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ABSTRACT

The present study deals with the study tea waste as an effective functional adsorbent for the removal of reactive blue 21(RB21)
from aqueous solutions. The batch adsorption experiments were influenced by several parameters such as contact time, solution
pH and mass of adsorbent and initial dye concentration. The results indicated that the maximum removal of RB21 dye by tea
waste was after 90 minutes of contact time and at the nearly neutral pH of 6.0. Moreover, two isotherm models, namely
Langmuir and Freundlich adsorption isotherm were used to describe the adsorption equilibrium of RB21 dye onto tea waste.
The data obtained was in good agreement with Langmuir model than that of Freundlich model, showing a monolayer adsorption
capacity of 28.99 mg/g. Furthermore, it was observed that tea waste did not require any supplementary pre-treatments; such as
activation before the application. Collectively, this work highlights the promise of pristine TW, ability to harness it for
adsorption of dyes, while also prioritizing areas for future research and development (e.g., collection of TW from local vendors
and resulting in environmental friendly disposal of the same). The presented strategy exhibited excellent adsorption capacity of
TW for the removal of RB21 from the aqueous solutions. Nonetheless, in most parts of the globe TW from local vendors is
available without any cost, regeneration is not required and the saturated adsorbent can be disposed by incineration. Copyright
© 2016 VBRI Press.
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Introduction

In recent decades, the use of different commercially
available synthetic dyes and pigments has been extensively
used in industries (e.g., textile, leather, paper, cosmetics,
pharmaceutical and food industries) to impart color in the
fabricated products. Apparently, in developing Asian
countries an array of structurally diverse, synthetic
and/organic chemical wastes (e.g., from industries and
unplanned cities) are abundantly used and discharged to the
waterbodies without proper treatment. Further, these
contaminants are translated into drinking water where their
removal proves challenging with the conventionally
available treatment approaches. All the aforementioned
industries consume large amount of water for maintaining
their high production rate. This in turn leads to discharge
the bulk amount of wastewater every year [1]. The
discharge of wastewater can result in water pollution and
can directly deteriorate the water quality through damaging
aquatic plants, microbes and fish species, reducing sunlight
penetration [2-3], depleting dissolved oxygen (DO),
increasing biological oxygen demand (BOD) and chemical
oxygen demand (COD) [4]. Moreover, the colored
wastewater may contain chemicals which are not only toxic

but also are carcinogenic, mutagenic and teratogenic to
humans and aquatic life [5-7]. Therefore, it is essential to
remove the dyes and pigments from industrial effluents
prior to discharge to a waterbody.

Reactive dyes are characteristically  azo-based
chromophores and are coupled with different types of
reactive groups. Currently, reactive dyes are extensively
used in textile industries to color cotton through covalent
bond formation. However, sometimes are also used to
impart color in wool and nylon fabrics. Moreover, due to
their characteristic bright color, low energy requirement
and easy processing techniques employed when used;
makes them advantageous over other direct dyes.
Therefore, they are rigorously used in most of the textile
industries. Thus, the removal of these reactive dyes from
industrial wastewater is of great importance for protecting
the natural environment [8].

Advanced technologies (e.g., microfiltration, solvent
extraction,  electrochemical treatment,  coagulation,
polymeric  flocculation,  adsorption,  nano-filtration,
chemical precipitation, electrochemical de-colorization,
membrane separation, and reverse osmosis) are well-suited
for the removal of these so-called emerging pollutant
classes. Therefore, numerous conventionally available
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physical, chemical and biological methods have been used
for the treatment of these dyes. For example, microfiltration
[9], solvent extraction [10], electrochemical treatment [11],
coagulation [12], polymeric flocculation [13], adsorption
[14], nanofiltration [15], chemical precipitation [16],
electrochemical decolorization [17], membrane separation
[18], and reverse osmosis [19], are commonly employed. In
this connection, ZnO nanoparticles have been fabricated by
microwave technique for rapid decolorization of Congo red
dye [20]. Similarly, the lanthanum doped bismuth ferrite
nanoparticles were also investigated for photocatalytic
properties [21]. All these methods have some limitations,
for instance, toxic sludge production, economic constraints,
time consuming, incomplete ion and/or dye removal.
Besides, the residual dyes in sludge are non-biodegradable
in nature and remain unchanged for a longer period. Among
all the previously mentioned techniques, adsorption has
been reported as a well-known equilibrium separation
process [22-23]. Furthermore, adsorption is considered as
an effective methodology for the removal of dyes and
hazardous organic compounds from textile effluents [24].
Recently, commercially activated carbon (CAC) is the most
commonly employed adsorbent by the textile industries.
Due to its large surface area along with high sorption
capacity, makes it an effective adsorbent against hazardous
organic and inorganic pollutants. However, despite having
these benefits, its extensive use is limited because of its
high-cost and difficulties in regeneration [25-27].
Therefore, many researches have been conducted for
intensive studies to figure out a suitable and low-cost
adsorbent which can replace the CAC. To obviate this
barrier, numerous low-cost adsorbents have been tested for
the dye removal. For instance, agricultural waste such as
bagasse, fruit peels (e.g., banana and orange), coir pith,
peanut hulls, rice by-products (e.g., straw and husk), saw
dust, sepiolite, etc [28]. Additionally, in order to accelerate
the capabilities of natural agricultural wastes few of the
modifications had been suggested. This includes the graft
copolymers using cheap potato starch and methacrylic acid
for removal of metal ions and organic dyes from aqueous
system [29]. Similarly, polysaccharide guar gum was
hybridized with silica which resulted in water insoluble
porous material [30]. This resulted in high surface area
capable of removing cadmium (1) from aqueous solution
[31]. The coconut coir dust as a low-cost adsorbent was
used for the removal of methylene blue [32]. The removal
of metal contaminants from chemically modified rice husk
was also exploited [33]. The pineapple stem (i.e., waste
generated from agricultural waste) was used as an
adsorbent for the removal of hazardous dye methylene blue
from its aqueous phase [34]. It is noteworthy in mentioning
that synthetic materials using nano-engineered materials
were used to removal of dyes from industrial effluents [35].
These nano-engineered techniques display a challenge of
having high-cost and difficulty in availability. However,
none of studies have attempted to investigate the utility of
low-cost tea waste from local tea vendors for efficient
removal of industrial dyes. Tea waste is comparatively
cheap and easily available in developing Asian countries.

In the present adsorption studies, using tea waste (TW) has
been employed as adsorbent for the removal of model dye
as reactive blue 21 (RB21) from its aqueous solution.
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Previously, TW was used as adsorbent for acidic and basic
dyes [1-2]. Moreover, TW was also used as adsorbent for
the removal of reactive dyes from textile waste [36-37].
The low-cost potential of TW as adsorbent for the removal
of azo-dyes was much more appreciated [38-39]. The alkali
treated foumanat TW was used as an efficient adsorbent for
methylene blue adsorption and the TW utilized was
obtained from agriculture biomass [40]. TW is considered
as a low-cost adsorbent because its availability is very high
in the developing Asian countries. Moreover, its disposal is
another problem related to solid waste management in the
developing countries. So, utilization of such waste for
removal of RB 21 will help to some extent in waste
disposal problem alongside serving as a low-cost adsorbent
without regeneration. Furthermore, it has functional groups
like -COOH, -OH, etc. Due to the presence of structural
hydroxyl protons, carboxylic protons and lactone protons in
TW are able to adsorb dyes by its ion-exchange behavior
[6]. Although the utilization of different forms of TW is
recognized previously to adsorb the few dyes [41-46].
However, the influence of TW on degradation of RB 21 has
not yet been investigated. Moreover, the previous studies
used TW from agriculture biomass, which is comparatively
expansive than the TW from local tea vendors. Also,
utilizing the TW from tea vendors can boost in earning of
their livelihood and encourage the resourceful disposal of
solid waste. Further, to best exploit the known, high
sorption capacity of TW toward dye compounds, we
explored the cost effective methodology to investigate the
catalytic properties of TW from local tea vendors. Our goal
herein was to identify the optimal TW material for
exhibiting sorption capacity and optimum parameters for
removal of RB21. Accordingly, we evaluated the optimum
concentration, influence of pH, mass of adsorbent, addition,
two adsorption isotherm models such as Langmuir and
Freundlich adsorption isotherm models were used to
explain the adsorbent characteristics. In this study, the
influence of several parameters such as contact time, pH,
adsorbent mass and initial dye concentration while treating
with TW were studied under equilibrium condition.
Equilibrium isotherm data were plotted in Langmuir and
Freundlich equations and constants of isotherm equations
were determined for further confirmations.

Materials and Methods

Reactive Blue 21 (RB21) used in this study was obtained
from Dystar (Kocaeli, Turkey) for the adsorption
experiment. The chemical structure and characteristics of
RB21 are shown in (Fig. 1 and Table 1), respectively.
Furthermore, all the chemicals used for adsorption study
were of analytical grade and were used directly without
purification.

Characterizations

UV-vis spectrophotometer (DR/4000U Spectrophotometer,
HACH, USA) was used to measure the dye concentration.
The pH measurements were obtained using a portable
multiparameter meter (Sension 156, HACH, USA).
Magnetic stirrers were purchased from Alabtech Ims-1003
(Republic of Korea) used for all adsorption experiments.
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Fig. 1. Molecular structure of Reactive Blue 21 (RB21).
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Scheme 2. Schematic diagram of the dye adsorption analysis.
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The TW collected from local tea vendors was used as
adsorbent for removal of RB21 from aqueous solutions in
this study. Among all the adsorbents used to remove dye
contaminants, the TW can be considered as economically
feasible as it originates from wastage byproduct from local
tea vendors in developing Asian countries. The (Scheme 1
and Scheme 2) illustrates the possible strategy to treat dye
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solutions using TW from local tea vendors. In order to have
a proper blend of different tea brands, the TW were
collected from at least 10 local tea shops. In brief, the
preparation of adsorbent was performed by boiling the TW
in water at (80 °C) for 1 h for the removal of hydrolysable
tannins and other residual colored components. After that,
the decolorized and cleaned TW was dried in over at (80
°C) for 24 h. Then, the dried material was grinded to a fine
powder using electrical grinder. The fine powder was
washed with distilled water for several times until the used
water appeared colorless with neutral pH and negligible
conductance. Generally, a colorless solution of TW was
observed after at least 5 washing cycles. Finally, the
adsorbents were packed in hermetically sealed containers,
labeled and stored in refrigerator for further use. The
preparation of dye standard solution was formulated using a
stock solution of reactive blue 21 (RB21) by dissolving a
mixture of 0.1 g of dye in a 1000 mL volumetric flask,
followed by diluting in de-ionized water. Dye test solutions
were prepared through proper dilution of the stock solution
to the desired concentration. De-ionized water was used to
prepare all of the solutions in this study. The dye solutions
were prepared by stirring them at room temperature and
filtered prior to use.

Table 1. Chemical characteristics of reactive blue 21 (RB21).

Parameter Dychufix Turquish Blue G
Class Copper phthalocyanine
Color index name Reactive Blue 21

Reactive group Sulphatoethylsulphone

pH 5.12
COD (mg/l) 46.93
TOC (mg/l) 18.62

hmax (NM) 626

Molecular weight (g/mol) 576.10

Adsorption experiments

Adsorption studies were performed in batches at room
temperature (i.e., 25 °C). All the batch experiments were
performed in triplicate and the results are the means with a
relative standard deviation of less than 5 %. In addition, a
control experiment without adsorbent was carried out
simultaneously to ensure that adsorption in the samples was
done by the adsorbent. After the desired contact period, for
each batch experiment, the aqueous phases were separated
from the materials. Thereafter, the dye concentration in the
supernatant was  measured using an  UV-Vis
spectrophotometer. The following adsorption experiments
were carried out in batches:

The first batch was investigated in these studies were for
the effect of contact time. The contact time ranged from
30 to 240 minutes. The initial concentration of dye was 20
mg/L, and the initial solution pH was 6 (adjusted using
HCL and NaOH) and adsorbent dose was 1 g/100 ml. The
second batch investigated was for studying the effect of pH.
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The pH ranged from 2 to 14. The initial dye concentration
was 20 mg/L. The adsorbent dose was 1 g/100 ml. This
batch operated at optimum contact time resulted from
previous batch (i.e., batch 1). The (batch 3) used to study
was for the effect induced by adsorbent mass. The
adsorbent dose ranged from 0.5 to 5 /100 ml at optimum
contact time from (batch 1) and optimum pH from
(batch 2). The initial concentration was 20g/L. The (batch
4) consisted for studying the effect of initial concentration.
The concentration varied from 5 to 30 mg/L at optimum
contact time revealed from (batch 1, optimum pH from
batch 2 and optimum the amount of adsorbent from batch
3), respectively. Furthermore, the (batch 5) consisted of
adsorption isotherm for RB21 onto TW. Both the Langmuir
and Freundlich adsorption isotherm models were employed
to describe the equilibrium nature of the RB21 adsorption
onto TW. In all the above analyses, the measurement of
equilibrium adsorption, g. or x/m was calculated by using
the following equation:

_ (Co—Ca)XV (1)
qe m X 1000

whereas, g, is the amount of dye adsorbed at equilibrium
time (mg/g). The C, and C, are the initial and equilibrium
concentrations of the dye (mg/L). The V is the volume of
dye solution (ml) and m is the mass of the adsorbent (g).
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Fig. 2. Effect of contact time on the removal of reactive blue 21 (RB21)
by adsorption onto tea waste (TW).

Results and discussion

The effect of contact time on the removal of the dye was
studied at 6 pH and room temperature (25 °C) using
conditions that were previously mentioned in (batch 1). The
obtained result is presented in (Fig. 2) for tea waste. As
expected, it was observed that removal efficiency initially
increases logarithmically with an increase in the contact
time. For an initial concentration of 20 mg/L, the removal
efficiency increases until 90 minutes of time. A removal
efficiency of over 55 % for tea waste was found after
90 minutes. Thereafter, the removal efficiency was
decreased due to weak binding force between adsorbent
surface functional groups and adsorbate [44]. Therefore,
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90 minutes was chosen as best contact time for the
subsequent batches.
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Fig. 3. Effect of pH on the removal of reactive blue 21 (RB21) by
adsorption onto tea waste (TW).
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Fig. 4. Effect of amount of adsorbent on the removal of reactive blue 21
(RB21) by adsorption onto tea waste (TW).

Effect of pH

The pH of dye solution has been identified as the most
important parameter affecting dye adsorption onto the
bioadsorbents. The influence of pH is not easy to study,
especially under strong acidic conditions. Strongly acidic
pH results in formation of protonated species which
possibly leads to a change the dye structure along with
protonation of the negatively charged adsorbent surface
sites. However, it may also be worth in mentioning that the
acidic pH of a system can result in better adsorption for the
dyes. In this regard, the (Fig. 3) shows results of effect of
pH on the removal of dye. In this case, it was observed that
about 71.6 % of RB21 was adsorbed at pH 6 and then
decreased at higher pH. The rationale may be due of
electrostatic repulsion, the highly negative charged
adsorbent surface sites did not facilitate the adsorption of
deprotonated RB21. Moreover, previous studies revealed
that the excess OH™ ions in alkaline solution form a
competitive atmosphere with anionic ions of RB21 for the
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adsorption sites resulted in lower removal -efficiency
[47-49]. Therefore, pH 6 was selected as an ideal pH for
further experiments.

Effect of mass

The adsorption experiments were repeated at various
amounts of adsorbents in the range of (0.5 to 5 g/100 ml) at
the room temperature (25 °C) to study the adsorbent dose
dependent behaviors of dye adsorption. In this context, the
(Fig. 4) shows that about 73 % of RB21 were removed with
(4.09/100 ml) of TW. The adsorption capacity of an
adsorbent depends on the surface activity that is the specific
surface area available for dye surface interactions.
However, after a specified adsorbent dose (i.e., 49/100 ml)
the equilibrium adsorption capacity of tea waste slightly
decreased with increasing amount. The rationalle is due to
limited dye concentration for this amount of adsorbent
dosage [50]. Another possible reason could be the
unsaturated adsorbent surface sites available during the
adsorption reaction. Therefore, 4.0 g/100 ml of TW was
chosen for the next batch of experiments.
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Fig. 5. Effect of initial concentration on the removal of reactive blue 21
(RB21) by adsorption onto tea waste (TW).

Effect of initial dye concentration

The adsorption of the dye, RB21 over TW, was
investigated at initial concentration ranging from
(5 to 30 mg/l) at the room temperature (25 °C) using the
aforementioned optimum conditions. As a general trend a
decrease of the removal efficiency with the increase in dye
concentration in the solution is evident from (Fig. 5). This
figure clearly demonstrates that the adsorption of RB21 by
the TW was almost 81 % at low concentration and about
38 % at higher concentration. The same phenomena were
observed in earlier studies and it was concluded, that lack
of active sites on the adsorbent together with increasing
competition for the available binding sites among the ions,
resulted in lower removal efficiency at higher
concentrations [51]. Our findings are in complete
agreement with results from these previous findings.
Furthermore, from the above observation, it is evident that
more dyes were left as un-adsorbed in solution at higher
concentration levels.

Reza et al.

Adsorption isotherms

The adsorption isotherm is important for the understanding
of adsorbent behavior between the liquid phase and the
solid phase, once the system reaches an equilibrium state.
Among several adsorption models, in our study, we used
two classical models, namely Langmuir and Freundlich
adsorption isotherm models. These adsorption isotherm
models were used to describe the equilibrium of adsorbed
dye (C.) at room temperature (25 °C) and a constant pH

(pH 6).

Langmuir adsorption isotherm model

In this case, the adsorption isotherm model is based on the
assumption that specific identical sites of the adsorbent
actively participate in the adsorption process [52] and that
once a dye molecule adsorbed at the site, no other molecule
can be adsorbed at the site on the same time. Moreover, this
model is mostly used in monolayer sorption. The Langmuir
equation is given by the following relation [53]:

4K ;
=11 Kk,cC, ©)

The linearized form of Langmuir isotherm that can be
written as:

1 1 1 1
- 4y 3)
q, K., C. q,

where, ¢ is the amount of dye adsorbed at equilibrium time
(mg/g), C. is the equilibrium concentration of dye in
solution (mg/L), gn is the maximum adsorption capacity
(mg/g) and K, is the isotherm constants for Langmuir
(L/mg). Langmuir constants, g, and K, are related to
maximum adsorption capacity and energy of adsorption
through Arrhenious equation, respectively [54]. Further on,
Om can also be interpreted as the total number of binding
sites that are available for sorption. When 1/q. is plotted
against 1/C,, a straight line with slope 1/K.q, is obtained
and intercept is corresponds to 1/qy,.

Table 2. Langmuir and Freundlich isotherm model constants for the
sorption of reactive blue 21 (RB21) onto tea waste (TW).

Langmuir isotherm model constants  Freundlich isotherm model constants

K¢ [mg/g(L/g)™]
0.81 3.3x1072

R? gm(mg/y) K (L/mg) R? n

0.71 28.99 1.8x10° 0.69

Fig. 6 demonstrates experimental data and the linear
form of the Langmuir isotherm (Eq. 3). The sorption
constant, K, and the saturated monolayer sorption capacity,
Om onto TW shows good result. The linear isotherm
constants, gm, K, and R? are also indicated in (Table 2).
Therefore, it ratifies that the Langmuir isotherm is followed
in the adsorption process.
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Fig. 6. Langmuir isotherm of reactive blue 21 (RB21) adsorbed onto tea
waste (TW).

For further confirmation, the important characteristics of
the Langmuir isotherm were expressed in term of a
dimensionless constant separation factor for equilibrium
parameter, R,. The separation factor, R can be determined
from Langmuir equation by using the following relation:

1
Ro= ———
L™ 1+ k., 4)

where, R values indicate the type of adsorption to be
irreversible (RL=0), favorable (0<R <1), linear (R_ =1) or
unfavorable (R >1), K, is the Langmuir constant and C is
the initial RB21 dye concentration (mg/l). Moreover, the
results of R, presented in (Table 3), indicate obtained R,
values were in the range 0-1. Thereby, it confirms that the
TW is favorable for RB21 dye adsorption under the studied
conditions.

Table 3. Intraparticle diffusion rate parameter and diffusion coefficient at
different initial dye concentration.

Initial dye concentration (mg/l) R_

5 0.99
10 0.98
15 0.97
20 0.96
25 0.95
30 0.94

Freundlich adsorption isotherm model

The Freundlich adsorption isotherm model is a multilayer
adsorption model. It is based on a physical hypothesis that a
heterogeneous adsorption surface possesses unequal
available sites with different energies of adsorption. The
Freundlich adsorption isotherm model is represented as
follows [55]:

1 5
9. = Kfce/n ©
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The linearized form of Freundlich isotherm that can be
written as:

1
lnqe=anf+£lnCe (6)

where g, is the amount of dye adsorbed at equilibrium time
(mg/g), C. is the equilibrium concentration of dye in
solution (mg/L), Ky is the capacity of the adsorbent and n is
the adsorption constant intensity. The plot of In g versus In
C. is used to determine the K¢ and n from both intercept and
slope. In general, the correlation coefficient (R?) value from
the linear regression elucidates the information on which
model can be selected to give the best-fit.
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Fig. 7. Freundlich isotherm of reactive blue 21 (RB21) adsorbed onto tea
waste (TW).

The linear Freundlich isotherm for the adsorption of the
RB21 dye onto TW is presented in (Fig. 7). Examination of
the plot suggests that the linear Freundlich isotherm is also
a good model for the adsorption of RB21 dye. The
(Table 2) shows the linear Freundlich sorption isotherm
constants, K¢ and n, and the correlation coefficient (R?).
Based on the R? value, the linear form of the Freundlich
isotherm model appears to produce a reasonable model for
adsorption.

Conclusion

In conclusion, this study demonstrates that TW can be
effectively utilized as a functional adsorbent for the
removal of reactive blue 21(RB21) from aqueous solutions.
The batch adsorption experiments were influenced by
several parameters such as contact time, solution pH, mass
of adsorbent and initial dye concentration. The maximum
removal efficiency of RB21 dye by TW was observed after
90 minutes of contact time and at an initial pH of 6.0. The
removal efficiency decreased with increasing the dye
concentration and increasing dose of adsorbent. In addition,
two isotherm models, namely Langmuir and Freundlich
adsorption isotherm were used to describe the adsorption
equilibrium of RB21 dye onto TW. The data were in better
agreement with Langmuir model than Freundlich model,
showing a monolayer adsorption capacity of (28.99 mg/qg).
Moreover, TW is easily and profusely available, do not
require supplementary pretreatment steps such as activation
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before applications and shows good removal efficiency for
RB21 from aqueous solutions. However, an appropriate
method for collection and preservation of tea waste should
be considered. Further, experimental works are required on
desorption and regeneration of the adsorbent and
application of the adsorbent for industrial effluents.
However, an appropriate method for collection and
preservation of tea waste should be considered.

Acknowledgements

Arif Reza is grateful to Independent University, Bangladesh for providing
facility to perform his research part. Also, Dr. Faheem A Sheikh is highly
thankful to the Central University Kashmir for providing appropriate
facilitates to communicate this research during the winter vacations.

References

1.  Uddin, M. T.; Islam, M. A.; Mahmud, S.; Rukanuzzaman, M. J.
Hazard. Mater., 2009, 164, 53.
DOI: 10.1016/j.jhazmat.2008.07.131

2. Khosla, E.; Kaur, S.; Dave, P. N. Desalin, Water Treat., 2013,
51,6552.
DOI: 10.1080/19443994.2013.791776

3. Zuorro, A;; Santarelli, M. L.; Lavecchia, R. Adv Mat Res., 2013, 26,
803.
DOI: 10.4028/www.scientific.net/AMR.803.26

4. Rafatullah, M.; Sulaiman, O.; Hashim, R.; Ahmad, A. J.
Hazard.Mater., 2010, 177, 70.
DOI: 10.1016/j.jhazmat.2009.12.047

5. Ebrahimian, P. A.; Saberikhah, E.; Badrouh, M.; Emami, M.
S.Water Resour. Ind., 2014, 6, 64.
DOI:10.1016/j.wri.2014.07.003

6.  Ahmaruzzaman, M.; Gayatri, S. L. J. Chem. Eng. Data., 2010, 55,
4614,
DOI: 10.1021/je100117s

7. Mondal, S. Environ. Eng . Sci. 2008, 25, 383.
DOI:10.1089/ees.2007.0049

8. Pavan, F. A.; Gushikem, Y.; Mazzocato, A. C.; Dias, S. L.; Lima,
E.C. Dyes Pigments, 2007, 72, 256.
DOI: 10.1016/j.dyepig.2005.09.001

9. Lima, E. C.; Royer, B.; Vaghetti, J. C.; Simon, N. M.; da Cunha,
B.M.; Pavan, F. A.; Benvenutti, E.V.; Catalufia-Veses, R.; Airoldi,
C., J. Hazard. Mater., 2008, 155, 536.
DOI: 10.1016/j.jhazmat.2007.11.101

10. Kant, S.; Kumar A. Adv. Mat. Lett., 2012, 3, 350.
DOI: 10.5185/amlett.2012.5344

11. Gregory, A. R.; Elliott, J.; Kluge, P. J. Appl. Toxicol., 1981, 1, 308.
DO1:10.1002/jat.2550010608

12. Otterburn, M. S.; Aga, D. A. Water, Air, Soil Pollut., 1985, 24, 307.
DOI: 10.1007/BF00161790

13. Gong, R.; Jin, Y.; Chen, J.; Hu, Y.; Sun, J. Dyes Pigments., 2007,73,
332.
DOI:10.1016/j.dyepig.2006.01.037

14. Calrk, E. A.; Antiker, R. Organic Dyes and Pigments In:
Handbookof Envionmental Chemistr, Anthropogenic Compounds.
Part A, Springer-Verlag, New York, 1980, 3, 181.
DOI: 10.1007/978-3-540-38522-6_7

15. Gupta, V. K.; Suhas. J. Environ. Manage., 2009, 90, 2313.
DOI: 10.1016/j.jenvman.2008.11.017

16. Pandit, P. S.; Basu. Environ. Sci. Technol., 2004, 38, 2435.
DOI: 10.1021/es030573m

17. Chatzisymeon, E.; Xekoukoulotakis, N. P.; Coz, A.; Kalogerakis, N.;
Mantzavinos, D. J. Hazard. Mater., 2006, 137, 998.
DOI:10.1016/j.jhazmat.2006.03.032

18. Verma, A. K; Dash, R. R.; Bhunia, P. J Environ Manage., 2012,
93,154.
DOI: 10.1016/j.jenvman.2011.09.012

19. Singh, R. P; Pal, S.; Ali, S. A., Adv. Mat. Lett., 2014, 5, 24. DOI:
10.5185/amlett.2013.6498

20. Zuas, O.; Budiman, H.; Hamim, N. Adv. Mat. Lett. 2013, 4, 662.
DOI: 10.5185/amlett.2012.12490

21. Kaur, M.; Yadav, K. L.; Uniyal, P. Adv. Mater. Lett., 2015, 6, 895.
DOI: 10.5185/amlett.2015.5861

Adv. Mater. Lett. 2016, 7(11), 878-885

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.
.|

Reza et al.

Jain, A. K.; Gupta, V. K.; Bhatnagar, A. J. Hazard. Mater., 2003,
101, 31.

DOI1:10.1016/S0304-3894(03)00146-8

Ho,Y. S.; McKay, G. Process Biochem. 2003, 38, 1047.

DOI: 10.1016/S0032-9592(02)00239-X

Gupta, V. K.; Ali, I. Encyclopedia of surface and colloid science,
2006, 2, 149.

DOI: 10.1081/E-ESCS 120012606

Chiou, M. S.; Li, H. Y. Chemosphere, 2003, 50, 1095.

DOI: 10.1016/S0045-6535(02)00636-7

Crini, G Bioresour.  Technol., 2006, 97, 1061.
DOI:10.1016/j.biortech.2005.05.001

Hu, Q. H.; Qiao, S. Z.; Haghseresht, F.; Wilson, M. A;; Lu, G Q.
Ind. Eng. Chem. Res., 2006, 45, 733.

DOI: 10.1021/ie050889y

Kharat, D. S.; Braz. J. Chem. Eng. 2015, 32, 1.

DOI: 10.1590/0104-6632.20150321500003020

Adegoke, K.A.; Bello, O.S. Water Resour. Res. Ind., 2015, 12.
DOI:10.1016/j.wri.2015.09.002

Pathania, D.; Sharma, R. Adv. Mat. Lett., 2012, 3, 136.

DOI: 10.5185/amlett.2011.8297

Singh, V; Singh, S. K. Adv. Mater. Lett., 2015, 6, 607.

DOI: 10.5185/amlett.2015.5873

Etim, U. J.; Umoren, S. A.; Eduok, U. M. J. Saudi Chem. Soc., In
press.

DOI: 10.1016/j.jscs.2012.09.014

Sobhanardakani, S.; Parvizimosaed, H.; Olyaie, E.; Environ Sci
Pollut Res., 2013, 205265.

DOI: 10.1007/s11356-013-1516-1

Hameed, B.H.; Krishni, R.R.; Sata, S.A., J. Hazard. Mater. 2009 15,
305

DOI: 10.1016/j.jhazmat.2008.05.036.

Amin, M. T.; Alazba, A. A.; Manzoor, U.; Adv. Mater. Sci. Eng.,
2014.

DOI: 10.1155/2014/825910.

Khosla, E.; Kaur, S.; Dave, P. N. Desalin Water Treat., 2013, 51,
6552.

DOI: 10.1080/19443994.2013.791776.

Zuorro, A.; Santarelli, M. L.; Lavecchia, R. Adv Mat Res., 2013,
803, 26.

DOI: 10.4028/www.scientific.net/ AMR.803.26

Rafatullah, M.; Sulaiman, O.; Hashim, R.; Ahmad, A. J. Hazard.
Mater., 2010, 177, 70.

DOI: 10.1016/j.jhazmat.2009.12.047

Ebrahimian, P. A.; Saberikhah, E.; Badrouh, M.; Emami, M. S.
Water Resour. Ind., 2014, 6, 64.

DOI:10.1016/j.wri.2014.07.003

Azadeh, E. P; Elham, S.; Moslem, B.; Mohammad S. E.
WaterResour. Ind., 2014, 6, 64

DOI: 10.1016/j.wri.2014.07.003

Shukla, S. K.; Nidhi.; Sudha.; Pooja.; Namrata.; Charu.;
Akshay.;Silvi.; Manisha.; Rizwana.; Bharadvaja, A.; Dubey, G. C.
Adv. Mat.Lett., 2014.

DOI: 10.5185/amlett.2014.1018

Gottipati, R.; Mishra, S.; Braz. J. Chem. Eng., 2010, 27, 357.

DOI: 10.1590/S0104-66322010000200014.

Muthirulan, P.;; Devi, C. K. N.; Sundaram, M. M., Adv. Mat. Lett.,
2014, 5, 163.

DOI: 10.5185/amlett.2013.7507

Duhan, S.; Dehiya, B. S.; Tomer, V., Adv. Mat. Lett., 2013, 4, 317.
DOI: 10.5185/amlett.2012.8414

Pandey, N; Shukla, S.K.; Singh, N. B., Adv. Mater. Lett., 2015,
6,172.

DOI: 10.5185/amlett.2014.5604

Patil, B. N.; Acharya, S. A. Adv. Mat. Lett., 2014, 5, 113.

DOI: 10.5185/amlett.2013.fdm.16

Jaikumar, V.; Ramamurthi, V. Int. J. Chem., 2009, 1, 2.

DOI: 10.5539/ijc.vinlp2

Namasivayam, C.; Kavitha, D. Dyes Pigm., 2002, 54, 47.
DOI:10.1016/S0143-7208(02)00025-6

Purkait, M. K.; Maiti, A.; DasGupta, S.; De, S. J. Hazard.
Mater.,2007, 145, 287.

DOI:10.1016/j.jhazmat.2006.11.021

Jarusiripot, C.; Procedia Chem., 2014, 9, 121.
DOI:10.1016/j.proche.2014.05.015

Surchi, K. M. S. Int. J. Chem., 2011, 3, 103.

Copyright © 2016 VBRI Press 884


http://dx.doi.org/10.1590/0104-6632.20150321s00003020

Research Atrticle Adv. Mater. Lett. 2016, 7(11), 878-885 Advanced Materials Letters

DOI: 10.5539/ijc.v3n3p103
52. Yagub, M. T.; Sen, T. K, Afroze, S; Ang, H. M. Adv

Colloidinterfac., 2014, 209, 172.
DOI:10.1016/j.cis.2014.04.002
53. Langmuir, I.; J. Am. Chem. Soc., 1918, 40, 1361.
DOI: 10.1021/ja02242a004
54. Reza, A.; Sheikh, F. A,; Abedin, M. Z; Kim, H. Energy
Environ.Focus., 2015, 4, 28.
DOI: 10.1166/eef.2015.1135
55.  Freundlich, H.M.F. J. Phys. Chem., 1906, 57, 385.

DOI: 10.1021/jp036105937

VBRI Press

Commitment to Excellence

Publish =
your article in this journal

Advanced Materials Letters is an official international
journal of Ir { A iation of A d Materi

(IAAM, www.iaamonline.org) published monthly by
VBRI Press AB from Sweden. The journal is intended to
provide high-quality peer-review articles in the fascinating
field of materials science and technology particularly in the
area of structure, synthesis and processing,
characterisation, advanced-state properties and
applications of materials. All published articles are
indexed in various databases and are available download
for free. The manuscript management system is
completely electronic and has fast and fair peer-review
process. The journal includes review article, research
article, notes, letter to editor and short communications.

Copyright © 2016 VBRI Press AB, Sweden www.vbripress.com/aml

Adv. Mater. Lett. 2016, 7(11), 878-885 Copyright © 2016 VBRI Press



