Hittite Journal of Science and Engineering, 2019, 6 (4) 287-295
ISSN NUMBER: 2148-4171
DOI:10.17350/H]JSE19030000159

Investigation of the Chitosan Immobilized Eggshell for

the Biosorption of Brillant Blue R Dye
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ABSTRACT

he biosorption method for controlling water pollution can be considered as an alterna-

tive method for the pollution of synthetic paints. In this study, the removal of Bril-
lant Blue R (BBR) dyestuff, which is a textile dyestuff, by biosorption is investigated. For
this purpose, eggshell immobilized with chitosan (ESIC) is designed as a biosorbent. The
biosorption mechanism was studied in batch and continuous mode. As far as the batch
system is concerned, the following results have been obtained: The optimum pH 2, dye
concentration 25 ppm, interaction time 60 minutes, biosorbent amount 2.0 g/L, removal
real wastewater 53.28%. Regarding continuous systems, the following flow speed of 0.5
mL/min, biosorbent amount 2.0 g/L, removal real wastewater 91.01%. Also, recycle ex-
periments showed that there was 24.11% loss in the biosorption capacity of ESIC for BBR
dye after 7 times reuse. Obrained results were consistent with Langmuir and Freundlich

isotherm models. All the results demonstrate that ESIC is a natural, recyclable and cost-
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effective biosorbent for BBR dye removal in wastewater.
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INTRODUCTION

S ince dyes are colored compounds, they are one of
the most easily recognizable contaminants in the
environment. These compounds are found in many
areas of the industry like: textile, color photography,
cosmetics, paper, printing, plastic, food, etc. for pro-
duct coloring (1-4). The fact that dye is poisonous
reveals how important it is to remove dye from was-
tewater in terms of ecology (5, 6).

The discharge of dyes is carried out using a variety
of methods such as biological degradation, membrane
technologies, coagulation-flocculation, electrochemical
techniques, advanced oxidation, chemical flocculation
and precipitation, electrochemical, membrane filtra-
tion, ion exchange, aerobic, anaerobic and biosorption
methods(7-9). Apart from these methods, the biosorp-
tion technique has been very popular in recent years in
terms of chromatographic processes (10, 11).

For the first time, the adsorption method was int-
roduced by Scheele in 1773 and Abbe Fontana in 1777
(12). Adsorption can be defined as the increase of sur-
face concentration by attaching atoms, ions, and mo-
lecules to a solid surface (13). Several different natural
and waste adsorbents have been investigated to remove

many pollutants by adsorption (14, 15). Biosorption is
defined as the collection of selected ions on biomass (16).
Biosorption is also the most promising technique for re-
moving dyes in terms of simplicity, cost-efficiency, and
insensitivity to toxic environments (17-19).

Chitosan is a substance found naturally in the
exoskeleton of insects and in the shell of the mushroom
cell walls of shellfish. Chitosan is a polysaccharide wi-
dely present in nature. It has a high number of hydroxyl
and amino groups in the structure due to the repeating
B- (1 — 4) - linked glucosamine groups. Due to its ad-
vantageous properties of being nontoxic and enzymati-
cally biodegradable chitosan is widely used in pharma-
ceutical and medical, wastewater treatment, biotechno-
logy, cosmetics, food processing, agriculture and textile
industries (20-22).

Eggshell is a natural material consisting of approxi-
mately 7000-17000 pores and calcium carbonate(23, 24).
The fact that the eggshell is biodegradable, inexpensive
and abundant material, it is an ideal alternative biosor-
bent, especially as the discharge of dyes and harmful
inorganic ions. In addition, egg shell’s natural porosity
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Figure 1. Chemical Structure of Brilliant Blue R Dye.

and high adsorptive capacity enable it to be an effective bio-
sorbent to discharge dye from wastewater (25, 26).

In this study, biosorption of BBR dye known as textile
dyestuff was analyzed onto ESIC biosorbent from wastewa-
ter. Effects of biosorbent amount, contact time, initial pH,
adsorbate amount, the effect of different ion, temperatu-
re, biosorption-desorption cycle were studied via a batch
system and flow rate, amount of biosorbent and real waste-
water were studied in the continuous system. The biosorpti-
on of ESIC was investigated with different kinetics and isot-
herm models. In addition, BBR dye removal was analyzed in
real wastewater taken from a factory in Corum.

MATERIAL AND METHODS

Preparation of ESIC

Chitosan biopolymer used in the studies was purchased
from Sigma-Aldrich and Eggshell was obtained from a
local market. The eggshells were washed several times
with distilled water to remove impurities and then dri-
ed in an oven at 40 ° C. The laboratory mill was used to
grind the eggshells. Eggshell powders and chitosan were
mixed with a 1:1.5 mass ratio and homogenized in 75 mL
5% (v/v) solution of acetic acid. The obtained suspension
was injected into 500 mL 0.5 M solution of NaOH and
eggshell-chitosan particles were washed several times
with pure water and dried for 24 hours at 50°C. A grinder
was used to obtain dried particles with a size below 150
pum (27).

Dye Solutions

In this study, an acidic Brilliant Blue R (BBR) dye was
used. Its molecular weight is 825.96652 g/mol and the
molecular formula is C, ,H, N.NaO.S,. Fig. 1 shows the
chemical structure of Brilliant Blue R (BBR) dye. The
concentration of the dye solutions used in the study ran-
ged between 50-1000 mg/L. For the adjustment of their

pH 0.1 M HCl and 0.1 M NaOH solutions were used.

Biosorption Experiments

Firstly, the effect of different parameters was investigated
in the batch systems. Those parameters are the biosor-
bent mass, interaction time, ionic strength, pH (between
1-10), temperature and dye concentration. For the pH, 0.1
g of biosorbent was added to a 50 mL 25 mg/L solution
of dye and the mixture was stirred for 60 minutes at 200
rpm. After centrifuging the mixture of the dye and the
biosorbent at 3000 rpm for 5 minutes, solid and liquid
phases were separated. Absorbances at 586 nm wave-
length were measured in order to determine the amount
of the dye. The optimum biosorbent dosage between the
range of 0.2 - 8.0 g/L was investigated. Interaction time
was studied at 3 different temperatures (25, 35 and 45°C)
in 5-90 minutes. So as to designate the effect of ionic
strength on biosorption, it was adjusted using sodium
chloride (NaCl) between 0.02 and 0.5 M.

BBR biosorption onto ESIC in aqueous media was per-
formed also in a continuous system. It was supported with
glass-wool placed on biosorbent in a column. A peristaltic
pump was used to provide solution flow. Biosorbent amount
and flow rate were studied in a continuous system. Besides,
BBR biosorption from real wastewater was investigated in a
continuous system.

Data Evaluation

The following equation was used to find the biosorption
capacity, q, (mg/g);

=y (CO_ Cc) (1)
m
In the formula,
¢, (mg/L): The starting concentration of dye,
¢, (mg/L): The dye concentration after biosorption,
v (L): The volume of biosorption setting,
m (g): The biosorbent amount.
RESULTS AND DISCUSSION
The Effect of pH at Batch System
The study was carried out with solutions having different
pH values (from 1 to 10) since pH is a quite effective para-

meter in biosorption studies and Fig. 2 shows the results.

The biosorption capacity of the ESIC was high at low
pH (maximum biosorption at pH=2) but decreased at pH
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Figure 2. Investigation of pH on biosorption.

values higher than 4. This result is due to the positive char-
ge of the surface at lower pH values and a negative charge
at higher values. At pH = 2, the hydronium ions present in
the medium excessively forming hydrogen bonds with the
oxygen in the SO,- group on BBR. The capacity of the bi-
osorption showed a decrease at pH = 1. This result may be
because of the dissolution of ESIC at high pH values. When
the results are examined, it can be said that pH = 2.0 is the
optimum value for BBR biosorption with ESIC.

The Effect of Biosorbent Amount at Batch System

Different ESIC amounts ranging between 0.2 — 8.0 g/L
were used to reveal the effect of the biosorbent amount
on the yield. Fig.3 shows the obtained results.

The biosorption yield increases from 0.88% to 95.73%
by increasing the % removal rate of the biosorbent from
0.2 g/L to 4.0 g/L and it was found almost constant for the
amounts of biosorbents greater than 2.0 g/L. An increase of
biosorption efficiency was observed as the biosorbent dosa-
ge increased since the area of the surface and the possible
binding sites increased (28, 29). Thus, 2.0 g/L biosorbent
amount was determined as optimum.
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Figure 3. Investigation of biosorbent amount on biosorption.
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Figure 4. Investigation of interaction time and temperature on biosorp-
tion.

The Effect of Interaction Time and Temperature
at Batch System

Different interaction times changing between 5 to 90 min
were applied at three changing temperatures (25, 35 and
45 °C) to observe the effect of change in time and tempe-
rature on BBR biosorption. Fig.4 shows that as the contact
time increased, the biosorption capacity increased and
then reached a constant value. The biosorption equilibri-
um was reached at 60 min at all three temperatures. The
biosorption capacities were found to be 11.67 mg/g for 25
°C, 12.65 mg/g for 35 °C and 14.16 mg/g for 45 °C.

Biosorption Kinetics

To determine the mechanism of the chemical reaction of
the biosorption in the study, time-dependent data were
evaluated by the pseudo-first-order (PFO) and pseudo-
second-order (PSO) kinetic and intraparticle diffusion
models.

According to Lagergren's PFO kinetic model (30), the
rate of biosorption is linearly correlated to the number of
vacancies on the biosorbent surface. According to this as-
sumption, the relationship between the biosorption capacity
and the duration of contact is given by the equation below.

dqt
—=k(q.— 2
d 1(9.—-q,) ()

In this formula:

g, (mg/g): The biosorbed dye amount at equilibrium,
g, (mg/g): The biosorbed dye amount at time t,

k, (1/min): The rate constant for PFO model.

Taking advantage of this equation, when the values of
In(q,-q,) are plotted against t, the slope is -k, and the break-

289

L. Tosun Satir and B. Bulut Kocabas/ Hittite ] Sci Eng, 2019, 6 (4) 287-295



I. Tosun Satir and B. Bulut Kocabas/ Hittite ] Sci Eng, 2019, 6 (4) 287-295

t/q, (min gmg™")

t (min)

Figure 5. PSO kinetic models for BBR biosorption.

point is Inq,. The r* values, which represent the linearity of
the graph, should be close to 1.
t 1 1
= +—t 3
qt kzq: qe

is the linear expression of the equation.

Ho’s PSO kinetic model of (31) is a model favored ac-
cording to several investigators because it is simple and
reasonable for representing the experimental results. The
following equation expresses this kinetic model.

dqt

ﬁ:kz(qe_qt) (4)

In this formula:

Ka

(g/mg.min): The rate constant for a PSO kinetic
model,

el

. (mg/g): The biosorbed amount of dye at time t,

. (mg/g): Maximum biosorption capacity.

el

When this model is applied, the experimentally calcu-
lated t/q, values are plotted against t. As can be seen from
Table 1, the r? values of the PSO kinetic model studies are
between 0.991 and 0.999 depending on the temperature.
The obtained data show that the variation in this range is

Table 1. Biosorption kinetic parameters of BBR onto ESIC.

linear, while the q, values are within acceptable limits, in-
dicating that the PSO kinetic model is the most appropriate
kinetic model for this study.

Weber-Morris diffusion equation is
q, =k, 1" +C )

In this formula:
g, (mg/g): The amount of biosorption capacity at time

k, (mg/g.dk"?): Intraparticle diffusion rate constant.

Finally, the intraparticle diffusion kinetic model was
applied to the biosorption of BBR on ESIC. Values of r?
between 0.884 and 0.921 indicate that the intraparticle
diffusion kinetic model is not suitable (Table 1).

Isotherms

The results of the BBR biosorption experiment in the
non-continuous system were examined with Dubinin-Ra-
dushkevich, Freundlich, and Langmuir isotherm models.
The Langmuir isotherm implies that the biosorbent has
a uniform structure and single-layer biosorbent occurs
on the surface. After the biosorption process, the surface
monolayer is coated and the amount of biosorbent mate-
rial is fixed. Langmuir isotherm model (32) equation is

Lo

9o Dmax

In the formula:

1
— 6
qmaxKL ) ce ( )

G (Mg/g): Maximum monolayer biosorption capa-
city,

¢, (mg/L): The amount of dye at equilibrium,

K, (L/mol): The Langmuir biosorption equilibrium
constant.

The R, (dispersion) constant is calculated to explain
the equilibrium mechanism of biosorption and in order to
check if biosorption is voluntary, the following equation is

Tem;;oe Cr;:ture PFO PSO intraparticle diffusion
k1‘ q, R k2 ) qe R kp ‘ C R
(1/min) (mg/g) (g/mg.min) (m9/9) (mg/g.min*?) (mg/g)
25 7.0X10? 7.86 0.892 2.18%107 12.345 0.999 0.495 7.660 0.914
35 8.6x10” 9.924 0.892 1.29x107 13.888 0.997 0.698 7.078 0.921
45 11.6x10* 21.37 0.820 8.23*103 15.87 0.991 0.994 6.445 0.884
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Figure 6. Langmuir isotherm for BBR biosorption onto ESIC.

used:

1

"4k,

In the formula:
K, (L/mg): Langmuir isotherm constant,
C, (mg/L): Starting concentration of the biosorbent.

Calculated R, value between 0 and 1, shows that the
biosorption takes place spontaneously (32). When r? values
of the biosorption data in Table 2 are compared, it is seen
that the BBR is in accordance with the Langmuir isotherm
model on the biosorption of ESIC. This demonstrates that
the biosorption process can be single-ply and homogeneous.

According to Freundlich (33), the biosorption regions
on the surface of a biosorbent are heterogeneous. Thus, they
consist of different types of biosorption sites. The mathema-
tical expression of Freundlich isotherm is

1
Ing, =InK, +—InC, )
n
In this formula:
K, (L/g): Freundlich biosorption isotherm constant,
1
— (dimensionless): The biosorption intensity,
n
g. (m/g): Biosorption capacity at equilibrium,
C, (mg/L): The amount of dye at equilibrium.
Usually, n as an indication of good adsorption is betwe-
en 1 and 10. The value of 1/n, which takes values in the range

0-1, is the heterogeneity factor and its value reaches to zero
when the surface is more heterogeneous.

In g,

InC,

Figure 7. Freundlich isotherm for BBR biosorption onto ESIC.

According to the Freundlich isotherm model, K, value
is found between 1.673 and 4.039. When n is greater than 1,
the process of biosorption is self-driven.

D-R model (34) allows to understand if the adsorption
is physical or chemical. It is assumed that the energies of the
eclipsed sites in this isotherm are like the Gaussian distri-
bution. Ionic species are first connected to the energetically
most suitable regions. While multi-layer biosorption occurs
on these bonding ions, the D-R isotherm is calculated by the
following equation:

Ing, = Ing, — B’ ©

In this formula:
4, (mg/g): The maximum biosorption capacity,
S3: Constant gives mean free energy (E).

By applying the following equation:

E= _2ﬂ(1/2)

To obtain the Polanyi potential ¢, the following equa-
tion is used;

(10)

= RTIn(1+-5) (11)
C

In the formula:g

T (K): The absolute temperature,

R: The gas constant (8,314 kJ/mol),

&: The Polayni potential.

Examination of the r? values of the biosorption data in

Table 2 reveals that the adsorption of BBR on ESIC does not
conform to the Dubinin-Radushkevich isotherm model.
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Table 2. Biosorption isotherm values of BBR onto ESIC.

Temp(fcr;zture Langmuir Freundlich Dubinin—Radushkevich (D-R)
Tina K K 3 9, B E
(mol/g) (L/rr;ol) " R, n {L/Z) r (mol/g) (molz/kjz) r (kjymol)
25 11.11 19.9X10 0.984 17.02 2.282 1.673 0.973 61.74 1.787 0.894 0.529
35 15.62 19.96x107 0.986 7.82 1.907 3.142 0.994 55.924 1.174 0.929 0.652
45 17.54 19.96x10* 0.976 6.87 1.705 4.039 0.984 55.20 9.671 0.937 0.227
Effect of Salt (AHY)  (AS%)
InK, = _(af) (A5 (13)
RT R

To observe the effect of salt on the biosorption, solutions
were prepared to contain NaCl salt adjusted to a con-
centration range of 0.02-0.50 mol/L. The pH, biosorbent
amount and contact time of prepared solutions were 2.0;
2.0 g/L and 60 min, respectively. The dye concentration
of the solutions was chosen as 25 mg/L. Fig. 8 shows the
obtained results.
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Figure 8. Salt effect on the BBR biosorption onto ESIC.

The results show that an increase in salt concentration
yields a considerable decrease in biosorption. This is due to
the accumulation of other ions in the environment on the
biosorbent surface.

Biosorption Thermodynamics

Gibbs free energy change AG°, standard enthalpy AH®
and standard entropy change AS° are important ther-
modynamic parameters. They are used to understand
the effect of temperature on the biosorption process and
to determine the necessary dynamic forces. The relation
between the K constant obtained from the Langmuir
isotherm model and AG° is shown below:

AG® = -RTInK, 12)

As a result of the Gibbs equation with the combination
of Equation 12, the relation between AH° and AS° and K,
is obtained as:

In the formula:
K, (L/mol): Langmuir isotherm constant.

The negative value of AG® is an indication that the reac-
tion is exothermic as AH° The entropy change AS° explains
the irregularity of the reaction. As a result of a positive AS°,
the irregularity of the dye molecule increases.

Thermodynamic parameters of biosorption of BBR
with ESIC were evaluated by analyzing AG®°, AH°, and AS°.
K, was used as the equilibrium constant. The thermodyna-
mic data calculated by using the slope and the batch point
of the line obtained by plotting 1/T against [nK| are given
in Table 3.

As seen in Table 3, free energy change has a negative
value at all three temperatures. This shows that the biosorp-
tion reaction of the BBR onto the ESIC is spontaneous.

The positive change in enthalpy shows that the biosorp-
tion of BBR is endothermic. Entropy change also has a posi-
tive value enthalpy change. This indicates that the reaction
mechanism increases the irregularity of the dye molecule.

Column Biosorption Studies

Flow rate, biosorbent content and actual wastewater pa-
rameters were investigated for biosorption of BBR dye in
the continuous system. The effect of flow rate in a con-
tinuous system was studied by applying the rate between
0.50 mL/min and 4.00 mL/min. Fig. 9 shows the change
of the biosorption capacity with the flow rate of the so-

Table 3. Biosorption thermodynamic for BBR onto ESIC.

t(°0) AGO (kj/mol) AH° (kJ/mol) AS° (J/K.mol)
25 -13.586
35 -12.500 179.501 0.551
45 -2.355
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Figure 9. Flow rate change at continuous system.
lution.

An increase in flow rate significantly decreases the
biosorption of BBR. The biosorption capacity at the lowest
flow rate of 0.50 mL/min was determined to be 11.44 mg/g.
The reason for the decrease of the biosorption capacity is
the shorter contact time after increasing the flow rate. Be-
cause at high flow rates, holding the dye solution in the co-
lumn becomes more difficult and the biosorption capacity
decreases. However, at low flow rates, the dye solution is in
contact with the biosorbent for a longer time. Thus, more
dye can be removed. As a result, optimum flow rate for dye
biosorption in continuous system was determined as 0.50
mL/min.

In the continuous system, dye biosorption was sought
at a flow rate of 0.5 mL/min at a range of biosorbent from
0.20 g/L to 3.00 g/L. As a result of the investigated values,
the change of dye removal % by the amount of biosorption
is given in Fig.10.

The process was carried out by using biosorbent in
different amounts in the continuous removal process of the
dye. The optimum amount of biosorbent was chosen as 2.00
g/L. When the amount of biosorbent was chosen as 3.00 g/L,
biosorption removal was found to approach 100%. As can
be seen, BBR removal increased as the amount of biosorbent
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Figure 10. Change of biosorbent amount at continuous systemm.

increased because when the column diameter is kept cons-
tant, the column height increases along with the increase in
the amount of biosorbent. The increase in column height
leads to a longer contact time, which in turn causes the bio-
sorbent and the sorbate to contact more of the column.

Characterization of the Biosorbent

SEM analysis of the ESIC used as a biosorbent in inter-
mittent and continuous system studies has been perfor-
med to obtain information about the surface structure.

Fig. 11a shows that the surface of ESIC has a hetero-
geneous, rough and porous structure. Therefore, Fig. 11b
shows that the surface of the ESIC biosorbent binds to diffe-
rent regions of the BBR.

Desorption and Reusability

After the BBR biosorption process on ESIC, cyclic de-
sorption and reusability were investigated. The reusabi-
lity of the biosorbent must be high to reduce the use of
the biosorbent. Fig.12 shows the data from the biosorpti-
on-desorption cycle.

As can be seen, the biosorption-desorption cycling was

Mag = 20 00 K X

EMT = 1600K  Signal A= SE1

Sample 10 = 0155 Advarbon L

EMT=1500Kv _ SigneiA=SE1 _ Meg= GOOKX Samgte 10 = 100-PPM-BRR

Figure 11. The SEM image of ESIC a) initial b) after biosorption.
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Figure 12. The reusability of ESIC.

carried out 7 times in the batch system. At the 7th cycle, a
24.11%, reduction in biosorption efficiency was observed
the effect was still being observed.

Application to Real Wastewater

Biosorption study with real wastewater containing 25
mg/L BBR under optimum biosorption conditions (pH
= 2; 2.0 g/L biosorbent amount, 60 min contact time)
determined for the removal of BBR in batch system in
real wastewater conditions. The actual sample was taken
from the wastewater of a factory. The biosorption pro-
cess yielded 53.28 % removal of the dye. It can be seen that
the ESIC biosorbent can be used reliably in industrial en-
vironment for the removal of BBR.

Working conditions for a real wastewater sample con-
taining 25 mg/L BBR in the continuous system; pH = 2; 0.10
g of adsorbent amount; 50 mL of the dye solution and 0.50
mL/min. In this condition, the dye removal was 91.01%.
These results show that BBR removal in a real wastewater
environment is highly efficient.

CONCLUSION

Eggshells are inexpensive and easily available biosorbent.
Because of these properties, they can be used for the re-
moval of BBR from aqueous solutions efficiently and cost-
effectively.

. With the developed biosorbent, the removal of
BBR dyestuff in the real wastewater environment was car-
ried out with high efficiency.

. For both systems, the maximum biosorption effi-
ciency of 2.00 g/L biosorbent amount was achieved for the

concentration of 25 mg/L of dye.

. In the batch system, 60 minutes of mixing time

were continuously operated and 100 minutes for the conti-
nuous system at the optimum flow rate 0.50 mL/min.

. Optimum dye removal rates for batch and conti-
nuous systems were determined as 95.73% and 78.21%, res-
pectively.

. The % removal in the batch system remained
constant by increasing the amount of biosorbent, however,
it reached 100% in the continuous system. Taking all these
results into consideration, it is seen that BBR in wastewater
can be applied by biosorption of the removal of eggshell im-
mobilized with chitosan.
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