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ABSTRACT

Removal and recovery of a hazardous halogen-containing dye Eosin Yellow were investi-
gated using Bottom Ash as adsorbent. During the studies various essential factors influenc-
ing the adsorption, like sieve size of adsorbent, adsorbate concentration, amount of
adsorbent, pH of the solution, contact time, and temperature have been monitored. Attempts
have also been made to verify Langmuir, Freundlich, Tempkin, and D-R adsorption isotherm
models. The feasibility of the ongoing adsorption has been ascertained on the basis of Lang-
muir adsorption isotherm. The free energy, entropy, and enthalpy of the ongoing adsorption
process have been evaluated as about 26 kJmol�1, 22 kJmol�1, and 20 kJmol�1, respectively.
Contact time studies reveal that the ongoing adsorption equilibrate within 3 h of contact. It is
found that the adsorption of Eosin Yellow over Bottom Ash follows a pseudo-second-order
kinetics. At all the temperatures rate constant of the process was calculated around 5� 10�8

sec gmol�1. During bulk removal through column operation about 97% percentage saturation
of the dye is obtained. Desorption studies exhibit that the percentage recovery of Eosin
Yellow dye on eluenting NaOH solution through exhausted column is about 90%.
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1. Introduction

A safe, healthy, and disease free drinking water is
an essential prerequisite for the existence of humanity
but unfortunately with the rapid increase in popula-
tion and industrialization the water quality is dimin-
ishing day by day. Effluents emerging out from
various industries contain large number of toxic sub-
stances like acids, alkalis, metal ions, dyes, pigments,
etc. Out of all these contaminants, dyes are present in

larger proportion and considered as most dangerous
for humans, animals, and aquatic creatures [1].

The presence of dye molecules in water is mainly
due to discharge of textile, paper, rubber, plastics, cos-
metics, printing, etc. industries and it guesstimated
that every year more than 150 thousand tons of differ-
ent types of dyes are released by these industries into
water [2]. The dye molecules are not only visible by
naked eyes but also highly stable to light and heat [3],
which makes their removal difficult by any ordinary
chemical or physical method and, therefore, utmost
care is needed to select a suitable method during*Corresponding author.
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wastewater treatment process [4]. In recent years
processes, such as electrochemical [5], membrane
filtration, biosorption [6,7] ion-exchange [8], photocat-
alytic degradation [9], coagulation/flocculation [10],
electrocoagulation [11], ozonation [12], etc. have been
applied. But it is found that either the method is
expensive or do not eradicate the dye completely. The
treatment by electrochemical or photochemical meth-
ods also pose problems of generation of some toxic
by-products or intermediates. The hunt of a safe, eco-
nomic, fast, and most suitable water treatment process
finally concluded at adsorption technique and for the
last two decades this technique has established as the
most powerful tool in the water treatment technology
[13–21]. The economics and versatility of adsorption
process are largely dependent upon the adsorbent
material and various low-cost adsorbents, such as
pith, chitin, chitoson, sunflower stalk, rice husk, aloe
barbadensis, coconut shell, tea leaves, and sugar cane
bagasse [22–26], etc. have been used by researchers
for the removal of dyes from wastewater. Present
paper is yet another attempt to formulate a process to
remove a hazardous highly water-soluble halogen-
containing fluorescein dye, Eosin Yellow using waste
material Bottom Ash as a suitable adsorbent.

The dye Eosin Yellow exists in the red crystalline
form and with solubility of 400 g/L in water, it poses
excellent stability in air. It is used to color variety of
materials, such as textile materials, ink, gasoline,
drugs and pharmaceutics, cosmetics, etc. [27]. Despite
its usefulness in these industries, the dye is highly
toxic and can even carcinogenic to humans [28]. It can
cause skin and eye irritations and can inhibit growth
of corneal epithelial cells of eyes [29]. This dye is also
found to inhibit the binding efficiency of protein in
liver and can create geno-toxicity in human organs
[30,31]. Thus, the thoughtful attempt to develop a pro-
cess for its removal from water is useful and neces-
sary for the mankind.

The adsorbent Bottom Ash is a waste material,
which has been efficiently used for the removal of vari-
ous types of inorganic and organic pollutants from
wastewater by this laboratory as well as by several
other workers [32]. It is the unburned waste material of
the thermal coal power generation plant that remains
in the bottom of the incinerator furnace. Though it is
neither hazardous nor toxic to the humans, insects, and
animals but its continuous generation requires a regu-
lar disposal, which is a matter of great concern to the
plant authorities as it makes the agriculture land bar-
ren, infertile, and unproductive [33]. This research arti-
cle presents the attempt made in our laboratory to
utilize Bottom Ash as a potential adsorbent for the
removal and recovery of toxic Eosin Yellow dye.

2. Experimental

2.1. Material and methods

Eosin Yellow (Fig. 1) having IUPAC name,
2-(2,4,5,7-tetrabromo-6-oxido-3-oxido-3H xanthenes-9-
yl) benzoate disodium salt and molecular formula
C20H6Br4Na2O5 (molecular weight 691.88), was
obtained from M/s Merck. Its 0.01M stock solution
was prepared in double distilled water. All other
reagents used were of analytical reagent grade.

The dark gray colored granules of adsorbent mate-
rial Bottom Ash were obtained from thermal power
station of M/s bharat heavy electrical limited, Bhopal
(India). A microprocessor based pH meter model HI
8424 (M/s Henna Instruments, Italy) was used for pH
measurements and all adsorption studies were moni-
tored by using UV/Visible spectrophotometer model
117 (Systronics, Ahmedabad, India).

Different instruments were used for characterizing
physical and chemical property of Bottom ash. Scan-
ning Electron Microscopy was performed on Philips
SEM 501 electron microscope, while X-ray measure-
ments were carried out on Philips X-ray diffractopho-
tometer employing Nickel filtered Cu-a-radiations.
Quantasorb model QS-7 surface analyzer was used to
calculate the surface of the adsorbent particles. The
pore properties and specific gravity of the adsorbent
was determined by employing a mercury porosimeter
and specific gravity bottles, respectively.

2.2. Material development

The Adsorbent material Bottom Ash was first
ground into fine particles and washed with double
distilled water several times and then dried. The dry
material is then treated with hydrogen peroxide solu-
tion (30%w/v) at room temperature for 24 h to oxi-
dize the adhering organic impurities and then washed
with double distilled water. To remove the moisture,
resulting material was dried in an oven at 100˚C for
about 1 h. The dried material was then kept in muffle
furnace at 500˚C for 15min. The activated Bottom Ash
thus obtained was then sieved to desired particle size,
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Fig. 1. Structure of eosin yellow.
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such as 0.425–0.150mm (36 BSS Mesh), 0.150–
0.088mm (100 BSS Mesh), and 60.088mm (170 BSS
Mesh) and stored in separate vacuum desiccators.

2.3. Adsorption studies

During batch studies, 25mL of dye solution of
known concentration was taken in a 100mL of volu-
metric flask and fixed amount of Bottom Ash of a par-
ticular mesh size was added into it at a fixed
temperature (30, 40, and 50˚C) and pH. The solution
is now agitated by a mechanical shaker for a predeter-
mined time to attain the equilibrium. When the equi-
librium was thought to be established, the solution
was filtered through Whattman filter paper (no. 41)
and the amount of the dye uptake was analyzed spec-
trophotometrically at kmax = 516 nm.

2.4. Kinetic studies

Kinetic studies were also carried out by batch tech-
nique. During kinetic study, in a series of airtight
100mL volumetric flasks 25mL dye solution of
desired concentration and pH was taken in each and
known amount of the adsorbent of a fixed sieve size
was added into these. Each flask was agitated on
mechanical shaker for a fixed time interval and
removed one by one to analyze the filtrate spectropho-
tometrically to determine the dye uptake.

2.5. Column studies

Column studies were carried out in a glass column
of 30 cm length and 1 cm internal diameter. In order
to prepare bed of the adsorbent, slurry of 1 g Bottom
Ash of 100 BSS Mesh size was prepared in double dis-
tilled water and kept overnight untouched. By keep-
ing the outlet of the glass column open, the slurry
was slowly fed into it on a glass wool support. This
created a homogeneous bed of the adsorbent Bottom
Ash at the bottom of glass column, on the glass wool
support. To avoid any air entrapment in the column
the water of the slurry was continuously percolate
through the column outlet. The column thus prepared
was then loaded with dye solution of 10� 10�5M con-
centration of Eosin Yellow and percolated at a con-
stant flow rate of 0.5mL/min. In various test tubes
collection of 10mL quantity of effluent was made and
dye concentration in each test tube was analyzed by
UV/Visible spectrophotometer. When the concentra-
tion of the dye solution fed into the column and col-
lected as effluent was found equal, the adsorbent bed
was considered completely exhausted and column
operation was shut down.

2.6. Desorption and column regeneration

In order to recover the dye material from the
exhausted bed of the adsorbent, desorption operation
was carried out in the same column and aliquots of
dilute NaOH solution were eluted through the
column at a constant flow rate of 0.5mL/min. Efflu-
ent containing dye along with NaOH was collected in
a flask at the outlet of the column. When completed
dye was drained out, the adsorbent bed of the column
was properly washed with hot water and the column
was now ready for the next cycle of operation.

3. Result and discussion

3.1. Characterization of adsorbent

The chemical characteristics of the activated Bot-
tom Ash were determined by using standard analyti-
cal procedures [34]. The details of the constituents of
the adsorbent materials as per standard physical
parameters, like surface area, porosity, density, and
loss of ignition of the activated Bottom Ash were
obtained as 870.5 cm2 g�1, 46%, 0.6301 gml�1, and
1.14%, respectively. It was found that in the analyzed
Bottom Ash sample SiO2, CaO, Al2O3, Fe2O3, MgO,
Na2O, and moisture were present 45.4, 15.3, 10.3, 9.7,
3.1, 1.0, and 15% by weight, respectively.

To evaluate the nature of Bottom Ash, its weighted
amount was added into 25mL of distilled water, at
pH 7.0 and stirred thoroughly. The solution was kept
undisturbed for 24 h in the 100mL airtight conical
flask and then filtered to measure the pH. The pH
value was found to decrease which confirmed the
acidic nature of the Bottom Ash.

SEM photographs ascertained that the particulates
of Bottom Ash are almost spherical and porous in
nature. DTA curves of Bottom Ash were found
thermally stable and negligible weight loss even at high
temperatures. The X-ray diffraction spectra indicates
the presence of Alumina (Al2O3), Gypsum (CaSO4.
2H2O), Beaverite [Pb(Cu,Fe,Al)3(SO4)2(OH)6], Borax
(Na2B4O7.10H2O), and Kaolinite [2{Al2Si2O5(OH)4}] in
the activated Bottom Ash. Infrared Spectroscopy
helped in determination of the adsorptive nature of the
adsorbent. Bottom Ash gave a sharp adsorption band
in 790 cm�1 region, corresponding to Kaolinite [2
{Al2Si2O5(OH)4}]. The bands at 3,467, 2,930, 2,676,
1,502, 1,097, 470.2, and 790 cm�1 confirmed the pres-
ence of Laumonite [4CaAl42Si4O12.4H2O], Amber,
Mulite [3Al2O3.2SiO2], Azurite [Cu3(CO3)2(OH)2],
Bavenite [4Ca4(BeAl)4Si9(O.OH)29(OH)2], Gypsum [3
(CaSO4.2H2O)], and Corundum [2(a-Al2O3)] respec-
tively. Similar results were found in earlier study also
[35–37].
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3.2. Adsorption studies

3.2.1. Effect of pH of solution

The effect of pH on the adsorption of Eosin Yellow
dye was monitored in the pH range 3–12, at initial
dye concentration of 1� 10�4M and 100 BSS Mesh
size of adsorbent at temperature 30, 40, and 50˚C. The
pH of the test solutions were adjusted by adding
dilute hydrochloric acid and dilute sodium hydroxide.
It was found that in each case with the decrease in the
pH of the dye solution the dye uptake decreased
almost linearly. Fig. 2 depicts the effect of pH on the
removal of Eosin Yellow by Bottom Ash at 30˚C.

3.2.2. Effect of adsorbate concentration and temperature

The adsorption experiments were carried out in
the concentration range of the dye ranging from
1� 10�5 to 10� 10�5M, at pH 7.0 and temperatures
30, 40, and 50˚C. Fig. 3 clearly depicts that the amount
of the dye adsorbed increases with the increase in dye
concentration. It was also found that the rate of
removal of the Eosine Yellow is faster at high concen-
tration and increases with concentration and tempera-
ture. An increase in adsorption of the dye with rising
temperature reveals the endothermic nature of the
ongoing adsorption process.

3.2.3. Effect of amount and sieve size of adsorbent

To study the effect of amount of adsorbent on the
removal of Eosin Yellow the amount of grinded Bot-
tom ash of a particular sieve size was varied from
0.05 to 0.50 g at fixed pH, concentration and tempera-

tures 30, 40, and 50˚C. Table 1 exhibits that the
adsorption of the dye increases by increasing the
amount of adsorbent. It was also found that when
the amount of adsorbent increased from 0.10 to 0.25 g,
the adsorption capacity increased to almost double.

The batch adsorption experiments were also car-
ried out to investigate the effect of mess size. During
the study, three different particles size viz. 36, 100,
and 170 BSS Mesh were taken at a fixed pH, initial
concentration of the dye, amount of adsorbent, and
different temperature. It was observed that the uptake
of the dye increased with decreasing particle size and
amount of adsorption achieved for 36, 100, and 170
BSS Mesh sizes were 0.343� 10�5, 0.531� 10�5, and
0.595� 10�5Mol/g.
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Fig. 2. Effect of pH on the eosin yellow (Concentration =
1� 10�4M) - bottom ash (amount = 0.25 g & mesh size =
100 BSS) system at 30˚C.
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Fig. 3. Effect of concentration of eosin yellow (pH = 7.0) on
the adsorption over bottom ash (amount = 0.25 g & mesh
size = 100 BSS) at different temperatures.

Table 1
Effect of amount of Bottom Ash (100 BSS mesh) on the
adsorption of Eosin Yellow (concentration 1�10–4 &
pH=7.0) at different temperatures

Amount of bottom ash (g) Amount of eosin yellow
adsorbed� 10�6 (g)

30˚C 40˚C 50˚C

0.05 0.124 0.154 0.224

0.10 0.170 0.241 0.358

0.15 0.407 0.712 0.946

0.20 0.775 1.155 1.579

0.25 1.170 1.475 1.913

0.30 1.361 1.974 2.200

0.35 1.590 2.048 2.358

0.40 1.816 2.137 2.429

0.45 2.004 2.299 2.475

0.50 2.167 2.325 2.493
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3.2.4. Effect of contact time

Contact time studies are helpful in understanding
the amount of dye adsorbed at various time intervals.
Contact time studies were performed at the dye con-
centration 7� 10�5M at fixed pH, amount of adsor-
bent, BSS Mesh size, and temperatures. Fig. 4 shows
that in the present case equilibrium was achieved in
almost 90min of contact time and about 10.32, 11.95,
and 12.39mgper gram of dye was adsorbed at 30, 40,
and 50˚C temperatures, respectively. It was also found
that the adsorption capacity increased with increase in
the temperature, which once again confirmed the
endothermic nature of adsorption process.

3.3. Kinetic studies

3.3.1. Adsorption rate constant study

The kinetic study of the dye Eosin Yellow – Bottom
Ash adsorption was monitored through various kinetic
models and it was established that the ongoing
adsorption follows a pseudo-second-order process.
Following Ho-Mckay [38] pseudo-second-order rate
expression was applied to calculate the specific rate
constant of the ongoing adsorption:

t

qt
¼ 1

k2q2e
þ t

qe
ð1Þ

where qe and qt are the adsorption capacities (Mol/g)
at equilibrium and time t (Sec), respectively, and k2 is
the rate constant of the pseudo-second order-rate
expression (sec gMol�1).

The kinetic measurements were carried out in
7� 10�5M concentration of the dye using 0.25 g of
Bottom Ash in the solution. The plot of t/qt against
time (Fig. 5) gives straight lines with regression coeffi-
cient values equivalent to almost unity, confirming
thereby the pseudo-second-order kinetics of the ongo-
ing process at all the temperatures. The rate constant
for the process was found almost 5� 10�8 sec gMol�1

at all the temperatures.

3.3.2. Rate expression and treatment of data

The interpretation of the experimental data moni-
toring the overall rate of adsorption of Eosin Yellow
over Bottom ash was carried out using the mathemati-
cal treatment recommended by Boyd [39] and
Reichenberg [40]. These mathematical treatments were
employed to distinguish particle diffusion with
film diffusion process involved in the ongoing adsorp-
tion. The theoretic aspects of these models have
already been presented elsewhere [36,37], while the
quantitative treatment of the adsorption can be
monitored through the following expressions:

F ¼ 1� 6

p2

X1
1

ð1=n2Þexpð�n2BtÞ ð2Þ

where “n” is Freundlich constant and “F” is the
fractional attainment of equilibrium at time“t” and is
obtained by using following equation:

F ¼ Qt

Q1
ð3Þ
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Fig. 4. Effect of contact time on the eosin yellow (pH = 7.0,
concentration = 7� 10–5M) Adsorption over bottom ash
(Amount = 0.25 g & mesh size = 100 BSS) at different
temperatures.
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where Qt and Q1 are amounts adsorbed after time t
and after infinite time, respectively. The other parame-
ter “Bt” is known as time constant and obtained by
following expression:

Bt ¼ p2Di

ðr2oÞ
ð4Þ

where Bt is the time constant, Di is the effective diffu-
sion coefficient of adsorbate in the adsorbent phase
and ro is the radius of adsorbent particles assumed to
be spherical.

For every observed value of F, corresponding val-
ues of Bt were derived from Reichenberg’s table.
Graph Bt vs. time plotted for 7� 10�5M dye solution
was found to be non linear and do not pass through
the origin, which reveals that the rate determining
process is governed through film diffusion and maxi-
mum adsorption is taking place over the external sur-
face of adsorbent.

For the ongoing adsorption, the values of effective
diffusion coefficient Di were also calculated at 30, 40,
and 50˚C with the help of slopes of time vs. Bt graphs.
The energy of activation (Ea), entropy (DS#) and pre-
exponential constant (Do), values were calculated
using the following equations:

Di ¼ Do exp � Ea

RT

� �
ð5Þ

Do ¼ ð2:72d2KT=hÞ exp �DS#

R

� �
ð6Þ

In the equations given above Do is the pre–expo-
nential constant, DS# is the entropy, d gives the aver-
age distance between the two successive sites of the
adsorbent, h is the Planks constant; k, Boltzmann con-
stant; Ea, the energy of activation; T is the temperature
and R is the universal gas constant. The values of
these parameters obtained in the present case are pre-
sented in Table 2. The decreasing values of effective
diffusion coefficient (Di) with respect to increase in
the temperature (Fig. 6) clearly establishes that the
mobility of the ions decreases due to increased retard-

ing force acting on diffusing particles of the dye. The
negative values of DS# obtained from the systems
reveal that the internal structure of the Bottom Ash do
not go through any significant change during adsorp-
tion of the dye.

3.4. Adsorption isotherms models

Relation between the amount of dye adsorbed by a
unit weight of adsorbent and remaining concentration
of the dye in the solution is described by various forms
of adsorption isotherms [41]. In the present work, well-
known Freundlich, Langmuir, Tempkin, and D–R iso-
thermal models have been applied to draw various
parameters related to the ongoing adsorption.

3.4.1. The Langmuir adsorption isotherm model

Following linear equation of Langmuir adsorption
isotherm is used to ascertain uniform monolayer
development on the surface of Bottom Ash:

1

qe
¼ 1

Qo

þ 1

bQoCe

ð7Þ

Table 2
Values of effective diffusion coefficient (Di), pre exponential constant (Do), activation energy (Ea) and entropy of
activation (DS#) for the diffusion of eosin yellow adsorption over bottom ash

Di� 10�9 Do Ea �DS#

30˚C 40˚C 50˚C (kJmol�1) (J K�1mol�1)

1.4833 1.3692 1.1980 4.90� 10�11 3.748 477.764
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Fig. 6. 1/T vs. log Di plot for the Eosin Yellow (pH = 7.0,

concentration = 7� 10�5M)—Bottom Ash (0.25 g & mesh

size = 100 BSS) system at different temperatures.
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where qe is the amount of dye adsorbed (mol/g), Ce

is the equilibrium molar concentration of the dye
(mol/ L), Qo is the maximum adsorption capacity
(mol/g), and b is the energy of adsorption (L/mol).

To verify Langmuir isotherm model, the 1/Ce vs.
1/qe were plotted at temperatures 30, 40, and 50˚C
and straight lines with appreciable R2 values were
obtained at all the temperatures (Fig. 7). This behavior
verifies the Langmuir adsorption model and involve-
ment of monolayer adsorption on each temperature.
The straight lines obtained are also helpful in

calculating the Langmuir constant “b” and number of
moles of the dye adsorbed per unit weight of the
adsorbent (Qo) through their slopes and intercepts,
respectively (Table 3).

3.4.2. Thermodynamic parameters and feasibility of the
process

With the help of Langmuir constant “b” various
thermodynamic parameters, such as change in stan-
dard free energy (DG˚), change in enthalpy (DH˚), and
change in entropy (DS˚) were calculated by using fol-
lowing relations:

DGo ¼ �RT ln b ð8Þ

DHo ¼ �R
T2T1

T2 � T1

� ln
b2
b1

ð9Þ

DSo ¼ DHo � DGo

T
ð10Þ

The values of these thermodynamic parameters are
presented in Table 4. The negative values of DG˚ indi-
cate spontaneous nature of the adsorption process at
all the temperature, while positive value of DH˚ fur-
ther confirms endothermic nature of ongoing process.
Increase in the degree of randomness over the surface
of adsorbent Bottom Ash during adsorption process
was ascertained by increase in the value of DS˚.
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Fig. 7. Langmuir isotherms for the Eosin Yellow (pH = 7.0)
adsorption over Bottom Ash (amount = 0.25 g & mesh
size = 100 BSS).

Table 3
Values of different adsorption isotherm constants for eosin yellow (pH=7.0)—bottom ash (amount = 0.25 g & mesh
size = 100 BSS) system at different temperatures

Langmuir constants

Qo� 10�5 (mol/g) b� 10.3 (L/mol)

30˚C 40˚C 50˚C 30˚C 40˚C 50˚C

5.23 6.07 7.32 21.66 24.92 35.01

Freundlich constants

n KF� 10�4

30 ˚C 40˚C 30˚C 40˚C 30˚C 40˚C

2.949 2.941 2.949 2.941 2.949 2.941

Tempkin constants

k1� 10�6 (L/mol) k2� 108

30˚C 40˚C 30˚C 40˚C 30˚C 40˚C

1.0 1.0 1.0 1.0 1.0 1.0

D-R constants

�b (mol2 J�2)� 10�9 Xm (mol/g)� 10�5

30˚C 40˚C 30˚C 40˚C 30˚C 40˚C

2.0 2.0 2.0 2.0 2.0 2.0
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A dimensionless separation factor “r” [42] was also
calculated to measure the feasibility and favorability
of the ongoing adsorption process, by using following
expression:

r ¼ 1

1þ bCo

ð11Þ

where b is the Langmuir constant and Co is the initial
concentration. The values of “r” were found as 0.31,
0.28, and 0.22 at 30, 40, and 50˚C, respectively. Less
than 1 values of ’r’ at all the temperatures suggest
highly favorable adsorption during the ongoing
process.

3.4.3. The Freundlich adsorption isotherm model

The validity of the Freundlich isotherm model was
proved by using following relation:

log qe ¼ logKF þ ð1=nÞ logCe ð12Þ

where qe is the amount adsorbed (mol/g), Ce is the
equilibrium concentration of the adsorbate (mol/L).
KF and n the Freundlich constants, are related to
adsorption capacity and adsorption intensity, respec-
tively. The graph plotted log Ce vs. log qe, gave
straight lines with regression coefficients close to unity
(Fig. 8) thereby verifying the Freundlich adsorption
model. Values of KF and n were derived from the
intercepts and slope of these straight lines, respec-
tively and presented in Table 3.

3.4.4. The Tempkin adsorption isotherm model

The evaluation of heat of adsorption of all the mol-
ecules increases linearly with the coverage of the
adsorbate particles over adsorbent and such a phe-
nomenon is studied by Tempkin adsorption isotherm
model. The linear form of the model is expressed as:

qe ¼ k1 ln k2 þ k1 lnCe ð13Þ

where qe is the amount adsorbed at equilibrium in
(mol/g), Ce is the equilibrium concentration of the

adsorbate (mol/L), k1 is the Tempkin isotherm energy
constant (L/mol) related to the heat of adsorption,
and k2 is the Tempkin’s isotherm constant. Thus, ln Ce

vs. qe graphs were drawn at all the temperatures
which gave straight lines (Fig. 9) indicating thereby

Table 4
Values of thermodynamic parameters for Eosin Yellow (pH 7.0)—Bottom Ash (amount = 0.25 g and mesh size = 100 BSS)
system at different temperatures

�DGo (kJmol�1) DHo (kJmol�1) DSo (J K�1mol�1)

30˚C 40˚C 50˚C 19.727 21.756

25.149 26.344 28.099

R² = 0.980
R² = 0.955
R² = 0.911
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Fig. 8. Freundlich isotherms for the Eosin Yellow (pH = 7.0)
adsorption over Bottom Ash (amount = 0.25 g & mesh
size = 100 BSS).
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Fig. 9. Tempkin Isotherms for the Eosin Yellow (pH = 7.0)
adsorption over Bottom Ash (amount = 0.25 g & mesh
size = 100 BSS).
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uniform distribution of binding energy. These straight
lines were also helpful in determining the Tempkin
isotherm constants—k1 and k2 and value of these con-
stants are presented in Table 3.

3.4.5. D–R adsorption isotherm model

To diagnose whether the ongoing adsorption is
through physical interaction (physisorption) or chemi-
cal bonding (chemisorption), following linear form of
D–R adsorption isotherm model was applied:

lnCads ¼ lnXm � be2 ð14Þ

where Cads is the amount of the dye adsorbed per unit
weight of the adsorbent in (mg/g), Xm is the maxi-
mum sorption capacity provided by the intercept in
(lmol/g), b is the activity coefficient related to mean
sorption energy (mol2/J�2), and e is the Polanyi poten-
tial, which is equal to:

e ¼ RT ln 1þ 1

Ce

� �
ð15Þ

where R is the gas constant and T is temperature in
Kelvin. The activity coefficient (b) and the adsorption
capacities (ln Xm) were evaluated from the slopes and
intercepts of the ln Cads vs. e

2 graph (Fig. 10) at 30, 40,
and 50˚C, respectively and results are depicted in
Table 3. The mean sorption energy was evaluated by
following expression:

E ¼ 1ffiffiffiffiffiffiffiffiffi�2b
p ð16Þ

At all the temperatures the values of E were found
15.8 kJ, indicating thereby involvement of “Chemisorp-
tion” in the present adsorption process [43].

3.5. Column studies

In order to develop an industrial friendly method
the bulk removal of the dye was carried out by using
a continuous flow technique involving fixed–bed col-
umn operation [44,45]. This method is quite easy to
operate and provides many useful parameters related
to dye removal [45].

In the present studies, parameters like length of
primary adsorption zone (d), time involved in estab-
lishing the primary adsorption zone (tx), time required
by primary adsorption zone to move down its length
(td), time of initial formation of primary adsorption
zone (tf), fractional capacity of the prepared column
(f), mass rate of flow to the adsorbent (Fm), and per-
cent saturation of column at break point were calcu-
lated by using following expressions:

tx ¼ Vx

Fm

ð17Þ

td ¼ Vx � Vb

Fm

ð18Þ

d
D

¼ td
tx � tf

¼ td
tx þ tdðf � 1Þ ¼

Vx � Vb

Vb þ fðVx � VbÞ ð19Þ

f ¼ 1� tf
td
¼ Ms

ðVx � VbÞCo

ð20Þ

Percentage saturation ¼ Dþ dð f � 1Þ
D

ð21Þ

where Ms. is the amount of adsorbate adsorbed in the
primary adsorption zone from break point to exhaus-
tion, Co is initial concentration of adsorbate, and D is
the length of column.

3.5.1. Column adsorption

In the present study the column operation were
operated at 10� 10�5M dye concentration and the
solution was pass through the column at a flow rate
of 0.5mL/min and breakthrough curve was drawn by
collecting 130mL drained out solution of Eosin Yellow
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Fig. 10. D-R isotherms for the Eosin Yellow (pH = 7.0)
adsorption over Bottom Ash (amount = 0.25 g & mesh
size = 100 BSS).
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(Fig. 11). On the basis of Fig. 11, it was found that out
of 8.99mg of the dye taken in the original solution
3.58mg dye was adsorbed over 1 g Bottom Ash and
remaining 5.41mg dyes came out through the column.
Different column parameters calculated from above
mentioned mathematical expressions are presented in
Tables 5 and 6. It is interesting to note from Table 6
that the percentage saturation of Eosin Yellow over
Bottom Ash column was found about 97%.

3.5.2. Column regeneration and dye recovery

To regenerate the exhausted adsorbent column and
recover the adsorbed dye, desorption operations were
carried out by eluting dilute NaOH solution through
the exhausted column by maintaining a flow rate of
0.5mL/min. The obtained desorption curve is pre-
sented in Fig. 12. It was observed that a large amount
(about 77%) of the dye was removed by eluting first

40ml NaOH solution and remaining amount of the
dye was recovered in next 120mL of the NaOH solu-
tion. Thus, total 160mL of NaOH solution was suffi-
cient to recover almost complete dye from the column
and 90.32% recovery of the dye was achieved.

The adsorption efficiency was calculated by reload-
ing the column with known concentration of Eosin
Yellow. The breakthrough capacities during the first,
second, third, and fourth cycles were found as 81, 73,
66, and 54%, respectively.

4. Conclusion

The present studies prove that Bottom Ash acts as
a powerful scavenger for the eradication of Eosin Yel-
low dye from wastewater. The adsorption of Eosin
Yellow over Bottom Ash is depending upon the pH of
the solution, sieve size of adsorbent, amount of

Table 5
Values of fixed bed adsorber parameters for the adsorption of Eosin Yellow over Bottom Ash in a glass column

Co (M) Cx (M) Cb (M) Vx (mL) Vb (mL) (Vx�Vb) (mL) Fm (mg/cm2/min) D

10� 10�5 0.67� 10�5 9.48� 10�5 100 30 70 0.0440 1.0

Table 6
Values of fixed bed adsorber parameters for the adsorption of Eosin Yellow over Bottom Ash in a glass column

tx (min) td (min) tf (min) f d (cm) Percentage saturation

2269.18 1588.42 60 0.962 0.7161 97.29
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Fig. 11. Breakthrough curve for the column operation of
Eosin Yellow adsorption onto Bottom Ash.
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Fig. 12. Recovery of the Eosin Yellow from the exhausted
column of Bottom Ash.
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adsorbent, adsorbate concentration, contact time, and
temperature. The process is found to proceed via
pseudo-second-order rate kinetics. Kinetic investiga-
tions also confirm the involvement of film diffusion
process in the present case and activation energy and
entropy of the process have been found as
3.748 kJMol�1 and 477.764 JK�1Mol�1, respectively. It
is also evaluated that the adsorption of Eosin Yellow
over Bottom Ash obeys Langmuir, Freundlich,
Tempkin, and D–R adsorption isotherms. Thermody-
namic parameters obtained from the Langmuir iso-
therm data confirm the feasibility and spontaneity of
the process, while values of separation factor “r” indi-
cate the favorability of the ongoing adsorption pro-
cess. Under the bulk removal Eosin Yellow is
adsorbed through the fixed bed column of Bottom
Ash. Attempts are also been made to recover the
adsorbed dye by eluting dilute NaOH solution
through exhausted columns.
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