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Abstract

In this study, the effectiveness of integrating ultrasound with mangosteen fruit peel activated carbon (MFPAC) for the removal of
reactive black 5 (RB5) dye was investigated. MFPAC prepared by the potassium carbonate activation method was characterized
using BET, SEM and FTIR. The effects of ultrasound power, contact time, pH and adsorbent quantity on the removal of RB5 were
examined. Obtained results indicate that the MFPAC has a higher removal efficiency with ultrasound integration and can remove
95% of the dye at neutral pH. It followed pseudo second order kinetics. Integrating ultrasound with sorption was proved to be an

efficient method to remove RBS dye.
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1. Introduction

Water pollution caused by dyes is one of the
major threats to the environment. Therefore, removal
of textile dyes from aqueous solution has received
great attention during recent years. Dye from water
medium can be removed by separation (physical and
chemical) processes, biological processes or advanced
oxidation processes (Khan et al., 2017; Kitinya et al.,
2017). The removal of dyes from aquesous solution is
not a feasible method, since most of the dyes are non-
biodegradable. Various separation methods like
adsorption (Fernandez et al., 2014; Khan et al., 2016;
Nidheesh et al., 2011; Rauf et al., 2009; Zhou et al.,
2011), coagulation (Beltran-Heredia et al., 2011),
combined chemical coagulation/membrane processes
(Ellouze et al., 2011; Rodrigues et al., 2017),
electrocoagulation (Amani-Ghadim, 2013), etc. and
several advanced oxidation processes such as Fenton
processes (Kuo, 1992; Saravanan and Sivasankar,

2014), Fenton process coupled with biological
processes (Bahmani et al., 2013; Ozkan-Yucel and
Gokcay, 2017), peroxicoagulation process (Nidheesh
and Gandhimathi, 2014), etc. were applied efficiently
for the removal of dyes from water medium. Among
these methods, dye removal by the adsorption process
got much appreciation due to its less investment in
terms of initial development cost, simple design, easy
operation, high removal efficiency and no or less
generation of toxic substances (Crini, 2006; Khan et
al., 2018).

Activated carbon is the well known adsorbent
used for the removal of various water contaminants,
due to its high porous nature and sorption capacity.
Due to the higher cost and regeneration difficulties in
commercially available activated carbon, the
researchers focused mainly on the preparation of
activated carbons from waste materials such as
industrial wastes, agricultural wastes, etc. Among the
various activation methods, chemical activation offers
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several advantages which involve single step
activation, higher yields and better pore structure
(Chen et al., 2013). This process involves the
impregnation of raw material or charred carbon with
activating agent followed by the carbonization process
at elevated temperatures (Auta and Hameed, 2011; Li
et al., 2011). The activating agents generally used are
dehydrating chemical agents like acids, base, etc.
Potassium carbonate has been identified as an
alternative activating agent for the preparation of
activated carbons from various agricultural by-
products (Foo and Hameed, 2012).

The application of ultrasound in water and
wastewater treatment techniques received great
attention in recent days. Improvement in the efficiency
of any physical and chemical processes in the presence
of ultrasound is mainly due to its cavitation effects. An
enhancement of various pollutants sorption in the
presence of ultrasound has been reported (Breitbach et
al., 2003; Kalidhasan et al., 2012; Midathana and
Moholkar, 2009; Schueller and Yang, 2001; Shirsath
et al.,, 2011). The presence of ultrasound increases
surface area of adsorbent by forming many micro-
cracks on the solid surface and the cleanup of solid
particle surfaces (Thompson and Doraiswamy, 1999).
The micro-cracks would be facilitated by the microjets
produced out of the -cavitation process when
ultrasound passed into the liquid medium. The
enhancement of the pore diffusion coefficient under
ultrasonic irradiation results in the increased mass
transport of a fluid in the pores of solid particles
(Bathen, 2003).

Keeping all in mind, the present work analyzes
the dye removal efficiency by integrating ultrasound
with activated carbon prepared from the mangosteen
fruit peel (MFPAC) waste material. The activated
carbon was prepared using potassium carbonate as the
chemical activating reagent. Reactive Black 5 (RBS)
was used as the model dye to test the sorption
efficiency of the prepared adsorbent. This dye has
been used in the textile industries for the dying of
cotton, woolen and nylon fabrics worldwide (Usha et
al.,2011). The exposure to this dye may cause allergic
reactions to respiratory tract and even worse would
cause cancer (Usha et al., 2011). RB5 removal
efficiency of the ultrasound integrated MFPAC
process was tested at various operational conditions
under batch method.

2. Material and methods
2.1. Materials

The chemicals sulphuric acid, potassium
carbonate and sodium hydroxide from Merck and the
dyestuff from Sigma were used without further
purification. Double distilled water is used for
preparing all the solutions. Mangosteen Fruit Peels
(MFP) were collected from local market. The
elemental analysis of MFP was performed using a
Perkin Elmer 2400 series I (USA) elemental analyzer.
The compositions were found to be, 66.35% C, 1.29%
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H, 1.02% N, 0.16% S and 31.18% O indicating the
presence of higher amount of carbon in it.

2.2. Preparation of mangosteen fruit peel activated
carbon

The collected mangosteen peels were washed
with distilled water and dried in a hot air oven at
110°C for 24 hrs for the removal of moisture. After
washing and drying, the peels were taken in crucibles
and pre-treated with potassium carbonate (K»COs3) in
a mass ratio of 2:1. Small amount of de-ionized water
was added to each crucible and the samples were
soaked in potassium carbonate solution. The samples
were again dried at 110°C in hot air oven for 24 hrs.
After pre-treatment, the samples were carbonized and
activated in a muffle furnace at 700°C for 2 hrs in an
inert atmosphere. Nitrogen gas at a flow rate of 150
cm®/min was used for the maintenance of inert
atmosphere in the muffle furnace where the heating
rate was 10°C/min. The carbonized/treated samples
were washed with dilute sulfuric acid (0.1M) and
distilled water until the pH of the samples becomes
neutral, which was pH 7. The activated carbon sample
was dried in hot air oven at 110°C for 24 hrs. After
drying, the activated carbon was ground to powder
form using mortar and pestle.

2.3.  Characterization of mangosteen fruit peel
activated carbon

Mangosteen fruit peel and the prepared
MFPAC were characterized by different methods viz.
Thermogravimetric analysis (TGA) using TA
instruments (SDT Q600 V20.9 Build 20), Fourier
transform infrared spectroscopy (FTIR) using
Spectrum Two FT-IR Spectroscopy, Brunauer
Emmett Teller isotherm based analysis (BET) using
Micromeritics (ASAP 2020 V3.04 H) and scanning
electron microscopy analysis (SEM) using JEOL
(JSM-6460 LV) to analyze the physical and chemical
characteristics.

2.4. Ultrasound integrated adsorption studies

Ultrasound integrated adsorption experiments
were carried out in batch mode. 100 mL of 10 mg/L
RB5 solution was used in a glass conical flask
immersed in an ultrasound bath to a certain level
(i.e.40mm from the bottom of the inner tank) which
was maintained for all the experiments. The dye
removal experiments were done using an ultrasound
bath (Elma Transsonics Inc., Model: T490DH) made
of stainless steel with an operating frequency of 40
kHz, variable ultrasound power (from 22 to 132 W in
scale of 22) and maximum tank volume of 2.75 L. The
conical flask was positioned in the middle of the
ultrasound and the level of water filled (2/3rd) in the
ultrasound bath were maintained constant for all the
experimental studies. The initial solution pH was
adjusted using 0.5 N H,SO4 and 0.5 N NaOH. pH
meter (YSI Professional Plus, USA) was used for
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measuring pH of the solution. The known amount of
adsorbent was added into this solution and the
sonication was carried out up to a contact time of 60
min for all the experimental study unless otherwise
mentioned. During sonication, samples were
withdrawn at regular interval and centrifuged for 3
min to separate the adsorbent from the liquid. Then,
the residual concentration of RB5 was measured using
UV-Visible Spectrophotometer (JASCO, Japan)
which shows the peak absorbance at 597 nm.

3. Results and discussion
3.1. TGA analysis of MFP

The TGA curve of Mangosteen Fruit peel
(MFP) is shown in Fig.1. The weight loss at the initial
stages (temperature from 23°C to 100°C) is mainly due
to the evaporation of adsorbed water on the MFP.
After that the MFP is thermally stable upto a
temperature of 170°C. Then, sudden decrease in the
MFP weight loss was observed upto 350°C and the
decrease in weight loss continued slowly. This sudden
decrease in weight indicates the removal of highly
volatile organic matter presented in the MFP. The
gradual decrease in weight after 350°C may be due to
the thermal decomposition of polymers present in the
MFP. 31.2% of MFP was remained after 1000°C
which indicates the higher concentration of carbon in

MFP and it will be a good source of activated carbon.
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Fig. 1. TGA curve of MFP

3.2. SEM analysis of MFP and MFPAC

The SEM images of MFP and MFPAC are
shown in Fig. 2. The MFP is having a dense and
uneven morphology. The pores present on the surface
MEFP are very less. In contrary to this, the pores of
MFP increased significantly after the activation
process. This is mainly due to the sudden burst and
thermal expansion of the MFP material during the
pyrolysis process (Ahmad and Alrozi, 2010). These
voids are distributed homogeneously over the surface
of MFPAC and all together MFPAC morphology
resembles to a honey bee nest. This revealed that the
activation process using potassium carbonate and
carbonization is an effective method for the
production of activated carbons with homogeneously
distributed pores. The size and shape of these pores are
identical and indicates that the MFPAC can adsorb a
variety of pollutants.

3.3. BET analysis of MFPAC

Qualitative  information on  adsorption
mechanism and pore structure of prepared MFPAC
was obtained from the nitrogen adsorption and
desorption isotherm curve. The nitrogen adsorption
desorption curve of MFPAC is shown in Fig. 3. The
obtained curve resembles a combination of type I and
type II isotherms as per IUPAC recommendations
(Foo and Hameed, 2012). This indicates that the
prepared material is a combination of microporous and
mesoporous structure. The detailed pore size
characteristics of MFPAC are given in Table 1. The
pores of adsorbents are classified into micropore (d <
2 nm), mesopore (d = 2-50 nm) and macropore (d > 50
nm) based on IUPAC-pore dimensions (Foo and
Hameed, 2012). In the present study, the average pore
size of MFPAC is 2.34 nm, indicates that the pores fell
in to the mesopore region. But as per the data provided
in Table 1, mesopore volume is substantially lesser
than that of micropore volume. This indicates that the
material has more micropore than mesopore, which is
important for an adsorbent. The insert picture in the
Fig. 3 shows the cumulative pore volume distribution
along with pore width which again supports the claim
microporous nature of the MFPAC.

Fig. 2. SEM images of (a) MFP and (b) MFPAC
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Fig. 3. Nitrogen adsorption desorption curve of MFPAC

Table 1. Porosity structure of MFPAC

No. Properties Values

1 BET surface area 377.23 m?/g
2 Micropore surface area 329.81 m%*/g
3 External surface area 47.41 m%/g
4 Total pore volume 0.22 cm’/g
5 Micropore volume 0.17 cm’/g
6 Mesopore volume 0.05 cm’/g
7 Average pore size 2.34m

3.4. Effect of sonication power and the addition of
MFPAC

Initially, sorption of RBS5 only in the presence of
MFPAC was tested and only 19% of dye removal was
observed. To enhance process, simple ultrasound
treatment of 10 mg/L RBS5 solution was carried out at
various sonication powers ranging from 22 to 132 W to
study its effect on dye removal. The RB5 removal
increased with the increase in sonication power (Fig. 4)
and attained a maximum removal of 20% for 132 W US
power.

The removal of dyes only in the presence of US
is mainly by the degradation of RB5 by the oxidants
(predominantly *H and *OH radicals) produced from
the acoustic cavitation phenomenon. Hydroxylation
and pyrolysis are the main two mechanisms for the
sonochemical degradation of organic pollutants
(Sivasankar and Moholkar, 2010). But in this situation,
hydroxylation is the main mechanism for the removal
of RB5 with the irradiation of US. With the addition of
US in the aqueous solution, micro-bubble formation
occurs in the system. These micro-bubble collapses
within a very small fraction of time and results in the
generation of very high temperature and pressure
conditions inside the bubble. This leads to the
formation of free radicals as in the Egs. (1-8) (Gogate
and Pandit, 2004a; Gogate and Pandit, 2004b). The
increased removal with an increase in sonication power
is mainly due to the increase in free radical formation
in the aqueous media.

H,0—> H +HO (1)
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It can also be seen from the Fig. 4 that the
induction of MFPAC (1 g/L) into the solution increased
the dye removal efficiency of the sonication process. In
all the sonication powers, a significant increase in dye
removal efficiency with the addition of adsorbent was
noticed when compared with simple ultrasound
treatment alone. Due to the cavitation process local
turbulence, intense circulation currents (acoustic
streaming), high shear stress in the vicinity of the
bubble and the formation of micro-jets near the solid
surface etc. also occurs in the aqueous medium (Sutkar
et al.,, 2010). This leads to the uniform mixing of
solution and higher interaction between adsorbent and
dye which causes the increased chances of sorption
process. It is reported that for a batch adsorption
process, ultrasound acts like a mixer improving the
mass transfer coefficient through cavitation and
acoustic streaming (Schueller and Yang, 2001).
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Fig. 4. Effect of sonication power and MFPAC addition on
RBS removal (Experimental conditions: Solution pH 7; RB5
concentration of 10 mg/L; MFPAC concentration of 1 g/L)

Also, due to micro-turbulence created by
cavitation, the liquid film thickness surrounding the
adsorbent decreases and results in an enhancement in
the diffusion rate of dye molecules from the bulk phase
to liquid boundary layer around the adsorbent surface
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(Nidheesh et al., 2011; Patil, et al., 2011). Since the
temperature of the solution partially increases by the
cavitation process with ultrasound power, the rate of
sorption of dye on MFPAC also increases (Nidheesh et
al., 2011). This indicates that the sorption of RB5 on
MFPAC is an endothermic process. The results
obtained indicate that the combination of US and
adsorbent with higher sonication power (i.e. ~71%
removal for 132 W) has an enhanced power to remove
the dyes from aqueous solution.

3.5. Effect of solution pH

Effect of solution pH on ultrasound (US)
integrated sorption of RB5 on MFPAC (1 g/L) with
minimum ultrasound power of 22 W is shown in the
Fig. 5. From the figure, it can be observed that the
sorption of dye on MFPAC decreased with increase in
solution pH from 2 to 7 and further increase in pH
increased the dye removal efficiency of MFPAC. The
maximum dye removal of 88% was observed at
solution pH 2.

The enhancement in dye removal with a
decrease in pH is mainly due to the increased
production of free radicals at lower pH values. Also, the
oxidation capacity of hydroxyl radicals produced in
acidic conditions is higher than that at alkaline
conditions (Mishra and Gogate, 2010). For the
sonochemical removal of organic pollutants, various
researchers reported the optimal acidic conditions.
Khokhawala and Gogate (2010) observed pH 2 as the
favourable condition for the mineralization of phenol
from the aqueous solution. Shriwas and Gogate (2011)
reported 2.5 as the optimal pH for the efficient
degradation of methyl parathion in aqueous solutions.
Similarly, Mishra and Gogate (2010, 2011) observed
the same optimal pH for the degradation of Rhodamine
B.
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Fig. 5. Effect of solution pH on RBS5 removal by US assisted
adsorption process (Experimental Conditions: RB5
concentration of 10 mg/L; Sonication power of 22 W;
MFPAC concentration of 1 g/L)

A significant removal of RBS5 in the alkaline
conditions was also observed and the removal was
increased with the increase in solution pH from 7. At
these conditions, the competitive reaction for the
effective sorption on MFPAC active site occurs
between the hydroxyl ions and negatively charged RB5
molecules. Since, the size of the RB5 is higher than that
of hydroxyl ions, more dyes are sorbed on the adsorbent
surface. Also, a repulsive force occurs between
hydroxyl ions and RBS5 in the solution at alkaline
conditions. These repulsive forces increase with
solution pH and favors more sorption of dyes by
MFPAC.

3.6. Effect of contact time and adsorption kinetics

The effect of contact time on the ultrasound
integrated sorption of RB5 by MFPAC was carried out
to find the equilibrium time required for the effective
sorption and the results obtained is shown in Fig. 6.
From the figure, it can be seen that rate of RB5 uptake
by MFPAC was very high at the initial stages of
sorption process. This rapid uptake at the initial stages
of sorption process is mainly due to the availability of
higher amount of active sites responsible for the
sorption process. Further increase in contact time
decreased the uptake rate and reached equilibrium after
30 min of contact time. After this equilibrium, the
amount of RB5 desorbed from MFPAC is in dynamic
equilibrium with that of adsorbed concentration.
Pseudo first and second order kinetics were applied to
find the rate of sorption of RBS on MFPAC. The
pseudo first and second order kinetic equations are
given as Eqgs (9-10):

k t ©
2.303

log(q,—q,)=1logq, -

L B+l¢ (10)
qt kZ qe qe

where ¢. and ¢, are the adsorption capacity at
equilibrium and at time ¢, respectively (mg/g), &; is the
rate constant of pseudo first-order adsorption (1/min)
and k, is the rate constant of pseudo second-order
adsorption (g/mg/min).

The values of kinetics constants calculated are
given in Table 2. In both kinetic models, the value of
correlation coefficient is very high. But, the model
predicted and experimental values of g. are almost
same for pseudo second order model, indicates that the
ultrasound integrated sorption of RB5 on MFPAC
follows pseudo second order kinetics. This is also
observed in Fig. 6 that, the pseudo second order model
predicted values of remaining dye concentration are in
good agreement with that of experimental values. But a
deviation for pseudo first order model predicted values
from the experimental data was observed.
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Fig. 6. Rate of RBS5 reduction on MFPAC and its
comparison with pseudo first and second order kinetics
results

Table 2. Kinetic parameters for the ultrasound
integrated adsorptive removal of RBS by MFPAC

Pseudo first order Pseudo second order kinetic
kinetic model model
ki (1/min) R? k2 (g/mg/min) R?
0.144 0.96 0.02 0.99

3.7. Effect of adsorbent quantity

Since the amount of active sites responsible for
the sorption of dyes depends more on the amount of
adsorbent, MFPAC concentration is an important
parameter controlling the sorption process. The effect
of adsorbent quantity on the sorption of RB5 in the
presence of US with minimal ultrasound power of 22
W and at neutral pH condition is shown in Fig. 7. From
the figure, it can be seen that the MFPAC concentration
has a significant effect on the sorption of RB5. The dye
removal efficiency of US assisted adsorption process
increased with the increase in adsorbent concentration.
For example, the dye removal percentages at MFPAC
concentrations of 1 g/L and 3 g/L were observed as 26
and 95% respectively. This increase in dye removal
with an increase in adsorbent quantity is mainly due to
the increased amount of active sites. Therefore, 3 g/L
of MFPAC was considered as the optimal adsorbent
concentration for the sorption of RBS.

Overall, it could be concluded that when
comparing the removal efficiency of RB5 dye by
activated carbon prepared from mangosteen fruit peel
with the reported literature (Osma et al., 2007; Xue et
al., 2009; Tanyildizi, 2011; Samarghandy et al., 2011;
Heibati et al., 2014; Shirzad-Siboni et al., 2014) of
various activated carbon prepared from different
materials, all the reported adsorbents have better
maximum removal percentage at acidic pH, whereas
the present study had demonstrated that with neutral pH
and integrating ultrasound at lower ultrasound power
with adsorbents would yield higher removal percentage
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than simple adsorption for the condition studied.
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Fig. 7. Effect of adsorbent quantity on the sorption of RB5
(Experimental Conditions: Solution pH 7; RBS
concentration of 10 mg/L; Sonication power of 22 W)

3.8. FTIR Analysis

FTIR analysis was carried out for MFP,
MFPAC, RBS5 and for MFPAC sample after it had
undergone ultrasound assisted adsorption of RB5 and
the results obtained are shown in Fig. 8. From the
figure, it can be seen that many adsorption bands in
MFP have disappeared by the activation process. This
indicates the higher amount of volatile organic contents
in the MFP and confirms the results obtained from the
TGA analysis. The peaks of MFP were observed at
3406, 2925, 1718, 1614, 1450, 1383, 1283, 1058 cm™
and are corresponding to surface hydroxyl groups,
asymmetric stretching of C-H, N-CHj;, NH,,
asymmetric bending of CH3;, N-CH3 stretching, C-N,
C-C or C-O stretching respectively. In the case of
MFPAC, the peaks were observed at 3741, 3425, 2919,
2853, 1566 and 1052 cm’'. These peaks are
corresponding to silanol groups, surface hydroxyl
groups, C-H stretch, CH stretching, asymmetric N-H
deformation and C-C or C-O stretching respectively. A
sharp increase in most of the band transmittance values
of MFP was observed after the activation process. At
the same time, a sharp decrease in the transmittance
value at 670 cm™ was also observed with the activation
of MFP. This peak is mainly due to COs* and the
decrease in transmittance value indicates the increased
concentration of carbonates after the activation process.

Comparing the peaks of RB5, MFPAC and RB5
adsorbed MFPAC, it can be seen that the sorption of
RB5 was occurred effectively on the surface of
MFPAC. 1t is clearly indicated by the decrease in
transmittance values at the 2853 and 2919 cm™! bands.
At the same time, the transmittance value at 3425 and
1052 cm™' decreased after the sorption process. This
indicates that the surface hydroxyl groups and C-C or
C-O groups on MFPAC are responsible for the sorption
of RB5 on MFPAC.
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Fig. 8. FTIR spectra of MFP, MFPAC, RBS and RB5
adsorbed MFPAC

4. Conclusions

In the present study activated carbon from the
mangosteen fruit peel waste material was prepared by
chemical activation method and were characterized.
The prepared material was found to be highly porous
and had a higher efficiency for the removal of RB5 dye
from aqueous solution when integrated with
ultrasound. The equilibrium time was found to be 30
min and almost 95% of dye was sorbed by MFPAC at
a low ultrasound power of 22 W, 3 g/L MFPAC and
neutral pH conditions.

The ultrasound assisted sorption of RB5 dye on
MFPAC follows pseudo second order kinetics. The
obtained results indicate that integrating ultrasound
with sorption would provide an efficient removal of
dyes from aqueous solution.

Acknowledgements

The authors would like to thank the Department of Science &
Technology (DST), Government of India for the partial
financial support provided under the Fast Track Scheme for
Young Scientist. The authors were grateful to National
Institute of Technology Tiruchirappalli for providing required
facilities to carry out the research work.

References

Ahmad M.A., Alrozi R., (2010), Optimization of preparation
conditions for mangosteen peel-based activated carbons
for the removal of Remazol Brilliant Blue R using
response surface methodology, Chemical Engineering
Journal, 165, 883-890.

Amani-Ghadim A.R., Aber S., Olad A., Ashassi-Sorkhabi H.,
(2013), Optimization of electrocoagulation process for
removal of an azo dye using response surface
methodology and investigation on the occurrence of
destructive side reactions, Chemical Engineering and
Processing: Process Intensification, 64, 68-78.

Auta M., Hameed B.H., (2011), Optimized waste tea
activated carbon for adsorption of Methylene Blue and
Acid Blue 29 dyes using response surface methodology,
Chemical Engineering Journal, 175, 233-243.

Bahmani P., Kalantary, R.R. Esrafili, A., Gholami M., Jafari
A.J., (2013), Evaluation of Fenton oxidation process

coupled with biological treatment for the removal of
Reactive Black 5 from aqueous solution, Journal of
Environmental Health Science and Engineering, 11, (1)
1-9.

Bathen D., (2003), Physical waves in adsorption technology-
an overview, Separation and Purification Technology,
33,163-177.

Beltran-Heredia J., Sanchez-Martin J., Jiménez-Giles M.,
(2011), Tannin-based coagulants in the depuration of
textile  wastewater  effluents:  elimination  of
anthraquinonic dyes, Water Air Soil Pollution, 222, 53-
64.

Breitbach M., Bathen D., Schmidt-Traub H., (2003), Effect of
ultrasound on adsorption and desorption processes,
Industrial Engineering and Chemistry Research, 42,
5635-5646.

Chen Y.-D., Chen W.-Q., Huang B., Huang M.-J., (2013),
Process optimization of K2C20s-activated carbon from
kenaf core using Box-Behnken design, Chemical
Engineering Research and Design, 91, 1783-1789.

Crini G., (2006), Non-conventional low-cost adsorbents for
dye removal: a review, Bioresource Technology, 97,
1061-1085.

Ellouze E., Ellouze D., Jrad A., Ben Amar R., (2011),
Treatment of synthetic textile wastewater by combined
chemical coagulation/membrane processes,
Desalination and Water Treatment, 33, 118-124.

Fernandez M.E., Nunell G.V., Bonelli P.R., Cukierman A.L.,
(2014), Activated carbon developed from orange peels:
Batch and dynamic competitive adsorption of basic dyes,
Industrial Crops & Products, 62, 437-445.

Foo K.Y., Hameed B.H., (2012), Factors affecting the carbon
yield and adsorption capability of the mangosteen peel
activated carbon prepared by microwave assisted K2CO3
activation, Chemical Engineering Journal, 180, 66-74.

Foo K.Y., Hameed B.H., (2012), Textural porosity, surface
chemistry and adsorptive properties of durian shell
derived activated carbon prepared by microwave assisted
NaOH activation, Chemical Engineering Journal, 187,
53-62.

Gogate P.R., Pandit A.B., (2004a), A review of imperative
technologies for wastewater treatment I: oxidation
technologies at ambient conditions, Advances in
Environmental Research, 8, 501-551.

Gogate P.R., Pandit A.B., (2004b), A review of imperative
technologies for wastewater treatment II: hybrid
methods, Advances in Environmental Research, 8, 553-
597.

Heibati B., Rodriguez-Couto S., Amrane A., Rafatullah M.,
Hawari A., Al-Ghouti M.A., (2014), Uptake of Reactive
Black 5 by pumice and walnut activated carbon:
Chemistry and adsorption mechanisms, Journal of
Industrial and Engineering Chemistry, 20, 2939-2947.

Kalidhasan S., Santhana KrishnaKumar A., Vidya Rajesh N.,
(2012), Ultrasound-assisted preparation and
characterization of crystalline cellulose—ionic liquid
blend polymeric material: A prelude to the study of its
application toward the effective adsorption of chromium,
Journal of Colloid and Interface Science, 367, 398-408.

Khan E.A., Shahjahan, Khan T.A., (2018), Adsorption of
methyl red on activated carbon derived from custard
apple (4Annona squamosa) fruit shell: Equilibrium
isotherm and kinetic studies, Journal of Molecular
Liquids, 249, 1195-1211.

Khan T.A., Khan E.A., Shahjahan, (2016), Adsorptive uptake
of basic dyes from aqueous solution by novel brown
linseed deoiled cake activated carbon: Equilibrium
isotherms and dynamics, Journal of Environmental
Chemical Engineering, 4, 3084-3095.

2341



Singh et al./Environmental Engineering and Management Journal 18 (2019), 11, 2335-2342

Khan T.A., Rahman R., Khan E.A., (2017), Adsorption of
malachite green and methyl orange onto waste tyre
activated carbon using batch and fixed-bed techniques:
isotherm and kinetics modeling, Modeling Earth Systems
and Environment, 3, 1-14.

Khokhawala I.M., Gogate P.R., (2010), Degradation of
phenol using a combination of ultrasonic and UV
irradiations at pilot scale operation, Ultrasonics
Sonochemistry, 17, 833-838.

Kitinya J., Onyango M., Ochieng A., (2017), Removal of
Multilan red and Multi-active blue dyes from
aqueous solution by adsorption and oxidation
techniques: equilibrium, kinetics and
thermodynamic studies, Environmental
Engineering and Management Journal, 16, 2731-
2743.

Kuo W.G., (1992), Decolorizing dye wastewater with
Fenton's reagent, Water Research, 26, 881-886.

Li Y., Du Q. Liu T., Qi Y., Zhang P., Wang Z., Xia Y.,
(2011), Preparation of activated carbon from
Enteromorpha prolifera and its use on cationic red X-
GRL removal, Applied Surface Science, 257, 10621-
10627.

Midathana V.R., Moholkar V.S., (2009), Mechanistic studies
in ultrasound-assisted adsorption for removal of
aromatic pollutants, /ndustrial & Engineering Chemistry
Research, 48, 7368-7377.

Mishra K.P.,, Gogate P.R., (2010), Intensification of
degradation of Rhodamine B using hydrodynamic
cavitation in the presence of additives, Separation and
Purification Technology, 75, 385-391.

Mishra K.P.,, Gogate P.R., (2011), Intensification of
degradation of aqueous solutions of Rhodamine B using
sonochemical reactors at operating capacity of 7 L,
Journal of Environmental Management, 92, 1972-1977.

Nidheesh P.V., Gandhimathi R., (2014), Electrolytic removal
of Rhodamine B from aqueous solution by
peroxicoagulation process, Environmental Science and
Pollution Research, 21, 8585-8594.

Nidheesh P.V., Gandhimathi R., Ramesh S.T., Anantha Singh
T.S., (2011), Investigation of equilibrium and
thermodynamic parameters of crystal violet adsorption
onto bottom ash, Journal of International Environmental
Application & Science, 6, 461-470.

Osma J.F., Saravia V., Toca-Herrera J.L., Couto S.R., (2007),
Sunflower seed shells: A novel and effective low-cost
adsorbent for the removal of the diazo dye Reactive
Black 5 from aqueous solutions, Journal of Hazardous
Materials, 147, 900-905.

Ozkan-Yucel U.G., Gokcay C.F., (2017), Modeling of dye
reduction by sludge digestion: combined effect of
biochemical and chemical reduction, Environmental
Engineering and Management Journal, 16, 1543-
1550.

Patil S., Renukdas S., Patel N., (2011), Removal of methylene
blue, a basic dye from aqueous solutions by adsorption
using teak tree (Tectona grandis) bark powder,
International Journal of Environmental Sciences, 1,711-
726.

Rauf M.A., Qadri S.M., Ashraf S., Al-Mansoori K.M.,
(2009), Adsorption studies of Toluidine Blue from

2342

aqueous solutions onto gypsum, Chemical Engineering
Journal, 150, 90-95.

Rodrigues C.S.D., Madeira L.M., Boaventura R.A.R., (2017),
Synthetic ~ textile = wastewaters  treatment by
coagulation/flocculation using ferric salt as coagulant,
Environmental Engineering and Management
Journal, 16, 1881-1889.

Samarghandy M.R., Hoseinzade E., Taghavi M.,
Hoseinzadeh S., (2011), Biosorption of Reactive Black 5
from aqueous solution using acid-treated biomass from
potato peel waste, Bioresources, 6, 4840-4855.

Saravanan S., Sivasankar T., (2015), Ultrasound Assisted
Fenton’s treatment of Reactive Black 5 dye: Effect of
system  parameters, kinetics and mechanism,
Desalination and Water Treatment, 56,492-501.

Schueller B.S., Yang R.T., (2001), Ultrasound enhanced
adsorption and desorption of phenol on activated carbon
and polymeric resin, [Industrial & Engineering
Chemistry Research, 40, 4912-4918.

Shirsath S.R., Hage A.P., Zhou M., Sonawane S.H.,
Ashokkumar M., (2011), Ultrasound assisted preparation
of nanoclay Bentonite-FeCo nanocomposite hybrid
hydrogel: A potential responsive sorbent for removal of
organic pollutant from water, Desalination, 281, 429-
437.

Shirzad-Siboni M., Jafari S.J., Giahi O., Kim 1., Lee S.-M.,
Yang J.-K., (2014), Removal of Acid Blue 113 and
Reactive Black 5 dye from aqueous solutions by
activated red mud, Journal of Industrial and Engineering
Chemistry, 20, 1432-1437.

Shriwas A K., Gogate P.R., (2011), Ultrasonic degradation of
methyl parathion in aqueous solutions: Intensification
using additives and scale up aspects, Separation and
Purification Technology, 79, 1-7.

Sivasankar T., Moholkar V.S., (2010), Physical insight into
the sonochemical degradation of 2,4-dichlorophenol,
Environmental Technology, 31, 1483-1494.

Sutkar V.S., Gogate P.R., Csoka L., (2010), Theoretical
prediction of cavitational activity distribution in
sonochemical reactors, Chemical Engineering Journal,
158, 290-295.

Tanyildizi M.S., (2011), Modeling of adsorption isotherms
and kinetics of reactive dye from aqueous solution by
peanut hull, Chemical Engineering Journal, 168, 1234-
1240.

Thompson L.H., Doraiswamy L.K., (1999), Sonochemistry:
Science and engineering, Industrial and Engineering
Chemistry Research, 38, 1215-1248.

Usha M.S., Sasirekha B., Bela R.B., Devi S., Kamalini C.,
Manasa G.A., Neha P.M., (2011), Optimization of
Reactive Black 5 dye and Reactive Red 120 dye
degradation, Journal of Chemical and Pharmaceutical
Research, 3, 450-457.

Xue Y., Hou H., Zhu S., (2009), Adsorption removal of
reactive dyes from aqueous solution by modified basic
oxygen furnace slag: Isotherm and kinetic study,
Chemical Engineering Journal, 147, 272-279.

Zhou Q., Gong W., Xie C., Yang D., Ling X., Yuan X., Chen
S., Liu X., (2011), Removal of neutral red from aqueous
solution by adsorption on spent cottonseed hull substrate,
Journal of Hazardous Materials, 185, 502-506.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


