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Removal of Safranin Dye from Wastewater Using Khulays Natural Bentonite
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Abstract. Khulays natural bentonite as low-cost adsorbent was investigated to be used to remove
safranin dye from wastewater. The removal process was studied using batch adsorption
experiments. The effect of different parameters on the adsorption process was investigated
including contact time, initial safranin dye concentration, initial solution pH and Khulays natural
bentonite dosage. Adsorption isotherms were applied to estimate the equilibrium characteristics of
the adsorption process, evaluate the applicability of the process and suggest the appropriate design
for the adsorption system. Adsorption kinetics were investigated using pseudo-first-order model
and pseudo-second-order model to fit the experimental data. The results revealed that the
adsorption process achieved equilibrium after 80 minutes. The removal process is initial solution
pH dependent where the removal percentage of safranin dye gradually increased as the initial
safranin dye solution pH increased. They also showed that as the initial safranin dye concentration
increased the removal percentage decreased because of limited active sites on bentonite surfaces
which consequently saturated with safranin dye. The experimental data was well fitted with
Langmuir model more than with Freundlich model and the maximum adsorption capacity was
equal to 294.1 mg/g. Moreover, the experimental results showed that the adsorption of safranin
dye onto Khulays natural bentonite followed pseudo second-order model.

Keywords: Khulays natural bentonite, Safranin dye adsorption, Safranin O adsorption, Adsorption
isotherms, Kinetics.

1. Introduction

Dyes are common compounds used in
different industries such as textile, Printing,
paper, plastic, food, cosmetic, ... etc. .. The
discharged streams from these industries as a
wastewater may cause a serious pollutant
problem . Furthermore, they may enter the
food chain if they are discharged into water
supplies and ground water. They may be
considered as a major threat to the human
health and marine lives. Some of these dyes
may degrade to produce toxic and carcinogens
compounds. Safranin dye (Basic red 2 (BR2)),
known as safranin O, is one of these dyes that
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has been widely used in textile, leather and
food industries [".

High exposure of safranin dye causes
skin irritation when contacted with skin,
causes irritation when contacted with eye and
causes respiratory tract irritation when inhaled
81 Furthermore, it is known as a carcinogenic
dye, which may affect marine life when
present in wastewater .

Many research studies have been
conducted to remove dyes from wastewater
using several techniques, such as adsorption,
membrane filtration, coagulation,
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photodegradation, ozonation, and biological
degradation™®*®.  Adsorption  process s
considered as the most efficient process due to
its low cost, easy design and operation.
Activated carbon is considered as a common
adsorbent used to remove dyes from aqueous
solutions. Alternatively, due to its high cost,
numerous studies were conducted to find
alternative adsorbent to make the adsorption
process more economical. Different adsorbents
were investigated for adsorption of dyes from
wastewater such as silica %, zeolite ", peat
(18 kaolinite ™ and bentonite % The
objective of this research is to study the
feasibility of applying Khulays natural
bentonite to remove safranin dye from
wastewater.

2. Materials and Methods
2.1 Chemicals

Safranin dye (basic red 2) is a cationic
dye that was purchased from Loba Chemie (C.
I. : 50240; MW: 350.84 CyH19CIN,4; Grade:
for microscopy) and used as received. The
chemical structure of safranin dye is shown in
Fig. 1(a). Chemicals used to control solution
pH such as Hydrochloric acid (HCI) and
Sodium hydroxide (NaOH) were purchased
from Sigma-Aldrich. All chemicals used in
this research were of analytical reagent grade
and double-distilled water was used to prepare
various solutions.

2.2 Adsorbent

The adsorbent material used in this study
is Khulays natural bentonite. It was obtained
from Khulays area, 95 km north of Jeddah,
western province of Saudi Arabia. The samples
were  collected as ungrounded  rocks.
Accordingly, they were dried in the oven for 24
hours at 105 °C. The dried samples underwent
crushing and sieving processes to reduce their
size to -200 mesh (74 pm). The measured
surface area (N,-BET method) of Khulays
natural bentonite was 64 m%g and the chemical

composition is shown in Table 1. The scanning
electron microscopy (SEM) image of the natural
Khulays natural bentonite is shown in Fig. 1(b).
The image shows a mixture of spherical as well
as semi-flower structure molecules with high
pores on the bentonite surface, which gives a
good indication for Khulays bentonite to be a
good adsorbent.

2.3 Adsorption Process

The adsorption of safranin dye onto
Khulays natural bentonite was conducted
using batch technique. 1000 mg/l stock
solution of safranin dye was prepared by
diluting appropriate amount of safranin dye in
double-distilled  water.  Different initial
safranin dye concentrations were prepared by
diluting the stock solution as required. A
known amount of Khulays natural bentonite
was added to each 100 ml conical flask filled
with 50 ml of dye solution at a required
concentration. Afterward, the conical flasks
were placed in a horizontal shaker with water
bath (model. JULABO SW 22) working at 200
rpm and 25°C. At certain contact time, flasks
were taken out from the shaker, and safranin
dye solution was separated from bentonite
using centrifugation (model: ROTOFIX 32A)
at 4000 rpm for 15 min. Subsequently, the
supernatant solutions were analyzed for
safranin dye concentration using UV-visible
spectrophotometer (model: APEL PD-303UV)
at a wavelength of maximum absorbance 519
nm. The removal percentage of safranin dye
was evaluated using the following equation:
Ci_Ct

Cy

Safranin dye removal (%) = x 100 (1)

where C; and C; are the initial and final
concentration of safranin dye respectively in
mg/l.

3. Results and Discussion

Removal of safranin dye from
wastewater by adsorption onto Khulays natural
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bentonite  was  investigated.  Different
experiments were conducted to study different
factors that may affect the adsorption process
as follows.

3.1 Contact Time

The effect of mixing time on the
adsorption process was investigated to
determine the maximum adsorption of safranin
dye using different concentration of dye
solution (100-400 mg/l) as a function of
mixing time. For each run, 50 ml of safranin
dye solution at a certain dye concentration was
continuously stirred with 0.025 g of Khulays
natural bentonite at 200 rpm during different
time intervals (5 - 180 min) at 25 °C. The
solution pH for all experiments was kept
unchanged at 5.8. After each run, the mixture
was separated using centrifugation and the
supernatant was measured for safranin dye
concentration. Figure 2 shows the percentage
of dye removal versus time. The removal
percentage increased sharply at the beginning
of each experiment as a result of a large
adsorption active site on Khulays natural
bentonite. Moreover, the adsorption rate of
safranin dye on Khulays natural bentonite was
fast where shaking the mixture for 80 min was
sufficient for the process to reach equilibrium
and its maximum adsorption capacity. The
short equilibrium time is an important factor
for reducing the cost of the adsorption process
when used in industry. As shown from Fig. 2,
the initial concentration is an important factor,
where the adsorption rate will decrease as the
concentration of safranin dye increases, which
hinders the removal efficiency of Khulays
natural bentonite.

3.2 Initial Solution pH

The removal of safranin dye from
wastewater was studied over a range of pH
from 3 to 10. 0.025 gm of bentonite was added
to 50 ml of safranin dye solution at 300 mg/I
dye concentration. The mixture was

continuously shaken for 80 min (equilibrium
time) at 200 rpm and 25 °C. Afterward, the
mixture was separated and the supernatant was
measured for safranin dye concentration. As
shown in Fig. 3, the removal percentage of
safranin dye was gradually increased with
initial solution pH increase. This attributed to
the decrease of H™ ions in the dye solution
with increasing of the solution pH, where
hydrogen ions compete with the cation groups
of the safranin dye. Moreover, the decrease in
the removal percentage may be attributed to
the decrease of electrostatic attraction that
occurs between bentonite sites and safranin
dye [24-27].

3.3 Effect of Initial Safranin Dye Concentration

Removal of safranin dye from solution
was studied using different safranin dye
concentration ranging from 100 to 600 mg/I.
0.025 gram of Khulays natural bentonite was
added to each flask containing specified
safranin dye concentration and mixed for 80
min at 200 rpm and 25°C. Figure 4(a) shows
that removal percentage of safranin dye
decreased as the initial concentration of
safranin dye increased. This is due to the
limited active site on bentonite, which
decreases with increasing dye solution until
bentonite active sites are saturated with
safranin dye. After saturation, no further
safranin dye is removed from the solution,

\[/vrllich leads to hinder the removal efficiency
24

3.4 Effect of Bentonite Dosage

Increasing the adsorptive site on
bentonite is an important factor affecting the
removal process. Effect of bentonite amount
on the removal percentage of safranin dye was
investigated over a range of bentonite dosage
from 0.0125 to 0.15 gm. The specified
bentonite dosage was added to conical flask
containing 50 ml of 300 mg/l safranin dye
solution and mixed for 80 min to ensure the
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equilibrium was achieved. The shaker was
operated at 200 pm and 25 °C. Figure 4(b)
shows fast increase of dye removal with the
increase of Khulays natural bentonite dosage.
This is due to the increase of adsorption sites
with increasing the amount of bentonite.
Further increase of the amount of bentonite
removed all of the dye in the solution, which

H3Cm NﬁCHg
.HzN - N/ NH,

Cl

@)

means all of safranin dye has been adsorbed on
bentonite active surfaces. At low dye
concentration, there is a sufficient number of
active sites available to adsorb the dye from
the solution. Increasing the concentration of
safranin dye in the solution will saturate the
adsorption sites in the bentonite and reduce the
removal efficiency.

(b)

Fig. 1. (a) Chemical structure of safranin dye; (b) SEM image of Khulays natural bentonite.

Table 1. Chemical composition of Khulays natural bentonite (%)

[23]

Sio, AlLO; Fe,0, TiO, MgO CaO K,0 NaO MnO SO; P,Os L.0.1.(1000°C)
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Fig. 2. Effect of contact time on the removal of safranin dye.



Removal of Safranin Dye from Wastewater Using Khulays Natural Bentonite 53

120

100

80 -

% Removal

40

20

60 M

6
pH

8 10 12

Fig. 3. Effect of initial solution pH on the removal of safranin dye.
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Fig. 4. (a) Effect of initial safranin dye concentration on the removal percentage wastewater; (b) Effect of bentonite
amount on the removal of safranin dye from wastewater.

3.5 Adsorption Isotherms

Adsorption isotherm can help to
understand the mechanism of the process and
how dye molecules distribute themselves
between liquid and solid phases at equilibrium.
Moreover, it is considered the most important
parameter for designing a desired adsorption
system. The adsorptive capacity of Khulays
natural bentonite can be explained by

adsorption isotherms. In this project, Langmuir
and Freundlich models as the most commonly
used mathematical models were evaluated to
describe the adsorption of safranin dye onto
Khulays natural bentonite. Langmuir model
assumes that adsorption occurs on a monolayer
of the homogeneous surface. It is represented
by the following equation *®!;

C C 1
4 e 2)
qeq Qmax QmaxKL
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where Ceq is the dye concentration at
equilibrium in the solution (mg/l), geq is the
amount of dye removed per gram of bentonite,
Ky is the Langmuir constant (I/mg), and Qmax
is the maximum sorption capacity (mg/g).

Freundlich  model  assumes  that
adsorption occurs on heterogeneous surfaces

?Zg]d is represented by the following equation

1
logqeq = HlogCeq + logKp (3)

where Kg and n are Freundlich constants, stand
for the adsorption intensity and the sorption
capacity respectively. Figures 5(a) and 5(b)
show the fit of the experimental data with both
Langmuir and Freundlich models respectively.
They show the data were well fitted more with
Langmuir model than with Freundlich model.
As reported before %2 safranin dissolves in
water and is considered as cationic dye, which
can be electrostatically adsorbed onto negative
charge sites on bentonite forming Langmuir
monolayer. Langmuir and Freunlich constants
are listed in Table 2. The maximum adsorption
capacity of safranin dye on Khulays natural
bentonite is equal to 294.1 mg/g, which
indicates high adsorption capacity compared to
other adsorbents ** 3334 As the value of
Freundlich constant 1/n less than 1, it means
adsorption process is favorable .

Table 2. Langmuir and Freundlich constants.

Isotherm parameters values
Qmax (mg/g) 294.1
Langmuir K. (L/mg) 0.042
R? 0.973
Ke  (mg/g) 159.3
Freundlich  1/n 0.086
R? 0.85

3.6 Adsorption Kinetics

The adsorption kinetics models, pseudo-
first order and pseudo-second order were

tested to investigate the removal process.
These two models were used to fit the
experimental data in order to find the
mechanism of the adsorption process and the
step controlling the adsorption process. The
pseudo-first order model is represented by the
following equation ©*!;

K
108(qeq-qr) = 1080eq — 5555t 4)

where q; is the amount of safranin dye
adsorbed at any time t (mg/g) and K; is the
adsorption process constant (min‘1).

Pseudo second-order model is
represented by the following equation &7

R (5)

qc B Kquq deq

where K, is the rate constant for the
adsorption process (g/gm min).

Adsorption Kinetics was investigated
experimentally by studying the influence of
mixing time on the sorption rate at a different
time intervals (5-180 min). The adsorption
process was conducted using two dye initial
concentrations (200; 300 mg/l). For each run,
50 ml of certain dye concentrations were
continuously stirred with 0.025 g of Khulays
natural bentonite at 200 rpm and 25 °C.
Afterward, the mixture of dye solution and
bentonite was separated and the supernatant
was measured for safranin dye concentration.
The experimental data obtained from this
study were fitted with both pseudo-first order
and pseudo-second order models as illustrated
in Fig. 6(a) and Fig. 6(b) respectively. The
trends of the experimental data prove that the
adsorption process follow pseudo-second
order. The determination coefficient (R?)
values for pseudo-second order sorption model
(0.999) are higher than the determination
coefficient (R?) values for pseudo-first order
kinetic (< 0.5). This means the experimental
data is clearly better explained by pseudo
second-order kinetic model. As reported
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before, the process follows chemisorption
kinetic 7.

4. Conclusion

Khulays natural bentonite, which was
prepared and used in this study, showed
promising results for removing of safranin dye
from wastewater. Khulays natural bentonite
was studied as a function of various
parameters affecting the removal process. The
results revealed that increasing contact time
increases safranin dye removal percentage,
and the adsorption equilibrium was achieved
after mixing the dye solution with bentonite
for 80 min. The adsorption process is pH
dependent. Increasing of safranin dye in the
solution decreased the removal percentage

1.8
1.6
1.4 R*=10.9728

*

*

g 1
T
© 0.8
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0.2
0 ‘
0 100 200 300 400 500
Ce
(@
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while increasing bentonite dosage increased
the removal percentage as a result of active
sites increase on bentonite surface. The dye
sorption isotherm fits the Langmuir model
more than the Freunlich model. The Kinetic
study was best described by pseudo-second
order with correlation coefficient (R?) close to
unity. The maximum adsorption capacity of
Khulays natural bentonite equals to 294.1
mg/g. The results of this project prove that the
Khulays natural bentonite is a promising
adsorbent for safranin dye from wastewater.
Future experimental work can be conducted to
investigate the capability of Khulays natural
bentonite for the treatment of wastewater
contaminated with other basic dyes.
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Fig. 5. Experimental data fitted to linearize: (a) Langmuir model; (b) Freundlich model.
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