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Abstract
Dyes are used extensively in textile industries. The wastewater of these industries contains high
amounts of pollutants which can be toxic, carcinogenic, and mutagenic and needs to be treated
before being discharged into the environment. The aim of this study was to evaluate the application
of eggshell as a sorbent for the removal of Acid Orange 3 from synthetic wastewater. This study is
applied experimental research which was performed on a laboratory scale. Eggshell as a sorbent was
prepared at laboratory temperature and pulverized by standard ASTM sieves in two sizes (50 and
140). The concentration of dye in the synthetic wastewater was 25 mg/L. In this study, increasing
adsorbent dose from 2 to 5 g/100 mL led to an increase in the adsorption efficiency from 36.6%
to 55.36% and by decreasing the size of eggshell particles from 50 to 140 mesh, the adsorption
efficiency increased. The maximum adsorption took place in the first 90 minutes of the reaction.
By increasing pH from 5 to 9, the process efficiency increased from 78 to 82%; however, at pH
higher than 9, the adsorption efficiency decreased. Additionally, the adsorption characteristics of
this pollutant on eggshell fitted Freundlich isotherm (R2>0.989). Due to the characteristics of textile
wastewater such as alkaline pH, eggshells can be used as a natural adsorbent in textile wastewater
treatment.
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1. Introduction
The dyeing, printing, and washing steps lead to the
high consumption of water in the textile industry (1).
Generally, depending on the process, water consumption
in these industries is between 25 and 250 cubic meters per
ton of product (2). Because of their complex structure,
colors are often stable and resistant to degradation, and
they are often toxic, carcinogenic, and mutagenic. Color
is one of the most important pollutants in the textile
industry (3-5). For this reason, sewage is one of the most
important threats to public health and the environment
around the world (6). The presence of color pollutants in
amounts of less than 1 mg/L is also apparently visible and
important (7). Therefore, these types of pollutants should
be eliminated before being discharged from the textile
industry into the environment (8). Azo dyes are a class of
colored organic compounds that have largely been used
in industry for many applications such as textiles, papers,
leathers, additives, and analytical chemistry. One of the
problems concerning industrial effluent, particularly
those of textile industries, is the existence of dye.
Therefore, it is mandatory to treat these effluents before

being discharged into the environment (9). Similar to
most of the azo dyes, Acid Orange 3 tends to be disposed
in industrial wastewater, thereby imposing health threats
to humans. It is highly toxic, and its ingestion can cause
eye, skin, mucous membrane, and upper respiratory tract
irritations, severe headaches, dizziness, nausea, and loss
of bone marrow leading to anemia. The discharge of
wastewater contaminated with AO azo dyes is strictly
regulated in many countries for aesthetic reasons and
because of breakdown products which are toxic and
mutagenic (10).
Because of the resistance of dyes to biodegradation,
physical and chemical methods such as coagulation,
flocculation, adsorption, and oxidation are often used
(11,12). The use of surface adsorbents to remove colors
from the textile industry is one of the most effective
methods for removing wastewater from the textile
industry. In recent years, many adsorbents have been
used, such as activated carbon, date fibers, sawdust,
barley bran, rice husk, and chitosan, to remove colors
(13-16). Natural adsorbents can be used in the process
of removing colors as cheap adsorbent. Eggshell is one
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of these materials which can be used as an adsorbent
because of its cavity structure. The eggshell structure
has 4% organic compounds, 94% calcium carbonate, and
2% calcium phosphate and magnesium carbonate (1719). The eggshell has been used as adsorbent to remove
copper, lead, nickel, and cadmium from aqueous solutions
(20). In a study by Ghaneian et al on the removal of red
reactive dye 123 from synthetic textile wastewater using
eggshells, it was revealed that this compound can remove
red reactive dye by 80.7% at an adsorbent dose of 5 gr/100
mL (21). Moreover, Zheng et al conducted a study on
hydroxyapatite carbonate which was synthesized from the
eggshell as a metal adsorbent for the removal of cadmium
and copper (II). The results showed that this adsorbent
had a removal efficiency of 94 and 93.17% for cadmium
and copper, respectively (22). Acid Orange 3 is a monoazo compound, which is used extensively in the domestic
textile industry. Considering the high volume of colored
sewage production in the country and its adverse effects,
it is necessary to develop scientific solutions to sewage
treatment. Based on the environmental and economic
importance of the issue, this study aimed to remove Acid
Orange 3 from synthetic textile wastewater using eggshell
(23).
2. Materials and Methods
This study was experimental laboratory research
performed at the Chemistry Laboratory of the Sabzevar
University of Medical Sciences. After preparing eggshells
to remove primary impurities, the eggshells were washed
with distilled water (twice distillation) and dried at
laboratory temperature (25°C). An electric mill was
used to grind eggshells for 10 seconds, and the ground
shells were then graded by standard ASTM sieve. For this
purpose, the shells were characterized by sieve mesh sizes
50, 100, 140, and 400 and the particles passing through the
sieve 50 and remaining on the sieve 100 were considered
as mesh 50 and the particles passing through the sieve
140 and remaining on the sieve 400 as mesh 140. Then,
they were transferred to containers to prevent moisture
absorption. The present study was performed on synthetic
sewage containing 25 mg/L of Acid Orange 3. The
effective factors studied in this study include the size of
the adsorbent particles (eggshell), contact time, adsorbent
amount, pH, color concentration, and temperature. For
mixing and providing proper contact between adsorbent
with color, the shaker (Model: Oxitop IS6) was used at
80 rpm. Separation of adsorbent particles from synthetic
sewage solution was performed using a centrifuge
(Behdad model) at 4000 rpm for 10 minutes. According to
the maximum absorption wavelength for the dye, in this
study, the concentration of the dye was measured using
a standard curve prepared at concentrations of 2, 5, 10,
20, 40, 50, 80, and 100 mg/L, which was performed using
UV/Visible spectrophotometer (model: Unico 2100) at
496 nm wavelength using 1-cm cell.
2
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Acid Orange 3 used in this study was made by Dye
Star (Germany) with a molecular weight of 452.39 g/
mol and the chemical formula of C18H13N7O7SNa (Fig.
1). Other materials used in the tests were made by Merck
(Germany).
Adsorption Experiments
To evaluate the effect of pH, the pH values of 5, 7, 9,
and 11 were measured. Contact times of 30, 60, 90, 120,
150, and 120 minutes were measured for the effect of
contact time. The effect of temperature was measured in
the 3 ranges of 20, 30, and 40°C. Concentrations of 25,
50, 75, 100, and 200 mg/L of dye were measured based
on similar studies (21). A mixing machine was used
for mixing at 100 rpm. To investigate the effect of pH,
sulfuric acid and caustic soda were used to adjust the pH
in different ranges. To measure pH, a pH meter made in
Germany (Inolab pH 720 model) was used. To increase
the accuracy, all experiments were performed at the
laboratory temperature (about 25°C) and experiments
were repeated 3 times (N=74). The average of the data was
used for data analysis and Microsoft Excel 2020 was used
to draw the charts.
To calculate Acid Orange 3 removal efficiency, Equation
1 was used (15):
%R=[(C0 – Ce) / C0]

(1)

Moreover, the determination of absorption isotherm
was done using the equations of Freundlich and Langmuir
Isotherm (15) as follows:
(2)
qe =

K Lq m Ce
1 + K LCe

(3)

3. Results and Discussion
3.1. Effect of Adsorbent Dosage
The adsorbent dose was considered as a variable in
this study. In this study, the effect of adsorbent mass in
the range of 1, 2, 3, 4, and 5 g and the size of adsorbent
particles in two mesh sizes of 50 and 140 were investigated
in the removal of Acid Orange 3. Fig. 2 shows the effect

Fig. 1. Specifications of Acid Orange 3.

Sorption of Acid Orange Using Eggshell

70

Removal efficiency (%)

60
50
40
30
20

Mesh 50

Mesh 140

10
0

1

1.5

2

2.5

3

3.5

4

4.5

5

Adsorbent Dose (g/L)

in the pores, which leads to increased absorption at the
internal surface of the adsorbent, occurred with a delay in
which the delay was about 90 minutes for this adsorbent
and pollutant. Under constant conditions (concentration
of 25 mg/L, temperature of 25°C, neutral pH, and
adsorbent dose of 5 g/L), the dye removal efficiency for
contact times of 90 and 180 minutes were 49.1% and
72.1%. In a study by Ghaneian et al on the removal of
reactive red 123 from synthetic textile sewage using
eggshells, the results showed that as the contact time
increased, the dye removal efficiency increased and the
highest dye absorption occurred in the first 60 minutes
(20,21).
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3.2. Effect of Contact Time
Contact time is an important variable in the process of
absorption. The absorption capacity and the efficiency of
removing dye by the adsorbent have a direct relationship
with the contact time. In this study, the effect of time (in
6 ranges of 30, 60, 90, 120, 150, and 180) on the removal
of Acid Orange 3 was investigated. Fig. 3 shows the effect
of contact time on dye removal. According to Fig. 3, with
an increase in contact time with dye solution, the dye
removal rate increases so that the maximum removal rate
was achieved at a contact time of 180 minutes, and the dye
removal rate at this time is equal to 72.1%.
Regarding the contact time, the results of this study
show that although by increasing contact time, the
removal time of the dye increased; however, the highest
absorption rate occurred within the first 90 minutes.
Moreover, these results show that during the absorption
of this dye, thin-layer diffusion, which is the first step of
absorption, occurred more rapidly. However, penetration
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of these two factors on the removal of the desired dye.
Under the same conditions, the percentage of removal of
Acid Orange 3 by eggshell increases with smaller particle
sizes. Moreover, in both types of grading, by increasing
the adsorbent mass from 1 to 5 g, the removal of dye by
the adsorbent increases. The results of this study show
that by increasing the amount of adsorbent, Acid Orange
3 removal increased so that in constant conditions for
adsorbent masses of 2 and 5 g, the dye removal efficiency
was calculated to be 36.6% and 55.36%, respectively. This
phenomenon is related to an increase in the available
surface area for absorbing contaminants (due to an
increase in adsorption surface and access to attracting
sites) (21). The results of this study show that by reducing
the particle size, the amount of Acid Orange 3 removal
increased. This phenomenon is attributed to the increase
in contact surface of the adsorbent, that is, the smaller
the adsorbent particles are, because of the increase in the
contact surface, the greater the absorption rate will be (20,
21).

3.3. Effect of Solution pH on the Removal Efficiency of
Acid Orange 3
One of the most important factors affecting the
ionization of pollutants and surface charge of adsorbents
is the pH of the reaction medium. In this study, the effect
of pH (in the 3 ranges of 5, 7, 9, and 11) on the removal
of Acid Orange 3 was investigated. Fig. 4 shows the effect
of pH on Acid Orange 3 removal. According to Fig. 5, by
increasing pH, the desired dye removal rate increased so
that by increasing the pH from 5 to 9, the percentage of
dye removal increases from 62.87 to 78.47, respectively.

60
50
40
30
20
10
0

4

5

6

7

8
pH

9

10

11

12

Fig. 4.
The
Effect
ofofContact
Timeonon
Acid
Orange
3 Removal
Fig.
4. The
Effect
Contact Time
Acid
Orange
3 Removal
Efficiency (initial dye
Efficiency
(initial
concentration:
25 adsorbent
mg/L, temperature:
concentration:
25 dye
mg/L,
temperature: 25°C,
dosage: 5 g/L,25°C,
and contact time: 180
adsorbent dosage: 5 g/L, and contact time:
180 minutes).
minutes).
Avicenna J Environ Health Eng, Volume 7, Issue 2, 2020

3

concentration as an initial concentration using various adsorbent dosages (1–5 g/L) at pH 9 for 72
hours. The results of laboratory data analysis showed that Acid Orange 3 adsorption followed
Freundlich isotherm model (Fig. 6). Freundlich isotherm constant of Acid Orange 3 by eggshell
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was compared with that by other adsorbents in Table 1.

90

Removal efficiency (%)

80
70
60
50
40
30
20
10

0

50

100
150
Initial Dye Concentration (mg/L)

200

250

1.6
1.4523

1.4
1.2

y = 0.837x + 0.0086
R² = 0.9899

1
Log qe

Therefore, the pH value of 9 was considered as the optimal
pH for the desired dye removal.
The results related to the effect of pH changes on the
dye removal rate indicate that pH is a parameter that
influences the amount of dye absorption by eggshells.
The results showed that by increasing pH from 5 to 9
and alkalization of the system, the dye removal efficiency
increased from 69.87% to 78.14%. This increase is likely to
be related to changes in the charge load of the adsorbent
surface, which is a function of the pH of the medium
(21). However, when the pH increased to 11, the removal
efficiency reduced again to about 54.69%. Ghaneian et al
showed that by increasing pH from 5 to 8 and alkalizing the
system, the efficiency of dye absorption increased from 30
to 48% (21). In a study by Liao et al on the removal of lead
from aqueous solutions using hydroxyapatite extracted
from eggshells, it has been shown that by increasing pH
from 1 to 9, the removal rate of lead increases (24).
3.4. Effect of Initial Concentration
To determine the effect of the amount of dye on the
adsorption process the amounts of adsorbent dose, contact
time, and pH are considered constant. Concentrations of
25, 50, 75, 100, and 200 mg/L of dye were prepared and
the effect of dye concentration on the removal of Acid
Orange 3 was investigated. Fig. 5 shows the effect of dye
concentration on the desired dye removal. According to
Fig. 6, with the increase of the initial dye concentration, the
removal efficiency of the adsorbent reduced. Therefore,
the maximum removal at the concentration of 25 mg/L
was 78.24%, by increasing the dye concentration to 200
mg/L, the dye removal rate reduced to 70%.
Based on the results of this study, it was found that
by increasing initial dye concentration, the removal
efficiency of the dye decreases, as the initial dye
concentration increased from 25 to 200 mg/L, the dye
removal efficiency decreased from 78.14% to 70.83%.
This decrease in the rate of absorption by increasing
the initial concentration of dye can be attributed to the
decrease in available absorption surface due to saturation
of adsorption sites (21). Similar results have been reported
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Fig. 6. Freundlich
Isotherm Model for the Adsorption of Acid
Orange 3.

by other researchers. In a study by Shokohi et al on the
removal of reactive black 5 from the aqueous media,
through absorption on the Magnetic beads of synthesized
sodium alginate, it was shown that by increasing the
initial concentration of the dye, the removal efficiency
rate significantly reduced (25). In a study by Mahvi and
Heibati, activated carbon was prepared from walnut wood
and its efficiency in the removal of azo dyes from textile
wastewater was assessed (26). The results showed that by
increasing initial dye concentration from 25 mg/L to 100
mg/L, the Acid Red 18 removal efficiency decreased from
56.56% to 28.02%. This is due to the number of stationary
positions on a given amount of the adsorbent (26).
3.5. Adsorption Isotherm Models
To investigate the adsorption isotherm, experiments
were performed using 25 mg/L dye concentration as an
initial concentration using various adsorbent dosages (1–5
g/L) at pH 9 for 72 hours. The results of laboratory data
analysis showed that Acid Orange 3 adsorption followed
Freundlich isotherm model (Fig. 6). Freundlich isotherm
constant of Acid Orange 3 by eggshell was compared with
that by other adsorbents in Table 1.
4. Conclusion
It can be concluded that eggshell can be very effectively
employed for the removal of Acid Orange 3 from aqueous
solution. The adsorption process is highly influenced by
various factors such as contact time, initial concentration,
adsorbent dose, temperature, and pH. The results show
that eggshell has the best effect at pH=9 and by increasing
the adsorbent dose and reducing the size of the adsorbent
particles, the removal rate of the dye increases. The
results also showed that by increasing temperature and
time of contact, the removal rate of dye increased, while
by increasing dye concentration, the removal efficiency
decreased. Freundlich isotherm model was found to be
the best fitted model for the adsorption process.
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Table 1. Freundlich Isotherm Constants for the Adsorption of Dyes by Different Adsorbents
Temperature
(°K)
293
298

Adsorbent

Dyes

Concentration
(mg/L)

Freundlich Constants
KF
(mg1_1/n L1/n g_1)

n

R2

Reference

Pumice

RB5

20

0.191

1.17

0.991

27

Modified red mud

Acid Orange 7

20

1.34

28

0.986

28

Eggshell

Acid Orange 3

25

1.01

1.9

0.989
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