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ABSTRACT

Acid red 151 (AR151) dye adsorption on iron-impregnated heat treated egg shell (Fe-HTES) with
FeCl,, Fe(NO,), and K,FeO, as iron precursors was studied by using a simple pyrolysis technique.
The Fe-HTES performance was analyzed by utilizing scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy, energy dispersive X-ray spectroscopy, X-ray powder diffraction,
Brunauer-Emmett-Teller, and Barrett-Joyner-Halenda (BJH) surface analysis . The effective parame-
ters on the adsorption process such as pH, point of zero charge (pH_ ), initial dye concentration, dose
and type of adsorbents raw egg shell (RES), heat treated egg shell (I%TES) and Fe-HTES in addition to
the adsorption time the dye removal and chemical oxygen demand (COD) removal have been inves-
tigated. The results obtained for the dye concentration in the range of 20-100 mg/L, indicated that the
experimental adsorption data obeyed the Freundlich model (n <1, R*= 0.981). At optimum pH 3, the
adsorbent dose of 2 g/L and the equilibrium adsorption time of 15 min, the maximum dye removal
efficiency were obtained as 98.9%, 88% and 78%, respectively, for Fe-HTES, HTES and RES. For the
adsorbent Fe-HTES, the maximum adsorption capacity and COD removal efficiency were obtained as
50 mg/g and 93%, respectively. The results also indicated that the adsorption rate of AR151 dye onto
the Fe-HTES can be expressed by a first-order rate equation.
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1. Introduction

Preparation of clean water by removal of hazardous
materials is very important from various aspects [1]. Textile
dye and colored industrial wastewater contain carcinogenic
pollutants such as aromatic amines and toxic pigments and if
discharged into rivers and surface streams will endanger the
living organisms [2,3].

Various conventional techniques have been employed for
the removal of these colored effluents, such as adsorption,
oxidation, electrocoagulation and filtration [4]. Adsorption,
though might be time consuming, is the most simple, via-
ble and flexible method which has attracted much attention.

* Corresponding author.

Because of using eco-friendly and low cost adsorbents, such
as egg shell and plants and availability of adsorbent supports
such as saw dust and sugar, efficient adsorption processes
have been developed which do not have the obstacles of
other removal method [5-7].

Azo dyes are classified as the main dyes which are
utilized in various industrial processes [8]. Azo-acid dyes
are soluble anionic organic materials and are known by
their popular chromogenic azo groups (-N=N-). They are
applied to the textile fibers, although approximately 35%
of the utilized colors are lost, because they are not fixed to
the fabrics and are directly released to textile effluents [9].
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Acid red 151 (AR151) is a double azo dye which basically
is used for dyeing leather, wool, silk, polyamide fabrics
and plastic shading of polyamide. In Table 1, the charac-
teristics of AR151 are represented. To select a biomass such
as raw egg shell (RES) for bio-sorption in the dye removal
process, some parameters should be taken into account.
RES is a calcium carbonate crystal with regular array pat-
tern bio-adsorbent [10,11], however, because of low rigid-
ity, insufficient surface area, small number of active sites it
needs to be modified to increase its dye removal efficiency.
This adsorbent also should be made immobilize, hard and
porous enough, with a reasonable shelf-life during succes-
sive regeneration cycles [12,13]. Various composite adsor-
bents have been synthesized, including magnetic modified
chitosan [14] and spinel ferrite [15] for removal of the dyes
and pharmaceutical pollutants [16-18].

In this work, surface modification of RSE was per-
formed by thermal treatment and in the presence of three
iron precursors FeCl,, Fe (NO,), and K,FeO, in order to
improve the uptake and removal capacity of AR151 dye
from aqueous solution, by batch adsorption process. Also,
the influences of some important operating parameters,
such as initial pH, point of zero charge, initial dye con-
centration, type of adsorbent, adsorbent dose and adsorp-
tion time were investigated. Characterization analysis of
RSE and the modified bio-adsorbent (Fe-HETS) were per-
formed by using Fourier transform infrared (FTIR), also
SEM, energy dispersive X-ray spectroscopy (EDX), X-ray
powder diffraction (XRD), Brunauer-Emmett—Teller (BET)
and Barrett-Joyner-Halenda (BJH). Also, the adsorption
isotherms and the kinetics of the adsorption mechanism
were presented by respective models with the best fitted
correlation coefficients.

2. Experimental setup
2.1. Materials

All the chemicals were used as the analytical grade
reagents. AR151 dye was purchased from Alvan-Sabet
company (Iran), and was used without further purifica-
tion, the chemical structure and other characteristics of
AR151 dye are shown in Table 1. FeCl,, Fe (NO,),.9H,0
and K,FeO, were of analytical grade as made by Sigma-
Aldrich (Germany). Commercial activated carbon (IS
8366:1989) was supplied by Eurocarb (Germany). RES
was supplied by the local and campus restaurant of
Guilan University (Iran).

Table 1
Characteristics of AR151 dye
Name Formula MW A
(g/gmol) (nm)
Acid red 151 (AR151) C,,H N,NaO,S 454.43 513

s

HO

2.2. Preparation of adsorbent — egg shell

RES as an inert porous material with large internal area
has high adsorption capacity which can be promoted by
using an appropriate modification techniques such as pyrol-
ysis or impregnation with green chemical reagents, namely
iron precursors (FeCL, Fe(NO,), or K FeO,).

In this study, RESs collected from restaurants were
washed thoroughly by de-ionized water. The dried RESs
were grinded to fine powder and sieved by American Society
for Testing and Materials standard sieve, mesh no. 18 (1 mm).
Then, the RES was heated for 2 h at 800°C in an electric fur-
nace to obtain the heat treated egg shells (HTESs). The syn-
thesis of Fe-HTES was performed as follows: initially, 5 g of
HTES was stirred with 25 mL de-ionized water and 0.5 g of
K FeO, (as strong oxidizing agent to generate active sites on
the adsorbent) for 30 min at 150 rpm. The residue or slurry
obtained was mixed with 1.5 g FeCl, and 0.5 g Fe(NO,),.9H,0O,
and stirred for 6 h at 150 rpm and at ambient temperature.
The slurry was filtered and washed thoroughly by de-ionized
water and decanted and again washed and filtered. Finally,
the obtained solid residue was heated at 410°C for 10 min in
an electric furnace.

2.3. Methods — batch study

A series of batch adsorption experiments of AR151
dye from aqueous solution using three bio-adsorbents
(RES, HTES and Fe-HTES) were tested in a 100 mL flask
containing 50 mL of dye solution. Dye removal efficiency
percentage was measured based on five different process-
ing factors, including pH (1-11), bio-adsorbent type (RES,
HTES and Fe-HTES), dose of bio-adsorbent (0.5-8.0 g/L),
initial dye concentration (20-100 mg/L) and the contact
time (2-120 min). It was observed that the adsorption equi-
librium time was 15 min. The purpose of the adsorption
measurements was to determine the optimum operating
condition for maximum removal of the dye and chemical
oxygen demand (COD) from the test aqueous solutions.
All experiments were conducted in triplicates to reduce
the error during the tests. The adsorption capacity (g) was
determined by using the residual dye concentration before
and after adsorption, based on the following material bal-
ance equation [4]:

_G -G
Y )

where g is the maximum AR151 dye uptake at equilibrium
(mg/g), and C, and C, are the initial and final dye concentra-
tions in the test aqueous solution (mg/L), respectively. In Eq.
(1), M is the mass of the adsorbent (in g) and v is the volume
of the test dye aqueous solution (in L).

Dye (and also COD) removal efficiency from the test
aqueous solution by adsorption was evaluated by using the
following equation [4]:

Dye removal efficiency (%) = CUC_ <, %100 ()

0
where the C; and C, are the initial and final dye concentra-
tions (and also initial and final COD). Dye (and also COD)
amount before and after adsorption was determined by using
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a UV-Vis spectrophotometer (Hach, Lange Model: DR-2800).
The absorbance of the dye aqueous solutions was monitored
at the wavelength of 200-800 nm and the maximum absor-
bance was measured at the wavelength of 513 nm. By using
these results the required dye concentrations were evaluated.
This standard method of concentration measurements for the
waste water was the same as used in reference [19]. All the
tests were carried out in triplicate and the average value was
obtained.

3. Results and discussion
3.1. Adsorbents characterization
3.1.1. SEM analysis of the adsorbents

Scanning electron microscopy (SEM) is a practical tool
for investigating the adsorbent particle shape and size dis-
tribution. Surface morphological analysis of the RES, HTES
and Fe-HTES was performed by using a (VEGA\TESCAN-
XMU) SEM, Iran. The SEM images are shown in Figs. 1(a)—
(c). Fig. 1(a) indicates an irregular and random treads and
strings microstructure configuration for RES. Fig. 1(b) refers
to HTES, after 2 h of heat treatment at 800°C, which shows
that the adsorbent surface is ordered as an ideal knitted
treads with regular square voids, that has been created
during the CO, removal [11], where the formation of this
microstructure can be attributed to the presence of calcium
oxide [20]. Fig. 1(c) shows a clear image of numerous micro-
pores present on the surface of Fe-HTES agglomerates, as
created by the addition of three iron reagents. It is seen that,
the pore sizes of this chemically modified calcium oxide
sample are smaller than 1 um. These images indicate clearly
that the microstructure of the eggshell particles (with and
without modification) changes in size and shape, as a result
of heat treatment.

3.1.2. EDX analysis of the adsorbents

EDX analysis of HTES and Fe-HTES are shown in
Figs. 2(a) and (b). Fig. 2(a) indicates that the weight percent-
age of C, O and Ca in HTES are, respectively, 13.3, 39 and
46.6, and the ratio of Ca:O is 1:1 which confirms the presence
of calcium oxide (CaO), as a result of egg shell calcination at
800°C in 2 h. Fig. 2(b) shows that the weight percentage of C,
N, O, Cl, K, Ca and Fe in Fe-HTES which are, respectively, 2,
6.4,37.1,4,0.4,50.4 and 7.

3.1.3. FTIR analysis of the adsorbents

In this study, FTIR spectroscopy method was utilized
to investigate the presence of functional groups on the sur-
face of the egg shell. FTIR spectra (by a PerkinElmer spec-
trometer) for three adsorbents (RES, HTES and Fe-HTES)
in the range 4,000-450 cm™ were obtained and are depicted
in Figs. 3(a)—(c). The three characteristic peaks which are at
3,431, 3,447 and 3,524 cm™ in RES, HTES are due to an OH
group as suggested by other researchers [20-22]. In the RES
(containing 94% CaCO,, 1% MgCO,, 1% Ca,(PO,), and 4%
organic material [23]), the two characteristic peaks appearing
at 2,516 and 1,420 cm™ can be attributed to the presence of
CaCO, as proposed by Legodi et al. [24] and Arnold et al.
[25]. However, after calcinations of RES and obtaining HTES
or Fe-HTES these peaks have disappeared, which is due to
decomposition of CaCO, at 800°C and production of CaO and
CO,. The new slightly sharp peaks at 3,642 cm™ for HTES and
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Fig. 1. SEM image of three adsorbents: (a) raw eggshell (RES), (b) heat treated egg shell (HTES) and (c) iron-impregnated heat treated

egg shell (Fe-HTES).
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Fig. 3. FTIR spectra before adsorption of: (a) RES, (b) HTES and
(c) Fe-HTES.

3,643.5 cm™ for Fe-HTES correspond to CaO as suggested by
Arnold et al. [25] and the other new bands at 1,466 cm™ for
HTES and 1,416 cm™ for Fe-HTES, also correspond to the
presence of CaO as suggested by Zaki et al. [26]. Another
band at 660 cm™ can be assigned to CaO too, as explained by
Witoon [22]. Consequently, FTIR findings demonstrate that
CaCO, has transformed to CaO in the pyrolized HTES and
Fe-HTES. In Fe-HTES, the new band at 872 cm™ corresponds
to the presence of Fe-OH or metal-oxygen bond as proposed
by Liu et al. [27], hence in the FTIR spectrum of RES and
HTES this band is not present.

The point of zero charge (which is also represented as
pH,_,) plays a substantial role in adsorption of an ionic adsor-
bate from aqueous solution on a solid adsorbent. The pH_ is
defined as the pH value when the solid surface is neutral. The
point of zero charge can be utilized to evaluate the electrical
charge of solid adsorbent. In this study for pH_, measure-
ments, the procedure previously reported, by other research-
ers was used [28]. The pHPZC values for the three adsorbents
Fe-HTES, HTES and RES occurred at the approximate pHs of
3.2,4.5 and 5.1, respectively.

3.1.4. XRD analysis of the Fe-HTES adsorbent

In this study, to investigate the structural characteris-
tics of the obtained Fe-HTES the XRD (Philips, PW1800,
Netherland) analyses was performed by using a voltage of
40 kV and a current of 30 mA with Cu Ka radiation (X-ray
wavelength, A = 0.1542 nm). The X-ray pattern is demon-
strated in Fig. 4. The major peak in the XRD pattern which
appears at 20 = 34.08°, corresponds to the presence of port-
landite (Ca(OH),) as the major phase [29-32]. The crystallite
size (D = 45 nm) of this major phase can be calculated by
Scherer’s equation [33]:

/s

700
¢ Portlandite: Ca(OH);

& Caleium oxide: CaO

B Ferrite oxide: Fe;0;
& Calcium carbonate hydroxide: (Cas(COs)x(OH):)

Fig. 4. XRD diffractogram of Fe-HTES adsorbent.
D= kA 3)
BCosb

where 3 (rad) is the full width at half of the maximum height,
k=0.9 is a dimensionless constant, 0 is the Bragg angle. The
minor phases are calcium oxide (CaO) [32,34], calcium car-
bonate hydroxide (Ca,(CO,),(OH),) [35-37] and Fe,O, [18,38—
40] that they refer to complete combustion of RES at 800°C.
The presence of Fe,O, and (Ca,(CO,),(OH),) are, respectively,
due to iron precursors (FeCl,, Fe (NO,), or K,FeO,) [18,38-40]
and portlandite decomposition [30,32,34,36].

3.1.5. Surface analysis of the Fe-HTES adsorbent

The specific surface area of the Fe-HTES was determined
as 89.97 (m?/g) by BET method using the Quantachrome
Autosorb (Germany). The BET adsorption—desorption iso-
therms of nitrogen gas at low temperature [29] and in the
relative pressure range of 0.1 < P/P < 0.3 is represented in
Fig. 5. The observed hysteresis of this isotherm plot confirms
the presence of Fe-HTES as a mesoporous adsorbent (type IV
of the International Union of Pure and Applied Chemistry
rank) [41]. The total pore volume for the presence of pores
smaller than 2.62 nm as obtained by BET method at P/P =
0.30608 is 0.02536 mL/g. The surface area, the pore size and
volume were calculated by BJH [42] method using the data
obtained by adsorption measurements (Quantachrome
Autosorb, Germany). The obtained results are, respectively,
110.5 m*/g, 5.695 nm and 0.315 mL/g for the specific surface
area, pore size and volume.

Inspecting XRD, BET, SEM, EDX and FTIR results obtained
in this work indicate the presence of hydroxyl functional group
and oxygen bridges in the major and minor phases of Fe-HTES
and this confirms the existence of hydrogen bonds and the
presence of various active points in the adsorbent molecule.
Therefore, the adsorption capacity of this adsorbent is essen-
tially due to the presence of various effective sites [16-18,43]
arisen by iron impregnation [44], and other heteroatom as is
seen in Fig. 2. Also, the maximum dye removal efficiency for
Fe-HTES adsorbent occurred at pH < 3 and this indicates the
presence of adequate positive charges on the surfaces of highly
crystallite portlandite as the major phase [45] which intro-
duces this adsorbent desirable for adsorption of anionic acid
dye due to electrostatic interactions. The electronic density of
the adsorbents’ layers and the presence of hydroxyl functional
group attract the dye into the surface [46]. Due to nature of the
physical bonds in the adsorption process the Fe-HTES adsor-
bents can be properly separated from an aqueous dye solution
after adsorption process by applying filtration [16,17].



E. Moaveni et al. / Desalination and Water Treatment 67 (2017) 309-317 313

200
—@— Adsorption T

150 )
= —®— Desorption
wn
e
— 100
g
Q
g
=
S 50

0
0 0.2 0.4 0.6 0.8 1 1.2

Relative pressure (P/P)

Fig. 5. Volume (at standard temperature and pressure (STP)
of nitrogen gas adsorption/desorption on Fe-HTES surface vs.
nitrogen relative pressure (P/P) by BET method.

3.2. Effect of operational parameter on dye removal
3.2.1. Effect of pH

The pH of the dye solution is a significant factor that reg-
ulates the adsorption process. To study the effect of initial pH
on the adsorption, the AR151 dye solution pH was varied
from 1 to 11 and the results for the adsorbent Fe-HTES are pre-
sented in Fig. 6. The minimum residual dye concentration was
reduced to 1 mg/L (maximum dye removal efficiency 98%) at
pH 1-3. But at higher pHs the residual dye concentration was
13 mg/L at pH 11. Consequently, the removal efficiency per-
centage and adsorption capacity for pH variation 1-11 were
99% to 87% and 50 to 43.5 mg/g, respectively. The reason for
this behavior can be explained by considering the fact that at
the pH < 3 the surface of Fe-HTES is positively charged which
is suitable for binding of negatively charged AR151 dye. This
interpretation of the obtained results for pH effect is con-
firmed by reported results on higher tendency of AR151 dye
and adsorption on Fe-HTES due to electrostatic attraction at
pH less than pH _[28,47,48]. Also, it has been observed that at
acidic pH the acfsorption of acid type dyes (acid red 114, acid
blue 113, acid green 28, etc.) is more favorable [47].

3.2.2. Effect of adsorbent dosage

Fig. 7 shows that the residual AR151 dye concentration
decreases gradually to a minimum (2 g/L) with increasing
Fe-HTES adsorbent concentration (up to 6 g/L) and then
on addition of Fe-HTES no more reduction of AR151 dye is
observed which indicates that the system has reached the
equilibrium state.

3.2.3. Effect of initial AR151 dye concentration and adsorbent
type
The effect of initial AR151 dye concentration on adsorp-

tion capacity (Eq. (1)) of three studied adsorbents, Fe-HTES,
HTES and RES, and also commercial activated carbon were
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Fig. 6. Effect of pH on the AR151 dye residual concentration (initial
dye concentration, 100 mg/L; adsorption equilibrium time, 15 min;
dose of adsorbent, 2 g/L; adsorbent, Fe-HTES; initial volume of
working dye solution, 50 mL; dye removal efficiency, 98.9%).
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Fig. 7. Effect of the adsorbent dosages on the residual dye con-
centration (pH, 3; initial dye concentration, 100 mg/L; adsorption
equilibrium time, 15 min; adsorbent, Fe-HTES; initial volume of
working dye solution, 50 mL; dye removal efficiency, 98.9%).

investigated. The comparison of the AR151 dye adsorption
capacity is summarized in Fig. 8 which indicates that by
increasing the initial dye concentration from 20 to 100 mg/L,
the adsorption capacity increases. Based on Eq. (1) and by
inspecting this figure it is seen that the highest adsorption
capacity (50, 44 and 39 mg/g are, respectively, for Fe-HTES,
HTES and RES) occurs at 100 mg/L of the dye concentration
for the three adsorbents. It can be stated that the adsorption
process for the four adsorbents has reached the equilibrium
state (pH, 3; adsorption equilibrium time, 15 min; initial
volume of working dye solution, 50 mL; dose of adsorbent,
2 g/L) at each certain dye concentration. Additionally, by
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Fig. 8. Comparison of the effect of initial AR151 dye concentra-
tion on adsorption capacity of four adsorbents (pH, 3; adsorption
equilibrium time, 15 min; initial volume of working dye solution,
50 mL; dose of adsorbent, 2 g/L).

using Eq. (2) and as it is indicated from the data of Fig. 8,
the highest dye removal efficiency are 78%, 88%, 98.9% and
98.9%, respectively, for Fe-HTES, HTES, RES and commer-
cial activated carbon. Therefore, it can be stated that Fe-HTES
and also commercial activated carbon can effectively remove
the AR151 dye from aqueous solution compared with the
two other adsorbents. These results are consistent with the
reported results by other researchers for the adsorption of
dyes on bio-adsorbents [49,50].

3.3. Adsorption isotherms determination

The isotherm models are good description of adsorption
process and provide useful information [51-55]. Therefore,
the experimental data were fitted by the some well known
isotherm models such as Langmuir, Freundlich and Temkin
equations.

The Langmuir equation is in the following form [52]:

L.L.S @

where C, (mg/L) is the residual dye concentration in the
aqueous solution at equilibrium, g, (mg/g) and g, (mg/g)
are, respectively, the equilibrium and maximum adsorption
capacities. In Eq. (4), b (L/mg) is the Langmuir constant and
is interpreted as the free energy of adsorption. The constants
g, and b are evaluated by the slope and intercept of the plot
C/g,vs. C. The adsorption results as treated by Eq. (4) are
reported in Table 2.
Linear form of Freundlich equation is [53]:

logg, =logK. +llogC,2 (5)
n

where K, (mg/g) is adsorption capacity at unit concentra-
tion and 1/n is the adsorption intensity of bond formation
between the dye molecule and the adsorbent, 1 is dimension-
less quantity. It has been demonstrated that for the values of
n less than 10 and greater than zero, there is the favorable
adsorption. K, and n can be calculated by plotting logg, vs.
logC,. For n = 1, the adsorption is linear and for n > 1 it is
a physisorption process and for n < 1, it is a chemisorption

Table 2

Isotherm constants of three linearized adsorption isotherms for
AR151 dye adsorption onto Fe-HTES adsorbent (K,: mg/g; K :
L/mg; B;: mg/g; q,: mg/g and b: L/mg)

Dye Freundlich Temkin Langmuir
n K, R B, K, R q, b R?
AR151 055 244 0981 6.86 2.7 089 14 040 0.56
2
1.5
[
o
- R2=10.981
S5 s
® AR 151
0.5
0.2 04 0.6 0.8
Log Ce

Fig. 9. Freundlich plot of AR151 dye adsorption onto Fe-HTES
at different initial dye concentrations (pH, 3; adsorption equi-
librium time, 15 min; initial volume of working dye solution, 50
mL; dose of adsorbent, 2 g/L).

process [54]. The adsorption results as treated by Eq. (5) are
presented in Fig. 9 and Table 2.
Linear form of the Temkin equation is presented as [55]:

g,=B,InK, +B,InC, (6)

where B, _RT K, (L/mg) is the maximum binding energy

(or equilibrium binding constant) and B, is a constant corre-
sponding to the heat of adsorption. Temkin constants K. and
B, are calculated from the slope and intercept of the plot logg,
vs. logC..

The R? values show that the AR151 dye adsorption iso-
therm using the adsorbent Fe-HTES does not follow the
Langmuir and Temkin isotherms (Table 2). Fig. 9 shows the
linear plot of logg, vs. logC, for the Freundlich equation.
The calculated values for this equation are: R? (0.981), n (0.55)
and K, (2.44 mg/L) at optimum conditions (pH 3, dose of
adsorbent 2 g/L) which represent the suitability of this equa-
tion for the obtained adsorption results.

The equilibrium measurement was performed for dif-
ferent initial AR151 dye concentration (20-100 mg/L) sub-
sequently the adsorption capacity (evaluated by Eq. (1))
of Fe-HTES was varied from 8.9 to 50 mg/g. It seems that
Freundlich equation is suitable for treating the dye removal
by adsorption. As an example, the adsorption results
obtained by Nekouei et al. [56], can be quoted which are
in accord with the Freundlich equation and the evaluated
parameters for the adsorption of acid blue 129 on 0.8 g/L
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copper oxide activated carbon at pH = 2 after 20 min were
K,=31.35mg/L and n = 4.

3.4. Kinetics of adsorption

For determining the most appropriate adsorption rate
model, the adsorption results were fitted to the first- and
second-order rate equations, for the measured removal effi-
ciency of AR151 by Fe-HTES vs. time. The rate equations,
first- and second-order are, respectively, expressed by Eqs.
(7) and (8) [52,53] in the following forms:

log (g, —q,)=logq, -kt @)

) ) °
a.) (k)] \a.

where g, (mg/g) is the amount of dye uptake per unit
weight of the adsorbent (Fe-HTES) at equilibrium, g,
(mg/g) is the amount of dye uptake per unit weight of
Fe-HTES adsorbent at ¢ and k, (1/min) and k, (g/(mg.min))
are the rate constants of the first- and second-order rate
models, respectively. g4, and k; were calculated from the
slope and intercept of the plot log(q, — gq,) vs. t by Eq. (7).
g, and k, were calculated from the slope and intercept of
the plot (t/g,) vs. t by Eq. (8). The results are presented in
Table 3 and Fig. 10 (R*= 0.983 for the first-order model).

Table 3

Calculated kinetic parameters for the adsorption of AR151 dye
onto Fe-HTES adsorbent (g,: mg/g; k: 1/min; k,: g/(mg.min) and
Qo' M8/8)

Dye  Pseudo-First-order Pseudo-second-order
model model
fop .k R 9.k R
AR151 495 50  0.054 0.983 142 0.0003 0.880
2
+ ARI151
—_
?: L 4
5} 2 =
Z 15 - R?=0.983
on
2
1 T T
0 5 10 15 20
t(min)

Fig. 10. Linearized first-order kinetic plot for AR151 dye adsorp-
tion by Fe-HTES (initial dye concentrations, 100 mg/L; pH, 3; ini-
tial volume of working dye solution, 50 mL; dose of adsorbent,
2¢g/L).

This implies that the first-order model is more appropriate
to describe the kinetics of AR151 adsorption on Fe-HTES
with the rate constant k, = 0.054 (1/min).

A similar work mentioned is that of Jafari et al. [57] who
showed that adsorption of methylene blue dye on the mod-
ified TiO, adsorbent followed the pseudo-first-order kinetic
model with k, = 0.004(1/min).

3.5. COD removal efficiency percentage

In this study, COD procedure is utilized to measure the
amount of organic pollutants such as dye in water. The COD
analysis was performed according to the standard proce-
dure of 5220B [19,58]. A COD experiment was performed by
applying the optimized operating factors with regard to dif-
ferent variables obtained for uptake of AR151 by Fe-HTES.
The optimum conditions were: initial dye concentrations,
100 mg/L; pH, 3; initial volume of the test dye solution,
50 mL; type and the dose of adsorbent, Fe-HTES 2 g/L and
after equilibrium time (15 min). The COD removal efficiency
and the dye removal efficiency were evaluated by Eq. (2) as
93% and 98.9%, respectively. However, the COD removal effi-
ciency by Eq. (2) for RES and HTES adsorbents were 65% and
75%, respectively. This difference could be attributed to the
presence of potassium ferrate (K,FeO,) as a strong oxidizing
precursor for Fe-HTES [59].

4, Conclusions

Bio-adsorbent Fe-HTES was synthesized and its ability
for removal of AR151 dye aqueous solution was evaluated
(98.9%), the effectiveness of Fe-HTES was compared with the
RES and HTES. The results indicated that the Fe-HTES had
the maximum adsorption capacity of 50 mg/g. Maximum
ARI151 dye removal appeared at pH 3 and during 15 min of
the equilibrium time and the optimum dosage of Fe-HTES
was 0.2 g. However, at COD removal efficiency of 93% the
mineralization occurred. Adsorbent characteristics were
examined by FTIR, EDX, XRD, BET and SEM and the results
confirmed that CaCO, had properly transformed to portlan-
dite (Ca(OH),) in the pyrolized egg shells. The adsorption
results followed both Freundlich isotherm equation and
first-order kinetic model.
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