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ABSTRACT

The magnetite-impregnated almond shell (MIAS) and untreated almond shell (UAS) were
used as adsorbents for the removal of methyl violet 2B from aqueous solution. The
adsorption of MV2B from water onto adsorbent surface was investigated in batch adsorp-
tion experiments to evaluate the effect of pH, contact time, adsorbent dose, initial dye
concentration, and temperature, after being analyzed the surface morphology and elemental
composition of the adsorbents. The adsorptions of MV2B onto both adsorbents were
favorable in basic medium. The pseudo-second order represents the kinetic adsorption of
MV2B on to both adsorbents. Equilibrium isotherm data were analyzed by Langmuir and
Freundlich adsorption isotherms, which were best fitted to Langmuir adsorption isotherm
model. The monolayer Langmuir adsorption capacities of UAS and MIAS were 29.4 and
33 mg/g, respectively. The thermodynamic parameters including entropy (AS), enthalpy
(AH), and Gibbs free energy (AG) indicated that the adsorption of MV2B on to both

adsorbents was spontaneous, feasible, and endothermic.
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1. Introduction

Due to the commercial application of dyes and
coloring material, they are being used by almost each
industry. Dyes containing wastewater are one of the
most important toxic concerns. This is due to the huge
consumption of dyes for different purposes, such as
dermatological agent, veterinary medicine, and bio-
logical stain [1,2]. It has been estimated that approxi-
mately 1 million kg/year of dyes are released into
river and ocean by textile industry [3]. Different dyes
are discharged into the aquatic system from various
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industries such as paint, textile, painting, paper, and
pulp [1-5]. The toxicity of dyes is because of its
permanent color in the water, which has a drastic
effect on the animals’ skin and eyes [2]. In addition,
dyes present in water caused mutagenic, carcinogenic
and genotoxic disorder in the human being, animal,
and microorganism [6]. The discharge of wastewater
containing dyes from various industries not only dis-
torts the beauty of river but also reduces sunlight
penetration through water, which affect the photosyn-
thetic potential of aquatic green plants [7]. Dyes are
further classified into cationic, anionic, and neutral
dye in nature. Among these, cationic dyes are
considered to be the most toxic one. Its toxic nature is
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due to its maximum solubility in water [5]. Facing
these problems, many techniques have been used to
treat the dye-contaminated water before discharged
into river. Among these methods, ultra-filtration,
reverse osmosis, chemical oxidation, ion-exchange
membrane filtration, ozone treatment, and adsorption
are extensively applied [8,9]. Adsorption is the most
attractive technique for the treatment of wastewater
polluted by dyes as compared to other techniques,
especially in the case when low-cost and easily avail-
able adsorbents are used [10,11]. Consequently, many
researchers reported the feasibility of economical
adsorbents for the treatment of wastewater polluted
by dyes and heavy metals. Some of the low-cost
adsorbents such as peanut hull [12], rice husk [13],
maize cob [14], silica gel [15], alumina [16], almond
shell [17,18], tea waste [19], pomegranate shell powder
[20], activated carbon [21-23], and saw dust [24] are
extensively reported for wastewater treatment.

In this work, almond shell powder was used as a
low-cost adsorbent to check its adsorption capacity
toward MV2B from aqueous medium. Almond shell
powder will be further used as wuntreated and
magnetite-impregnated adsorbents. The main focus of
this study was to investigate the adsorption efficiency
of the prepared adsorbents from aqueous solution.
The effects of various parameters such as pH, contact
time, adsorbent dose, initial dye concentration, and
temperature on the adsorption of MV2B were also
studied. The obtained equilibrium isotherm data were
analyzed by Langmuir and Freundlich adsorption
isotherms.

2. Experimental
2.1. Materials

MV2B was purchased from Merck Company and
used without any further purification. The almond
shells were collected from the Board Bazar, Peshawar,
Pakistan. The shells were grinded into powder and
then sieved through a screener having 120 mesh sizes.
The sieved almond shells were then washed with dis-
tilled water in order to remove dust particles inherent
in almond shell. The shell was then dried and stored
for further experimental studies.

2.2. Synthesis of magnetite-impregnated almond shells

Eighty milliliters of double-distilled water, and
FeCl,-4H,0 and FeCl3-6H,O (ratio of 1:2) were taken
in flask and heated at 85°C for 30 min. Then, a 20 mL
ammonium solution (30%) was added to the mixture
solutions, which immediately changed the orange
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color of solution into black. At this stage, 6 g of the
pretreated almond shell was added to the mixture and
heated at 85°C for 2h and stirred constantly. After
2h, the magnetite-impregnated almond shell was
filtered and washed repeatedly with distilled water in
order to remove extra chloride ions. The MIAS was
dried in oven and stored for further use.

2.3. Zeta potential of adsorbents before and after adsorption
of Methyl Violet 2B dye

The zero point charge (pHzpc) of both adsorbents
before and after adsorption was measured by the
following batch equilibrium experiment: 10 mg of each
adsorbent before and after adsorption was taken in
10 mL of 0.1 M sodium chloride (NaCl) solution. The
initial pH (pH;) values of the NaCl solutions were
adjusted from 1 to 11 with 0.1 M NaOH and HNO;
solutions. The mixture was equilibrated at 20°C for
24 h and then filtered through Whatman filter paper
before measuring the equilibrium pH. The zeta poten-
tial of each adsorbent in the equilibrium solutions was
measured using Zeta potential analyzer. The value of
pHzpc is the point where the curve of (pH;—pHy) vs.
pH; crosses the line equal to zero.

2.4. Batch adsorption program

Adsorption of MV2B onto UAS and MIAS was
conducted at various adsorption parameters such as
different solutions pH, contact time, adsorbent dose,
initial dye concentration, and different adsorption
temperature. For each experimental study, known
volume, initial dye concentration, pH of the MV2B
solutions, and known mass of the adsorbent were
taken and shacked on shaker for the respective time.
The pH of the solutions was adjusted using dilute
HCl and NaOH solutions. After the respective adsorp-
tion time, the adsorbents were separated from MV2B
solution via centrifugation. The dye concentration
before and after adsorption from aqueous solution
was determined using UV-visible spectrophotometer.
The dye adsorbed per unit mass of the adsorbent
(mg/g) and the percentage adsorption were calculated
using the following equations:

(G -C)V
ge = M
R% = (Cl(_jicc) x 100 )

where g, is the adsorption capacity (mg/g), C; is the
initial concentration of MV2B in aqueous solutions
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(mg/L), Ce is the equilibrium concentration of MV2B
in aqueous solutions, V is the volume of solutions in
litter, and W is the mass of adsorbent in gram.

2.5. Instrumentation

The morphological study of gold-coated was
carried out by JEOL, JSM-5910 SEM. The X ray
spectrometry (EDX) spectrometric analyses of both
adsorbents were performed on EDX (Model INCA
200/Oxford Instruments), in order MIAS and UAS to
investigate the elemental composition of the samples.
The FT-IR study of MIAS and UAS was performed
by Shimadzu IR Prestige-2. The photodegradation
study of MV2B was performed using UV-visible
spectrophotometer (Shimadzu Module 160-A).

3. Results and discussions
3.1. Surface morphological study of the prepared adsorbents

The SEM analyses were performed in order to
study the surface morphologies of prepared adsor-
bents. It was reported that the adsorbent with porous
and rough morphology shows high adsorption capac-
ity [25]. The SEM of dye-loaded adsorbents was also
carried out in order to investigate the adsorption of
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dyes on each adsorbent from the surface morphologi-
cal changes. Fig. 1(a-d) shows the SEM images of
UAS and MIAS. It can be seen clearly from the
Fig. 1(a) and (b) that the morphology of UAS and
MIAS is completely different from each other. The sur-
face of the MIAS is more rough and porous than UAS.
Thus, from their surface morphology comparison, it
can be concluded that the MIAS will have high
adsorption capacity than UAS because of its porous
and rough surface. Fig. 1(c) and (d) shows the SEM
images of UAS and MIAS after the adsorption of
MV2B, which clearly shows that the surface of UAS
and MIAS is covered by layer of dyes.

3.2. X ray spectrometry (EDX) analysis of the prepared
adsorbents

Energy dispersive EDX technique is used for the
determination of elemental compositions of the adsor-
bent. EDX analyses of the prepared adsorbents were
carried out in order to determine its elemental
compositions. Fig. 2(a) and (b) shows the EDX spectra
and quantitative elemental composition of the UAS
and MIAS. The EDX spectra of UAS show the highest
percentage of carbon and oxygen along with minute
quantity of silicon, potassium, and calcium. The EDX
spectrum of MIAS shows the highest percentage of
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Fig. 1. SEM images of (a) UAS and (b) MIAS before MV2B adsorption, while (c) UAS and (d) MIAS after MV2B adsorption.
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Fig. 2. EDX spectra of (a) UAS and (b) MIAS.

iron, oxygen, and carbon, while the other element
present in the EDX spectra of UAS is completely
missing in the EDX spectrum of MIAS. The high
percentage of iron present in the EDX spectrum of
MIAS reveals that the almond shell was successfully
impregnated with magnetite (Fe;0,).

3.3. FT-IR study

The FT-IR analyses were performed in the range of
4,000-450 cm™' in order to explore the surface
characteristics of the adsorbents. Fig. 3 shows the
FT-IR spectrum of UAS and MIAS. The spectrum
shows a broadband at 3,400 cm " which is due to the
presence of OH functional group. The peak appeared
at 2,900 cm™' is due to the aliphatic CH group. The
bands appeared at 1,640 and 1,380 cm™' are due to
stretching vibration of carbonyl group and C-H
deformation  vibration, respectively. The peak
appeared at about 1,080 cm ! reflects the stretch vibra-
tion of C-O. Fig. 3 also shows that the FT-IR spectrum
of MIAS is similar with that of UAS except a peak
(appeared at 578 cm™ '), which is assigned to Fe-O

group.

3.4. Zeta potential of adsorbents before and after adsorption
of Methyl Violet 2B dye

The adsorption of MV2B was more favorable at
elevated pH, which is strongly supported by zero
point charge analysis. At higher pH (pH > pHzpc), the
surface of UAS and MIAS attains negative charge and
the cationic dye (MV2B) is positively charged, due to
which strong electrostatic force of attraction exists
between dye and adsorbent. In contrast, at lower pH
(pH < pHzpc), the surface of UAS and MIAS attains
positive charge, which leads to decrease in dye uptake
due to electrostatic repulsion between positively

MIAS

UAS

% T

4000 3000 2000 1000

Wave number (cm™)

Fig. 3. FT-IR spectra of UAS MIAS.

charged adsorbent surface and cationic dye. The
pHzpc of both adsorbents was also measured after the
adsorption of MV2B showed that the MV2B shifted
pHzpc curve of both adsorbents in positive direction.
It can be concluded that the MV2B adsorbed specifi-
cally to the surface of UAS and MIAS, because during
the specific adsorption positive molecules of dye are
transferred to the surface of UAS and MIAS, which
decreases the negative or increase the positive charge
of both adsorbents.

3.5. Effect of pH in the removal of MV2B

Solution pH plays an important role during the
removal of dyes from aqueous solution by adsorbents
because it affects the adsorbent surface and dye struc-
ture [25]. Fig. 4 shows the percentage removal of MV2B
at different pH (pH range 2-12) at constant conditions
such as temperature (28°C), initial dye concentration
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Fig. 4. Effect of pH on the adsorption of MV2B onto UAS
and MIAS (temperature: 28°C; initial dye concentration:
40 mg/L; and adsorbent dose: 0.05 g).

(40 mg/L of 30 mL), and adsorbent dose (0.05 g). The
results showed that percent removal of dye increases
with increasing the solution pH. In acidic medium, the
MV2B adsorption was unfavorable because adsorbent
surface is positively charged, which repelled the catio-
nic molecules of MV2B dye [25]. Moreover, in acidic
medium, the solutions contains, abundant H" ions,
which competed with the cationic molecules of the
MV2B dye for the binding to the active sites of the
adsorbents, and thereby inhibiting the dye adsorption
from solution to the surface of adsorbent [26]. In basic
medium, the adsorbent surface may become negatively
charged which enhance the adsorption of cationic dye
due to electrostatic attraction [26,27].

3.6. Effect of contact time

The adsorption of MV2B from aqueous solutions
onto UAS and MIAS was carried out at different time
intervals in order to find out the equilibrium
adsorption time. Fig. 5 shows that the adsorption of
MV2B from aqueous solution onto UAS and MIAS
increases with increasing contact time and then almost
become constant after 80 min. The result also pre-
sented that the MIAS adsorbed more quantity of
MV2B from aqueous medium as compared to UAS.

3.7. Adsorption kinetics

In order to find the mechanism for the adsorption
of MV2B onto UAS and MIAS, kinetic data were
checked through pseudo-first-order kinetic, pseudo-
second-order kinetic, and the intraparticle diffusion
model.

The Lagergren proposed pseudo-first-order kinetic
model is given as [28]:
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Fig. 5. Effect of contact time on the adsorption of MV2B
onto UAS and MIAS (initial dye concentration: 40 mg/L;
pH: 8; temperature: 25°C; and adsorbent dose: 0.05 g).

Log (9. — q:) = Logge — K1:/2.303 (3)

where g, and g; are the concentration of dye adsorbed
(mg/g) at equilibrium and at respective time, and k;
is the rate constant of pseudo-first-order kinetic model
and that can be calculated from the linear plot of Log
(ge — g¢) Vvs. time.

The linear form of pseudo-second-order kinetic
model is given as follows [29]:

t 1 1
= 4 @
g keg® g
By plotting /g, vs. t give a straight line from which
K, (mg/L) and g. (mg/g) can be calculated.

The intraparticle diffusion model is given as
follows [29]:

q: = Kig 124 C (5)

In Eq. (5), gq; is the amount of dye adsorbed at the sur-
face of adsorbent at respective time, Ki4 is the intra-
particle diffusion rate constant, and C is the intercept,
which explain the thickness of boundary layer, i.e.
greater the C value, larger will be the effect of bound-
ary layer. If the kinetic studied followed the intraparti-
cle diffusion model, the graph of g; vs. t'/? will be
passed from origin [30]. The results of intraparticle
diffusion model of both types of adsorbents consist of
two different stages. The first stage represents the
rapid adsorption of MV2B molecules on the adsorbent
surface through boundary layer diffusion process, in
which molecules of dye move from solutions to the
surface of the adsorbent with very fast rate and tend
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Table 1
Parameters of pseudo-first-order, pseudo-second-order, and intraparticle diffusion models

Intraparticle diffusion

Pseudo-first-order Pseudo-second-order model
de €XP  fe qe Kz K

Adsorbents  (mg/g) (mg/g) K; (min)> R? (mg/g) (mg/gmin) R? (mg/g min)'/? C (mg/g)
UAS 19.06 12.6 4.7 x1072 0.9886 20 1x1072 0.997  1st stage 1.771 427

2nd stage 0.107  17.83
MIAS 19.94 15.8 49 %1072 09885 213 5.7 x107° 0999  1st stage 1.24 9.39

2nd stage 0.133  18.41
to cover the pores of the adsorbent surface. The 28 1
second stage represents the establishment of the 26 1
equilibrium stage. The intraparticle diffusion parame- 24 4
ters were obtained from plot of g; vs. t1/2, and the 22 A
results were given in Table 1. The results show that = 201

. . . . . Bu
the value of C (given in Table 1) in case of intraparti- ERRER
cle diffusion model indicated that the adsorption ~ 164
=

process was mostly controlled by boundary layer
adsorption [31,32].

Pseudo-first-order, pseudo-second-order, and intra-
particle diffusion model parameters are given in
Table 1. From the regression coefficient value (R®) of
all the three models, it is found that the kinetic data
do not follow pseudo-first-order and intraparticle
diffusion model, but it is best fitted to pseudo-
second-order kinetic model. Moreover, in pseudo-sec-
ond-order kinetic model, calculated g. value is also
very close to experimental g, value.

3.8. Effect of adsorbent dose

Adsorption of MV2B from aqueous solutions on to
UAS and MIAS was carried out at different adsorbent
dose ranged from 0.02 to 0.1 g. Figs. 6 and 7 showed
that with increasing adsorbent dose, the adsorption
capacity (mg/g) decreased from 24.34 to 5.5 mg/g for
UAS and from 26.34 to 10 mg/g for MIAS, while the
percentage adsorption was increases from 49.5 to 95%
for UAS and from 57 to 99.97% for MIAS. The increase
in percentage adsorption with increase in adsorbent
dose may be due to the availability of larger active
sites on the adsorbent surface for the fixed amount of
dye [33].

3.9. Effect of initial dye concentration

Adsorption of MV2B onto UAS and MIAS was
carried out at different initial dye concentration ran-
ged from 20 to 120 mg/L, and other conditions such
as time (120 min), pH (8), temperature (25°C), and

14 4
12 A
10 -

0.06 0.08 0.10

Adsorbent dose

0.02 0.04

Fig. 6. Effect of adsorbent dose (mg/g) on the adsorption
of MV2B onto UAS and MIAS (initial dye concentration:
40 mg/L; temperature: 25°C; pH: 8; and time: 120 min).
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Fig. 7. Effect of adsorbent dose on the percentage adsorp-
tion of MV2B to UAS and MIAS (initial dye concentration:
40 mg/L; temperature: 25°C; pH: 8; and time: 120 min).

amount of adsorbent (0.05g) were kept constant.
Figs. 8 and 9 showed the adsorption in mg/g and in
percentage. The results presented that the adsorption
of MV2B decreases with increasing the initial dye
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Fig. 8. Effect of initial dye concentration on the adsorption
(mg/g) of MV2B to UAS and MIAS (adsorbent dose:
0.05 g; temperature: 25°C; pH: 8; and time: 120 min).
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Fig. 9. Effect of initial dye concentration on the adsorption
(percentage) of MV2B to UAS and MIAS (adsorbent dose:
0.05 g; temperature: 25°C; pH: 8; and time: 120 min).

concentration. It is due to at lower concentration of
MV2B, the percent adsorption was high, which was
due to availability of high adsorbent surface for the
lower concentration of dye molecules, and then
decreases with increasing the dye concentration due to
saturation of the adsorbent sites with the dye mole-

Table 2
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cules. The adsorption of dye per unit mass of adsor-
bent was increased as increased the dye concentration,
which might be contributed to decrease in resistance
for dye molecules to adsorb from aqueous solutions to
adsorbent surface [33].

3.10. Adsorption Isotherm

In this work, Langmuir and Freundlich adsorption
isotherms were used in order to interpret the isotherm
data of MV2B onto UAS and MIAS.

The Freundlich adsorption isotherm, used for
heterogeneous surface, is given as follows [34,35]:

1
Ing. = InKy + gln Ce (6)

where g, (mg/g) is the amount of dye adsorbed at
equilibrium, C. (mg/L) is the remaining concentration
in solution, Kr (mg/g) (L/mg) and n are the constant
which can be calculated from the slope and intercepts
of linear plot of In g, vs. In Ce.

The linear form of Langmuir isotherm is given as
follows [36,37]:

Ce 1 Ce

= +
e Kfmax  Gmax

)

The parameters of Freundlich and Langmuir, which
were obtained from both the linear plots, are given in
Table 2. From the parameters of Freundlich and Lang-
muir adsorption isotherms, it can be concluded that
the adsorption data are best fitted to Langmuir
adsorption isotherm as compared to Freundlich
adsorption isotherm.

3.11. Effect of temperature

Temperature has a pronounced effect on the
adsorption of dyes onto adsorbent. Therefore, the
adsorption studied was carried out at different tem-
perature ranged from 30 to 60°C. Fig. 10 presented

Parameters of Freundlich and Langmuir adsorption isotherm models

Freundlich isotherm

Langmuir isotherm

Adsorbents

Kg (L/mg) R? Ky (L/mg) R?
MV2B Adsorption on UAS 10.71 3.9 0.9362 0.298 0.9968
MV2B Adsorption on MIAS 16.3 5.4 0.9414 0.63 0.9971
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Fig. 10. Effect of temperature on the adsorption of MV2B
onto UAS and MIAS.
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Fig. 11. The Van't Hoff plots for the adsorption of MV2B
onto UAS and MIAS.

that the percent adsorption of MV2B increased from
779 to 89.6% onto UAS and from 84 to 95% onto
MIAS with increase in temperature from 30 to 60°C.
The adsorption capacity also increased from 23.4 to
269 mg/g for UAS and from 25.3 to 28.5 mg/g for
MIAS with increase in temperature. The adsorption of
MV2B onto UAS and MIAS increased with increase in

Table 3
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temperature, which was due to the widening of pores
and some active sites formation on the surface of
adsorbent due to bond cleavage with increase in
temperature [38]. Moreover, the diffusion rate in the
pore of adsorbent also increased with increase in
temperature.

3.12. Thermodynamic parameters

The temperature effect on the adsorption of MV2B
onto UAS and MIAS is explained further by thermo-
dynamic parameters. Thermodynamic parameters, i.e.
change in free energy (AG), change in enthalpy (AH),
and change in entropy (AS), were investigated by the
following equations [39]:

AG = —RTIn Kp (8
AS AH

In KD = ? — ﬁ (9)

In Kp = Z—Z

where Kp is the distribution coefficient, R is the ideal
gas constant (8.314 kJ/mol), and T is the absolute tem-
perature in kelvin. In Kp were plotted vs. 1/T as given
in Fig. 11. The value of AH and AG was calculated
from the slopes and intercepts of linear plot of In Kp
vs. 1/T. While the value of AG was calculated through
Eq. (8). The value of AG, AH, and AS is given in
Table 3. The value of AG is negative, which indicates
that the adsorption is spontaneous in nature [40]. The
value of AS is positive, which suggests that the MV2B
molecule adsorbed randomly on the surface of adsor-
bent, while the positive value of AH conforms the
thermodynamic nature of the present adsorption
studied [41].

Thermodynamic parameters for the adsorption of MV2B on UAS and MIAS

~AG (kJ/mol)

Samples AH (KJ/mol) AS (kJ/mol K) 303 K 313K 323 K 333 K
MV2B on UAS 30.8 106.23 1.432 2.534 3.506 4.689
MV2B on MIAS 36.34 127.62 2.469 3.485 4.872 6.327
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4. Conclusion

In this study, the adsorptive removal of MV2B
from wastewater onto UAS and MIAS was investi-
gated. From the experimental results, it was concluded
that the adsorption capacity of MIAS for MV2B was
high than UAS. The high adsorption capacity of MIAS
over UAS was due to its more porous and rough
surface. The high adsorption capacity of MIAS can
also be contributed to better interaction of magnetite
nanoparticles with MV2B molecules. The equilibrium
isotherm data were analyzed by Freundlich and
Langmuir adsorption isotherm models, which were
best fitted to Langmuir adsorption isotherm model.
The kinetic studies were checked by theoretical kinetic
models such as pseudo-first-order, pseudo-second-
order, and intraparticle diffusion models, which were
followed pseudo-second-order kinetic model.
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