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Dye Removal from Aqueous Solution by Regenerated
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Abstract—Spent bleaching earth (SBE) recycling and utilization
as an adsorbent to eliminate dyes from aqueous solution was studied.
Organic solvents and subsequent thermal treatment were carried out
to recover and reactivate the SBE. The effect of pH, temperature,
dye’s initial concentration, and contact time on the dye removal using
recycled spent bleaching earth (RSBE) was investigated. Recycled
SBE showed better removal affinity of cationic than anionic dyes.
The maximum removal was achieved at pH 2 and 8 for anionic and
cationic dyes, respectively. Kinetic data matched with the pseudo
second-order model. The adsorption phenomenon governing this
process was identified by the Langmuir and Freundlich isotherms for
anionic dye while Freundlich model represented the sorption process
for cationic dye. The changes of Gibbs free energy (AG®), enthalpy
(AH®), and entropy (AS°) were computed and compared through
thermodynamic study for both dyes.

Keywords—Spent bleaching earth, Regeneration, Dye removal,
Thermodynamics.

I. INTRODUCTION

YES are organic chemical compounds that are required to

be stable and resist environments effects such as light,
temperature and chemicals. Dyes are extensively applied in
many modern technologies as textile [1], paper [2], leather
tanning [3], plastics, cosmetics, rubber and dye production
industries [4]-[6]. They are as well utilized in ground water
tracing [7], for the purpose of specific surface area of activated
sludge [8], sewage [9] and wastewater treatment [10], etc.
Their discharges into the water environment possess a
substantial origin of contamination due to their unmanageable
nature. This will give undesirable color to the water body
which  will reduce sunlight penetration and resist
photochemical and biological approaches to aquatic life
[11]. Almost 5000 tons of dyeing materials from textile
industries are released into the water environment every year
[12] posing challenges to environmental researchers.
Numerous techniques such as coagulation, adsorption,
advanced oxidation, photo catalytic degradation, and
membrane separation are used for removing from wastewater
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[13], [14].

Adsorption is one of the most effective processes of
wastewater treatment to diminish noxious inorganic/organic
pollutants present in the effluent. Activated carbon is
commonly used adsorbent for wastewater treatment and dye
removal [15]. Many researchers reported the use of various
low-cost adsorbents based on natural materials, industrial solid
wastes, agricultural and bio-sorbents [16]-[18]. SBE is a waste
that comes from the refining of edible oil plants. It usually
contains 20—40% by weight of oil, fat, and colored pigments,
depending upon several factors, such as process technology
and oil types [19], [20]. Three methods were covered for the
dealing with SBE: (1) recovery of the enclosed oil using non-
polar solvents followed by steam treatment or washing with an
anionic detergent and sodium tri-phenyl phosphate, (2) by
burning and (3) by solvent extraction [21].

SBE was regenerated through oil extraction using hexane
followed by an autoclave treatment with wet oxidation or
heating in aqueous medium [22], [23]. Waldmann and Eggers
[24] and King et al. [25] regenerated SBE by high-pressure
supercritical CO, extraction. Other researchers [26], [27]
extracted oil from SBE using organic solvents followed by
acid and heat treatments. Boukerroui and Ouali [28] recycled
and reactivated SBE by thermal treatment and subsequent
washing with hydrochloric acid solution. Tsai et al. [29]
regenerated SBE by pyrolysis under inert gas. Since most of
the aforementioned studies only emphasize technologies rather
than the economics, it is difficult to know if those technologies
are financially feasible.

The goal of the present research is recycling spent
bleaching earth and employing it as a dye adsorbent from
aqueous solution. Determining factors such as initial dye
concentration, contact time, pH and temperature will be
investigated to discuss the reaction kinetics, controlling
adsorption isotherm and thermodynamic parameters.

II. EXPERIMENTAL

A. Materials

Samples of SBE and virgin bleaching earth (VBE) were
provided by Edible Oil-Refining Company; Cairo Company
for Oil& Soap (Cairo). Acetone, n-hexane, methyl ethyl
ketone (Merck) and other reagents of analytical grade were
supplied by Adwick local company for chemicals. the dyes
used as adsorbate in this study are cresol red (anionic dye) and
brilliant cresyl blue (cationic dye), which are purchased from
Merck Dermstadt Co. The molecular formulas of the dyes are
displayed in Fig. 1.
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Fig. 1 Molecular formula of dyes: (a) cresol red; (b) brilliant cresyl
blue

B. Oil Extraction

Oil was extracted from SBE by mixing with organic solvent
(acetone, hexane or methyl ethyl ketone) of solid liquid ratio
(1:4). The mixing was carried out under a reflux at the boiling
point of the solvent for 2 hours. Fig. 2 displays the used
system for oil extraction from SBE. The regenerated SBE was
filtered off, washed using clean solvent, then dried at 105 °C
for 24 hours and characterized. Fig. 3 represents a flowsheet
of SBE regeneration and utilization for dye removal.
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Fig. 2 Schematic diagram of (a) System of oil extraction from SBE;
(b) Filtration system for oil-solvent separation from SBE

C.Dye Sorption

Synthetic dye solutions of 5000 mg/l were prepared using
bi-distilled water are used in sorption study. A 0.1 g of
regenerated SBE is mixed with 20 ml of dye solution for
different time intervals using a water bath shaker at definite
pH and temperature. The dye solution was separated from
SBE using a centrifuge at 2000 rpm. Concentration of the dyes
is determined by means of a UV/visible spectrophotometer
(Model: U-2001; Hitachi Co., Japan) at maximum wavelength
for each dye.

The removal percent and amount of eliminated dye from the
solution were estimated by using (1) & (2), respectively [30]:

Removal(%) = COC_Ct % 100 (1)
0

where C, and C; are the initial concentration and at time "t" of
the studied dye (mg/1) at time zero and t, respectively.

(Co—C)V

e =— 2
where ( is the sorption capacity of adsorbent in (mg/g), V is
the volume of the solution in liter, and m is the mass of
adsorbent in (g).

Spent bleaching
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Oil extraction

|

Filtration

l l

Mixture (solvent + oil) Regenerated bleaching earth

sorption

]

Solvent Qil Cresol red

distillation
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Fig. 3 Flowsheet of SBE regeneration and utilization for dye removal

D.Characterization

Scanning electron microscopy (SEM) model JEOLJSM-
5400, Japan was used to determine the morphology and
detailed structural formation of the samples. X-ray diffraction
examination of the sample structure was made using a Philips
PW 1730 powder X-ray diffractometer (Cu ka A=1.5 A
radiation). FTIR spectra of the samples were performed using
a spectrophotometer model Mattson 100, made by Unicam,
over the range 400-4000 cm™.

III. RESULTS AND DISCUSSION
A.Regeneration of SBE

1. Effect of Solvent Type

Three organic solvents (acetone, hexane and methyl ethyl
ketone) were employed to extracted oil from SBE. Table I
displays the comparative percentage of oil extracted by the
three solvents. Although acetone is not the best solvent, but it
gave a high oil extract, to be considered the best in economic
terms compared with methyl ethyl ketone. FTIR spectra
shown in Fig. 4 proved that a relative clean bleaching earth
can be obtained by conducting acetone extraction using four
consecutive cycles. It is noticeable that the distinctive peaks of
oil have completely disappeared in the fourth cycle.

TABLEI
PERFORMANCE OF DIFFERENT SOLVENTS FOR OIL EXTRACTION

Solvent % Extraction Oil to SBE weight
Methyl ethyl ketone 34

Acetone 30

Hexane 22
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Fig. 4 FTIR spectra of regenerated SBE obtained by conducting
acetone extraction using four consecutive cycles

2. Evaluation of Regenerated SBE

The X-ray diffraction patterns, in Fig. 5, of VBE, SBE and
RBE show that all samples have the distinguished peaks of
montmorillonite (M), and the presence of quartz impurities
(Q). Thus, the primary structure of montmorillonitic clay of
bleaching earth is not affected by regeneration process.

M: Montmorillonite
Q: Quartz
C: Calcite

M

RBE Q

intensity (a.u)

10 20 30 40 50 60 70 80
2 0 degree

Fig. 5 XRD patterns of VBE, SBE and RSBE

FTIR spectra confirm the montmorillonite structure in VBE,
SBE and RSBE samples. Fig. 6 shows peak around 3460-3650
cm' related to the stretching vibrations of the interlayer water
molecules. The band at 2920-2850 cm™ of FTIR spectrum of
SBE corresponds to stretching vibration of C-H of saturated
carbonaceous chains of oil and free fatty acids (FFA). At 1740
cm’™, a band referred to strong stretching vibration of the ester
carbonyl group of oil. It also refers to vibration of C-H of oil
and deformation, vibration of OH of the FFA. These bands
disappeared as a result of solvent treatment which implies that
the organic residues adsorbed in the pores are completely
eliminated by the physicochemical treatment from
regeneration [31].

SEM micrographs of VBE, SBE and RSBE are shown in
Fig. 7. As shown in the figure, SBE particles surface appears

covered with oil, while VBE and RSBE show a similar
morphology with flattened surface and vermicular texture
resulting from the solvent and thermal treatment.

RBE MEK

Transmittance ( a.u)

4000 3600 3200 2800 2400 2000 1600 1200 800 400
wavenumber ( cm™ )
Fig. 6 FTIR spectra of VBE, SBE and RSBE (RBE ac & RBE MEK)
B. Dye Removal Study

1. Effect of pH

Sorption of brilliant cresyl blue (cationic) and cresol red
(anionic) dyes by bleaching earth is highly dependent on pH
solution. Fig. 8 shows the adsorption capacity values (mg/g)
and removal percentage for both dyes within the pH values
range of 2-10. It is observed that the maximum sorption
occurred at pH 2 and 8 for anionic and cationic dyes,
respectively. Basically, the presence of excess H' ions at low
pH should compete with the cationic group of the brilliant
cresyl blue dye causing a decrease in the amount of dye
adsorbed. However, the presence of negative charge on the
surface of RSBE at high pH should favor the adsorption of
cationic dye (cresyl blue). This behavior of cresyl blue dye is
inconsistent with the known fact that the adsorption increases
with increasing pH for cationic dyes [32]. On the other hand,
the favorable adsorption of cresol red (anionic) dye in acidic
media is attributed to the electrostatic interactions between the
SO; group of the dye and the RSBE whose surface exhibits a
positive charge at low pH value.

2. Effect of Contact Time

Investigation for the contact time between dyes and RSBE
adsorbent and its influence at ambient temperature was carried
out and from Fig. 9, we deduced that the adsorption process
included two phases. The rapid phase of them is owing to the
big number of vacant active sites accessible for adsorption.
However, a plateau value is reached, and that is due to the
saturation of the active sites. The rate of dyes adsorption has
been evaluated using the Lagergren pseudo-first order
equation [33] and pseudo-second order equation based on
solid phase sorption [34].
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Fig. 7 SEM micrographs of VBE, SBE and RBE
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Fig. 8 Effect of pH on adsorption amount and removal percent of (a) brilliant cresyl blue; (b) cresol red dyes
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Fig. 9 Effect of contact time on adsorption amount and removal percent of (a) brilliant cresyl blue; (b) cresol red dyes
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For the purpose of analyzing the adsorption kinetics of
different dyes by regenerated bleaching earth, correlations
between adsorbed amounts and time were looked for, by
applying different mathematical expressions of various
models, namely: Lagergren’s equation or pseudo-first-order
(3) and pseudo-second-order (4) kinetic rate models [35].

experimental equilibrium adsorption values estimated for the
adsorption of both dyes by RSBE were summarized in Table
II. Relying on the values of correlation coefficient (R?) and
reaction rate constant (k;), the second-order kinetic model is
higher and fits the data better than the first-order kinetic
model.

- _ka TABLE Il
log (qe — q)) = log qc 2303 () CALCULATED PARAMETERS OF PSEUDO FIRST A ND SECOND ORDER MODELS
Items Brilliant cresyl blue Cresol red
t 1 1
== ot -t “ (Qe)s exp (M) 179.4 1.680
qt k2qz Qe
pseudo-first-order model
2
where q. (mg/g) and ¢; (mg/g) are the amount of dye adsorbed R_ . 06711 0.7888
ey . . . ki(min™) -0.0025333 -0.0227997
by RSBE at equilibrium and at different time periods, (©en (/D) 993 0.70
. . . e)scal (1M . .
respectively. k; (1/min) and k, (g/mg min) are the Al (IMEE
. pseudo-second-order model
corresponding rate constants for pseudo-first-order and R? 0.9900 0.9999
pseudo-second-order models, respectively [36]. K (g.mg min’) 13 % 10% 1,09 x 107
The adsorption data were employed to fit the kinetic (q)reat (Mg/2) 181.8 1.689
models. Plots for pseudo-first and second-order models are
shown in Fig. 10. The parameter values of calculated and
(a) g (b) 700
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Fig. 10 Pseudo-first-order and pseudo-second-order kinetic of dyes: (a) brilliant cresylblue; (b) cresol red
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Fig. 11 Effect of initial dye concentration on adsorption amount and removal percent of (a) brilliant cresyl blue; (b) cresol red dyes

3. Effect of Initial Dye Concentration

Fig. 11 shows the effect of initial concentration on
adsorption capacity and removal percent of cationic and
anionic dyes by RSBE. It is clearly observed that the sorption
capacity significantly increased with the initial concentration
of these dyes. This increase in the sorption capacity is due to

the increase of adsorbate species which enhances the
interaction probability with adsorption sites on adsorbent
surface [36], [37]. On that premise, the removal percent of
these dyes were found to decrease by increasing the initial
concentration of these dyes. This might be for higher dye
concentration or the binding capacity of the adsorbent coming
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to saturation, causing a reduction of overall removal percent
[38].

C.Adsorption Isotherms

The adsorption isotherm models assist the complete and
precise understanding of the way of interaction between
adsorbate and adsorbent. In the present study, the equilibrium
adsorption data are analyzed conferring to Freundlich and
Langmuir isotherm linear form models.

Langmuir isotherm model suggests a monolayer
adsorption taking place at finite and definite localized sites.
These adsorption sites are identical and equivalent, and there
is no lateral interaction between adsorbed molecules [39].
Linear equation of Langmuir model, represented by

Ce Ce | 1 (5)

b.dmax

e Amax

where C. (mg/l) is the concentration at the equilibrium, q.
(mg/g) is the amount adsorbed at equilibrium, b (L/g) is the

{a) 1,

Langmuir isotherm constant, and qu,x (mg/g) is the maximum
adsorption capacity of the adsorbent.

Fig. 12 displays the isotherm plots of Langmuir model for
adsorption of both cationic and anionic dyes by generated
bleached earth. The g, and b values were calculated from the
slope and intercept obtained by plotting Ce/qe as a function of
Ce. The obtained data are summarized in Table III. The
relatively high values of the correlation coefficients (R? =
0.9454) obtained from the Langmuir isotherm for brilliant
cresyl blue dye indicate the in appropriateness of the
application of this model. The calculated gy, Was much closer
to that obtained experimentally. This implies that the
adsorption is characterized by chemical nature (chemical
adsorption) [40]. For cresol red dye, the low value of the
correlation coefficients (R?= 0.4943) indicates that this model
cannot apply to the system. The calculated qy,,x Was very far to
that obtained experimentally. This means that the adsorption is
not characterized by chemical nature (no chemical adsorption)
[40].
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Fig. 12 Langmuir isotherm model fitting for (a) brilliant cresyl blue; (b) cresol red

TABLE III
LANGMUIR MODEL CONSTANTS FOR DIFFERENT DYES
Items Brilliant cresyl blue  Cresol red
R? 0.9454 0.4943
Qumaxscal(MZ/E) 256.4 -0.279
maxsexp(ME/L) 260.8 7.64
b (L/mg) 0.00679 -0.07967

The all-important features of the Langmuir isotherm can be
stated in terms of a dimensionless constant separation factor or
equilibrium parameter R;, which is determined by the
following relationship [41]:

1
RL= Tovcy ©)

where C, (mg/L) is the initial concentration of dye and b is
Langmuir constant (L/mg).

Table IV shows that the Ry is 0 — 1 for brilliant cresyl blue
concentration which means that the adsorption process is
favorable while, the Ry is less than 0 for cresol red
concentration meaning that the adsorption process is very
poor.

TABLE IV
THE DIMENSIONLESS SEPARATION FACTOR (R,)
Brilliant cresyl blue Cresol red
Cy R, Cy Ry
300 0.3293 20 -1.6852
400 0.2691 50 -0.3352
500 0.2275 100 -0.1435
700 0.1738 150 -0.0913
1000 0.1284 200 -0.0670
1500 0.0894
2000 0.0686
3000 0.0468
4000 0.0355

Freundlich isotherm model is represented by (7) that can
be fitted according to (8). [42]. It can be applied for both non-
ideal sorption on heterogeneous surfaces and multilayer
sorption.

qe: KFCe”n (7)

Inq, = InKg + %lnCC ®)
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where 0 is the amount of dye adsorbed per weight of sorbent
at equilibrium (mg/g), C. is the residual concentration at
equilibrium in solution (mg/L), Kg is the sorption capacity
(mg/g), and n the sorption intensity (unit less), n gives an
evidence of the adsorbent/adsorbate system favorability [43].
The predicted equilibrium adsorption values for both dyes
using Freundlich isotherm model show well fit to
experimental equilibrium adsorption data as illustrated in Fig.
13, which indicated the appropriateness of this model
application. It also implied that the adsorption process
occurred mostly by the opposite charge attraction (physically

(@lg,

in nature) [40]. The values of Kr and 1/n are computed from
the slope and intercept of the line as shown in Table V.

TABLEV
THE FREUNDLICH MODEL CONSTANTS FOR DIFFERENT DYES
Items Brilliant cresyl blue Cresol red
R? 0.9061 0.9875
n 6.422 0.772
Kr (mg/g) 66.15 0.0095

R* =0.9061

o
=1

R =0.9875

25 30 35 40 45 50 55
Inc,

Fig. 13 Freundlich isotherm model fitting for (a) brilliant cresyl blue; (b) cresol red
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Fig. 14 Effect of temperature on adsorption amount and removal percent for (a) brilliant cresyl blue; (b) cresol red dyes

4. Effect of Temperature

The temperature effect on the adsorption capacity and
removal percent is revealed in Fig. 14. The figure shows that
the adsorption capacity enhanced by temperature rise from 25
to 65 °C for Brilliant cresyl blue dye. This may be ascribed to
the pore size enlargement and high mobility of dye molecules
in addition to the auspicious intermolecular forces between
adsorbate and adsorbent stronger than those present between
adsorbate and solvent [44]. This designates the
chemisorption and the endothermic natures of this process
[45].

For cresol red dye, the adsorption decreased with
temperature increase from 25 to 65 °C. A decreasing in
adsorption density with increasing temperature may be due to
two factors, first due to increasing the diffusion rate of dye
molecules across the exterior boundary layer and the inside

pores of the adsorbent particle. Secondly, attributable to
lessening viscosity of the solution for extremely concentrated
suspensions [46].

Thermodynamic parameters; Gibbs free energy (AG®),
enthalpy (AH°), and entropy (AS°) changes are calculated
using van’t Hoff equation to evaluate the thermodynamic
feasibility and the spontaneous character of the process (Fig.
6) [47], [48]:

AG® =-RT InK, 9)
_ AS°  AH®
lnkc S T—? (10)

where k. = F/(1 — F), and F = (Cy, — Cp/Cy, T is the
temperature in degree K, and R is the gas constant [8.314
J/mol K].
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From the plot of 1/T against In k., the values of AH® and
AS° have been computed from the slope and the intercept of

(a),,

R?=0.9473
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& 124
e

0.8+

0.44

0.0
0.0029 00030 00031 00032 0.0033 0.0034

10T (°k )
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Fig. 15 Plot of (In Kc) versus (1/T), for (a) brilliant cresyl blue and (b) cresol red

TABLE VI
THERMODYNAMIC PARAMETERS; ENTHALPY (AH®), ENTROPY(AS®) AND
GIBBS (AG®) CHANGES

Brilliant cresyl blue Cresol red
Temp.
e AG°7I AH"?I AS: L AG°71 AH"i1 ASj L
kJ mol kJmol " Jmol K kJ mol kJ mol Jmol K

25 -0.83 3.72

35 -1.48 5.15

45 -2.89 41.9 122.2 6.38 -31.3 -118
55 -3.61 6.58

65 -5.96 8.93

The value of AH® is positive for brilliant cresyl blue dye
suggesting the endothermic nature of the reaction and its value
higher than 40 kJ/mol, indicating chemically controlled
process. This is confirmed earlier by a good fitting of the data
with Langmuir isotherm model (chemical adsorption). The
values of AH® are negative for cresol red dye, which suggests
that the adsorption processes are exothermic and its value is
lower than 40 kJ/mol, indicating physically controlled
processes than chemically [47].

The positive value of AS® for brilliant cresyl blue dye
indicates an increase in randomness at the solid/solution
interface during the adsorption process. For cresol red dye, the
AS° is negative, which indicates the decreasing in randomness
at the solid/liquid interface during the adsorption, indicated the
adsorption was not advantageous at higher temperature [49].

For brilliant cresyl blue dye, the values of AG® are negative
which indicate that this adsorption process is spontaneous in
nature whereby no energy input from outside of the system is
required. The decF[rease in AG® with increasing temperature
indicates that the adsorption process becomes more favorable
at high temperatures [50]. For cresol red dye, the AG® values
were positive indicating the nonspontaneous nature of this
adsorption, whereby energy input from outside of the system
is required [51]. The increase in AG® with temperature
signifies that the adsorption process becomes less
advantageous at high temperatures [52].

IV. CoNCLUSION

SBE was recycled to reuse as a dye adsorbent from aqueous
solution. Organic solvents and thermal treatment were used to
reactivate SBE. Acetone is considered the best in economic
terms. X-ray diffraction proved that the structure did not affect
by regeneration process. FTIR confirms the structure of
montmorillonite and elimination of oil. SEM showed flattened
and vermicular texture resulting from the basic and heat
treatment.

Sorption of brilliant cresyl blue (cationic) and cresol red
(anionic) dyes by bleaching earth is highly dependent on pH
solution. The maximum removal was achieved at pH 2 and 8
for anionic and cationic dyes, respectively. The second-order
kinetic model agrees with the data better than the first-order
kinetic model.

Langmuir isotherm for brilliant cresyl blue dye indicates the
appropriateness of the application of this model while it is not
applicable for cresol red dye. Freundlich isotherm model show
good suitability of experimental data, which indicated the
appropriateness of the application of this model for both dyes.

Increasing temperature increased brilliant cresyl blue dye
adsorption but decreased cresol red adsorption. AH® is positive
for brilliant cresyl blue, while it is negative for cresol red,
which indicated that endothermic and exothermic nature,
respectively. The positive AS® for brilliant cresyl blue and
negative for cresol red indicated increasing and decreasing in
randomness at the solid/liquid interface, respectively.
Negative AG® for brilliant cresyl blue indicated the
spontaneously process, while positive AG® for cresol red
indicated non-spontaneous nature of the process.

ACKNOWLEDGMENT

The authors are thankful to Eng. Eid M. Korany in Cairo
Oil& Soap Company (Cairo, Egypt) for supplying VBE &SBE
samples for this study.

REFERENCES

[1] Sokolowska-Gajda, 1996, Synthetic dyes based on environmental
considerations. Dye Pigment, 30(1) 1-20.

459



[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

International Journal of Chemical, Materials and Biomolecular Sciences
ISSN: 2415-6620
Vol:13, No:9, 2019

Ivanov K., 1996, Possibilities of using zeolite as filler and carrier for
dyestuffs in paper. Papier-Zeitschrift fur die Erzeugung von Holzstoff
Zellstoff Papier und Pappe, 50(7) 456-459.

Kabdagli 1., Tiinay O., Orhon D., 1996, Wastewater control and
management in a leather tanning district, Water Sci Technol., 40(1) 261-
267.

Bensalah N., Alfaro M., Martinez-Huitle C., 2009, Electrochemical
treatment of synthetic wastewaters containing Alphazurine A dye, Chem
Eng J., 149(1) 348-352.

Wrobel D., Boguta A., Ton R.M., 2001, Mixtures of synthetic organic
dyes in a photo-electrochemical cell., J. Photochem. Photobiol. A
Chem., 138(1) 7-22.

Dawood S., Sen T.K., Phan C., 2014, Synthesis and characterisation of
novel-activated carbon from waste biomass pine cone and its application
in the removal of Congo red dye from aqueous solution by adsorption.,
Water Air Soil Pollut, 225(1) 1-16.

Field M.S., Wilhelm R.G., Quinlan J.F., Aley T.J., 1995, An assessment
of the potential adverse properties of fluorescent tracer dyes used for
groundwater tracing. Environ Monit Assess, 38(1) 75-96.

He L.M., Tebo B.M., 1998, Surface charge properties of and Cu (II)
adsorption by spores of the marine Bacillus sp. strain SG-1., Appl
Environ Microbiol, 64(3) 1123-1129.

Morgan-Sagastume J., Jimenez B., Noyola A., 1997, Tracer studies in a
laboratory and pilot scale UASB reactor. Environ. Technol., 18(8) 817-
825.

Hsu T.C., Chiang C.S., 1997, Activated sludge treatment of dispersed
dye factory wastewater. J Environ Sci Health A., 32(7) 1921-1932.
Wong Y.C., Szeto Y.S., Cheung A.W., Mckay G., 2004, Adsorption of
acid dyes on chitosan equilibrium isotherm analyses. Process Biochem,
39(6) 695-704.

El-Hosiny F.I., Abdel-Khalek M.A., Selim K.A., Osama 1., 2018,
Physicochemical Study of Dye Removal Using Electro-Coagulation-
Flotation Process, Physicochemical Problems of Mineral Processing,
54(2) 321-333.

Gupta V., 2009, Application of low-cost adsorbents for dye removal-a
review. J Environ Manage 2009;90(8):2313-42.

Sanad M.F., Shalan A.E., Bazid S.M., Abdelbasir S.M., 2018, Pollutant
degradation of different organic dyes using the photocatalytic activity of
ZnO@ZnS nanocomposite materials. Journal of Environmental
Chemical Engineering 6, 3981-3990

Kant R., 2012, Adsorption of dye eosin from an aqueous solution on two
different samples of activated carbon by static batch method. J Water
Resour Prot, 4(2) 93-98.

Sen T.XK., Afroze S., Ang H., 2011, Equilibrium, kinetics and
mechanism of removal of methylene blue from aqueous solution by
adsorption onto pine cone biomass of Pinus radiata. Water Air Soil
Pollut., 218: 499-515.

Yagub M.T., Sen T.K., Ang H., 2012, Equilibrium, kinetics, and
thermodynamics of methylene blue adsorption by pine tree leaves.
Water Air Soil Pollut., 223(8) 5267-5282.

Rehman M.S.U., Kim 1., Han J.I., 2012, Adsorption of methylene blue
dye from aqueous solution by sugar extracted spent rice biomass.
Carbohydr. Polym., 90(3) 1314-1322.

Werner Z., 1994, Spent bleaching earth-practical solutions, INFORM, 5,
1375.

Taylor D.R., Jenkins D.B., 1990. Factors affecting the pyrophorisity of
spent bleaching clay, Journal of the American Oil Chemists Society, 67,
678.

Bahl J.S., Dayal U., 1977, Regeneration of bleaching clays, Res. Ind.
22, 145-148.

Kalam A., Joshi J., 1988, Regeneration of spent earth by wet oxidation,
Journal of the American Oil Chemists Society, 65, 1536.

Sabour M.R., Shahi M., Dezvareh G.A., 2017, Reactive dye extraction
utilizing regenerated bleaching earth. Global J. Environ. Sci. Manage.,
3(3) 299-310.

Waldmann C., Eggers R., 1991, De-oiling contaminated bleaching clay
by high-pressure extraction, JAOCS, 68, 922-930.

King J.W., List G.R., Johnson J.H., 1992, Supercritical carbon dioxide
extraction of spent bleaching clays, Journal of Supercritical Fluids, 5,
38-41.

Ng K.F., Nair N.K., Liew K.Y., Noor A.M., 1997, Surface and pore
structure of deoiled acid and heat-treated spent bleaching clays, Journal
of the American Oil Chemists Society, 74, 963.

Yoo C.K., Lin S.W., 2004, Regeneration of spent bleaching clay. MPOB
TT No. 230, Kuala Lumpur: Malaysian Palm oil Board, Ministry of

[28]

[29]

[30]

1]

[32]

[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Plantation Industries and Communities.

Boukerroui A., Ouali M.S., 2000, Regeneration of a spent bleaching
earth and its use in the refining of an edible oil, Journal of the Chemical
Technology and Biotechnology, 75, 773-776.

Tsai W.T., Chen H.P., Hsich M.F., Sun H.F., Chien S.F., 2002,
Regeneration of spent bleaching earth by pyrolysis in a rotary furnace. J.
Anal. Appl. Pyrolysis, 63(1) 157-170.

Abdel-Khalek M.A., Abdel Rahman M.K., Francis A.A., 2017,
Exploring the adsorption behavior of cationic and anionic dyes on
industrial waste shells of egg, Journal of Environmental Chemical
Engineering 5, 319-327.

Oliveira C.I.LR., Rocha M.C.G., Silva A.L.N., Bertolino L.C., 2016,
Characterization of bentonite clays from Cubati, Paraiba (Northeast of
Brazil), Ceramica, 62, 272-277.

Wu Z.J., Joo H., Lee K., 2005, Kinetics and thermodynamics of the
organic dye adsorption on the mesoporous hybrid xerogel, Chem. Eng. J.
112, 227-236.

Ho Y.S., 2004, Review of Lagergren kinetic rate equation on adsorption
reactions, Scientometrics 59, 171-177.

Ho Y.S., McKay G., 2000, The kinetics of sorption of divalent metal
ions onto sphagnum moss peat, Water Res. 34, 735-742.

Fierro V., Torné-Fernandez V., Montané D., Celzard A., 2008,
Adsorption of phenol onto activated carbons having different textural
and surface properties. Microporous and Mesoporous Materials, 111(1)
276-284.

Vijaya Y., Popuri S.R., Boddu V.M., Krishnaiah A., 2008, Modified
chitosan and calcium alginate biopolymer sorbents for removal of nickel
(IT) through adsorption. Carbohydrate Polymers, 72(2) 261-271.

Laus R., Costa T.G., Szpoganicz B., Favere V.T., 2010. Adsorption and
desorption of Cu (II), Cd (II) and Pb (II) ions using chitosan crosslinked
with epichlorohydrin-triphosphate as the adsorbent. Journal of hazardous
materials, 183(1-3) 233-241.

Kamble S.P., Jagtap S., Labhsetwar N.K., Thakare D., Godfrey S.,
Devotta S., Rayalu S.S., 2007. Defluoridation of drinking water using
chitin, chitosan and lanthanum-modified chitosan. Chemical
Engineering Journal, 129(1-3) 173-180.

Sa A., Abreu A.S., Moura 1., Machado A.V., 2017. Polymeric materials
for metal sorption from hydric resources, Water Purification. Elsevier,
289-322.

Mazan T., 2014, Adsorption of molecules on polymer surfaces: Review
paper, DOI: 10.13140/RG.2.2.33231.59046

Demiral H., Demiral L., Tumsek F., Karabacakoglu B., 2008,
Adsorption of Chromium (VI) From Aqueous Solution by Activated
Carbon Derived from Olive Bagasse and Applicability of Different
Adsorption Models Chem. Eng. J. 144, 188-196.

Oladoja N., Aboluwoye C., Oladimeji Y., 2009, Kinetics and isotherm
studies on methylene blue adsorption onto ground palm kernel coat.
Turkish Journal of Engineering and Environmental Sciences, 32(5) 303-
312.

Vaishnav V., Chandra S., Daga K., 2012, Adsorption Studies of Zn(II)
ions from Wastewater using Calotropis procera as an Adsorbent. Res. J.
Recent Sci, 1: 160-165.

Gupta V.K., Agarwal S., Sadegh H., Ali G.M.A., Bharti A K., Makhlouf
A.H., 2017, Facile route synthesis of novel graphene oxide-p-
cyclodextrin nanocomposite and its application as adsorbent for removal
of toxic bisphenol A from the aqueous phase, Journal of Molecular
Liquids 237, 466-472

Banerjee S., Chattopadhyaya M.C., 2017, Adsorption characteristics for
the removal of a toxic dye, tartrazine from aqueous solutions by a low-
cost agricultural by-product, Arabian Journal of Chemistry, 10, S1629-
S1638

Bhattacharyya K.G., Sarma A., 2003, Adsorption characteristics of the
dye, brilliant green, on neem leaf powder, Dyes Pigm. 57: 211-222.
Aman T., Kazi A.A., Sabri M.U., Bano Q., 2008, Potato peels as solid
waste for the removal of heavy metal copper(Il) from waste
water/industrial effluent. Colloids and Surfaces B: Biointerfaces, 63(1):
116-121.

Tirtom V.N., Dinger A., Becerik S., Aydemir T., Celik A., 2012,
Comparative adsorption of Ni(II) and Cd(II) ions on epichlorohydrin
crosslinked chitosan—clay composite beads in aqueous solution.
Chemical Engineering Journal, 197: 379-386.

Silva M.MLF., Oliveira M.M., Avelino M.C., Fonseca M.G., Almeida,
R.K.S., Silva E.C., Filho, 2012, Adsorption of an industrial anionic dye
by modified-KSF-montmorillonite: evaluation of the kinetic,
thermodynamic and equilibrium data, Chem. Eng. J. 203, 259-268.

460



[50]

[51]

[52]

International Journal of Chemical, Materials and Biomolecular Sciences
ISSN: 2415-6620
Vol:13, No:9, 2019

Fan L., Luo C., Sun M., Qiu H., Li X., 2013, Synthesis of magnetic -
cyclodextrin—chitosan/graphene oxide as nanoadsorbent and its
application in dye adsorption and removal, Colloids and Surfaces B:
Biointerfaces 103, 601-607

Akl M.A., Youssef A.M., Al-Awadhi M.M., 2013, Adsorption of Acid
Dyes onto Bentonite and Surfactant-modified Bentonite, J Anal Bioanal
Tech., 4 (4) 2-7.

Mahmoud G.A., Mohamed S.F., Hassan H.M., 2015, Removal of
methylene blue dye using biodegradable hydrogel and reusing in a
secondary adsorption process, Desalination and Water Treatment, 54,
10. 2765-2776.

461



