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ABSTRACT

Chemically modified Ocimum basilicum leaves powder (CMOBLP) adsorbent was used for the
elimination of Methylene Blue (MB) from aqueous solutions. The morphology of CMOBLP was
identified by microscopy of scanning electron and Fourier transform infrared technics. The porosity
and surface area of the prepared CMOBLP have also been determined by applying a Brunauer—
Emmett-Teller (BET) surface analyzer. The influences of MB primary concentration, temperature,
sorption time, and solution pH were studied. The parameters of kinetics were evaluated, and the
obtained results suggest that MB sorption by CMOBLP follows the model of the second-order.
Thermodynamic outcomes pointed to that the MB sorption by CMOBLP is exothermic and sponta-
neous. Isotherm models of Langmuir, Freundlich, and Temkin were applied, and the experimental
data were fitted well with the model of Langmuir, proposing monolayer sorption. The present study
strongly reveals that CMOBLP is a very effective adsorbent. The sorption capacities of 714.29, 666.67,
625.00, and 555.56 mg/g were obtained at 20°C, 30°C, 40°C, and 50°C, respectively.
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1. Introduction

Methylene blue (MB) as a cationic dye has been widely
used for multiple purposes, especially wood and silk
dying, hair coloring, rubber, and food industries [1-6],
wastewaters generated from the above-mentioned indus-
tries contain non-negligible amounts of MB [7]. Due to the

* Corresponding author.

constant structure of MB, and its inability for biodegrada-
tion, the usage of this dye will cause various noticeable
environmental problems [8,9]. Moreover, MB is consid-
ered very toxic and has very negative effects, whether for
humans, animals, marine life, or plants [10,11]. For these
reasons, the industrial wastewaters contaminated by MB
must be treated before their discharge. Various chemical
and physical methods were applied for the treatment of
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contaminated waters from MB and other hazardous pollut-
ants [12,13]. Among these methods, sorption is an effective
method that has been widely used as a straightforward and
low-cost process [13]. In addition to the higher efficiency of
the sorption technique, its usage is not accompanied by the
formation of any secondary pollution during the treatment
process [14,15].

The oldest adsorbent used in this technique is activated
carbon in its three shapes (granular, powder, and fiber)
[16,17]. For example, activated carbon was used for the
sorption of methylene blue [18], Congo red [19], malachite
green dye [20], and other contaminants from aqueous solu-
tions. Despite the high sorption rate and higher efficiency
of activated carbon towards organic and inorganic pollut-
ants, the high cost of this adsorbent is the biggest obstacle to
its usage in treating contaminated waters.

Recently, several attempts have been carried out to use
nanoparticles (NP;) in the field of treating the polluted
waters from dyes like MB, heavy metals, and phenols.
For example, metal oxides NP, such as TiO,, Fe,O,, CuQ,
and others have been applied for MB sorption from waste-
water [21-26]. Unfortunately, with the higher cost of NP,
preparation, the difficulty of their application in water treat-
ment, and its less sorption efficiency, this type of adsorbent
becomes practically undesirable.

For these reasons, attention has turned to prepare adsor-
bents with low-cost and acceptable effectiveness, addi-
tionally to the possibility of preparation and reasonable
application in the treatment of polluted waters. Therefore,
researchers developed effective adsorbents from low-cost
materials to sorption some dyes like MB from industrial
wastewaters. For instance, sugar beet pulp [27], mango leaf
powder [28], seed shells [29], cashew nutshell [30], spent
mushroom substrate [31], natural clay [32], corn cob pow-
der calcined [33], neem leaves powder [34], residue walnut
shell [35], and others have been used as new and very cheap
adsorbents for MB elimination from wastewater samples.

Ocimum is an aromatic plant that grows in Asia and
African regions, common in the Arab world by Habag or
Reyhan. It is a non-toxic substance and widely used as a
flavoring substance for tea and food due to its distinctive
smell. Traditionally Ocimum leaves have been used as
medicine for colic ulcer and skin infection treatment [36].
Ocimum seeds are used as bio-sorbents for heavy metals
[37-39]. Recently, it is used as a natural coagulant for Congo
red removal from wastewater [40]. Till now, there are no
work has been carried out to investigate the usage of this
plant as a natural adsorbent for MB sorption. Therefore, the
current study aimed to synthesize a new adsorbent from
Ocimum basilicum leaves powder to be used as an effective
eliminating agent for MB from wastewater.

The influences of temperature, pH, shaking time,
MB initial concentration will be studied in this work.
Thermodynamics, kinetics, and isotherms parameters of
this sorption will also be estimated.

2. Methodology
2.1. CMOBLP preparation and characterization

The dried leaves of Ocimum plants were bought from
the spice shop. In the beginning, the leaves have been

separated from the other parts of plants and powdered
by using mortar. The produced powder was cleaned with
distilled water various times, then, it was boiled with dis-
tilled water for 30 min, after that the leaves powder was
separated from the mixture. A 250 mL of 30% w/w of ZnCl,
solution was mixed with the leaves powder and refluxed for
2 h. The solid powder was separated from the mixture by
filtration using a Buchner funnel. The solid part was boiled
with 2 M HCI solution for 20 min, following by filtration
and washing many times with distilled water till getting
a clear filtrate. The adsorbent powder was dried for 13 h
in an oven at 120°C. In the end, it was grinding again and
sifted with a sieve (diminutions). The resulting powder was
kept in a desiccator to be used in the treatment processes.

The pH,,. of the adsorbent was assigned according to
Theydan and Ahmed [41] method. The Fourier-transform
infrared (FT-IR; Nicolet iS5 of Thermo Scientific FT-IR, US)
technique was utilized to specify the functional groups
on the surface of CMOBLP. The adsorbent porosity and
adsorbent surface area have also been identified from
the Brunauer-Emmett-Teller (BET) isotherm of the sur-
face analyzer (NOVA-2200 Ver. 6.11). Scanning electron
microscopy (SEM) instrument was applied to specify the
CMOBLP surface morphology.

2.2. Influence of adsorbent dosage

The sorption process consisted of contacting 15 mL
of MB dye solution with a concentration of 500 mg/L with
0.005, 0.010, 0.015, 0.020, 0.025, 0.030, and 0.035 g CMOBLP
was carried out at 30°C, initial pH solution, and 170 rpm for
26 h. after that, MB solutions were separated from CMOBLP
by filtration and the remaining concentrations of MB in the
filtrates were measured by 6800 UV-visible spectrophotom-
eters (Jenway 6800, UK) at A___of 617 nm. Finally, Eq. (1)
was applied for the calculation of percentage removal (%R).

(Ci _Ce)
% R == —x100 1)

i

where C, and C, are MB concentrations before and after
sorption, respectively.

2.3. Effect of solution pH

To study the influence of solution pH on this sorption,
six solutions of MB with a fixed concentration (500 mg/L)
and different pH values (2-12) were prepared using 1 M
of NaOH and HCI solutions. A 15 mL of each solution was
mixed with 0.015 g CMOBLP in a 25 mL amber bottle. These
six bottles were then put in a shaker incubator for 26 h at
30°C and speed of 170 rpm, followed by filtration for each
sample. After sorption, MB concentrations were measured
at A= 617 nm, by means of a UV-visible spectropho-
tometer (Jenway 6800). Finally, the sorption quantity at
equilibrium was evaluated by applying Eq. (2):
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where g, (mg/g) is the sorption capacity at equilibrium,
C, is the initial dye concentration, C, is the MB concentrations
at equilibrium, V (L) is the volume of adsorbate solution,
and m (g) is the amount of adsorbent.

2.4. Equilibrium and thermodynamic studies

To investigate the influence of initial concentration,
temperature, and to determine the parameters related to
the isotherm and thermodynamic of this sorption, ten MB
solutions with initial concentrations of 200; 300; 400; 500;
600; 700; 800; 1,000; 1,200; and 1,400 mg/L were prepared
from the stock solution (5,000 mg/L). A 15 mL was taken
from each solution and added to 0.015 g of synthesized
adsorbent in a 25 mL amber bottle; the shaking process was
carried out for each mixture for 26 h at 20°C and speed of
170 rpm, followed by filtration. The UV-visible measure-
ments were performed to measure the final concentration
in the filtrate. Eq. (1) was applied to calculate the amount
of MB adsorbed.

The previously mentioned procedures were also
conducted at 30°C, 40°C, and 50°C to determine ther-
modynamic parameters and to investigate the influ-
ence of temperature on MB sorption by this adsorbent.
Egs. (3)-(6) have been used to evaluate each of Langmuir,
Freundlich, and Temkin isotherm parameters, respectively:

T ®
9@ TmaKi e

1
L1+KC, @
In(g,) =In(K, )+ ~n(C,) )
n
q,=B,In(K;)+B/In(C,) (6)
where g (mg/g) represents the maximum capacity of

this sorption, K, K, and K, are constants of Langmuir,
Freundlich, and Temkin models, correspondingly. R, and
C, are the Langmuir dimensionless factor and the adsor-
bate highest concentration, respectively. n is the intensity
of the sorption constant, and B, is a constant associated
with the heat of sorption.

Thermodynamic parameters (AH®, AS°, AG®) of the sorp-
tion process were evaluated by applying Egs. (7) and (8).
Since AH®, AS°, and AG?® are the enthalpy, entropy, and free
energy changes at the standard conditions, correspondingly:

InK_ = AH® 45 @)
RT R
AG® = AH® —TAS® 8)

where R and T are the general gas constant (0.008314
kJ/K mol) and sorption temperature (Kelvin), respectively.

2.5. Kinetic studies

15 mL of 200, 300, and 400 mg/L of MB solutions have
been shacked with 0.015 g of the prepared adsorbent at a
rotation speed of 170 rpm and 30°C for 5 min. Each mixture
was filtered, and the final concentrations of MB in the fil-
trate have been measured using a UV/visible spectrometer.
Eq. (9) was applied for computing the sorption quantities
for each time f (min).

1%
q; :Z(Ci _Ct) )

where q, is the sorption capacity at time f, C,. represents
the initial dye concentration, and C, represents dye con-
centrations at time t. V and m are the solution volume and
adsorbent mass.

The same procedures at the same conditions were
repeated for various period times ranged from 10 to
960 min to investigate the effect of adsorption time and to
identify the parameters of kinetics.

The linear expressions for the first-order [Eq. (10)],
second-order [Eq. (11)], and intra-particle distribution
[Eq. (12)] were employed for computing the values of
kinetic parameters.

t
1 —qg,)=1 -K —— 10
05(q, ~4,) =108(4,) ~ K, == (10)
LIS L (11)
q[ Kz(qe) qt
q: = Kdif\/? +C (12)

whereas g, refers to sorption capacity at equilibrium and
g, is the sorption capacity after each time interval (). C is
a kinetic parameter associated with the boundary-layer
width. The terms K|, K,, and K, are the rate constants of
the first-order, second-order, and intra-particle distribution
kinetic models, in that order.

3. Results and discussion
3.1. CMOBLP properties

The microstructure of CMOBLP (SEM spectrum) before
sorption is shown in Fig. 1. This spectrum demonstrates
that there are multiple and different macropores and gaps
on the CMOBLP surface. These holes and macropores
have a positive and significant effect on the process of sorp-
tion. Because the cations of MB diffuse across the micro-
pores easily to the sorbent effective sites through these
gups and macropores.

To determine the pH,,. for this adsorbent, pH, val-
ues were plotted against pH, — pH, (Fig. 2). From this
Fig. 2, 8.3 was found to be the pH,,. of this sorbent.
Since the CMOBLP surface charge will be negative and
positive when the solution pH is higher and less than 8.3.

The FT-IR spectrum (image not presented) showed
five main absorption bands (1,516.21; 1,629.33; 1,047.00;
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2,929.88; and 3,294.93 cm™). 1,516.21 and 1,629.33 cm™ bands
are assigned to stretching vibration of the ring and -NH,
deformation, respectively. Whereas the bands of 1,047.00;
2,929.88; and 3,294.93 cm™ are related to stretching of C-O,
CH, and -NH, correspondingly. The sorption process is
affected by the sorbent functional groups.

The total pore volume for all pores of a diameter smaller
than 2,570.951 A, average pore diameter, and the area
of the adsorbent surface are 0.00711 cc/g, 264.144 A, and
117.27 m? g, respectively.

3.2. Adsorbent dosage influence

It was found in this work that the values of %R were
increased from 40.3% to 76.4% and almost be constant when
the mass of CMOBL was increased from 0.005 to 0.015 g
and 0.015 to 0.035 g, respectively. Therefore, 0.015 g of
this adsorbent was selected in this research as the optimal
dosage and used for performing the other experiments.

3.3. Effect of pH solution

The results related to solution pH influence on the
sorption of MB by CMOBLP are demonstrated in Fig. 3.
This figure indicates that the efficiency of sorption is slightly
and abruptly increased by increasing pH values in the ranges
of 2-8 and 8-12, respectively.

400 pm
Inspect S

MB as a cationic dye positively charges ions when
dissolved in water, and the CMOBLP surface will be pos-
itively charged at low pH values. Therefore, the electro-
static repulsion forces will be high at a low pH. Then the
number of positive charges on the adsorbent surface is
gradually and slightly decreased by increasing pH in the
range of 2-8. Thus, the repulsion forces are gradually
decreased. This represents the real reason for the slight
increase in the efficiency of sorption when pH increased
from 2 to 8. While at the pH value over 8, the adsorbent
surface charge begins to shift to a positive charge. Thus,
the attraction forces will be created between cations of
MB and the negative surface charge of CMOBLP, result-
ing in a sharp increase in the amount of MB adsorbed by
CMOBLP. Similar behavior has been observed for other
synthesized adsorbents [33,35,42].

3.4. Equilibrium and thermodynamic studies
3.4.1. Concentration and temperature influences

The results related to the influence of MB initial con-
centration and temperature on this sorption performance
are illustrated in Fig. 4. Fig. 4 specifies that the amount of
sorption increases by increasing MB concentration from
200 to 1,000 mg/L because the increment of adsorbate con-
centration overcomes the resistance of the mass trans-
fer between the aqueous medium and solid. Whereas the
amount of sorption is constant over 1,000 mg/L because
there is no empty sorption active site to adsorb other MB
cations after this concentration. Previous studies showed the
same results for MB sorption by different adsorbents [30].

On the contrary, rising temperature decreases the
sorption efficiency (Fig. 4). Since the bonding strength
between the active adsorbent sites and adsorbate cat-
ions decreases with increasing temperature, as well as
the solubility of MB is increased by elevated temperature.
These outcomes prove that this sorption is an exother-
mic process in which the direction of equilibrium will be
shifted from sorption to desorption (le chatelier’s prin-
ciple) [26]. Fig. 4 confirmed that the highest g, obtained
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Fig. 3. Effect of pH solution on MB sorption by CMOBLP.
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Fig. 4. Influences of temperature and MB initial concentration
on the sorption performance of CMOBLP.

was 675.92 at 1,000 mg/L and 20°C. These outcomes are
consistent with the previous study [42].

3.4.2. Isotherm studies

The interaction between MB cations and CMOBLP sur-
face and the relationship between MB sorption capacity
and its concentration at equilibrium has been described by
the leaner form of Langmuir, Freundlich, and Temkin iso-
therm models. C /g, vs. C, (Langmuir model), Ing, vs. InC,
(Freundlich model), and g, vs. InC, (Temkin model) were
plotted as represented graphically in Fig. 5. The parame-
ters of MB sorption by the surface of CMOBLP were com-
puted from the intercepts and slopes of these plots and
recorded in Table 1. According to R? values (Table 1), the
highest values were obtained in the Langmuir model, which
designates that the experimental data of this sorption were
described well by the Langmuir isotherm model. These
results prove monolayer sorption of MB dye over homog-
enous adsorbent active sites; therefore, a saturation point
of MB sorption is reached at equilibrium, and no other MB
adsorption can occur after this point. These results are fully
compatible with the results obtained for MB adsorption
by activated carbon [43]. According to Langmuir model
results (Table 1), the highest value of MB amount adsorbed
by CMOBLP (q,_) is 714.29 mg/g at 20°C. The value of R,

can also be used to estimate if a certain isotherm is favor-
able (0 < R, < 1) or not (R, > 1). In Langmuir isotherm, the
R, values were in the range of 0.02-0.06, and this confirms
that the MB sorption by CMOBLP is favorable (0 <R, <1).

3.4.3. Thermodynamic studies

The calculated values of InK_were plotted is 1/T for
sorption of 200, 300, 400, 500, 600, and 700 mg/L MB solu-
tion by CMOBLP (figure not presented). Intercepts and
slopes of these plots have been used for the calculation
of AS° and AH° values. In contrast, AG®° values were cal-
culated by applied Eq. (7). Thermodynamic parameter
values are recorded in Table 2.

According to the negative values of AH° (Table 2), MB
sorption by CMOBLP is an exothermic process. These
results agree well with the results observed in the case of
concentration and temperature effects (section 3.4.1), which
proved that the capacity of sorption was the highest at low
temperatures. The calculated values of AH° ranged from
-23.5403 to —49.5373, which means the chemisorption process.

The negative AS° values are decreased with increas-
ing the MB concentration, indicating that the random
degree is reduced during the process of sorption. Table
2 also demonstrates that the values of AG° are negative
and reduced by increasing temperature. This verifies that
this sorption is a spontaneous process, and the degree of
spontaneously is reduced by rising temperature. These
results are similar to the result observed in the case of
MB sorption by montmorillonite [42], and Ficus carica
bast-based activated carbon [43].

3.5. Kinetic studies
3.5.1. Contact time effect

The experimental values of g, (sorption capacity at time
t) were plotted against f (sorption contact time) to exam-
ine the effect of agitation time on the sorption of 200, 300,
and 400 mg/L of MB solution by CMOBLP (Fig. 6). Based
on Fig. 7, the sorption capacity is elevated by increas-
ing the time of contact from 5 to 180 min, then becomes
steady above 180 min for each concentration. It can also be
observed from Fig. 6 that the sorption capacity (g,) increased
by increasing the MB initial concentration. This indicates
an agreement between the result obtained in this part and
part related to the effect of adsorbate initial concentration
(section 3.4.1 concentration and temperature influences).

3.5.2. Kinetic parameters

To specify the MB sorption mechanism by this adsor-
bent, the experimental sorption data for three concen-
trations were examined by applying for the first-order
[Egs. (9) and (10)] second-order, and [Eq. (11)] diffusion of
intra-particle kinetic models.

The log(q, — g,) vs. t (first-order), t/q, vs. t (second-
order), and g, vs. 2 (intra-particle-diffusion) were graph-
ically plotted and illustrated in Figs. 7a-c, respectively.
The parameters of kinetics were evaluated from these plots
and reported along with the related values of R? in Table 3.
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Fig. 5. Langmuir (a), Freundlich (b), and Temkin (c) isotherm for MB sorption by CMOBLP.
Table 1
Isotherm parameters for MB sorption by CMOBLP
Temperature Isotherm model
Langmuir Freundlich Temkin
9. (mg/g) K (L/mg) R, R? K, (mg/g) (L/mg)"* 1/n n R? K, (L/mg) B, R?
20°C 714.29 0.033 0.021 0.999 134.72 0.275 3.638 0.814 0.531 117.36 0971
30°C 666.67 0.026 0.027 0.999 84.167 0.320 3.126 0.972 0.256 122,51 0.971
40°C 625.00 0.014 0.048 0.999 56.486 0.358 2.797 0.979 0.126 124.04 0.967
50°C 555.56 0.010 0.064 0999 40.764 0.387 2582 0.974 0.080 122.33  0.980
Table 2
Thermodynamic parameters for MB sorption by CMOBLP
Initial concentration AH® (kJ/mol) AS° (kJ/mol) AG® (kJ/mol) R?
(mg/L) 203K 303K 313K 323K
200 —49.5373 -0.142 -7.82077 -6.39700 —-4.97323 -3.54945 0.998
300 —40.8550 -0.118 -6.31980 -5.14112 -3.96244 -2.78377 0.989
400 -35.3445 -0.104 —4.89689 -3.85772 -2.81855 -1.77939 0.988
500 -26.6198 -0.078 -3.74254 -2.96175 -2.18095 -1.40016 0.999
600 -25.5057 -0.076 -3.23795 -2.47796 -1.71797 -0.95798 0.993
700 -23.5403 -0.071 -2.71317 -2.00235 -1.29153 -0.58071 0.993

The highest R? values (Table 3) were found in the case  experimentally determined (q,,, ). These outcomes are evi-
of second-order. Moreover, the sorption capacity calculated  dence that the MB sorption by CMOBLP is chemisorption.
at equilibrium (q, ) by applying the second-order model  The results obtained in this section are fully compatible with
are almost equal to the amounts of sorption, which are the thermodynamic results.
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Table 3
Parameters of the first-order and second-order kinetic models for MB sorption by CMOBLP
Kinetic model
First-order Second-order
C, (mg/L) Ty (MB/B) . (M/8) K, (h) R [, (M/8) K, (g/mg h) R Rate
200 185.60 41.57 0.0044 0.936 185.19 0.00050 0.999 0.092308
300 250.89 65.18 0.0037 0.907 250.00 0.00028 0.999 0.070796
400 284.23 69.39 0.0051 0.966 285.71 0.00032 0.999 0.091864
300 3.6. Comparison study
a ;88 t. The sorption capacities of CMOBLP used in this work
B s ¢ and the other low-cost adsorbents previously used towards
= 100 " MB are displayed in Table 5. Following outputs from this
50 | table, CMOBLP prepared and applied in this study has the
0 highest sorption capacity toward MB. This invites those
0 200 400 600 800 1000 1200 interested in treating water to use CMOBLP in the elimina-
t (min) tion of MB from wastewater.
200 mg/L  —*-300 mg/L 400 me/L

Fig. 6. Relationship between the sorption capacities and
contact time for MB sorption by CMOBLP.

It is clear from Fig. 7c that there are two sorption regions
in the intra-particle diffusion model. Furthermore, the val-
ues of R? (Table 4) are small for both regions. This is an indi-
cator that confirms that the intra-particle diffusion does
not contribute to the rate of this sorption. MB sorption by
coconut husk fiber-based activated carbon gave similar
results for this work [18].
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4. Conclusions

This work displayed that CMOBLP has sufficient sorp-
tion capacity towards MB. The kinetic, thermodynamic,
isotherm parameters, and factors affecting the sorption
have been examined. The outcomes obtained confirmed
that the MB initial concentration and solution pH have pos-
itive effects on the sorption, but this sorption is negatively
affected by rising temperature. The experimental data were
analyzed by the isotherm models of Langmuir, Freundlich,
and Temkin. It was found that the model of Langmuir is the
best. The parameters of kinetics are strongly confirmed that

6
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Fig. 7. First-order (a), second-order (b), and diffusion of intra-particle (c) kinetic models for MB sorption by CMOBLP.
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Table 4
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Parameters of the intra-particle diffusion model for MB sorption by CMOBLP

Region 1 Region II
C, (mg/L) K, (mg/h'? g) C R? K, (mg/h'? g) C R?
200 5.7626 112.26 0.922 0.777 162.48 0.872
300 8.7283 136.16 0.888 1.5161 205.5 0.853
400 9.8635 161.61 0.975 1.072 252.67 0.918
Table 5
Sorption capacities of CMOBLP and other low-cost adsorbents toward MB
Adsorbents q,... (Mg/g) Sources
CMOBLP 714.29 20°C Present study
CMOBLP 666.67 30°C Present study
CMOBLP 625.00 40°C Present study
CMOBLP 555.56 50°C Present study
NiO nanoparticles absorbent 166.67 [26]
CuO nanoparticles absorbent 50.25 [26]
Sugar beet pulp 250.01 [27]
Mango leaf powder 156 [28]
Cashew nut shells 476 [30]
Spent mushroom substrate 63.5 [31]
Corn cob powder 46.28 [33]
Orange peel-modified phosphoric acid 307.63 [44]
Neem (Azadirachta indica) leaves 60.60 [45]
Teak tree bark 333 [46]
Sunflower seed husk 45.25 [47]
Hazelnut shell 76.9 [48]

the sorption of MB by CMOBLP follows the second-order
kinetic model. The Thermodynamic results indicated that MB
sorption by CMOBLP is an exothermic and spontaneous pro-
cess. The highest sorption capacity of CMOBLP toward MB
makes it a better choice than other adsorbents. This invites to
pay attention and highlights more to use CMOBLP to deduce
MB dye from aqueous media.
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