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Bio-sorption of methylene blue using Datura stramonium leaves as adsorbent
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Abstract

Present study was accomplished to prospect the viability of using the Datura stramonium leaves powder (DS) as
an adsorbent to remove the methylene blue from aqueous solution. The physico-chemical characteristics of the
studied adsorbent were examined. The optimum parameters such as contact time, particle size, absorbent dose,
initial methylene blue concentration, and pH were investigated by performing batch experiments models. The
kinetics and the isotherms adsorption were evaluated by varying the initial concentration and using the optimum
parameters. The optimum of contact time is 30min, with a removal capacity of 89.60 %. The optimal adsorbent
concentration to reach the maximum removal of methylene blue (89.54 %) is 18 g/L. An initial methylene blue
concentration of 50 ppm is ideal to reach the maximum capacity of removal (92.72 %). The optimum particle size
is 80 um. The kinetics of the adsorption process are in accordance with the pseudo-second order model.
Experimental values of the adsorption capacity are close proximity to the optimum values predicted by the
pseudo-second order model. Langmuir, Freundlich, Temkin, Dubinin-Radushkevich, Harkin-Jura and Hasley
isotherms were applied to represent the data obtained from the adsorption studies. The highest R? values were
related to Freundlich, Dubinin-Radushkevich and Hasley isotherm models.

1. Introduction

Textile is a sector that contributes significantly to the resources of many countries. Despite its importance in
the economy, it induces very significant environmental impacts [1-4]. The textile industry is partly responsible
for water pollution by discharging large quantities of dyes that are often accompanied by various organic and
mineral pollutants. Various dyes such as methylene blue, Eriochrome black T, indigo red, carmine, rhodamine,
and red 120 are widely used in the textile industry [5-8]. It is one of the most polluting industries.
Consequently, the sanitation of industrial wastewater is a major issue to avoid large-scale pollution of water
resources used by populations for their drinking water supply. Indeed, these pollutants, which are often
recalcitrant, induce negative consequences that can lead to irreversible effects on human and animal health [9—
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12]. Weeping expensive strategies such as the advanced oxidation process, membrane processes, adsorption on
specific surfaces and numerous physical process, are developed and put into service in several industries in
order to reduce the pollutant load before discharging wastewater into nature [13—17]. The implementation in the
industry of wastewater treatment by the method of adsorption on activated carbon has led to the search for a less
expensive and simpler alternative to implement [18-21]. The recovery of waste from the use of biomass, the
disposal of which is expensive, has made it possible to develop other types of effective and very low-cost
adsorbents [22-24].

Within this context, we selected Datura stramonium leaves (DS) to remove methylene blue (MB) from
wastewater. Optimal adsorption parameters were determined before examination isotherms and kinetics models

of the adsorption of methylene blue on leave powder of Datura stramonium.

2. Material and Methods

2.1. Preparation of the adsorbent

Datura stramonium was harvested at Mbetit Gouye (Fatick Region in Senegal 14°25°59.99°N,
16°31°59.99°°0). The leaves (DS) were collected and rinsed twice with tap water first and distilled water to
remove all the particles. They were shadow dried for three days. After this first process, the DS were dried at
50°C for 48 hours. The DS were ground using a grinder. This EHL were stored in a plastic container. The dried
DS adsorbent was again crushed and sieved to get different sized fractions, namely, 80, 100, 125, 250, 315, 400,
500, 1500 um. These different fractions were stored in airtight containers for further use.

2.2. Point zero charge pHpzc

The pH of the point of zero charge (pHpzc) for the Datura stramonium leaves (DS) was determined by a
titration procedure. To a series of eleven 150 mL conical flasks 45 mL of a solution of KNO; 0.01 M were
added and the pH was accurately adjusted using HCI or NaOH 0.01 N solutions from pH = 2 to pH = 12 and
completed with a solution KNO; 0.01 M to 50 mL. The initial pH (pH;) was accurately measured again. To each
flask, 0.1 g of DS was added, and the flask was capped and shaken manually each 4 hours. After 48 hours, the
final pH (pHy) was measured. The ApH = pHy — pH; is plotted against pH;. The point of intersection of the

curve and the abscissa axe at ApH = 0 gave the pHpc.

2.3. Batch adsorption tests

All the experiments were conducted in discontinuous batch. A weighed sample of DS was mixed with 50
mL of the methylene blue (scheme 1) solution in 150 mL conical flasks. The mixture was stirred for a fixed
time at 25°C. After this process, the liquid was separated from the adsorbent by filtration through a Whatman
Filter N°1. The residual methylene blue concentration was determined using a Lambda 365 UV/Vis Perkin-
Elmer spectrophotometer. The experimental data were used to determine the removal capacity, and the quantity
of methylene blue adsorbed on the DS:

, (CO - Ce) xV
Removal capacity = — . x 100
0
(Co— Ce) XV
e = m
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where Cy and C, are respectively the initial and the final metal concentrations (mg/L) in the liquid phase, V (L)
is the volume of the liquid phase and m (g) is the adsorbent mass used.

2.4. Effect of time contact on the removal capacity

The equilibrium time was determined using a Methylene Blue solution at a concentration of 50 ppm. Each
50 mL Methylene Blue solution was treated with 0.25 g of DS at time ranging from 10 to 180 minutes. The
experiments were conducted at the same pH and the flasks contents were stirred at 500 rpm at a temperature of
25°C.

2.5. Adsorbent dose effect on the removal capacity

50 mL of a 50 ppm methylene blue solution was treated with a mass of adsorbent ranging from 0.1 to 1.0 g.
The experiments were conducted at the same pH and the flasks contents were shaken at 500 rpm at temperature
of 25°C for the optimal time determined previously.

2.6. Effect of adsorbent particle size on the removal capacity

The ideal particle size for the adsorbent was determined by treating each category (80,100, 125, 250, 315,
400, 500 and 1500 um) with 50 mL of a 50 ppm Methylene Blue solution at the optimum pH using 0.9 g of DS
powder. The flasks were shaken at 500 rpm and at a temperature of 25°C for the optimal time determined
previously.

2.7. Effect of solution pH on the removal capacity

The effect of solution pH on the dyes removal capacities of the adsorbent was investigated between pH = 2
and pH = 11. The experiments were performed by adding a 0.9 g of DS powder (particle size 80 pm) into six
150 mL conical flasks containing 50 mL of 50 ppm dye solutions and the pH of the solution was adjusted using
0.1 N HCl or 0.1 N NaOH. The flasks were shaken at 500 rpm and at temperature of 25°C for the optimal time
determined previously.

2.8. Effect of methylene blue solution concentration on the removal capacity

The effect of dye solution on the removal capacity were determined by setting the optimum temperature,
granulometry of the adsorbent, the pH of the solution and adsorbent dose and varying the methylene blue
concentration between 10 to 100 ppm. The flasks contents were stirred at 500 rpm at a temperature of 25°C for
the optimal time determined previously.

r
MezN S NMCZ

Scheme 1. Structural formulae of methylene blue.
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3. Results and Discussion

3.1. Infrared spectra

The FTIR spectrum of powder leaves of Datura stramonium (DSL) and FTIR spectrum of powder leaves of
Datura stramonium after treatment of aqueous blue methylene solution (DSL-MB) were recorded on the Perkin
Elmer spectrophotometer Two in the range 4000 — 400 cm'. In both spectra, the broad bands pointed at
approximately 3290 cm! are characteristic of associated —OH groups which is present in phenolic and
carboxylic acid [25]. Bands present in the range 2980-2800 cm™! are due to the stretching and bending modes of
the —CH of the methylene and the methyl groups. The intense bands at 1634 cm’! are attributed to the C=0
groups. The bands located in the range 1580-1400 cm! are attributed to the C=C in aromatic rings. Multiple
vibrations due to the C—O moiety are pointed in the region 1230-1000 cm!. The sorption of methylene blue is
attested by the change of the intensity of the vibrational frequency of functional groups within the range 4000—
400cm! before and after adsorption of methylene blue.
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Figure 1. FTIR spectrum of DSL and DSL-MB.

3.2. Optimization of methylene blue removal the parameters

To determine the best conditions for adsorption of methylene blue using Datura stramonium leaves (DSL)
as adsorbent, certain parameters such as contact time, amount of adsorbent used, particle size, pH or initial

concentration of the blue methylene solution were studied.

The adsorption capacity of Datura stramonium leaves is studied as a function of contact time because of the
role that the latter can play on the adsorption equilibrium (Figure 2). We work with an adsorbate solution of 50
mg/L initially. After 10 minutes, we observed an adsorption rate of 86.55%. The adsorption rate continues to
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increase very slowly and reaches a maximum of 89.60% after 30 minutes. Subsequently, the adsorption rate
fluctuates between 89.42 and 88.45%. For the rest of the study, the contact time is set at 30 minutes.

90 ~
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Figure 2. Effect of contact time on the adsorption capacity of DS.

The adsorbent dose is then studied (Figure 3). The masse of adsorbent is varied at constant volume (50 mL)
from 0.1 g to 1g with a contact time of 30 minutes. The adsorption rate is 83.46% for an adsorbent mass of 0.1
g. It then decreases to 82.62% between 0.2 and 0.3 g. It then increases to finally reach a maximum value of
89.53% at 0.9 g before decreasing to 88.35% at 1 g. For the rest of the study, the contact time is set at 30

minutes and the mass of adsorbent is set at 0.9 g for 50 mL of solvent.
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Figure 3. Effect of adsorbent dose on the removal capacity.

The influence of the particle size of the adsorbent on the adsorption rate is studied (Figure 4). A decrease in
the adsorption rate is observed when the particle size increases. This phenomenon is probably due to the
increase in specific surface area when the grain size decreases. For particle sizes between 1500 — 100 pm, the
adsorption rate varies between 74 %, and 86%. The maximum adsorption rate (90.7 %) is obtained for the

particle size of 80 um.
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Figure 4. Effect of adsorbent particle size on the removal capacity.

The pH study is carried out for a particle size of 80 um, a mass of 0.9 g for 50 mL of solvent, at 50 mg/L
for methylene blue concentration and a contact time of 30 minutes (Figure 5). The pH of the zero charge point
of the adsorbent is determined and is equal to 6.80. The zero charge point pH is the pH for which the charge on
the adsorbent surface is zero. The influence of pH on the adsorption rate is significant because pH acts on the
surface of the adsorbent and on the adsorbate. When the pH is higher than the zero charge point pH, the surface
of the adsorbent is negatively charged, and the cations can easily interact with the surface of the adsorbent.
When the pH is lower than the zero charge point pH, the surface of the adsorbent is positively charged, and the
anions are well retained on the surface of the adsorbent. Since methylene blue is cationic, it interacts less well
with the adsorbent surface when the latter has a positively charged surface. Indeed, competition with protons
leads to a decrease in the number of sites available to fix methylene blue. Consequently, for strongly acidic pH,
the adsorption rate is lower (79.22 %, pH = 2) and it increases when the pH increases to reach a maximum of
91.40 % for pH = 9. This is consistent with the increase in available binding sites at basic pHs.
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Figure 5. Effect of pH of the solution on the removal capacity.

The adsorption capacity is strongly linked to the initial concentration of the adsorbate in solution. In Figure
6, we note that the adsorption capacity reaches its maximum for a concentration of 50 ppm (92.72 %) and
decreases slightly when the initial concentration of methylene blue varies from 60 ppm to 80 ppm before
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increasing slightly between 80 and 100 ppm. It is observed that the adsorption rate increases from 88.88 % to
92.10 % between 10 and 40 ppm concentration.

Throughout the rest of the study, the following conditions are used: a dose of 0.9 g of adsorbent with
particle size of 80 um, initial adsorbate concentration of 50 ppm and a contact time of 30 minutes at pH = 9.
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Figure 6. Effect of methylene blue initial concentration on the removal capacity.

3.3. Kinetic aspects

The kinetic studies of the adsorption of methylene blue on Datura stramonium leaf powder are carried out
with a pH = 9, a temperature of 25°C, a concentration adsorbent of granulometry of 80 um of 18 g/L. Different
initial concentrations of the adsorbate (10 to 100 ppm) are used. The aqueous concentrations of dyes were
measured similarly, varying time contact. The amount of dye adsorbed q; (mg/g) at time t is calculated using
the following equation 1

(Co— Cp.V
mo

Equation 1: qg; =

where C; (mg/L) is the aqueous dye concentration at time t, Cy (mg/L) is the initial concentration of dye, V is
the volume (L) and mq (g) is the weight of adsorbent.

Four kinetic models: pseudo-first-order [26], pseudo-second-order [27], intra-particle diffusion model [28]
and Elovich model [29] were examined in order to understand the adsorption mechanism on the leaves powder
of Datura stramonium. The fit of these models was checked by each linear plot of the representative equation,
respectively and by comparing to the regression coefficients for each expression. All the parameters of each
model are presented in Table 1.
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Table 1. Kinetic parameters of the adsorption on methylene blue.
Pseudo-first order Pseudo-second order
C In( )=1 kit ‘ ! + ! t
n(q.—q;) = Inq, — — = —
0 qe,exp Ge qe de 1 q: kzqg e
(ppm) [ (mg/g)
k ko, (g/m
. 171 Qe,cal(mg/g) R? ? (g s Qe,cal(mg/g) R?
(min) min)
10 0.506 —0.027 0.025 0.454 3.361 0.507 0.9997
20 1.027 —0.044 0.039 0.925 3.137 1.030 1.0000
30 1.556 —0.045 0.072 0.950 1.329 1.565 1.0000
40 2.056 —0.026 0.026 0.965 2.813 2.058 1.0000
50 2.600 —-0.013 0.053 0.376 2.147 2.589 0.9999
60 3.078 —0.040 0.025 0.629 2.025 3.064 1.0000
70 3.596 —0.042 0.035 0.770 2.586 3.602 1.0000
80 4.127 —0.027 0.069 0.726 0.963 4.136 1.0000
90 4.656 —0.015 0.049 0.225 —13.330 4.630 1.0000
100 5.242 —0.024 0.185 0.433 0.304 5.269 0.9997
Intraparticle Diffusion Elovich
kit + 1 L, B + ! t
=k; =—=Ing —In
CO qt L Qt ﬁ B
qe,exp(Mg/g)
(ppm) k.
l
(mg/g I R? B (g/mg) a (mg/min) R?
min)
10 0.506 0.006 0.461 0.635 61.728 9.39 x 10° 0.731
20 1.027 0.006 0.984 0.772 65.359 3.70 x 102> 0.855
30 1.556 0.009 1.487 0.978 45.455 1.60 x 1027 0.933
40 2.056 0.004 2.022 0.944 97.087 5.91 x 1082 0.904
50 2.600 0.010 2.511 0.573 35.714 6.52 x 103° 0.657
60 3.078 0.005 3.045 0.583 88.496 456 x 10114 0.489
70 3.596 0.007 3.547 0.767 54.348 2.72 x 1081 0.851
80 4.127 0.010 4.044 0.698 44.643 2.21 x 1076 0.582
90 4.656 0.006 4.595 0.161 52.356 1.12 x 10102 0.255
100 5.242 0.025 5.015 0.427 17.986 3.58 x 1037 0.321
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3.3.1. Pseudo-first-order model

The Pseudo-first-order model proposed by Lagergren [26] is described by equation 2 which allows to
estimate the performance of the adsorbent on the aqueous solution of the adsorbate. This model is based on the
fact that the number of sites occupied by the adsorbates molecules is proportional to the number of free active
sites.

Equation 2: Ln(q. — q;) = Lnq. — k1t

where ¢, is the equilibrium adsorption quantity (mg/g), q; is the amount of dye adsorbed at time t (mg/g), and
ky is the rate constant (mn™'). On plotting the Equation 2 (Figure 7), the parameters q,, cal, k; and R? were
calculated and reported in Table 1. The g, cq; values do not fit the experimental g, ¢y, values and the R? values

are very low. These facts are indicative of the pseudo-first-order model is not applicable to the process.

®10ppm +20ppm A3ppm W40ppm NS0 ppm Glppm @®7¢ppm MEOppm #90ppm MW100 ppm

_2 | _.\..._..,._......._...... .

34

In {qe-qt)

44

-5 T

-7 t + + + + + i
0 10 20 30 40 50 (1] T
Time (minuies)

Figure7. Pseudo-first order Kinetic model for adsorption of methylene blue on DSL.

3.3.2. Pseudo-second-order model

The equation pseudo-second-order model is described by the equation 3 established by Ho and McKay’s
[27] assuming an interaction of two active sites with one unit of adsorbate. The linear form of this equation is
given below:

1 n t
kagZ ' ge

: L
Equation 3: P

where ¢, is the equilibrium adsorption capacity (mg/g), q-(mg/g) is the adsorption capacity at time t, k, (g/mg
min) is the rate constant for the pseudo-first order kinetic model. On plotting the Equation 3 (Figure 8), straight
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lines are observed for at different initial dyes concentrations (10 ppm to 100 ppm). The parameters g cq1, k2
and R? were calculated and reported in Table 1. The g cq value fit the experimental e,exp value and the R?

value are close to the unit. These facts are indicative that the pseudo-second-order model is more suitable for
the description of the adsorption process.

140 - ® 10 ppm ¥ =1.9716x+ 1.1564 0ppm ¥ =0.3236x+0.0526
R?=10.9997 i
R=1
®20 ppm ¥ = 0.9711x+0.3006 e70ppm ¥ = 0.2776x+0.0208
Ri=1 Ri=1
120 1 #30 ppm v =0.6301x+0.3074 hd eS0ppm ¥ =0.2418x+0.0607
R*=1 ’ R=1
® 40 ppm ¥ = (L.4858% + 0.0839 e @90 ppm ¥ =0.216x-0.0035
Ri=1 o Ri=1
100 4 ® 50 ppm v =0.3863x + 00605 . @ 100 ppm ¥ =0L1898x+ L1186
Ri=10.0000 o R:=0.9997
80 o
=
60 1 * .
()
40 . e ®
Lo
L ’ @
®
. o
20 § . . * 2
. -4 R ﬁ
1 e — ‘
o+ + t t + . i
10 20 30 40 50 i) 70

Time (mu)
Figure 8. Pseudo-second order Kinetic model for adsorption of methylene blue on DSL.

3.3.3. Intra-particle diffusion model

The intra-particle diffusion model is described by the Equation 4 established by Weber and Morris [28].
Equation 4: q, = k;t1/2 +1

As reported in the literature [22] the plot of Equation 4 should be linear if intra-particle diffusion is
involved in the adsorption mechanism. Additionally intra-particle diffusion is the rate-controlling step, if the
straight line passes through the origin. If the straight line does not cross the origin, this is indicative that the
intra-particle is not the only rate-controlling step. Figure 9 shows the plots of Equation 4 at different initial
methylene blue concentrations (10 ppm to 100 ppm). All curves are not linear and do not pass though the origin
and the correlation coefficients R? very low. These observations are indicative that the intraparticle diffusion in
not the rate-controlling step.
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3.3.4. Elovich model

6 T+

y =0.025x+ 5.0148

R*=0427 ... o ® g0 ppm
¥ = 0.0059x + 4.5948
R*=0.1608 . e @20 ppm
y = 0.0096x + 4.0442
B R2 _ 06984 @ eernreretrantaninnnnanianesgrassssiassssnsansaaes PP PYTY XTTTTITITIITIE @ rerrreneanen - ° 30 ppm
v =0.0068x+ 3.5474
" R=0.7668 o e @ 40ppm
=0.0048x + 3.045 -
7T K= 05829 *S0ppm
=0.0102x + 2.5105
' R®=0.5733 . - ¢ 60 ppm
=0. +2.
¥ 0]320:})1(94;90219 .. o ® ® 70 ppm
y= oligof%x; ;.94868 ........................................................................... o +  e80ppm
y=0.0057x+0.9843 o o e ©9%ppm
R2=0.7724
y= 0.0059x + 0.4612 Rl STTTTIERSPRR @cossesssinan - e 100 ppm
R? =0.6354
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tl.«‘2

Figure 9. Intraparticle kinetic model for adsorption of methylene blue on DSL

The kinetic model called Elovich [29] is described by equation 5 which assumes the description of

chemisorption on a heterogeneous surface.

1 1
Equation 5: q; = Eln(a[)’) t3 Int

where q; is the amount of dye adsorbed (mg/g) at time (t), ¢ represents the initial sorption rate (mg g! min'1)

and ¢ is related to the extent of surface coverage and activation energy for chemisorption (g mg!). On plotting

Equation 5 (Figure 10) no straight lines are observed for the different initial concentrations. The parameters ¢,f3

and the correlation coefficients R? are calculated from the plots and consigned in Table 1. The whole correlation

coefficients were lower than the unit. This model is not suitable to study the sorption of methylene blue on

leaves of Datura stramonium.

The sorption process of methylene blue on powder leaves of Datura stramonium is best described by the

pseudo-second-order model as shown by the parameter’s values consigned in Table 1.
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Figure 10. Elovich kinetic model for adsorption of methylene blue on DSL.

3.4. Isotherm

To understand how the adsorbed molecules are distributed between the liquid phase and the solid phase,
which is constituted by the adsorbent, we study the relationship between the quantity of adsorbate adsorbed at
equilibrium and the adsorbate concentration at equilibrium, which can be described by mathematical models
called adsorption isotherm. The experimental data are analyzed by fitting them to different models. To find the
best model for design purposes , isotherm model named Langmuir [30], Freundlich [31], Temkin [32], Dubinin-
Radushkevich [33], Harkin-Jura [34] and Halsey [35] were used in this study.

3.4.1. Langmuir isotherm

The Langmuir model assumes that the adsorbent has specific homogeneous active sites. This model
suggests that when a site is occupied, there can be no further adsorption on that site. All sites are energetically
equivalent and there is no interaction between molecules adsorbed on neighboring sites. This is a sorption
monolayer on homogeneous active sites and can be expressed by equation 6.

1 Ce

K1Qo + Qo

Ce
Equation 6: P

3.4.2. Freundlich isotherm

On the other hand, in the Freundlich model, the adsorbent surface is assumed to be heterogeneous with a
non-uniform distribution of the heat of adsorption over the surface. This model suggests multilayer sorption
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with non-equivalent sites that are associated with adsorption energies resulting from the interaction between the
adsorbed species.

Equation 7: logg, = logKr + % logC,

3.4.3. Temkin isotherm

The Temkin model is particularly used for the determination of the variation of the adsorption energy. It
assumes that the decrease in the heat of sorption is linear. The Temkin isotherm can be expressed in the
following linear form as in Equation 8.

Equation 8: logq, = BlogKr +B logC,

3.4.4. Dubinin-Radushkevich isotherm

The Dubinin-Radushkevich model makes it possible to estimate the characteristic porosity of adsorbents
and the apparent energy of adsorption. The linear form of the Dubinin-Radushkevich equation is reported as:

Equation 9: Inq, = InQ.qx — Bpe®

where ¢, is the adsorbed amount at equilibrium in mg/g, C. is the equilibrium concentration in solution in
mg/L, Qmax (Mmg/g) is the theoretical capacity of isotherm saturation and Bp (mol?/J?) is the constant of the
Dubinin-Radushkevich isotherm. € = RTln(l + Cl)
3.4.5. Harkin-Jura isotherm

The Harkin-Jura isotherm describes that the adsorbent has a heterogeneous pores distribution leading to
multilayer adsorption of the adsorbate [36].

Equation 10:

3.4.6. Halsey isotherm

Hasley isotherm model developed by Hasley [35], describes floc formation at an equilibrium concentration.
The Hasley adsorption equation is as shown in equation 11.

1 1
Equation 11: Ing, = Ean H— ElnC e

Figure 11 shows the different linearized isotherm such as Langmuir, Freundlich, Temkin, Dubinin-
Radushkevich, Harkin-Jura and Halsey for methylene blue. The estimated parameters (Qg, K, %, Kr, B, K7,
Qmax Bp, Anj, By, KH and 1/ny) of all isotherms are summarized in Table 2. The values of the correlation

coefficient R?, which are important for estimating the fit quality are also reported in Table 2. The data in Table
2 show that methylene blue does not follow any of the studied models.
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Table 2. Adsorption isotherms parameters.
Langmuir isotherm Freundlich isotherm
E: L +iCe lnqezanF+llnCe
de KiQo Qo n
Qomgle) | Ky (Limg) & . K R
—22.124 —-0.029 0.229 1.109 0.822 0.978
Temkin isotherm Dubinin-Radushkevich
RT RT
qe:b_tanT +b—tlnCe Ing, = InQpax — Bpe?

b; Kr R? Qmax Bp R?
1103.807 1.100 0.881 4.596 1x107° 0.893
Harkin-Jura Halsey

%—%—ilogg lnqez—anH—ilnCe

Gz Aw  Am ny ny
Ayy By R? ny Ky R?
0.292 0.683 0.674 —-0.902 1.501 0.978

The Langmuir model is the least suitable for the experimental data of adsorption equilibrium data of
adsorption equilibrium for methylene blue. The correlation coefficient R? (0.229) is very low. It is also
observed that the Temkin, Dubinin-Radushkevich and Harkin-Jura isotherms are not suitable to describe the
adsorption of methylene blue by Datura stramonium leaf powder. The correlation coefficients R* are,
respectively, 0.881, 0.893 and 0.674 for the three isotherms. The experimental data of methylene blue
adsorption were fitted by the Freundlich model with a fairly good correlation coefficient value of 0.978.
Interactions between the adsorbed molecules occur, resulting in different energies of the adsorption reaction.
The 1/n value of 1.109 indicates a multimolecular adsorption mechanism. The K value of 0.822 indicates that
the adsorption of methylene blue is not an easy task, compared to the results obtained with corn stalk tissue is
used as adsorbent. In this case, the K varies in the range 10—320 depending on the pH of the solution [37]. The
Hasley isotherm is also suitable to describe the adsorption of methylene blue on Datura stramonium leaf

powder with a correlation coefficient R% of 0.978.

http.://www.earthlinepublishers.com



Bio-sorption of methylene blue using Datura stramonium leaves as adsorbent 29

1.8 7

¥ =-0.0452x + 1.5643 07 L1086x. 01957 .
y = 1. X-U. g
1.6 4 R2=0.2293 Y R s 09775 e

0.5 e

Log(q,)

0.3 -
13 - R, 0.1

-0.1

T T T r . \ -0.05 0.15 0.35 0.55 0.75
0 1 2 3 4 5 6 Log(C,)

Langmiur isotherm Freundlich isotherm

574 1.8 1

51 1
¥ =2.2457x+ 0.2136 . .

4.5 R*=0.8811 | . y = -1E-06x + 1.5252
I R*=10.8927

3.9 o ¢

334

La(q,)

2.7 4 .

2.1 4 P

0.9 e

0.3
.

0 500000 1000000 1500000 2000000
8

0.2 0.3 0.8 1.3 1.8 0
Ln(C,)

Temkin isotherm Dubinin-Radushkevich isotherm

0.9 4 1.8

0.8 4 1.6 vy =1.1086x - 0.4506 ©

R?=0.9775 .
0.7 4 1.4 e

0.6 e ¥ =-1.2047x + 0.918 12 )
R:=0.8115 e

= 0.4 - .

Ln(q.)
L]

0.8
0.6
o T, 0.4

S e 0.2

] 0.2 0.4 0.6 0.8 1 0

log(C) Ln(C,)

Harkin-Jura isotherm Halsey isotherm

Figure 11. Different adsorption isotherms.

4. Conclusion

The aim of the study was to determine the suitability of Datura stramonium adsorbent for the removal of
methylene blue from aqueous solutions. The equilibrium agitation time for methylene blue sorption is
30minutes. The optimum dosage for sorption is 18 g/L and the optimum size of adsorbent is 80 pum. The
optimal initial concentration of methylene blue is 50 ppm. Percentage sorption of methylene blue from the
aqueous solution increases significantly with increase in pH from 2 (79.22 %) to 11 (84.42 %) with a maximum
at pH 9 (91.40 %). The adsorption process is best described by the pseudo-second-order model. It is found that
biosorption data are well represented by Freundlich (R? = 0.978) and Halsey (R? = 0.978) isotherms.
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