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Continuous Fixed Bed Reactor Application for
Decolourization of Textile Effluent by Adsorption on
NaOH Treated Eggshell
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Abstract—TFixed bed adsorption has become a frequently used
industrial application in wastewater treatment processes. Various low
cost adsorbents have been studied for their applicability in treatment
of different types of effluents. In this work, the intention of the study
was to explore the efficacy and feasibility for azo dye, Acid Orange 7
(AO7) adsorption onto fixed bed column of NaOH Treated eggshell
(TES). The effect of various parameters like flow rate, initial dye
concentration, and bed height were exploited in this study. The
studies confirmed that the breakthrough curves were dependent on
flow rate, initial dye concentration solution of AO7 and bed depth.
The Thomas, Yoon—Nelson, and Adams and Bohart models were
analysed to evaluate the column adsorption performance. The
adsorption capacity, rate constant and correlation coefficient
associated to each model for column adsorption was calculated and
mentioned. The column experimental data were fitted well with
Thomas model with coefficients of correlation R? >0.93 at different
conditions but the Yoon—Nelson, BDST and Bohart-Adams model
(R?>=0.911), predicted poor performance of fixed-bed column. The
(TES) was shown to be suitable adsorbent for adsorption of AO7
using fixed-bed adsorption column.

Keywords—Adsorption models, acid orange 7, bed depth,
breakthrough, dye adsorption, fixed-bed column, treated eggshell.

1. INTRODUCTION

N industry, the wastewater is generated in large volumes.

Water contamination resulting from dyeing and finishing in
textile industry is of a major concern. Discharging large
amount of dyes in water resources accompanied with organics,
bleaches, and salts can affect the physicochemical properties
of freshwater. The worldwide high level of dye production and
their extensive use in many applications generate coloured
wastewaters which cause severe water pollution. A large
number of reactive dyes are azo compounds that are linked by
an azo. In addition to their unwanted colors, some of these
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dyes effluents are generally considered to be highly
carcinogens and toxic. In addition, the removal of dyes from
effluents is important since reactive dyes are highly soluble in
water. So the most commonly used conventional methods for
the removal of heavy metals from wastewater like
physicochemical and biological treatment, coagulation,
membrane process, ion exchange, chemical precipitation,
solvent extraction and photocatalysis etc... are available for the
treatment of coloured industrial wastewaters. However, these
methods suffer from so many drawbacks due to the difficulty
of removal from the effluent [1].

Adsorption is known to be a promising technique, which
produces good quality effluents with low levels of dissolved
organic compounds such as dyes. It has been recognized as an
effective process in most of the industrial water and
wastewater treatment. Adsorption process has long been used
in the removal of heavy metals and other hazardous materials
such as, color, odor, and organic pollution. Although activated
carbons have been most widely used as adsorbents in
wastewater treatment processes [2], [3], there is growing
interest in using low cost, commercially available materials for
the adsorption of dyes.

The number of research currently being done on the use of
low cost adsorbent for metal removal from aqueous solution
produced from renewable and cheaper precursors which are
mainly industrial and agricultural by-products attests of the
evident recent attention focusing on this field. A wide variety
of materials such as coir pith [4], orange peels [5], palm-shell
[6], rice straw [7], cellulose beads [8] sunflower [9] peat [10],
palm-fruit [11], silica fumes [12], natural zeolite [13],
montmorillonite, and kaolinite [14] has been investigated and
used for the removal of dyes from industrial effluents because
they are cheaper than commercial activated carbons and their
sheetlike structures also provide high specific surface area.
The interactions between low-cost adsorbents and dyes
(adsorbates) are extensively studied through batch
equilibrium) and column studies.

In the past, the adsorption of dyes from aqueous solutions
onto Eggshell mostly focused on the equilibrium and contact-
time kinetic studies, isotherm, and thermodynamic studies in
batch modes of MB removal onto TES at different parameters
(temperature, pH, initial concentration, and adsorbent dose).
Batch adsorption processes may not be a convenient method
for the industrial scale to deal with high flow rates. Batch
experiments are usually done to measure the effectiveness of
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adsorption for removing specific adsorbates as well as to
determine the maximum adsorption capacity.

The continuous adsorption in fixed-bed column is often
desired from industrial point of view. It is simple to operate
and can be scaled-up from a laboratory process [15]. A
continuous packed bed adsorber does not run under
equilibrium conditions and the effect of flow condition
(hydrodynamics) at any cross-section in the column affects the
flow behaviour downstream. Breakthrough determines bed
height and the operating life span of the bed and regeneration
times [16]. Adsorption in fixed-bed columns using activated
carbon has been widely used in industrial processes for the
removal of contaminants from aqueous textile industry
effluents, since it does not require the addition of chemical
compounds in the separation process [17].

Adsorption in a fixed bed column can be used continuously
under high effluent flow rates and it has been used in many
pollution control processes such as removal of ions by an ion-
exchange bed or removal of toxic organic compounds by
carbon adsorption [18]. In this study, the activated carbon
prepared from Eggshell has been tested for removal of
aqueous solutions. In this paper, Eggshell is used to remove
azo dye (AO7) from aqueous solution through column studies.

The objective of this study was to investigate the adsorption
potential of AO7 onto TES fixed-bed. The important design
parameters such as inlet concentration of dye solution, fluid
flow rate and column bed height [19] were investigated using
a laboratory scale fixed-bed column. The breakthrough curves
for the adsorption of AO7 were analyzed using Adam’s—
Bohart, Thomas and Yoon—Nelson models at different flow
rates, bed heights, and initial concentrations. Further,
modeling on the adsorption dynamics of the fixed bed was
presented and finally the correlation between the model and
the experimental data was compared.

II. MATERIAL AND METHODS

A. Adsorbate

AO7 used in this study was purchased from Sigma—Aldrich
(M). (AO7) has molecular formula C;sH;;N,NaO4S (Mol. wt.
350.33 g/mol). The maximum wavelength of this dye is 485
nm. The dye stock solution was prepared by accurately
dissolving a weight of dye in distilled water to the
concentration of 1 g/L. The experimental solutions were
obtained by diluting the dye stock solution in accurate
proportions to needed inlet concentrations. The chemical
structure of (AO7) is shown in Fig. 1.

Fig. 1 Chemical structure of the acid orange 7

B. Preparation and Characterization of Eggshell Powder

Adsorbents, in the form of eggshell, were collected from
house and local restaurants. To remove impurity and
pollutants and to prevent decomposition, eggshells were first
washed several times in tap water, and then boiled in distilled
water to remove any adhering dirt. The washed materials were
then dried at 100°C for 24 h in the dry oven. The dried
eggshell was ground using ball mill. The powdered materials
were sieved into a size range of 0.711 to 0.250 mm. Finally,
the sieved material was treated with sodium hydroxide 2N
NaOH for 2 h then the sample was neutralized and dried in the
oven at 100°C for 24 h. Before each use, we put the resulting
adsorbent, TES in a dryer to remove moisture. The chemical
composition of eggshell is composed of: 94 to 97% calcium
carbonate; 3% to 6% protein; 1% of various minerals
(including magnesium, potassium and trace amounts of iron,
sulfur and phosphorus). Fourier Transform Infrared (FTIR)
analysis was applied to determine the surface functional
groups, using FTIR spectrophotometer (SCO TECH SP-FTIR-
1). The spectra were recorded from 4000 to 400 cm™'[20].

C. Sorption Capacity and Removal Efficiency
Sorption capacity (q) of AO7 was defined as:

4. =(C, -C)x—~ (1a)
m

where; . is the uptake capacity (mg/g), Cy and C, (mg/L) are
the liquid-phase concentrations of AO7 at initial and any time
t, respectively, v is the volume of the solution (ml) and m is
the mass of the adsorbent (g). Biphasic samples filtration was
carried out using disposable syringe filters with 0.45 pm pore
size and showed first no interaction with the dye during the
sampling. The analysis of the instantaneous concentration C,
in the filtered liquid phase was performed using a double
beam UV-visible absorption SPECORD 250+
spectrophotometer using the AO7 maximum absorbance
wavelength (Amax = 485 nm). The linearity of Beer-Lambert
law was checked for concentration ranging from 1 to 50 mg/L
with a correlation coefficient R* = 0.9997.

In addition, the removal efficiency (Re) is calculated
according to:

Re(%)=100x(C, -C,)/C, (1b)

where Cj is the initial concentration of dye in solution (mg/L),
and C, is the final dye concentration in aqueous solution after
phase separation (mg/L).

I11. SORPTION EXPERIMENTS IN FIXED-BED TECHNIQUE

A. Experimental Procedures

The fixed bed experiments were carried out in a glass
column of 2 cm internal diameter, 30 cm of the length height
and three sampling points at 5 cm intervals. A known quantity
of the prepared activated carbon TES was packed in the
column to yield the desired bed height of the adsorbent 50,
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100 and 150 mm (equivalent to 3.5, 7 and 10,5 g of activated
carbon) with a layer of glass wool at the bottom. Distilled
water was passed through the column in order to remove
impurities from the adsorbent. Three flow rates (2, 4 and 6
mL/min) were pumped to the top of the packed column by
using peristaltic pump (name) with different initial dye
concentrations (5, 30, 50, 80 mg/L). The samples of AO7
solutions at the outlet of the column were taken at regular time
intervals and the concentration of dye was measured using an
UV-visible spectrophotometer (Neptune Chemical Pump) at
wavelength of 485 nm. Fixed bed studies were terminated
when the column reached exhaustion. The experiments were
carried out at temperature of 301 K (28 £1 »C) without any pH
adjustment.

The schematic diagram of fixed bed column used in
adsorption study is shown in Fig. 2. The experimental detail is
given in Table 1. Briefly, the experiment was carried out by
passing through column (packed with 21 g of TES) with
controlled flow rate and pH. The pH of influent was
maintained by 1.0 N HCl or 1.0 N NaOH during experiments.

21 mm |

Flow Packed Bed :;_?fa_’% o I 50 mm

directior 7 b o %
-l e
oDt | —-3--

racd I 50 mm

Glass beads

peristaltic
pump

Sample collector

Feed Storage

Fig. 2 Schematic diagram of fixed bed column used in adsorption

study of AO7 onto TES
TABLEI
EXPERIMENTAL DETAILS FOR COLUMN ADSORPTION OF AO7 ONTO TES
Flow rate [AO7] Bed height
EFFECT OF SYSTEM (mL/min) (ppm) (Cm)
Flow rate 2,4and 6 30 15
Initial Concentration 15 5,30, 50 and 80 15
Bed height 15 200 5,10and 15

B. Analysis of Fixed-Bed Column Data

For good design of fixed bed system, it is important to
predict the breakthrough curve for effluent parameters. The

time for breakthrough appearance and the shape of the
breakthrough curve are very important characteristics for
determining the operation and the dynamic response of an
adsorption fixed-bed column. The breakthrough curves show
the loading behavior of dye to be removed from solution in a
fixed-bed column. It is usually expressed in terms of adsorbed
dye concentration (C,), inlet AO7 concentration (Cy), outlet
AO7 concentration (C;) or normalized concentration defined
as the ratio of outlet AO7 concentration to inlet AO7
concentration (C/C,) as a function of time for a given bed
height [21].

C. Column Adsorption Model

To design a column adsorption process, it is necessary to
predict the breakthrough curve or concentration-like profile
and adsorption capacity of the adsorbent for the selected
adsorbate under the given set of operating conditions. It is also
important for determining maximum sorption column
capacity, a significant parameter for any sorption system. A
number of mathematical models have been developed for the
evaluation of efficiency and applicability of the column
models for large-scale operations. The Thomas, Yoon—Nelson,
and Adams and Bohart Models were used to predict the
dynamic behavior of adsorbent adsorbate system in this study.

1. The Thomas Model

The Thomas solution is one of the most widely used models
in column performance studies. Thomas model [22] assumes
plug flow behavior in the bed. This model is suitable for
adsorption processes where the external and internal diffusion
limitations are absent. The expression by Thomas for an
adsorption column [23] is given as:

0. -k c) @
b,

Thomas model is given in linear form by:

Ln|:g”—1:| = [(kTthX/Q)_kThCOt] )
t
where; kry (mL/min mg) is the Thomas rate constant; g,
(mg/g) is the equilibrium AO7 uptake per g of the adsorbent;
maximum sorption capacity (q.); Cp (mg/L) is the inlet dye
concentration; C; (mg/L) is the outlet effluent dye
concentration at time t; x (g) the mass of the used adsorbent, O
(mL/min) the flow rate and t (min) stands for flow time. The
value of C/C, is the ratio of outlet to inlet AO7
concentrations.

The parameters of Thomas model (k7 and ¢.) can be
determined from a plot of Ln [(Cy/C,) — 1] against time (t) at a
given flow rate.

2. The Adams and Bohart Model

Adam’s—Bohart model [24] established the fundamental
equations describing the relationship between Cy/C, and t in a
continuous system. The Adam’s—Bohart model is used for the
description of the initial part of the breakthrough curve. The
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model proposed assumes that the adsorption rate is
proportional to both the residual capacity of the TES and the
concentration of the sorbing species. The expression of
Adams—Bohart is:

t=(N,x/Cy)- HL/{? - 1)/(001{‘43 )H 4

t

The linear form of Adam-Bohart model is given by:

Ln(%) =k, Ct -k yNZIF ®)

0

where; Cy and C; (mg/L) are the inlet and effluent dyes
concentration, k5 (L/mg min) is Bohart—-Adams rate constant,
F (cm/min) is the linear velocity calculated by dividing the
flow rate by the column section area, Z (cm)is the bed depth of
column, and N, (mg/L) is the adsorption capacity of the
adsorbent are dependent on flow rate, initial ion concentration
and bed height which are calculated from plot of Ln(C/Cy)
versus time, 7.

The parameters k3 and N, were determined from the
intercept and slope of linear plot of Ln(C,/Cy) against time (t),
respectively.

3. The Yoon—Nelson Model

Yoon and Nelson [25] developed a model based on the
assumption that the rate of decrease in the probability of
adsorption of adsorbate molecule is proportional to the
probability of the adsorbate adsorption and the adsorbate
breakthrough on the adsorbent. The Yoon—Nelson linearized
model for a single component system is expressed as:

Ln( G
CD _Ct

] = kyyt - thyy (©)

where; kyy (1/min) is the Yoon—Nelson rate constant, T (min)
is the time in required for 50% adsorbate breakthrough, and ¢
is the sampling time. A plot of Ln(C/(Cy —C,)) versus ¢ gives
straight line curve with a slope of kyy and intercept of —t ky.
Based upon the obtained value of 1, the adsorption capacity,
qoyn»> Was found out using:

Qo =qtotal)/X = C,07/(1000X) (7

So, adsorption capacity (goyn) related to Yoon—Nelson
varies as an inlet dye concentration (Cy), flow rate (Q), 50%
breakthrough time derived from Yoon—Nelson equation (t)
and weight of adsorbent (X).

4. Wolborska Model

Wolborska [26] based his model on general mass transfer
rate of diffusion mechanism. It applies for low concentrations
for breakthrough curves. The simplified form of the equation
is given as:

oqlt =V, dg/dH = B,(C, -C,) (®)

m

where; C, the solute concentration in the bulk liquid (mg/1), C;
the liquid migration rate through the bed (cm/min), H the bed
depth (cm), and Ba the kinetic coefficient of the external mass
transfer (min™).

The solution of the differential equation is:

,,,[Cjzm,_H-Ba )
q, v,

IV. RESULTS AND DISCUSSION

A. Characterization of the Adsorbent

The characterization of the adsorbent, TES was done in the
previous papers where the TES was used for removal of MB
through batch kinetics experiments, isotherm, and
thermodynamic studies.

B. Effect of Initial Dye Concentration

The variable effect of inlet AO7 concentration from 5 to 80
mg/L on the adsorption of AO7 in the TES containing column
was studied at 10 cm constant adsorbent bed height, 4 mL/min
solution flow rate, 7.04 constant AO7 solution pH and 301 K
temperature. The breakthrough curve, thus deduced is shown
in Fig. 2.

The breakthrough curves for all initial concentrations were
drawn between the time and C/C, as shown in Fig. 3. It is
observed that the break point time decreased with increased
initial AO7 concentration from 5 to 80 mg/L. On increasing
the initial ion concentration, the breakthrough curves became
steeper and breakthrough volume decreased because of the
lower mass-transfer system from the bulk solution to the
adsorbent surface.

It is illustrated that the breakthrough time slightly decreased
with increasing inlet AO7 concentration. At lower inlet AO7
concentrations, breakthrough curves were dispersed and
breakthrough occurred slower. As influent concentration
increased, sharper breakthrough curves were obtained. This
can be explained by the fact that a lower concentration
gradient caused a slower transport due to a decrease in the
diffusion coefficient or mass transfer coefficient. The larger
the inlet concentration, the steeper is the slope of breakthrough
curve and smaller is the breakthrough time. These results
demonstrate that the change of concentration gradient affects
the saturation rate and breakthrough time, or in other words,
the diffusion process is concentration dependent. The
adsorption capacity was expected to increase with increasing
the inlet concentration because a high concentration difference
provides a high driving force for the adsorption process.

The breakdown time and exhaust time were increasing with
decreasing initial dye concentration. The breakthrough and the
exhausting times for different dye concentrations of 5, 30, 50
and 80 ppm were deceased as 48, 38, 30, and 15 min and 160,
140, 130, and 80 min, respectively. This is due to the TES
getting saturated more quickly at higher initial reactive dye
concentrations. Thus, breakthrough and the exhausting times
for the higher influent concentration were less or earlier than
those for the lower influent concentration
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Fig. 3 Breakthrough curves for AO7 adsorption column by TES at
different initial AO7 concentrations

C. Effect of the Solution Flow Rate

The effect of the flow rate on the adsorption of AO7 using
the TES was investigated by varying the flow rate (2, 4 and 6
mL/min) using 30 mg/L initial AO7 concentration, 10 cm bed
height, pH 7.04 at 301 K., as shown by the breakthrough curve
in Fig. 4.

Fig. 4 shows that the breakthrough curve occurred faster at
higher flow rate. This is because the lower residence time of
the influent in the column, thus reducing the contact time
between AO7 and the TES.

It was shown that breakthrough generally occurred faster
with higher flow rate. Breakthrough time reaching saturation
was increased significantly with a decreased in the flow rate.
When at a low rate of inlet AO7 had more time to contact with
TES that resulted in higher removal of AO7 ions in column.
The variation in the slope of the breakthrough curve and
adsorption capacity may be explained on the basis of mass
transfer fundamentals. The reason is that at higher flow rate
the rate of mass transfer gets increased, i.e. the amount of dye
adsorbed onto unit bed height (mass transfer zone) gets
increased with increasing flow rate leading to faster saturation
at higher flow rate. At a higher flow rate, the adsorption
capacity was lower due to insufficient residence time of the
solute in the column and diffusion of the solute into the pores
of the adsorbent, and therefore, the solute left the column
before equilibrium occurred.

The column adsorption experiment was carried out at
different flow rates of 2, 4and 6 mL/min using initial AO7
concentration of 30 ppm and bed height of 10 cm at neutral
pH. The resulting breakthrough graph is mentioned in Fig. 4,
in which breakthrough occurred faster with higher flow rate of
6 mL/min. And breakthrough curve of the lower flowrate of 2
mL/min tended to be more gradual, meaning that the column
was difficult to be completely exhausted. Increasing the flow
rate in the TES bed caused a decrease in AO7 removal
efficiency. This is attributed to the fact that low contact time
between the adsorbate and adsorbent reduces the adsorption
efficiency in the TES bed. In addition, at higher flowrates, the
movement of adsorption zone along the bed is faster reducing
the time for adsorption of dye on the TES bed.

1.2
1
0,8
0,6 s 6 ML/Min
=l 4 ML/Min

Ct/c0

04
2 mL/min
0,2

oF

0 100 200
Time (min)

Fig. 4 Breakthrough curves of the effect of flow rate on AO7
adsorption onto TES column

D. Effect of Activated Carbon Bed Height

The fixed bed study was carried out at different bed height
of 5, 10 and 15 cm (3.5, 7 and 10.5 g) with influent AO7
concentration of 30 mg/L, 4 mL/min flow rate, and pH 7.04
and at 301 K.

Fig. 5 shows that the breakthrough time decreased with
increasing the bed height and increasing by the way the
number of sorption sites and the residence time of the AO7 in
the column, thus increasing the removal efficiency of AO7 in
the fixed bed system.

1,2
f e 5 CN
J el 10
15 cm
100 200
Time (min)

Fig. 5 Breakthrough curves for AO7 adsorption by TES at different
bed heights

Fig. 5 shows the breakthrough curve obtained for AO7
adsorption on the TES. From Fig. 5, both the breakthrough
and time increased with increasing the bed height. When the
bed height increases, AO7 had more time to be in contact with
TES that results in higher removal efficiency of AO7 in the
column. So, the higher bed column results in a decrease in the
solute concentration in the effluent at the same time. The slope
of breakthrough curve decreased with increasing bed height,
which resulted in a broadened mass transfer zone. A high
adsorption capacity was observed at the highest bed height due
to an increase in the surface area of adsorbent, which provided
more binding sites for the adsorption.

The effect of bed height for adsorption of AO7 dye onto
TES bed at heights of 5, 10 and 15 cm at influent
concentration 30 ppm and flow rate 4 mL/min is shown in Fig.
5. This indicates that breakthrough time and the exhausting
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time were increased from 30 to 120 and 10 to 105 min,
respectively, when the bed height passed from 5 to 15 cm. The
throughput volume of dye solution was increased with the
increase in bed height due to the increase in surface area of
adsorbent providing by the way, more binding sites for the
adsorption and more number of sorption sites in general.

E. Dynamic Adsorption Models
1. Thomas Model

C
U7|:Fg B 1:| = [(krh‘]ox / Q)_ kr/xcot]

t

A linear plot of Ln/(Cy/C)—1] against time (t) was
employed to determine the Thomas parameters, that is, rate
constant (kz;), adsorption capacity (Qe), and correlation
coefficient values (R*) in which various experimental
conditions for column adsorption of AO7 onto TES was
conducted. The determined coefficients and relative constants
were obtained using linear regression analysis and the results
are listed in Table II.

TABLEII
THOMAS PARAMETERS FOR COLUMN ADSORPTION OF AO7 ONTO TES
initial bed .
concentration gg;z;i:; height W?;g)ht (ml /n]:;; mg) % (mg/g) R’

(mg/1) (cm) :
5 4 10 7 5,2 0,567 0,973
30 4 10 7 0,867 4,337 0,986
50 4 10 7 0,3 10,583 0,948
80 6 10 7 0538 11150 0913
30 2 10 7 1,133 1,067 0,996
30 4 10 7 0,633 2,738 0,974
30 6 10 7 0,8 3,786 0,972
30 2 5 35 1,2 2,934 0,996
30 4 10 7 11 3,048 0,964
30 6 15 105 0,84 3.924 0972

It indicates that rate constant increases with decreasing flow
meter, initial concentration, and decreasing bed height. This is
due to the driving force of adsorption process that is the
difference between the concentration of AO7 in the solution
and on the adsorbent. In addition, the value of equilibrium
adsorption capacity (gy) increases with the increase in bed
height and initial concentration and also, with the increase of
flow rate. So, contradictory effects have been found using
higher flow rate and initial concentration for adsorption of
AO7 on TES column. The maximum adsorption capacity
related to Thomas model was found to be 11,15 mg/g at flow
rate of 6 mL/min controlling initial concentration of 80 ppm,
pH 7.04, and bed height of 10 cm. Also, all the results were
well fitted to Thomas model with high values of correction
coefficients R* of THOMAS model ranged from 0.913 to
0.996, indicating good linearity and indicating that Thomas
model is suitable for sorption of AO7 with TES.

2. The Adams and Bohart Model

Ln(g’] =k ,Cyt -k ;N Z I F

0

A linear plot of Ln(C/Cy) against time (t) was obtained,
values of k43 and N, from the intercept and slope of the plot.
The Adam’s—Bohart adsorption model was applied to
experimental data for the description of the initial part of the
breakthrough curve. For all breakthrough curves, respective
values of Ny, and k,p were calculated and presented in Table
I together with the correlation coefficients (R* > 0.73).

TABLE III
ADAMS AND BOHART PARAMETERS FOR COLUMN ADSORPTION OF AO7 ONTO
TES
initial e . k.
concentration (flqul)l‘;v r:i:S height W?Ig%ht (ml/Arflin. (mj\g](;g) R?

(mg/l) (cm) mg)
5 4 10 7 6,6 0,522 0,972
30 4 10 7 0,833 3,625 0,986
50 4 10 7 0,38 6,620 0,979
80 4 10 7 0,275 8,899 0,967
30 2 10 7 0,9 0915 0,938
30 4 10 7 0,967 1,743 0,917
30 6 10 7 0,567 3,508 0,903
30 4 5 35 1,167 4,269 0,934
30 4 10 7 0,9 2,554 0,908
30 4 15 10,5 1,333 1,228 0,835

Table II demonstrates Adams and Bohart parameters (kyp
and Ny and its correlation coefficient value at different
experimental conditions. It indicates that value k,p increases
with decreasing flow rate and decreasing initial concentration,
increasing bed height. Also, values of N, were increased with
increasing initial concentration and flow rate and decreasing
bed height. The maximum adsorption capacity calculated
based on Adams and Bohart model was found to be 8,89 mg/g
at initial concentration of 80 ppm. in the case of Bohart—
Adams model, low correlation coefficient (R® (<0.90) is
observed, which indicate that Bohart-Adams model is not as
appropriate a predictor for the breakthrough curve.

3. The Yoon—Nelson Model

Ln(c G c J = keyyt - Thyy

4 t

Yoon—Nelson model was applied to the experimental data
with respect to flow rate, influent concentration of AO7, bed
depth, and pH. A linear regression analysis was used on each
set of data. A linear plot of Ln/C/(Cy —C,)] against sampling
time (t) to determine the Yoon—Nelson model parameters of
kyy (rate constant), T (50% breakthrough time), and Fkoyy
(adsorption capacity) are depicted in Table IV. The correlation
coefficient values of each experiment are mentioned in Table
Iv.

It is clear that as the flow rate increases, the value of kjyy
and Tt increase, but kyy decreases and when initial
concentration increases, the value of kyyy and 7t increase, but
kyn decreases.

As the bed height increases, the value of kyy and t increase,
but kyyy decreases. Regression coefficient values (< 0.90)
indicate that data do not fit well Yoon—Nelson model.
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TABLE IV
YOON NELSON PARAMETERS FOR COLUMN ADSORPTION OF AO7 ONTO TES
initial flow bed .
weight  Kyy T 2 Qovn

concentration rate height

. . R
(mg)  (mUmin) (cm) (g (Vmin) (min) (mg/g)

5 4 10 7 003 19597 0978 0,560
30 4 10 7 0024 271,71 0978 4,658
50 4 10 7 0016 353,69 0968 10,105
80 4 10 7 0016 37431 0,963 17,111
30 2 10 7 0034 127,12 0974 1,090
30 4 10 7 0032 13242 0929 2270
30 6 10 7 0031 13042 0861 3,354
30 4 5 35 0036 17417 0943 5971
30 4 10 7 0028 20571 0914 3,527
30 4 15 10,5 0038 161,82 0,851 1,850

V.CONCLUSION

The fixed-bed column adsorption of AO7 dye onto TES
was investigated in the present study. The breakthrough curve
(C/Cy vs time) for various parameters of flow rate, initial AO7
concentration, bed height, and pH was plotted. The
breakthrough time and exhaust time were increased with
increasing flow rate, and bed height and decreasing initial
AO7 concentration. The experimental data were applied to
Thomas, Yoon—Nelson and Adams and Bohart model. The
maximum adsorption capacity related to Thomas model was
found to be 11.15 mg/g at initial concentration of 80 ppm at
constant flow rate of 6 mL/min, bed height of 10 cm, and pH
7,04 with R> = 0.913. The Thomas model was found more
fitted than other models, that is, Yoon—Nelson, and Adams
and Bohart models derived from correlation coefficient.
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