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Graphical abstract 

 

Abstract 

In this work, biomass from Ligustrum lucidum fruits (LF) 
was used for the first time as a novel adsorbent to remove 
the Methylene Blue dye (MB) from aqueous solutions. The 
adsorption equilibrium was attained after 60 min, and the 
adsorption followed the pseudo-second-order kinetic 
model. The rise of temperature from 295 K to 313 K 
resulted in a decline in the adsorption capacity, suggesting 
an exothermic process. The Langmuir isotherm model was 
found to fit better the experimental adsorption data than 
the Freundlich isotherm model. The maximum monolayer 
adsorption capacity obtained from the Langmuir isotherm 
model at pH 5.6 was evaluated to be 95.4 mg/g and 91.8 
mg/g at 295 K and 313 K, respectively. The 
thermodynamic studies indicated that the adsorption was 
a spontaneous and exothermic process with increasing 
randomness at the solid/solution interface. Based on FTIR 
and ionic strength studies, the adsorption of MB by LF 
mainly occurs via electrostatic interactions and the 
formation of outer-sphere complexes. 

Keywords: Biosorption, methylene blue, isotherms, 
Ligustrum lucidum fruits, adsorption mechanism 

1. Introduction 

Water is essential for all known life forms (do Nascimento 
Vieira et al., 2020). Water safety has become a crucial 
requirement for drinking water due to increased activities 
that can pollute water supplies (Hosny et al., 2023). Every 
year, a large amount of wastewater is generated and 
discharged untreated directly into aquatic receivers. 
Dyeing wastewater is one type of wastewater that 
requires special consideration (Zhou et al., 2019). Dyes are 
colored compounds widely used in textiles, printing, 
rubber, cosmetics, plastics, and leather industries to color 
their products resulting in the production of vast amounts 
of colored wastewater (Kandisa et al., 2016). To satisfy the 
modern needs, it is assessed that 0.7–1.6 million tons of 
dyes are delivered yearly, and 10–15% of this volume is 
disposed of as wastewater, making them a significant 
water pollutant (Aragaw and Bogale, 2021). Dyeing 
wastewater is highly toxic and potentially carcinogenic to 
aquatic life and human beings (Hossen et al., 2022). 
Hence, it is essential to effectively remove the dyes from 
produced wastewater before releasing them into the 
environment (Wang et al., 2022). Several techniques can 
be applied to clean the polluted wastewater from dyes, 
such as chemical precipitation, ultrafiltration, aerobic and 
anaerobic microbial degradation, 
coagulation/flocculation, advanced oxidation processes, 
electrochemical treatments, reverse osmosis, and 
adsorption (Bulgariu et al., 2019). Adsorption is regarded 
as one of the most significant and beneficial 
decontamination processes (Dotto et al., 2015, Dos Reis et 
al., 2020, Pang et al., 2020, Ighalo et al., 2021, Santos et 
al., 2023) because it is a fast, inexpensive, simple, sludge-
free process, having high efficiency and/or selectivity, 
mechanical stability, and recycling facilities (Dutta et al., 
2021). It has been proven that using biosorbents to 
remove toxic dyes from wastewater is a practical, and 
environmentally friendly approach. 
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Ligustrum lucidum, a member of the Oleaceae family, has 
been widely cultivated for various cultural and medicinal 
purposes and traditional medicine since ancient times. 
The fruit is picked when fully ripe and dried for later use. 
It is frequently decocted with other herbs to treat various 
illnesses and serves as a general tonic (Fernandez et al., 
2020). 

This is the first time that Ligustrum lucidum fruit biomass 
(LF) is used to explore its adsorptive behavior towards 
Methylene Blue (MB) dye. For this purpose, batch 
adsorption experiments were performed to investigate 
various adsorption parameters (initial, concentration, 
solution pH, contact time, temperature, ionic strength). 
Isotherm, kinetic, and thermodynamic studies were also 
performed and discussed in detail. To identify the 
adsorption mechanism, the effect of the ionic strength 
has been investigated and FTIR measurements have been 
performed before and after MB adsorption. 

2. Materials and methods 

The fruits of Ligustrum lucidum (FL) originate from the 
area of the Department of Agriculture of the University of 
Ioannina in the Arta Campus. After being washed with 
deionized water to remove dirt, they were placed in an 
oven at 50 °C until constant weight. Then, the dried FL 
were grounded and converted into powder, and the final 

sample was passed through a 1 mm sieve. This material 
fraction (<1 mm) was used for all adsorption experiments. 

A cationic dye MB (chemical formula: C16H18N3SCl·3H2O; 
FW: 373.9 g/mol, λmax = 663 nm) was selected as a 
adsorbate and used without further purification.  

The MB test solutions were prepared from a 1000 mg/L 
stock solution, which was prepared by dissolving 1 g of 
MB in 1 liter of distilled water. 

The amount of MB adsorbed at time t (Eq.1) or 
equilibrium state (Eq.2) was evaluated using following 
equations: 
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Where Ci (mg/L) represents the starting MB concentration 
in the aqueous phase, Ct (mg/L) and Ce (mg/L) are the MB 
concentrations in the liquid phase at a given time (t), and 
equilibrium, respectively, V (L) is the liquid phase volume 
and m (g) is the mass of FL added. 

Generally, the parameter under investigation was varied, 
whereas the others were kept constant as indicated in 
Table 1. 

 

Table 1. The experimental design of the adsorption of MB by FL adsorbent. (Read from left to right on each line for the different 

factors). The agitation rate of 125 rpm was constant for all the experiments 

 V (mL) pH Adsorbent dose (g) 
Initial concentration 

(mg / L) 
Contact time 

(min) 
Τ (K) 

FL 

pH 50 ~2.0 – ~8.0 0.1* 50 1440 295 

Adsorbent dose (g) 50 5.6 0.02 – 0.5 50 1440 295 

Initial concentration 

(mg / L) 
50 5.6 0.04** 20 – 300 1440 295 

Contact time (min) 50 5.6 0.04** 50 0 – 120 295 

Τ (K) 50 5.6 0.04** 20 – 300 1440 
295 and 

313 

Ionic strength NaCl (0 

– 1 M) 
50 5.6 0.04** 50 1440 295 

*For the effect of pH 0.1 g of adsorbent was used 

**For the effect of initial concentration, contact time, temperature, and ionic strength 0.04 g of adsorbent was used for better filtration 

 

3. Results and discussion 

3.1. Effect of pH on MB dye uptake 

The adsorbent surface charge and degree of ionization of 
the adsorbate molecules are governed by the solution pH, 
which is very important regarding the adsorption process 
(Fakioğlu and Kalpaklı, 2022). Figure 1 shows the effect of 
pH on the uptake of the MB dye by the FL adsorbent in a 
range of pH values from ~2.0 to ~8.0. Increasing the pH 
value from ~2.0 to ~4.0 has led to a sharp increase in the 
adsorption capacity from qe = 4.6 mg/g to qe = 15.7 mg/g. 
Up to pH 5.6, a gradual increase was observed, reaching a 
maximum adsorption (qe =19.7 mg/g). For pH values > 5.6, 
the adsorption capacity decreased slightly, and at pH ~ 8.0 
the adsorption capacity values were equal to qe =18.5 
mg/g. The basic dyes (such as the MB dye) become 

positively charged ions when dissolved in water (Pathania 
et al., 2017). As the pH value increases, gradual 
deprotonation of adsorbent surface groups occurs, 
resulting in an electrostatic attraction between the 
negatively charged surface of the adsorbent and the 
positively charged MB dye (Besharati et al., 2018). 

Gao et al. 2021, studied the adsorption of MB dye from 
sugar beet pulp (SBP) and Fe-rich SBP-based biosorbents 
and found that increasing the pH value of the solution of 
MB dye from 2.0 to 4.0 led to a sharp increase in MB dye 
adsorption, followed by a gradual increase in adsorption 
from pH 4.0 to pH 8.0. Ncibi et al. (2007) studied the 
adsorption of MB dye by fibers of the marine plant 
Posidonia oceanica in a pH range between 2.0 and 9.0 and 
found that the minimum adsorption capacity was at pH 
2.0 (4.59 mg/g), then increased at a pH value of 5.0 and 
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with a further increase of the pH value from 6.0 to 9.0, it 
remained constant (4.91 mg/g). Similarly, Han et al. 2007, 
found that an increase in the pH value of the solution of 
MB dye from 2.5 to 4.5 positively affected its adsorption 
by fallen phoenix tree's leaves, while a further increase 
from 4.5 to a pH value of 10.0, did not affect the 
adsorption capacity. 

 

Figure 1. Effect of pH on adsorption of MB on FL. Experimental 

conditions: contact time 24 h, initial dye concentration 50 mg/L, 

adsorbent/solution ratio 0.1 g/0.05 L, agitation rate 125 rpm, 

temperature 295 K 

3.2. Effect of adsorbent dose (FL) on MB dye uptake 

Figure 2 illustrates the effect of the adsorbent dose (FL) 
on the biosorption of MB dye. Increasing the adsorbent 
dose from 0.02 g to 0.2 g led to a sharp decrease in the 
adsorption capacity from 63.7 mg/g to 9.1 mg/g, while 
with a further increase in the dose to 0.5 g, a gradual 
decrease in adsorption capacity (3.5 mg/g) was observed. 

 

Figure 2. Effect of adsorbent dose on adsorption of MB on FL. 

Experimental conditions: pH 5.6, contact time 24 h, initial dye 

concentration 50 mg/L, volume 0.05 L, agitation rate 125 rpm, 

temperature 295 K 

This is because the dose of adsorbent is inversely 
proportional to the unit adsorption capability, according 
to Equation (2). In addition, increasing the dose of the 
adsorbent material can lead to the formation of 
aggregates, leading to coverage of some active adsorption 
sites thus reducing the adsorption capacity (AL-Shehri et 
al., 2022). Similar results were found by Kini et al. (2014), 
who studied the adsorption of MB dye by palm tree male 
flower biomass. More specifically, they noticed that 
increasing the adsorbent mass from 0.05 to 0.3 g led to a 

decrease in the adsorption capacity of the adsorbent material, 
from 163 mg/g to 61.1 mg/g. 

3.3. Effect of contact time and kinetic modeling on MB dye 
uptake by FL 

Figure 3 shows the effect of the contact time (0 – 120 min) 
on the adsorption of the MB dye by the FL adsorbent. The 
MB adsorption was initially fast, thereafter progressively 
slowed down until reaching a steady state. This trend is 
attributed to the saturation of the existing available active 
sites on adsorbent with proceeding adsorption (Chen et 
al., 2018) and to the difficulty of the remaining vacant 
surface sites to be occupied by MB dye molecules due to 
repulsive forces between the solute molecules on the 
solid and bulk phases (Basu et al., 2018). Based on Figure 
3 the adsorption of MB by FL adsorbent reached 
equilibrium after 60 min. 

Kandisa et al. (2018), Alghamdi et al. (2021) and Amuda et 
al. (2014) studied the removal of MB dye from Vigna 
Trilobata pods, Citrullus colocynthis seeds, and activated 
carbon from Lantana camara stem, respectively, also 
concluded that ≥60 min is sufficient to achieve 
equilibrium. 

Figure 3. Effect of contact time on adsorption of MB on FL. 

Experimental conditions: pH 5.6, initial dye concentration 

50 mg/L, adsorbent/solution ratio 0.04 g/0.05 L, agitation rate 

125 rpm, temperature 295 K 

Kinetic models were used to thoroughly examine the rate 
of the biosorption process. For that purpose, pseudo-first 
order (Lagergren, 1898) and pseudo-second order 
(Blanchard et al., 1984) kinetic models were applied to the 
experimental kinetic data, and the estimated adsorption 
parameters, together with R2 values, are shown in Table 2. 

The pseudo-first order (3) and pseudo-second-order (4) 
kinetic models are expressed as: 
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where qe (mg/g) and qt (mg/g) are the amounts of MB 
sorbed at equilibrium and at time t. K1 (min−1) and K2 
(g/mg min) are the pseudo-first and pseudo-second order 
equilibrium rate constants, respectively. 

 

https://www.sciencedirect.com/topics/engineering/solute-molecule


100  HASKIS et al. 

 

Table 2. Kinetic parameters obtained from pseudo-first order and pseudo-second order kinetic models for MB biosorption onto FL 

adsorbent. Experimental conditions: pH 5.6, initial metal concentration 50 mg/L, adsorbent/solution ratio 0.04 g/0.05 L, agitation rate 

125 rpm, temperature 295 K 

Pseudo-first order Pseudo-second order 

qe,exp. (mg/g) qe1 (mg / g) k1 (min-1) R2 qe2 (mg / g) k2 (g /mg min) R2 

43.86 13.48 0.065 0.97 44.64 0.011 0.99 

qexperimental: Experimental adsorption capacity, qe1,predicted and qe2,predicted: Predicted adsorption capacity from pseudo-first order and 

pseudo-second order kinetic models, respectively 

 

Based on Table 2, compared to the pseudo-first order 
kinetic model, the pseudo-second order kinetic model was 
related to higher R2 values (0.99), and the predicted qe2 
values were closer to the experimental qe, exp values. So, it 
can be concluded that the biosorption of MB dye by FL 
follows the pseudo-second order. Similar observations 
were also found by Deniz and Tezel Ersanli (2022) and 
Nath et al. (2021), who studied the adsorption of MB dye 
by biowaste left over from the fixed oil biorefinery 
process of Nigella sativa L. plant, and okra (Abelmoschus 
esculentus L.) mucilage modified biochar, respectively. In 
contrast, Thabede et al. 2021, mentioned that the MB dye 
uptake by raw Nigella sativa L. seeds followed the 
pseudo-first order model. 

 

Figure 4. Adsorption isotherms of MB on FL at temperatures of 

295 K and 313 K, respectively. Experimental conditions: pH 5.6, 

contact time 24 h, initial metal concentration 20 mg/L – 

300 mg/L, adsorbent/solution ratio 0.04 g/0.05 L, agitation rate 

125 rpm 

Figure 4 depicts the adsorption isotherms of the MB dye 
by FL at two different temperatures (295 K and 313 K). 
Increasing the initial concentration from 20 mg/L to 300 
mg/L has led to an increment in adsorption from 14.8 
mg/g to 88.2 mg/g and from 12.8 mg/g to 78.3 mg/g at 
temperatures of 295 K and 313K, respectively. Increasing 
the initial concentration leads to an increase in the driving 
force resulting in overcoming the resistance to mass 
transfer of the dye from the liquid to the solid phase 
(Taweekarn et al., 2022). Conversely, the temperature rise 
led to a decrease in adsorption, e.g., from 88.2 mg/g at 
295 K to 78.3 mg/g at 313 K (for an initial concentration of 
MB dye = 300 mg/L), showing that the adsorption is an 
exothermic reaction (Anastopoulos and Pashalidis, 2019). 

The Langmuir (Langmuir, 1918) and Freundlich 
(Freundlich, 1906) isotherms models were applied to the 
experimental data of Figure 4, and the corresponding 
parameters of the isotherm models and the coefficient of 
determination are shown in Table 3. 

The results showed that the experimental data fit 
satisfactorily (R2) to the Langmuir isotherm. Similar results 
were found by Zein et al. 2023 and Nipa et al. 2023, who 
studied the adsorption of MB dye by lemongrass leaves 
modified with citric acid and papaya bark fibers, 
respectively. Table 4 shows the maximum adsorption 
capacity for MB dye of various adsorbent materials 
derived from agricultural biomass/waste. The maximum 
adsorption capacity value of FL for MB compared to the 
corresponding values of various adsorbent materials 
listed, is considered satisfactory. 

 

Table 3. Evaluated parameters by applying the Langmuir and Freundlich isotherm models at 295 K and 313 K, 
respectively. Experimental conditions: pH 5.6, contact time 24 h, initial metal concentration 20 mg/L – 300 mg/L, 
adsorbent/solution ratio 0.04 g/0.05 L, agitation rate 125 rpm 

T (K) 

Langmuir Freundlich 

qmax (mg/g) KL (L/mg) R2 
KF (mg/g) 
(L/mg)1/n n R2 

295 95.43 0.04 0.99 9.76 2.33 0.82 

313 91.80 0.03 0.99 6.76 2.05 0.79 

 

3.4. Thermodynamic studies 

Adsorption thermodynamic parameters (Gibbs free 
energy change (ΔG°), enthalpy change (ΔH°), and entropy 
change (ΔS°) are calculated at temperatures of 295 K and 
313 K, according to the following thermodynamic 
equations (Anastopoulos and Kyzas, 2016, Lima et al., 
2019): 

0 0ln = − eG RT
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where 0e
 is the thermodynamic equilibrium constant 

(Lima et al., 2019) at two studied temperatures T ( 0

1eK  and 

0

2eK  for 295 K and 313 K, respectively) and R (8.314 J/ mol 

K) is the universal gas constant. 

 

Table 4. The maximum adsorption capacity for MB dye of various adsorbent materials derived from agricultural biomass/waste 

Adsorbent qmax (mg/g) References 

Activated carbon from rice husk 9.83 Sharma and Uma, 2010 

Penicillium glabrum 16.67 Bouras et al., 2021 

Pristine seeds Nigella sativa L. 18.79 Thabede et al., 2021 

Aspergillus carbonarius 21.88 Bouras et al. 2021 

Natural core-shell structure activated carbon beads 

derived from Litsea glutinosa seeds 
24.68 Dao et al. 2021 

Sawdust biochar 27.47 Nath et al. 2021 

Carica papaya wood 32.25 Rangabhashiyam et al. 2018 

Passiflora edulis Sims. f. Flavicarpa Degener 44.70 Pavan et al. 2008 

Paspalum maritimum 56.18 Silva et al. 2019 

Papaya bark fiber 66.67 Nipa et al. 2023 

Palm spathe 74.29 Djelloul et al. 2021 

Sawdust-derived biochar modified using okra mucilage. 78.13 Nath et al. 2021 

Terminalia catappa shell 86.22 Hevira et al. 2021 

FL 95.43 This study 

 

The ΔG° were found to be –23.19 kJ/mol and –23.95 
kJ/mol at 295 and 313 K, respectively, suggesting that the 
adsorption of MB onto FL is a spontaneous process (Geng 
et al., 2018). The ΔH0 and the ΔS0 were found to be –9.59 
kJ/mol and 0.046 kJ/mol K, respectively. The negative 
value of ΔH0 indicates that the adsorption of MB onto FL is 
an exothermic process (Chowdhury and Saha, 2012). The 
positive results of the ΔS0 imply increasing randomness in 
the solid/solution system interface during adsorption. 
Similar results have also been found using olive tree 
pruning waste as an adsorbent to remove the MB dye 
(Fan et al., 2016, Anastopoulos et al., 2018). 

3.5. Effect of ionic strength, FTIR spectra, and adsorption 
mechanism 

The effect of ionic strength on the adsorption of MB by 
LF adsorbent was explored by changing the salt 
concentration using NaCl solutions of varying 
concentration (0 – 1 M). The results (Figure 5) showed 
that an increase in NaCl concentration from 0 to 1 M, 
decreases the amount of the adsorbed MB dye from 44 
to 3.5 mg/g. Similar results have also been found by 
Boumediene et al., 2018, who investigated the 
adsorption of MB by orange peel. They observed that 
adsorption capacity decreased from 205 to 74 mg/g 
when the NaCl concentration in solutions increased from 
0 M to 0.1 M. This may be due to the sodium ions 
competing with MB dye molecules for the same 
adsorption sites thus reducing the adsorption intensity 
(Li et al., 2022). Also, the thickness of the electrical 
double layer decreases as the ionic strength increases, 
resulting in a decrease in adsorption (Rani and Mahajan, 
2016). The above results indicate that the adsorption 
process is based on electrostatic interaction between the 
positively charged dye molecules and the negatively 
charged FL surface that results in the formation of outer-
sphere complexes. 

 

Figure 5. The effect of solution ionic strength (NaCl 

concentration ranged from 0 to 1 mol/L) on the adsorption of 

MB by FL. Experimental conditions: pH 5.6, initial dye 

concentration 50 mg/L, contact time 24 h, adsorbent/solution 

ratio 0.04 g/0.05 L, agitation rate 125 rpm, temperature 295 K 

The predominance of electrostatic interactions and the 
formation of outer-sphere complexes is also indicated by 
the FTIR spectra (Figure 6), which do not show any 
changes in the spectrum of FL prior to and after MB 
adsorption. The FTIR spectrum of FL includes the 
characteristic peaks of plant-derived adsorbents such as 
the broad peak at 3400 cm−1 (O–H and N–H stretching 
vibrations), 2925 cm−1 (C–H vibration), 1740 cm−1 (C=O 
stretching vibration), 1625 cm−1 (N–H deformation 
vibration), and 1070 cm−1 (C–O stretching vibration). The 
additional weak peaks between 1600 cm-1 and 1000 cm-1 
present in the spectrum of FL after MB adsorption can be 
ascribed to the dye molecules electrostatically adsorbed 
on the FL surface. The spectroscopic results agree with the 
results obtained from the experiments related to the 
effect of ionic strength and prove that the MB adsorption 
by FL is based on pure electrostatic interactions and the 
formation of outer-sphere complexes. Spagnoli et al. 
2017, concluded that dipole-dipole interactions between 

https://www.sciencedirect.com/topics/physics-and-astronomy/thermodynamic-equilibrium
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the nitrogen in methylene blue and the phenolic groups of 
cashew nutshell-based carbons activated with zinc chlorid, 
are probably what draw methylene blue molecules to the 
carbon surface. 

 

Figure 6. FTIR (KBr) spectra of FL prior and after adsorption of MB 

3.6. Conclusions and future work 

The results showed that the FL adsorbent can be 
satisfactorily used to remove the MB dye from aqueous 
solutions. Langmuir isotherm model best fits the 
adsorption data, and the kinetics of MB dye onto FL 
follows the pseudo-second-order model. The maximum 
adsorption monolayer capacity is estimated to be 95.4 
mg/g at 295 K and pH 5.6. The rise in temperature from 
295 K to 313 K resulted in a decrease in the adsorption 
capacity indicating the exothermicity of the adsorption 
process. In the presence of NaCl, the adsorption of MB by 
FL decreased, indicating the formation of outer-sphere 
surface complexes based on electrostatic interactions as 
the primary adsorption mechanism. The FTIR spectra 
(before and after adsorption) also supported this 
assumption, because there were no significant changes 
observed in the spectra upon MB dye adsorption. 

To understand in depth the adsorptive behavior of FL 
adsorbent, future work will focus on the in-depth 
characterization (by XPS, SEM-EDX) and the application of 
FL in a) real wastewater, b) column studies, c) various 
types of pollutants (heavy metals, pharmaceuticals, 
radionuclides, pesticides, etc.). Moreover, the preparation 
and exploration of the applicability of biochar obtained 
from FL biomass for environmental application will be of 
particular interest. 
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