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Abstract: Ethyl violet (EV) is one of the common pollutants in industrial wastewaters. This study presents the kinetic,
isotherm and thermodynamic characterization of the adsorptive removal of EV from aqueous solution by used black tea leaves
(UBTL) as a low cost adsorbent. Batch adsorption experiments were performed to investigate the effects of initial dye
concentration, solution pH and temperature on the adsorption kinetics. Experimental data were evaluated by inspecting the
liner fitness of different kinetic model equations such as pseudo-first order, pseudo-second order, Elovich and Intra-particle
diffusion models. The equilibrium amounts adsorbed at different equilibrium concentrations were determined from well fitted
pseudo-second order kinetic plot to construct the adsorption isotherm. The maximum adsorption capacity, ¢,,=91.82 mg/g was
determined from the well fitted Langmuir plot compared with Freundlich and Temkin plots. Thermodynamic parameters such
as free energy change (AG,g), enthalpy change (AH,y) and entropy change (AS,s) of adsorption were determined from
adsorption equilibrium constants at different temperatures. The values of thermodynamic parameters revealed that the
adsorption of EV on UBTL was feasible, spontaneous and endothermic in nature leading to chemisorption. Again, the
equilibrium amount adsorbed, calculated from pseudo-second order kinetic plots for different initial pH of solution was found
to be minimum at neutral medium compared with acidic and basic media due to the amphoteric nature of Ethyl violet in
aqueous solution and zero point charge of pH of UBTL.
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carcinogenic and highly toxic effect to living things [5].
Therefore, to remove dyes from wastewater and refresh the
ambiance, it is necessary to develop effective method for
practical application. In recent years, there are various
conventional techniques, such as photocatalytic degradation
[6, 7], chemical degradation [8, 9], flocculation [10],
Biodegradation [11], nanofiltration [12], oxidation [13], etc.
can be used successfully to improve water quality by
removing dye from wastewater. However, several of these
techniques have some kind of disadvantages. From the above
mentioned techniques, adsorption is considered as an
efficient and economical method for its easier operation
procedure. Activated carbon is extensively employed as an

1. Introduction

Aquatic environment of developing countries are seriously
polluted due to the rapid growth of dying, textile, ternary,
paint/pigment, drugs industries. These industries are using
synthetic dyes to color their products, and discharging a large
amount of effluents into aquatic environment. Around 10,000
different types of dyes exist commercially [1]. Annually over
7x105 metric tons are available for industrial purposes and
without prior treatment; 10-15% of the dyestuff entered the
natural environment causes pollution [2-3]. Ethyl violet (EV)
is a triphenylmethane dye which has extensive industrial
applications [4]. In addition, the colored effluents have
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effective adsorbent because of its high adsorption capacity.
But activated carbon is a costly adsorbent and it produces
secondary waste due to the difficulty in its regeneration
process. Therefore, researchers are searching for low-cost
and naturally occurring adsorbents [14, 15].

Different researchers reported several low cost adsorbents
for the removal of ethyl violet dye, namely modified clays
[16], wild carob forest wastes [17, 18], regenerated spent
bleaching soil [19], etc. However, the adsorption capacity of
the mentioned adsorbents is not sufficient to use; researchers
are in search of new adsorbents with better capacity to
improve adsorption performance.

Tea is a very common beverage drink in the world. After
preparing of tea, by pouring hot or boiling water over cured
or fresh leaves of tea (Camellia sinensis), produce waste
materials in everywhere. The proper utilization of this used
black tea leaves (UBTL) would make economical and
environmental benefits. Several studies have been reported
about the utilization of used black tea leaves as a biosorbent
with high efficiency to eliminate organic dyes and heavy
metals from water as well as from wastewater [20-29].
However, no research has been done to investigate the
potential of Ethyl violet adsorption on UBTL.

In this study, the potential applicability of used black tea
leaves as a biosorbent for the removal of Ethyl violet from
aqueous solution was evaluated by investigating the kinetics
and thermodynamics of adsorption of Ethyl violet on UBTL.
The effects of dye concentration, processing temperature and
pH of dye solution on kinetics were studied in batch
experiments. Adsorption isotherm and thermodynamic
parameters were estimated from the experimental data.

2. Materials and Methods
2.1. Chemicals

All chemicals used in this research work were analytical
grade. Ethyl violet (EV) is a cationic triarylmethane synthetic
dye. It is an ethyl homolog of crystal violet. IUPAC name of
Ethyl violet is N-4-bis4-(diethylamino) phenylmethylene-2,
5-cyclohexadien-1-ylidene-N-ethyl-chloride. Its chemical
formula is C;;H4,CIN; having molecular weight 492.15 g.
Synonyms of Ethyl violet are Basic Blue 14, Basic violet,
Ethyl purple, Ethyl violet G; Basic violet 4, Ethyl purple 6B,
Ethyl violet Cl and its CI No. is 42600. The structural
formula of Ethyl violet is shown Figure 1. Stock solution of
1000 mg/L EV was prepared by dissolving required amount
of Ethyl violet (EV) in distilled water and different
concentrated EV solutions were prepared from its dilution.
up to the mark to prepare stock solution. Low concentrated
NaOH (0.01M) or HNO; (0.01M) were used to adjust the pH
of different solutions.

2.2. Preparation and Characterization of Adsorbent

Used black tea leaves (UBTL) as a biosorbent was
prepared from fresh black tea leaves. At first, black tea leaves
(BTL) were collected from a departmental store at Dhaka

city in Bangladesh. Collected black tea leaves were boiled
with distilled water for 2 hours and washed with distilled
water for several times so that colored materials were
removed from black tea leaves. Residual leaves were dried in
room temperature and ultimately dried in an electric oven at
105°C for 12 hours and then sieved through the metallic
sieves to obtain particle size 212- 300 um. It was then stored
at room temperature in a desiccator until the experiment was
conducted. For the characterization of surface morphology of
UBTL, a very small amount of dried UBTL was taken on a
sample holder and put in a Scanning Electron Microscope
(SEM, JSM-6490LA, JEOL, Japan) and microgram was
taken under high vacuum (10°-10° torr) using 20 KeV at
x3,000 magnification and presented in Figure 2.

HSC/\IN/\

CHj

Figure 1. Molecular structure of Ethyl violet (EV).

2.3. Experiments for Adsorption Kinetics

Batch adsorption experiments were performed to
investigate the effect of concentration, temperature and
solution pH on adsorption kinetics.

2.3.1. Effect of Concentration

For kinetic studies, at first, 0.025 g of adsorbent (UBTL)
was added with 25.0 mL of about 20 mg/L EV solution at pH
6.0. Then solution was shaken in a thermostatic mechanical
shaker (NTS-4000 Eyela, Japan) at 35.0+£0.2°C. The mixtures
were separated, after shaking of different time of intervals.
The absorbance of separated solution with proper dilution
and at pH 6.0 was measured using a UV-vis spectro-
photometer (Model-1800A, Shimadzu, Japan) at Ay, 595.50
nm to determine the residual concentration of the EV dye in
solution after different adsorption times. Again, the
concentration of EV dye in initial solution was also
determined by same procedure. Similar kinetic experiments
were conducted using five different initial concentrations of
EV solutions. The amounts adsorbed at different contact
times for different initial concentrations were determined
from the following equation (1),

_( =)y (1
! W

where, C, is the initial concentration of EV (mg/L), C; is the
concentration of EV at time ¢ (mg/L), ¢, is the amount
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adsorbed at time ¢ (mg/g), V is the volume of the solution (L)
and W is the mass of the adsorbent (g).

2.3.2. Effect of Temperature

To determine the effect of temperature on adsorption
kinetics, same kinetic experiments were performed at
different temperatures for a fixed concentration of =100 mg/L
of Ethyl violet solution at pH 6.0.

2.3.3. Effect of PH

Effect of pH of dye solution was investigated by
implementing similar kinetic experiments at different pH of
dye solution for a fixed concentration of =100 mg/L of Ethyl
violet solution at constant temperature and other parameters
were kept constant.

3. Results and Discussion
3.1. Characterization of Adsorbent

Prepared used black tea leave was characterized by
Scanning Electron Microscope (SEM). Figure 2 presents the
SEM microgram of prepared UBTL which shows some
cavities on the UBTL surface as active sites to adsorb. Very
small surface area and negligible amount of pore volume of
UBTL were reported in our previous articles [20].

Figure 2. SEM micrograph of prepared UBTL (%x3000).

3.2. Effect of Concentration

Concentration of dye is a very important parameter for
adsorption kinetics. Figure 3 shows the variation of amount
adsorbed of EV on UBTL with time for different initial
concentrations of EV. The figure shows that for each
concentration of dye, the amount adsorbed rapidly increased
at the beginning then became gradually steady which is less
significant for high concentrated solution of EV dye. This is
due to the fact that, with the increase of initial dye
concentration, the number of dye molecules increases in the
medium, and which causes decrease of steric hindrance at the
different adsorption sites [24, 25].
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Figure 3. Variation of the amount adsorbed of EV on UBTL with time for
different initial concentrations at pH 6.0 and at 35.0+0.2°C.

3.3. Kinetic Modeling of Adsorption

Following kinetic models such as pseudo-first-order,
pseudo-second-order, Elovic and Intra-particle diffusion
models were applied to evaluate the adsorption dynamics of
the process.

3.3.1. Pseudo First-Order Kinetics

Pseudo—first order kinetic equation was proposed by
Lagergren [30] assuming that one active site on surface
occupied with one adsorbate species. Literature review
showed that many researchers applyed pseudo—first order
kinetic equation to investigate adsorption kinetic data [31,
32]. The linear form of this model expressed by the following
relation (2),

log(g, —q,) =logq, —k )

where, ¢. is the adsorption capacity at equilibrium (mg/g), ¢,
is the adsorption capacity at time ¢ (mg/g), k; is the rate
constant for the pseudo-first-order (min™) kinetics. The plot
of log(q.-g,) vs t as presented in Figure 4 shows the validity
of pseudo-first-order kinetics to the adsorption EV on UBTL
for different initial concentrations. The figure reveals that
each plot does not give straight line with the whole range of
concentration indicating the failure of fitness of pseudo first
order kinetics.
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Figure 4. Pseudo-first order kinetic plot of the adsorption of EV on UBTL at
PpH 6.0 and 35.0 £0.2°C for different initial concentrations.
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Figure 5. Pseudo second-order kinetic plot of the adsorption of EV on UBTL
at pH 6.0 and 35.0 £0.2°C for different initial concentrations.

3.3.2. Pseudo Second-Order Kinetics
Ho and McKay's pseudo second order rate equation was
developed based on the interaction of two active sites on
surface with the adsorbates [32]. The linear form of the
pseudo second-order kinetic model is expressed by the
following equation (3):
S 3)

q, kaq. q.

where, ¢, is the amount adsorbed at time ¢ (mg/g), ¢, is the
equilibrium amount adsorbed (mg/g) and k, is the pseudo
second order rate constant (g/mg min). Figure 5 shows that
the experimental data follow the pseudo second-order kinetic
equation as a plot #/gq, vs t for the whole range of
experimental concentration with high values of regression
coefficient (R?) given in Table 1. From the plots, the values
of equilibrium amount adsorbed, equilibrium concentrations
and pseudo second order rate constants were calculated for
different initial concentrations of EV and the values are
presented in Table 1.
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Figure 6. Plot of Elovich model for the adsorption of EV on UBTL at pH 6.0
and 35.0 £0.2°C for different initial concentrations.

3.3.3. Elovich Model

Elovich equation used in several adsorption studies [32,
33] in the last few years to describe the adsorption kinetics.
This model is described by the following linear equation (4),

4 =%1n<aﬂ>+;1nr @)
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where, ¢, is the amount adsorbed at time ¢ (mg/g), o is the
initial adsorption rate (mg/g. min), f is the adsorption
constant (g/mg). The values of a and f can be obtained with
help of slope and intercept of the liner plot of g, vs Inz. Figure
6 shows the plot of ¢, versus Inz which revealed that the
adsorption of EV on UBTL does not follow the Elovich
equation for different initial concentrations EV at pH 6.0 and
at 35+0.2°C. Values of regression coefficient (R?) and
respective parameters are given in Table 1.

3.3.4. Intra-particle Diffusion Model
Weber’s intraparticle diffusion model is commonly used to
investigate the transport mechanisms and rate controlling
steps affecting the kinetics of adsorption [34]. Liner form of
the intraparticle diffusion model can be represented by the
following equation (5),
1

q, =kt +C (5)

where, ¢, is the relative amount of dye adsorbed at time ¢, kg
is the intra particle particle constant, C is the constant as the

thickness of the boundary layer. The values of &y and C can
be calculated from the liner plot ¢, vs 7%, Figure 7 shows the
plot g, versus 7* which indicated that each of the straight line
for different concentrations did not pass through the origin.
The values of regression coefficient (R?) and respective
parameters are presented in Table 1. From these observations,
it can be said that other mechanism involved in the
adsorption process along with the intra-particle diffusion
model which is not the only rate controlling step [35].

The adsorption kinetics of EV on UBTL at pH 6.0 can be
evaluated by comparing the regression factor values (given in
Table 1) for the fitness of pseudo first-order, pseudo second -
order, Elovich and Intra-particle diffusion models. The low
values of regression factor (R?) for the pseudo-first-order,
Elovich and Intra-particle diffusion models show that these
models poorly fitted with the experimental data on the tested
dyes. On the other hand, the pseudo second-order model
yielded the highest R* values of all tested models. For this
reason, the pseudo second-order was found to be best
describing the adsorption process of the present study.

Table 1. Different parameters deduced from the kinetic models.

Conc.  Pseudo-first order Pseudo-second order Elovic model Intra-particle diffusion
(mg/L) Kk x10° (min"') g¢.(mg/g) R*(-) k; (g/mg-min) g¢.(mg/g) R*(-) a(mg/g'min) B (g/mg) R°() C kia (mg/g-min'?) R’
22.41 13.0 8.356 0.048 0.0234 17.540  0.991 0.4140 0.958 0.528 15.24 0.201 0.310
55.75 1.00 34874  0.760 0.0017 62.50 0.919 10.023 0.143 0.932 27.16 1.581 0.794
95.98 0.40 65.761 0.888  0.0007 100.00  0.998 12.352 0.072 0.959 36.87 3.272 0.831
224.14 0.20 132.75 0.765 0.0003 250.00  0.966 13.357 0.021 0918 7.275 13.98 0.918
512.64 0.07 19634 0914 0.0001 285.21 0.986 21.025 0.02 0913 66.20 14.12 0.914
655.75 0.05 243.76 0.927  0.0001 333.33 0.996 73.225 0.016 0.956 7490 17.37 0.838
3.4. Adsorption Isotherm
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Figure 7. Intra-particle diffusion model plot of the adsorption of EV on
UBTL at pH 6.0 and 35.0 £0.2°C for different initial concentrations.
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Figure 8. Adsorption isotherm of EV on UBTL at pH 6.0 and at 35.0+0.2°C.

3.4.1. Langmuir Isotherm
The linear form of Langmuir isotherm [36, 37] is given by
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the following equation (6),

Ce_ 1, Ce (6)
de 9mb dm

where, Ce is the equilibrium concentration (mg/L), qe is the
amount adsorbed at equilibrium (mg/g), qm is the monolayer
adsorption capacity (mg/g) and b is the Langmuir constant
(L/mg). Figure 9 shows the linear plot of Ce/qe against Ce as
the Langmuir adsorption isotherm of EV on UBTL and from
which the value of ¢, was calculated to be 91.82 mg/g at
35.0 £0.2°C.

3.4.2. Freundlich Isotherm

An empirical relationship was developed by Freundlich
[38, 39] for heterogencous surface showing the variation of
adsorption with equilibrium concentration mathematically
which is given by the linear equation (7),

Ing, =InK, +L C, (M
n

where, ¢. is the amount adsorbed per gram of adsorbent,
(mg/g), C. is the equilibrium concentration (mg/L) and K
and 1/n is the Freundlich contant, characteristics of the
solution and the adsorbent. Figure 10 shows the Freundlich
isotherm as a plot of Ing. vs InC, which is deviated from its
linearity.

3.4.3. Temkin Isotherm

Temkin isotherm assumes that due to adsorbent-adsorbate
interaction, the heat of adsorption of all the molecules in the
layer would decrease linearly with coverage. Temkin model
is expressed by the given linear equation (8) [40, 41],

¢, =BInK, +BInC, 3

where, B=RT / br is the constant related to adsorption energy,
R is the molar gas constant (8.314 J/mol), T is the
temperature (K), by is the adsorption potential (J/mol) and Ky
is the constant equilibrium bond (L/g). Figure 11 shows the
plot of g. vs InC, as the Temkin isotherm where data also
deviated from its linearity.
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Figure 9. Langmuir isotherm of EV adsorption on UBTL.
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Figure 10. Freundlich isotherm of EV adsorption on UBTL.
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Figure 12. Variation of equilibrium amount adsorbed with temperature for
adsorption of EV on UBTL.

Comparing the regression coefficient (R?), it is clear that
the Langmuir equation (R*=0.938), is better to describe the
adsorption behavior of EV onto UBTL from aqueous solution
then Freundlich and Temkin equations.
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3.5. Effect of Temperature

To investigate the effect of temperature on the adsorption
process, kinetic experiments were carried out at different
temperatures in the range of 35 to 45 °C with same initial
concentration of dye. Amounts adsorbed were calculated by
applying pseudo second order equation (Figure. not shown)
and values are plotted against temperature as shown in Figure
12. The results shown that the adsorption capacity is
increases with increase of temperature suggested
endothermic nature of the adsorption.

3.6. Adsorption Thermodynamics

Investigation of thermodynamic parameters are very
important to evaluation of the feasibility of the adsorption
process. Various thermodynamic parameters such as free
energy change, enthalpy change and entropy change of
adsorption can be estimated with the help of equilibrium
constants at different temperatures [42-44]. The free energy
change of the adsorption was determined using following
equation (9),

AG,, =-RTInK, ©))

where, AG, is the free energy change of adsorption
(kJ/mol), R is the molar gas constant (8.314 J/mol. K), T is
the absolute temperature (°K), K, is the equilkibrium constant
(CJ/C.), C, is the equilibrium concentration of EV on UBTL
surface (mg/L) and C, is the equilibrium concentration of the
EV in solution (mg/L).

To obtain the values of enthalpy change (AH,4) and
entropy change (AS,qs) of adsorption, the following equation
(10) was applied [44]:

anC - ads __ AHads (10)
R RT

The values of AHads and ASads were deduced from
slope and intercept of the linear plot of InKc vs 1/T as
shown in Figure 13. Estimated values of AGads, AHads
and ASads are enlisted in Table 2. The negative values of
AGads assured the spontanity of the adsorption of EV on
UBTL and also the feasibility of the method. The positive
value of AHads implies that the adsorption of ethyl violet
onto the UBTL is endothermic in nature. During the
adsorption of EV onto UBTL, an increasing randomness
appears at the solid-solution interface due to positive
value of entropy change, AS,4. Bouguettoucha et al. also
obtained similar results for the same dye onto wild carob
forest wastes [17].

4.5

4+

35F
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Figure 13. A plot of InK. vs 1/T for the determination of thermodynamic
parameter during the adsorption of EV on UBTL.

3.7. Effect of PH

The pH of the solution affects not only the adsorption
capacity, but also the color and solubility of dye solutions.
For this reason, pH is a master variable for adsorption
studies [45]. To investigate the effect of pH, a series of
adsorption kinetic experiments were performed at
different pH of EV dye solution. The changes of amount
adsorbed with time at different pH are shown in the Figure
14. The equilibrium amounts of EV dye adsorbed on
UBTL at different pH of the EV dye solutions were
determined from the well fitted pseudo second order
kinetic plots. In the variation of equilibrium amount
adsorbed of EV dye with pH in Figure 15 reveals that the
adsorption capacity of UBTL to ethyl violet from aqueous
solution takes place maximum at basic condition (pH 8.0)
or at acidic condition (pH 4.0), whereas minimum
adsorption occurs at pH 6.0 or neutral condition. At acidic
condition, UBTL surface becomes positive by photonation
(H") which would be interacted with lone pair electrons of
two nitrogen atoms in EV molecules, leading to high
adsorption. Alternatively, at basic condition, UBTL
surface becomes negative by de-photonation (OH") which
would be interacted with the one nitrogen atom contained
positive charge EV molecules, leading to high adsorption
than that at pH 6.0 which could be occurs by dipole-dipole
interaction or chemical bond formation. These
observations might be due to the amphoteric nature of
ethyl violet in aqueous solution and zero point charge of
pH of UBTL [20, 21]. Such observations are in good
agreement with earlier findings for the adsorption of same
dye onto regenerated spent bleaching earth or the
adsorption of methylene blue on kaolinite [19, 46]. It is
evident from the literature [47] that with increasing pH
values, loss of H' ions occurs from the surface of
adsorbent causes higher percentage of dye removal from
aqueous solution at higher values of the pH.

Table 2. Adsorption equilibrium constant and thermodynamic parameters for EV adsorption on UBTL at different temperatures.

T (K) C, (mg/L) C. (mg/L) K(C./C) InK. (-) AH,q, (kJ/mol) AGqs (kJ/mol) AS,4s (kJ/{mol-K})
298 91.816 4.164 22.052 3.093 - 8.856

303 95.371 2.329 40.944 3712 +58.83 -9.002 +0.217

313 94.466 2.084 45334 3.814 -9.148
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Figure 14. Variation of the amount adsorbed of EV on UBTL with time for
different pH of EV solution of 100 mg/L at 35.0 £0.2°C.
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Figure 15. Variation of equilibrium amount absorbed with pH for the
absorption of EV on UBTL at 35.0+0.2°C.

4. Conclusions

The present investigation explores the feasibility of used
black tea leaves as a biosorbent to remediate Ethyl violet dye
from aqueous solution in a batch process. The modeling of
the adsorption kinetics reveals to the best fit of pseudo
second-order kinetic equation. Adsorption isotherm of EV on
UBTL is well expressed by Langmuir model. The feasibility,
spontaneity and also the endothermic nature of the adsorption
process were affirmed by the finding values of the
thermodynamic parameters. Furthermore, the amount
adsorbed was found to be minimum at pH 6.0 compared with
acidic and basic conditions.
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