bioadsorbent by FTIR:
It was decided to analyze the biomaterial using Fourier transform infrared spectroscopy (FT/IR-4600
ATR PROONE) in order to understand the adsorption mechanism. By using Kbr disk method, the
powder is compressed into a pellet and placed between two KBr windows, with the wave number set
in the range of 4400 cm™ to 400 cm™.

e Thermogravimetric analysis (TGA):

On the measuring rod, the powdered sample of duckweed was placed, after being accurately
weighed (initial mass = 6.2 mg). The decomposition temperature of the duckweed sample was
determined using an ATG instrument, from 30°C to 900°C at a heating rate of 10°C min* under
air.

e Characterization of the bioadsorbent by SEM and BET:

The surface morphology of the dried Lemna gibba powder sample was observed on a reference
scanning electron microscope (SEM): (Scanning electron microscope Zeiss with EVO 15 kV). The
quantitative analysis of the elemental composition was studied by energy dispersive X-ray
spectroscopy (EDX). BET was achieved using the reference instrument (Micromeritics Instrument
Corp. Gemini VII Version 3.04).

2.3 Adsorption process:

All manipulations were done using the stock solution of the dye’s initial concentration 50 mg/L
prepared in a 1L flask, in an Erlenmeyer flask, 0.25g of powder and 25 mL of dye are mixed. The
adsorbent/adsorbate mixture is then agitated at room temperature (25°C) for 3 hours at a speed of 350
rpm in an orbital shaker (Edmund Buhler GmbH), finally the solution is filtered by a water pump using
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a 0.45 um membrane filter. We varied the mass of the bioadsorbent from 0.0625 g to 0.5 g to analyze
the mass effect. We changed the time from 30 minutes to 360 minutes to evaluate the kinetic effect.
We adjusted the solution with H2SO4 (0.1 M) or NaOH (0.1 M) by adjusting the pH from 3 to 11 in
order to assess the impact of pH. Finally, we used dilution to evaluate the impact of dye concentration,
adjusting the dosage from 10 to 100 mg/L.

Table2: Summary table of the evaluated effects, their varied and fixed parameters

Effects studied Fixed parameters Varied parameters

Mass effect Initial concentration:50 Mass of adsorbent in g:
mg/L 0.0625 ;0.125 ;0.1875;0.25;0.375 ;0.5
Volume:25 mL
Time :3h
Kinetic effect Initial Time in min :
concentration :50 mg/L 30 ;60 ;90 ;120 ;180 ;210 ;360
Volume : 25 mL
Mass : 0.25 g
pH effect Initial concentration: pH:3;5,;7,;9;11
50 mg/L
Volume: 25 mL
Mass : 0.25 g
Time : 3h
Concentration Volume : 25 mL Solution concentration in mg/L :
effect Mass : 0.25 g 10;15;25;50 ;100
Time : 3h

2.4 Analysis method:

After filtering, UV/Visible spectrophotometric analysis (SP-UV1100 DLAB) was used to determine
the impact of the various effects on adsorption at a wavelength of 605 nm. Thus the adsorption capacity
(Qads) in (mg/g) and the removal rate (R%) are calculated according to the following equations (EQ.
2) and (Eq.3) (Laabd et al., 2015):

Qads = =2 (Eq.2)
R (%):(co—ce)xloo (qus)

With co: initial concentration in (mg/L)

Ce: equilibrium concentration in (mg/L)
m: mass of the powder in (g)
V: volume of the dye (mL)

3. Results and discussion

3.1 Bioadsorbent characterization by FTIR

The following functional groups were able to be identified by analysis of the infrared spectrum in
Figure 2 as being most likely to be in responsible of the adsorption:
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-The broad band identified between 3700 and 3300 cm™ may be due to the overlap between hydroxyl
(-OH) and amino (-NH) groups.

-The minor peak at roughly 2900 cm™ might reflect the hydrocarbon bonds' stretching vibration
(C-H).

- the 3 peaks between 1700 cm™ and 1400 cm™ can be attributed to the (-CO/NHR) group, i.e. (C=0),
(N-H) and (C-N).

-The peak identified at almost 1000 cm is attributed to the single bond (C-O).

-The presence of starch may be indicated by peaks between 700 and 400 cm™,

These detected peaks in the region from 1000 cm™ to 400 cm™ are attributed to carbohydrate
compounds, the other peaks in the band are attributed to amide.

These results support the analysis of several studies (Nasser et al., 2021; Lim et al., 2014; Yu et al.,
2011), showing that these chemical groups are a part of the plant's structure and are in charge of creating
the adsorption sites.
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Figure 2: FT-IR band of Lemna gibba’s powder.

3.2 thermic degradation:

It is observed that at 250°C the sample has lost about 10% of its mass, this effect is due to the loss of
water. The thermal stability, was around 206.6°C, but this value may not be accurate due to the gradual
appearance of GTA resulting from impurities in the sample.

Between 250°C and 500°C, the sample has seen about 75% degradation, and this is the temperature at
which pyrolysis of the duckweed proteins has been occurring.

The 20% of residue that remained above 750°C can be related to ash and solid carbon, which
decompose at a higher temperature.

3.3 characterization of the bioadsorbent by SEM and BET:

e Texture morphology:
By using scanning electron microscopy (SEM) to examine powdered Lemna gibba duckweed, the
surface of the powder can be viewed in great detail at a microscopic scale. SEM uses an electron beam
to scan the surface of the sample and create a three-dimensional image of its topography.
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Figure 3: TGA curve of the Lemna gibba’s powder sample.

By examining Lemna gibba duckweed powder using this technique, one can gain insight into such
characteristics as the size, shape, and structure of individual particles, as well as the organization and
arrangement of the particles in the powder. This analysis could also reveal details about the surfaces
and textures of the particles, as well as the interactions between the particles themselves or between
the particles and their environment. EDs analysis Figure 4 was used to determine the major
constituents of the crude biosorbent prior to the adsorption of RB203 dye. As can be seen in Figure 4,
the main constituents of the raw Lemna gibba’s powder sheets employed were only O, C, K, Mg, Na
and Ca without reflecting the presence of any inorganic metals.

e BET analysis:
The BET method is used for the calculation of the specific surface. Starting from the basic assumptions
of the BET theory, the BET equation is revealed as follows:

Q(1-" )=ch+ anc /P
/p,
With :Q = amount adsorbed at pressure P

Qm = amount of gas required to cover 1 g of adsorbent with a single layer of gas
¢ = BET constant defined as follows:

C = exp[ (& - 81)/RT]

With: &1 . Differential heat of adsorption of molecules on the surface of the solid L
eL : Latent heat of liquefaction of the vapour at the temperature considered, R: Constant of perfect
gases and T: Absolute temperature (K).

P
/Py _ ;P L _ . _C-1 _ 1
The trace of ey f( /PO) leads to an affine line , y = ax + b with slope a= oc and b= —
: _ 1 _1.
The values of Qm and ¢ can be deduced: Q,,, = s et c=1+ >
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Figure 4. SEM and EDX micrograph of Lemna gibba ‘s powder.

The trace of the transform of the BET equation is shown in Figure 5. The resulting line with slopea
and y-intercept 8 leads to the determination of the constants Qm and c. The specific surface area is
determined from the value of Qm by applying the following formula:

SBET :QmNU

With: o:Surf ace occupied by an adsorbate molecule and N: Avogadro number = 6.02.10% mol*
In order to determine the specific surface area of a material, the use of nitrogen as an adsorbate remains
the most commonly used with o (N2) = 0.162 nm?. The BET equation remains valid for low relative

pressures ( p /Pos 0.35). Above this value, certain assumptions are no longer accepted. The specific

surface of the sample Lemna gibba’s powder C gives a value of 0.2417 m?/g.
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Measuring the single point specific surface area of P/PO = 0.301355860, which is 0.2138 m2/g, means
that there is 0.2138 square metres of surface area available for gas adsorption per gram of adsorbent at
this specific pressure. This may imply the presence of porous meso-structure of the material. A BET
specific surface area of 0.2417 m?/g indicates that the total surface area available for gas adsorption is
0.2417 m? per gram of adsorbent. This value can be interpreted as the active surface of the adsorbent,
which is in contact with the aqueous solution to achieve adsorption.
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Figure 5: Straight line obtained from the transforms of the BET equation of Lemna gibba’s powder.

3.4 Effect of bioadsorbent dosage:

It is important to remember that the dosage of bioadsorbent is an essential factor in the adsorption
process and depends on the available adsorbent sites. The effectiveness of the different doses of
bioadsorbent was evaluated on the removal of Cl Reactive Blue 203 dye at an initial concentration of
50 mg/L for 3 h as the optimum time. Figure 6's results indicate that a 60% removal for a mass of
0.0625g of duckweed only, and it achieves 96% removal effectiveness for a mass of 0.5g of
bioadsorbent, which explains the duckweed's inherent adsorption capacity even without modifying the
sites (Qu et al., 2021).

3.5 Effect of the solution's pH:

Figure 7 illustrates that pH 3 relates to the best removal value of 90%, furthermore it has been found
that lowering the pH from 3 to 11 slightly influences the amount of color removed, which drops to 80%
at pH 11. This can be explained by the properties of the dye, which make adsorption more effective at
acidic pH levels and slightly less effective at alkaline pH levels. This is mainly due to the presence of
an excess of OH- ions from the hydrogen bond established with the water molecules in the solution
competing with CI RB203 (Bagheri et al.,2018). These results, which reveal that a pH range of 3t0 9
is ideal for the absorption of IC RB203, are comparable with the adsorptive properties of duckweed in
general and the genus Lemna in particular (Chen et al.,2015).
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Figure 6: The effect of Lemna gibba bioadsorbent dosage on Cl Reactive Blue 203 removal
efficiency, Co =50 mg /L, t=3h, V=25 mL, and T=25°C.
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Figure 7: Effect of initial pH on the removal efficiency of CI RB203 from the bioadsorbent Lemna
gibba (CO =50 mg/L, t = 3h, V =25 ml, bioadsorbent mass = 0.25g, T =25 °C).

3.6 Study of adsorption kinetics:

To determine the adsorption kinetics of the dye on the bioadsorbent the variation of the contact time
was evaluated, the results shown in figure 5 are modelled from the pseudo first order (Eq.4) and pseudo
second order (Eq.5) kinetic equations and the Elovich model (Eq.6) (Aboua et al., 2018) as follows:

log(Qe — Q1) = log(Qe — 35=0)  (Eq.4)

Where: Qe and Qt the quantities of dye adsorbed at equilibrium and at time t respectively in (mg/g),
k1 the pseudo-first order adsorption constant (in min™).
t

1 t
a = E + @ (Eq.5)
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Qe and Qt are the quantities of dye adsorbed at equilibrium and at time t (mg/g), h is the initial
adsorption rate which is defined by 2k2(Qe)2 (in mg/g/min) with k2 the adsorption rate constant
(in g/mg/min).

Qt= %ln(a/?t +1) (Eq.6)

Where: Qt is the amount adsorbed at time t (mg/g) and o (mg/g/min) and B (g/mg) are the initial
adsorption rate constant and desorption rate, respectively.
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Figure 8: Non-linear fitting of kinetic models for the adsorption of the CI dye RB203 on the
bioadsorbent Lemna gibba (Co = 50 mg/L, T = 25°C, V = 25 mL, mass of bioadsorbent = 0.25 g).

Figure 8's observations demonstrate that the dye quickly binds to the Lemna gibba plant during the
first 30 minutes, which explains the plant's potential for adsorption, then, a plateau spread was seen at
180 min, indicating equilibrium (Table 3); this could be due to the dye molecules had occupied some
adsorption sites; as a result, a decline in adsorption sites or the remaining color in the solution was seen
about 360 min (Fayoud et al., 2015).

From the parameters in Table 3 and the non-linear fit of the kinetic model presented in Figure 8 we
can see that the adsorption process of the CI dye RB 203 is well described by the Elovich model (R?=
0.99987) and the pseudo-first-order model because (R? = 0.99984) as well as the value of Qe (exp) is
very close to the Qe (cal) value, in contrast to the pseudo second-order kinetics which describes the
bioadsorption of Co?* on the same plant (Reyes Ledezma et al., 2020).

3.7 Adsorption isotherm:

According to Figure 9, non-linear versions of the Langmuir, Freundlich, and Temkin isothermal
models were used to confirm the results of dye fixation on the Lemna gibba plant. We were able to
analyze the dye removal equilibrium data using these mathematical models by computing the
maximum adsorption capacity and the adsorption parameters shown in Table 4.
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Table 3: Parameters of the pseudo-first order, pseudo-second order and Elovich kinetic models.

Model Parameters value
Pseudo first order Qe (exp) in (mg/g) 91.64
Qe (cal) in (mg/qg) 91.71

Kyin (min?) 0.09671

R? 0.99984
Pseudo second order Qe (exp) in (mg/g) 91.64
Qe (cal) in (mg/g) 93.87

Kz in (g/mg/min) 0.00306

R? 0.99861
Elovich a in (mg/g/min) 4.57
B in (g/mg) 0.25

R? 0.99987

The Langmuir isotherm, which is represented by equation (EQ.7), characterizes monolayer adsorption
by assuming that the adsorption sites are uniform and limited, so that a saturation value is attained
beyond which no more adsorption occurs (Langmuir et al., 1916).

_ QmKLCe

Qe = 1+KkL Ce (Eq.7)

Where: Qe (mg/g) is the adsorption capacity of the adsorbent at equilibrium
Qm (mg/g) is the maximum adsorption capacity
Ce (mg/L) is the concentration of the dye solution at equilibrium
KL (L/mg) is the Langmuir equilibrium adsorption constant related to the adsorption energy which
quantitatively reflects the affinity between the adsorbent and the adsorbate.
The Freundlich isotherm assumes that the adsorption is multilayered and that the surface of the
adsorbent is heterogeneous (Freundlich et al., 1906). It is expressed by the following relation (Eq.8):

Qe=KrCM"  (Eq.8)

Where: KF (L/g) is the Freundlich constant related to the adsorption capacity
1/n is the adsorption intensity or surface heterogeneity indicating the relative energy distribution and
heterogeneity of the adsorption sies.
The Temkin isotherm, on the other hand, states that the adsorbent surface is heterogeneous, and the
heat of adsorption decreases linearly with the amount of adsorption, its non-linear form is described by
equation (Eq.9):

Qe ="InKTCe  (Eq.9)
Where: KT is the equilibrium binding constant (L/g),

b is the Temkin constant related to the heat of adsorption (J/mol),
R is the universal gas constant (8.314 J/mol/K) and T is the absolute temperature (K).
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Figure 9: Non-linear fitting of the adsorption isotherms of the Cl dye RB203 on the bioadsorbent
Lemna gibba (T = 25°C, V = 25 mL, bioadsorbent mass = 0.25¢).

The adsorption of RB203 IC on the powder Lemna gibba plant is better described by the Langmuir
(R? = 0.996) and Freundlich (R? = 0.991) models than the Temkin (R? = 0.898) model, according to
the data shown in Figure 9 and Table 4, and by comparing the R? of the three models represented, but
the maximum capacity of the sites is better described by the Langmuir model (Qm = 95.71 mg/g),
which means that the adsorption sites are uniform and finite and still the adsorption is monolayer. This
corresponds perfectly to the results obtained on Cd?* adsorption by the genus Lemna Aequinoctialis.
(Halaimi et al., 2014).

Table 4: Langmuir, Freundlich and Temkin isotherm parameters.

isotherm parameters value
Langmuir Qm (mg/g) 95.71
KL (L/mg) 0.33

R? 0.996

Freundlich KF (L/g) 61.50
1/n 0.09

R? 0.991

Temkin KT (L/g) 32.64
b (J/mol) 0.26

R? 0.898

Conclusion

The adsorption of Cl Reactive Blue 203 on the plant Lemna gibba in powder form was studied in batch
mode and was evaluated by various parameters such as the influence of the pH of the solution on
adsorption, the mass of the bioadsorbent, the concentration of the solution and the contact time. The
study results showed that the adsorption isotherm is best described by the Langmuir model and that the
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adsorption kinetics follows a pseudo-first order model. In addition, the results demonstrated that the
percentage of decolorization reaches 90% at pH 3 of the solution and that the adsorption capacity
reaches its maximum of 96% with only 0.5 g of bioadsorbent. The purifying ability of this plant is
demonstrated once more by all these encouraging results, and it can also be employed as a low-cost,
environmentally friendly plant biomaterial.

References

Abida F., Ouass A., Khadouddi I., Hatim Z., Rifi E.H., et Kheribech A. (2023) « Removal of a cationic dye from
aqueous solution by adsorption on to bassorin hydrogel ». Mor. J. Chem 11(2), 318-332.
d0i:10.48317/IMIST.P.RSM/morjchem-v11il.32109.

Aboua K.N., Soro D. B., Diarra M., Dibi K., et N’Guettia K.R., (2018) « Etude de 1’adsorption du colorant
orange de méthyle sur charbons actifs en milieu aqueux : influence de la concentration de 1’agent
chimique d’activation », Afrique SCIENCE 14(6), 322 — 331.

Akartasse N., Azzaoui K., Mejdoubi E., Hammouti B., Elansari L.L., Abou-salama M., Aaddouz M., Sabbahi
R., Rhazi L. and Siaj M. (2022) Environmental-Friendly Adsorbent Composite Based on
Hydroxyapatite/Hydroxypropyl Methyl-Cellulose for Removal of Cationic Dyes from an Aqueous
Solution, Polymers, 14(11), 2147; https://doi.org/10.3390/polym14112147

Aloui A et Zertal A., (2016), « Etude de I’élimination du paracetamol par le charbon actif en milieu aqueux »,
Third International Conference on Energy, Materials, Applied Energetics and Pollution ICEMAEP,
Constantine,Algeria. 242-247.

Bagheri M., Nasiri M., et Bahram B., (2018), « Reactive Blue 203 dye Removal Using Biosorbent: A Study of
Isotherms, Kinetics, and Thermodynamics », Avicenna J Environ Health Eng, 5(2), 91-99.
doi:10.15171/ajehe.2018.12.

Chen L. et al., (2013) « Biosorption of Pb~(2+) by Dried Powder of Duckweed ( Lemna aequinoctialis) »,
Chinese Journal of Appplied Environmental Biology, 19(6), 1046.
doi:10.3724/SP.J.1145.2013.01046.224-2.

Chen L. et al., (2015) « Biosorption of Cd 2+ by untreated dried powder of duckweed Lemna aequinoctialis »,
Desalination and Water Treatment, 53(1), 183-194. doi:10.1080/19443994.2013.839399.

Elouardi M., Qourzal S., Assabbane A., et Douch J., (2017), « Adsorption studies of cationic and anionic dyes
on synthetic ball clay», Journal of Applied Surfaces and Interfaces, 1(13), 28-34.
doi:10.48442/IMIST.PRSM/JASI-V111-3.9206.

Erden E., Ucar M.C., Gezer T., et Pazarlioglu N. K., (2009), « Screening for ligninolytic enzymes from
autochthonous fungi and applications for decolorization of Remazole Marine Blue », Braz. J.
Microbiol. 40(2), 346-353. doi:10.1590/S1517-83822009000200026.

Fayoud N., Younssi S.A., Tahiri S., et Albizane A., (2015), « Etude cinétique et thermodynamique de
I’adsorption de bleu de méthyléne sur les cendres de bois (Kinetic and thermodynamic study of the
adsorption of methylene blue on wood ashes) », J. Mater. Environ. Sci. 6 (11) (2015), 3295-3306.

Freundlich H., et al., (1906) « Uber die Adsorption in Lésungenl). ». 86.

Gupta V.K., Imran Ali, (2013), « Environmental Water: Advances in Treatment, Remediation and Recycling »,
in Environmental Water, iii. doi:10.1016/B978-0-444-59399-3.01001-1.

Halaimi F.Z., Kellali Y., Couderchet M., et Semsari S., (2014) « Comparison of biosorption and
phytoremediation of cadmium and methyl parathion, a case-study with live Lemna gibba and Lemna
gibba  powder », Ecotoxicology and  Environmental  Safety,  (105), 112-120.
doi:10.1016/j.ecoenv.2014.02.002.

Imron M.F., Kurniawan S.B., Soegianto A., et Wahyudianto F.E., (2019), « Phytoremediation of methylene blue
using duckweed (Lemna minor) », Heliyon, 5(8), €02206. doi:10.1016/j.heliyon.2019.e02206.

Kali A., Dehmani Y., Loulidi I., Amar A., Jabri M., El-kord A.., Boukhlifi F. (2022) Study of the adsorption
properties of an almond shell in the elimination of methylene blue in an aquatic, Moroccan Journal of
Chemistry, 10, Issue 3, 509 - 522

Khelifi O. et Mehrez (2016) « Etude de I’adsoprtion du bleu de methyléne (BM) a partir des solutions aqueuses
sur un biosorbant préparé a partir des noyaux de datte algérienne » Larhyss Journal, 28, 135-148.

Kifuani K.M.et al., (2018) « Adsorption d’un colorant basique, Bleu de Méthyléne, en solution aqueuse, sur un
bioadsorbant issu de déchets agricoles de Cucumeropsis mannii Naudin », Int. J. Bio. Chem. Sci,12(1),
558. doi:10.4314/ijbcs.v12i1.43.

Gourchane et al., Mor. J. Chem., 2023, 14(3), pp. 674-688 686


https://doi.org/10.3390/polym14112147

Korbahti B.K., Artut K., Geggel C., et Ozer A., (2011) « Electrochemical decolorization of textile dyes and
removal of metal ions from textile dye and metal ion binary mixtures », Chemical Engineering
Journal, 173(3), 677-688. doi:10.1016/j.cej.2011.02018.

Laabd M., Jaouhari A.E., Chafai H., Aarab N., et Albourine A., (2015), « Etude cinétique et thermodynamique
de I’adsorption des colorants monoazoiques sur la polyaniline », J. Mater. Environ. Sci. 6 (4), 1049-
1059.

Langmuir 1., (1916) « The constitution and fundamental properties of solids and liquids. Part I. Solids. », J. Am.
Chem. Soc., 38 (11), 2221-2295. doi:10.1021/ja02268a002.

Lim L.B.L., Priyantha N., Chan C.M., Matassan D., Chieng H.1I., et Kooh M.R.R., (2014) « Adsorption Behavior
of Methyl Violet 2B Using Duckweed: Equilibrium and Kinetics Studies », Arab J Sci Eng, 39(9),
6757-6765. doi:10.1007/s13369-014-1.

Liu Y., Xu H., Yu C., et Zhou G., (2021), « Multifaceted roles of duckweed in aquatic phytoremediation and
bioproducts synthesis », GCB Bioenergy, vol. 13(1), 70-82. doi:10.1111/gcbb.12747.

Miyah Y., Idrissi M., et Zerrouq F., (2015), « Etude et Modélisation de la Cinétique d’ Adsorption du Bleu de
Méthylene sur les Adsorbants Argileux (Pyrophillite, Calcite) [Study and Modeling of the Kinetics
Methylene blue Adsorption on the Clay Adsorbents (Pyrophillite, Calcite)] » J. Mater. Environ. Sci. 6
(3), 699-712.

Mohammed N.A.S., Abu-Zurayk R.A., Hamadneh 1., et Al-Dujaili A.H.,(2018), « Phenol adsorption on biochar
prepared from the pine fruit shells: Equilibrium, kinetic and thermodynamics studies », Journal of
Environmental Management, 226, 377-385. doi:10.1016/j.jenvman.2018.08.033.

Nassar H.F et Ibrahim M., (2021) « Duckweed-lemna minor as green route for removal of chromium (V1) from
aqueous solution », Int J Environ Res, 15(2),275-284. doi:10.1007/s41742-021-00314-4.

Naseem R. et Tahir S.S., (2001), « Removal of Pb(Il) from aqueous/acidic solutions by using bentonite as an
adsorbent », Water Research,35(16),3982-3986. doi:10.1016/S0043-1354(01)00130-0. Nataraj S.K.,
Hosamani K.M., et Aminabhavi T.M., (2009), « Nanofiltration and reverse osmosis thin film
composite membrane module for the removal of dye and salts from the simulated mixtures »,
Desalination, 249(1),12-17. doi:10.1016/j.desal.2009.06.008.

Nguyen T.Q., Sesin V., Kisiala A., et Emery R.J.N, (2021), « Phytohormonal Roles in Plant Responses to Heavy
Metal Stress: Implications for Using Macrophytes in Phytoremediation of Aquatic Ecosystems »,
Environ Toxicol Chem, 40(1),7-22. doi:10.1002/etc.49009.

QuY., Li X, LinL., WangS., Guo M., et Dong W., (2021), « Study on the Adsorption of Nickel (II) in Water
by Modified Dried Duckweed », E3S Web Conf., 245, 03083. d0i:10.1051/e3sconf/202124503083.

Raizada P., Sudhaik A., et Singh P., (2019) « Photocatalytic water decontamination using graphene and ZnO
coupled photocatalysts: A review », Materials Science for Energy Technologies, 2(3),509-525.
doi:10.1016/j.mset.2019.04.007.

Reyes-Ledezma J.L, Cristiani-Urbina E., et Morales-Barrera L., (2020), « Biosorption of Co2+ lons from
Agueous Solution by K2HPOA4-Pretreated Duckweed Lemna gibba », Processes,8(12),1532.
doi:10.3390/pr8121532.

Rodriguez Couto S., (2009), « Dye removal by immobilised fungi », Biotechnology Advances, 27(3), 227-235.
doi:10.1016/j.biotechadv.2008.12.001.

Sakr F., Sennaoui A., Elouardi M., Tamimi M., et Assabbane A., (2015) « Etude de ’adsorption du Bleu de
Méthylene sur un biomatériau a base de Cactus (Adsorption study of Methylene Blue on biomaterial
using cactus) ». J. Mater. Environ. Sci. 6(2) ,397-406.

Sarkheil M. et Safari O., (2020), « Phytoremediation of nutrients from water by aquatic floating duckweed
(Lemna minor) in rearing of African cichlid (Labidochromis lividus) fingerlings », Environmental
Technology & Innovation, 18, 100747, doi:10.1016/j.eti.2020.100747.

Sen T.K.,, (2013), « Review on Dye Removal from Its Aqueous Solution into Alternative Cost Effective and
Non-Conventional Adsorbents », Journal of Chemical and Process Engineering, 1(104),1-4.
doi:10.17303/jce.2014.105.

Singh H., Raj S., Kumar D., Sharma S., et Bhatt U., (2021), « OPEN Tolerance and decolorization potential of
duckweed (Lemna gibba) to C.I. Basic Green 4 », Scientific Reports, 11, 1-13.doi.org/10.1038/s41598-
021-90369-2.

Turgut E., Nadaroglu H., Alayli A. (2021) Synthesis of Nano-biocomposite Adsorbent and Investigation of
Remediation of Reactive Black 5 Dye from Wastewater, Moroccan Journal of Chemistry, 9(3), 564—
575

Gourchane et al., Mor. J. Chem., 2023, 14(3), pp. 674-688 687



Trachi M., Bourfis N., Benamara S., et Gougam H., (2014), « Préparation et caractérisation d’un charbon actif
a partir de la coquille d’amande (Prunus amygdalus) amére », Biotechnol. Agron. Soc. Environ., 18(4),
492-502.

Villegas L.G.C., Mashhadi N., Chen M., Mukherjee D., Taylor K.E., et Biswas N., (2016) « A Short Review of
Techniques for Phenol Removal from Wastewater », Curr Pollution Rep, 2(3), 157-
167.d0i:10.1007/s40726-016-0035-3.

Yagub M.T., Sen T.K., Afroze S., et Ang H.M., (2014) « Dye and its removal from aqueous solution by
adsorption: A review», Advances in Colloid and Interface Science, 209,172-184.
doi:10.1016/j.cis.2014.04.002.

Yan J. et al., (2018) « Adsorption of heavy metals and methylene blue from aqueous solution with citric acid
modified peach stone », Separation Science and Technology, 53(11),1678-1688.
doi:10.1080/01496395.2018.1439064.

Yu G. et al., (2011) « Functional, Physiochemical, and Rheological Properties of Duckweed (Spirodela
polyrhiza) Protein », Transactions of the ASABE, 54(2) 555-561, 2011. doi:10.13031/2013.36459.

« https://www.nationalgeographic.fr/environnement/penurie-deau-le-maroc-tire-le-signal-dalarme».

(2023) ; https://revues.imist.ma/index.php/morjchem/index

Gourchane et al., Mor. J. Chem., 2023, 14(3), pp. 674-688 688


https://www.nationalgeographic.fr/environnement/penurie-deau-le-maroc-tire-le-signal-dalarme
https://revues.imist.ma/index.php/morjchem/index

