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ABSTRACT

The present study evaluates the thermodynamic, kinetic, and isotherm parameters of the
adsorption of two cationic dyes as well as the optimization of their removal process using
fish bone as the adsorbent. The determination of isoelectric pH (pHZPC) of the adsorbent
demonstrated that the surface of the fish bone was negatively charged at high pH values,
which could adsorb cationic dye molecules. The Langmuir, Freundlich, and Tempkin
adsorption isotherms were investigated and the results showed that the removal of both
dyes followed Tempkin isotherm. Adsorption kinetic studies indicated that the dye removal
conformed to pseudo-second-order kinetic model; and calculation of the thermodynamic
parameters revealed that the adsorption process was spontaneous (ΔG < 0) and endothermic
(ΔH > 0). Also, the response surface methodology was employed for the design of
experiments in binary systems using the mixture of both dyes; and the effect of operating
parameters (pH, initial dye concentration, adsorbent dosage, and time) was investigated
and the removal process was optimized. Eventually, the results indicated that the fish bone
can be used as a proper adsorbent for the removal of cationic dyes from multi-component
colored wastewaters.

Keywords: Fish bone; Cationic dye; Isotherm; Kinetic; Thermodynamic; Binary system;
Response surface methodology.

1. Introduction

The existence of organic dyes in wastewater
streams reduces the penetration of sunlight, consumes
the dissolved oxygen, and has unpleasant influences
on the organic systems. The textile industry uses syn-
thetic dyes extensively and about 15% of dyes during
textile processes appears in the wastewaters which
must be treated before being discharged to the
environment [1–3]. The synthetic dyes are extremely

hazardous, toxic, and mutagenic in nature, and in
addition, their existence in water streams and their
contact with human body can result in irritation, itch-
ing, scaling, etc. The complex, persistent, and non-bio-
degradable structures of these molecules demand their
indispensible removal from effluents [4,5].

Among various treatment methods such as coagu-
lation/flocculation, biological, membrane separation,
etc. removal of dyes by adsorption technique is of
great importance due to the high quality of the trea-
ted effluents, simple design, and adsorbents availabil-
ity [6–8]. Activated carbon (AC) has been one of the
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most employed adsorbent in recent years because of
its large surface area and high removal efficiency, but
the major problem of AC is the expense of its pro-
duction [7,9,10]. At present the investigations are
being focused on finding low cost and effective
adsorbents for the efficient removal of pollutants
from various wastewaters [11–16]. One of these eco-
nomic and eco-friendly alternatives for the conven-
tional adsorbents is animal bones like fish bone as an
industrial by-product. Calcium ions on the surface of
the fish bone make the ion exchange possible for this
adsorbent [17–19].

The main objective of the present research is to
prepare fish bone adsorbent to study its capability for
the removal of cationic dyes from textile wastewaters
which according to an eco-toxicological study on cat-
ionic dyes, over 18% of 200 dyes tested, showed sig-
nificant inhibition of the respiration rate of the
biomass [20]. Therefore, as the model dyes, C.I. Basic
Blue 41 and C.I. Basic Yellow 28 which are among
the most commonly used dyestuffs to dye polyacrylo-
nitrile [21], have been chosen for the adsorption stud-
ies. In our previous study, the surface
characterization of the fish bone was investigated
using Fourier transform infrared (FTIR) and scanning
electron microscopy (SEM). In the present study, the
isoelectric point of the adsorbent was surveyed to
determine the surface charge of the fish bone at dif-
ferent media to evaluate the adsorbent capability at
various pH values.

Also, adsorption isotherms as a suitable tool to
predict and explain the adsorption system and to
describe the interaction between the adsorbate and
adsorbent were investigated [22,23]. The adsorption
data for both dyes were studied using Langmuir,
Freundlich, and Tempkin isotherm models. Thermo-
dynamic parameters of fish bone were also calculated
to determine the spontaneous and exo/endothermic
nature of the adsorption process [22,24]. The
adsorption data were modeled adopting the pseudo-
first and pseudo-second-order kinetic equation models
[25]. Finally, in order to study the fish bone capability
in multi-component dye solutions, the dye removal
efficiency of binary systems containing the combina-
tion of both basic dyes was investigated using
response surface methodology (RSM) [26]. RSM as a
very useful statistical tool has been employed in many
researching including water and wastewater treatment
[27–30]. In this regard, herein, the adsorption process
in binary systems was optimized and the optimal
removal efficiency predicted by response optimizer
was compared with the performed experiments at the
predicted conditions.

2. Materials and methods

The fish bone was purchased from the wastes of
the tuna canning factory in the city of Rasht-Iran.
According to our previous study [19], the first step for
the preparation of the adsorbent was the separation of
fish bones from meat and washing them with distilled
water at 100˚C for several times. Then, the fish bones
were washed with hot distilled water and dried for
40 min at 150˚C. The dried fish bones were milled
with a mortar to particle sizes of 250 μm.

C.I. Basic Yellow 28-BY28 (C.I. Constitution No.
48054, molecular weight = 433.52 g/mol and
λmax = 438 nm) and C.I. Basic Blue 41-BB41 (C.I. Con-
stitution No. 11105, molecular weight = 482.57 g/mol
and λmax = 606 nm) purchased from CIBA were used
as synthetic dyes. Table 1 represents the chemical
structures of both dyes which were stable at the pH
range (2–11) studied in this research. Two-hundred
milliliters of synthetic dye solutions were prepared by
diluting 1,000 mg/L of stock solution with distilled
water. NaOH (Merck) and H2SO4 (Merck) were used
for pH adjustment of the solutions. A magnetic stirrer
was used for mixing the solutions at 200 rpm. The
samples were taken from the solution and then centri-
fuged at 4,000 rpm for 10 min. The absorbance of the
samples was measured at their maximum wavelength
(λmax) by UNICO 2100 Spectrophotometer.

Thermodynamic study was carried out at 298, 308,
318, and 328 K with the dye concentration of 50 mg/L
at pH 11 and adsorbent dosage of 2.5 g/L. The
adsorption isotherms were investigated at pH 11 and
adsorbent dosage of 2.5 g/L, at temperature range of
298 to 328 K, and initial dye concentrations of 50, 100,
and 150 mg/L. To study the kinetics of adsorption

Table 1
Dye structures
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process using the fish bone, experiments were carried
out in 200 mL dye solution with different initial
concentrations of 50, 100, and 150 mg/L, adsorbent
dosage of 2.5 g/L, and pH of 11 at room temperature.

3. Results and discussion

3.1. Characterization of the fish bone

As investigated in our previous study [19], the
Fourier transform infrared (FTIR) analysis (Nicolet
FTIR instrument) in the range of 500–4,000 cm−1 deter-
mined the functional groups of the fish bone adsor-
bent. The peaks related to the symmetric bending of
C–H, stretching bonds of O–H, C=O, and C–O
appeared at 2924.59 and 2859.83, 3431.64, 1741.91, and
1034.67 cm−1, respectively, and the carbonyl, carboxyl,
and hydroxyl functional groups were found to be
responsible for the adsorption of cationic dye mole-
cules. Also, the surface morphology of the fish bone
investigated by SEM showed that the fish bone had a
relatively porous surface with heterogeneous holes,
which makes it a suitable adsorbent with large surface
area for the adsorption of dyes.

In order to determine the isoelectric pH (pHZPC) of
the adsorbent, 1.0 g of fish bone was added to 50 mL
KNO3 solutions (0.01 M). The initial pH of the solu-
tions was adjusted from 2 to 11. The solutions were
stirred for 24 h and the final pH was recorded. The
final pH vs. the initial pH is plotted in Fig. 1. The pH
in which the value of (pHi–pHf) equals zero is known
as the pHZPC being equal to 7 in this study. This
means that the surface of the fish bone at pH > 7 is
negatively charged and at pH values lower than 7
contains positive charges. Therefore, the cationic dyes
can be adsorbed on the surface of the adsorbent at
high pH values.

3.2. Effect of operating parameters

The experiments were carried out by varying pH
of the solution (2, 7, and 11) while keeping other fac-
tors at a specified value. After the determination of
optimum pH value, the effect of adsorbent dosage
(0.5, 2.5, and 5 g/L), and initial dye concentration (50,
100, and 200 mg/L) were investigated.

3.2.1. The effect of pH

The effect of initial pH on the removal efficiency
and adsorption capacity of BB41 and BY28 uptake by
the fish bone after 60 min was investigated. When the
pH of solution was increased from 2 to 11, the dye
removal also increased from 28.22% (qt = 11.28 mg/g)
to 93.41% (qt = 37.33 mg/g) and from 29.10% (qt =
11.63 mg/g) to 29.10% (qt = 33.69 mg/g) for BB41 and
BY28, respectively. At high pH values (pH > pHZPC =
7), the surface of the fish bone is negatively charged
and the cationic dye molecules are adsorbed on the
surface of the fish bone by electrostatic attraction
forces. On the other hand, at low pH values (pH < 7)
the dye removal efficiency decreased due to the
repulsion between the positively charged functional
groups of the fish bone and the cationic dye molecules
[31–33].

3.2.2. The effect of adsorbent dosage

The effect of adsorbent dosage on the dye removal
efficiency and adsorption capacity of fish bone was
investigated by varying the adsorbent dosage from 0.5
to 5 g/L. According to the results presented in Fig. 2,
by increasing the adsorbent dosage, the removal per-
centage increases. It was found that when the adsor-

Fig. 2. The effect of adsorbent dosage on dye removal %
and qt (mg/g) of BY28 and BB41. Initial dye concentration:
100 mg/L, pH 11, and time: 60 min.
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Fig. 1. pHZPC plot of the fish bone.
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bent dosage was increased from 0.5 to 2.5 g/L, the
dye removal efficiency increased from about 67 to
93.5% for both dyes. By increasing the amount of
adsorbent up to 5.0 g/l, the dye removal efficiency
will increase to 95.06%. Also, it has been calculated
that with increasing the adsorbent dosage, the q0 (the
amount of dye adsorbed per unit mass of adsorbent at
equilibrium) will decrease from 133.9 to 19.01 mg/g;
hence, 2.5 g/L has been chosen for the optimum
amount of adsorbent dosage. Increasing the amount of
adsorbent, results in more adsorption sites and avail-
able sorption surface to interact with dye molecules,
that leads to the higher dye removal efficiency [34,35].

3.2.3. The effect of initial dye concentration and kinetic
studies

The influence of varying the initial dye concentra-
tion from 50 to 200 mg/L on the adsorption perfor-
mance was investigated and the results are shown in
Fig. 3. Increasing the dye concentration has decreased
the dye removal (%) and the equilibrium adsorption
capacity for both BB41 and BY28. At lower dye

concentrations, more adsorption sites are free and
available for the adsorption of dye molecules, but
increasing the initial dye concentration leads to the
less available sites for dye molecules to be adsorbed,
and as a result the dye removal decreases [36–38].

In order to investigate the adsorption dynamics,
the kinetics data were evaluated. In this regard, two
kinetic models; pseudo-first and pseudo-second-order
were used to describe the adsorption kinetics [22,39–
41]. Pseudo-first-order equation is generally written
as:

dqt
dt

¼ k1ðqe � qtÞ (1)

where qe and k1 are the amount of dye adsorbed at
equilibrium (mg/g) and the equilibrium rate constant
of pseudo-first-order kinetics (1/min), respectively.
Integrating and applying the conditions, qt = 0 at t = 0
and qt = qt at t = t, will lead to the Eq. (2) [23]:

logðqe � qtÞ ¼ logðqeÞ � k1
2:303

� �
t (2)

The data obtained by the adsorption process were also
applied to the pseudo-second-order kinetic which is
represented as follows [42]:

dqt
dt

¼ k2ðqe � qtÞ (3)

where k2 is the equilibrium rate constant of pseudo-
second-order model (g/(mg.min)). The integration of
Eq. (3) can be expressed as [43]:

t

qt
¼ 1

k2q2e
þ 1

qe

� �
t (4)

The values of k1, k2, R
2
1 (correlation coefficient for

pseudo-first-order model) and R2
2 (correlation coeffi-

cient for pseudo-second-order model) have been calcu-
lated by varying the initial dye concentration, pH,
adsorbent dosage, and temperature (data not shown).
According to Fig. 3, the adsorption kinetics of both
BB41 and BY28 followed pseudo-second-order model
(R2

2 > 0.97), but pseudo-first-order model did not fit
well to the obtained results.

3.3. Adsorption Isotherms

The determination of the most appropriate
correlation for the equilibrium curve is very important

(a)

(b)

Fig. 3. The effect of initial dye concentration on dye
removal (%) and pseudo-second-order kinetic; (a) BY28,
(b) BB41. pH 11 and adsorbent dosage: 2.5 g/L.
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for the optimization of an adsorption system to
remove dyes from solutions. Several isotherm models
have been used in the literatures. In this study, the
adsorption data of basic dyes by the fish bone were
analyzed using Langmuir, Freundlich, and Tempkin
isotherm models. The Langmuir model as the most
frequently employed isotherm describing the mono-
layer adsorption of dye molecules on a homogeneous

surface with a finite number of identical sites is given
by Eq. (5) [4]:

qe ¼ Q0KLCe

1þ KLCe
(5)

where Ce, Q0, and KL are the equilibrium concentration
of the adsorbate (mg/L), maximum adsorption capac-
ity (mg/g), and Langmuir constant (L/mg), respec-
tively.

The Freundlich isotherm assumes a heterogeneous
surface with a nonuniform distribution of heat of
adsorption over the surface and can be expressed by:

qe ¼ KFC
1
n
e (6)

where KF is the adsorption capacity at unit
concentration and 1/n is adsorption intensity. 1/n
values indicate the type of isotherm to be irreversible
(1/n = 0), favorable (0 < 1/n < 1) and unfavorable
(1/n > 1). Eq. (7) can be rearranged to the linear form
as follows:

log qe ¼ logKF þ 1

n

� �
logCe (7)

The Tempkin isotherm assumes that the heat of
adsorption of all the molecules in the layer decreases

Table 2
Isotherm parameters for the adsorption of BB41 and BY28 onto fish bone

Tempkin Langmuir Freundlich

R2
1 BT AT R2

2 Q0 B R3
2 Kf n

298K BB41 0.999 44.568 0.0046 0.989 30.487 0.032 0.997 1,547.04 1.238
BY28 0.997 51.384 0.0045 0.954 22.570 0.023 0.988 5,910.17 0.922

308K BB41 0.999 49.991 0.0046 0.987 31.446 0.037 0.997 1,383.25 1.281
BY28 0.997 43.715 0.0044 0.956 24.096 0.024 0.989 4,491.59 0.979

318K BB41 0.000 43.630 0.0045 0.986 31.546 0.037 0.997 1,386.36 1.285
BY28 0.997 50.378 0.0045 0.953 23.697 0.023 0.988 4,842.84 0.963

328K BB41 0.999 44.611 0.0047 0.992 30.487 0.036 0.998 1,552.04 1.237
BY28 0.999 50.682 0.0045 0.980 23.809 0.023 0.995 4,910.21 0.962

ln
 (

K
c)

1/T

ln
 (

K
C

)

1/T

(a)

(b)

Fig. 4. Thermodynamic plots of the adsorption of (a) BY28,
(b) BB41 onto the fish bone. pH 11, initial dye concentra-
tion: 50 mg/L, and adsorbent dosage: 2.5 g/L.

Table 3
Thermodynamic parameters for the adsorption of BB41
and BY28 onto fish bone

Dye Δs ΔH
ΔG
(298K)

ΔG
(308K)

ΔG
(318K)

ΔG
(328K)

BB41 63.15 0.62 −18.81 −19.44 −20.06 −20.70
BY28 63.03 0.26 −18.78 −19.41 −20.04 −20.67
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linearly with coverage due to the adsorbent–adsorbate
interactions and that the adsorption is characterized
by a uniform distribution of binding energies, up to
some maximum level. The nonlinear and linear forms
of the Tempkin isotherm are given as Eqs. (8) and (9),
respectively:

qe ¼ RT

b
lnðKTCeÞ (8)

qe ¼ B1 lnKT þ B1 lnCe (9)

where

B1 ¼ RT

b
(10)

where T and R are the absolute temperature (K) and
the universal gas constant (8.314 J/(mol K)), respec-
tively. B1 and KT are the Tempkin constant and b is
related to the heat of adsorption [44,45].

To study the applicability of the mentioned iso-
therms for dye adsorption onto fish bone at different
temperatures, linear plots of Ce/qe against Ce, log qe vs.
log Ce and qe vs. lnCe were plotted, respectively, and
the values of Q0, KL, KF, 1/n, BT, AT, and R2 (correla-
tion coefficient values of all isotherms models) are
shown in Table 2. The correlation coefficient values
illustrate that the dye removal does not follow the
Langmuir and Freundlich isotherms. The calculated
correlation coefficients (R2) for Tempkin isotherm
model indicate that the dye removal isotherm can be
approximated by the Tempkin model. This means that
the heat of adsorption of all the molecules in the layer
decreases linearly with coverage due to the interac-
tions of adsorbent and adsorbate [33,46].

3.4. Thermodynamic parameters

The thermodynamic parameters of the adsorption
process can be determined from the experimental data
using the following equations:
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Fig. 5. 3D surface plots for dye removal using fishbone.
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lnKc ¼ �S

R
��H

RT
(11)

�G ¼ �H � T �S (12)

Kc ¼ qe
Ce

(13)

where ΔS, ΔH, and ΔG are the changes of entropy,
enthalpy, and Gibbs free energy; and Kc, T, and R are
the distribution coefficient for the adsorption, temper-
ature (K), and gas constant (J/(mol K)), respectively
[47–49]. The values of ΔH and ΔS were calculated
from the slopes and intercepts obtained from the plots
of lnKc vs. 1/T (Fig. 4).

The ΔH, ΔS, and ΔG values at different tempera-
tures for the adsorption of basic dyes are given in

Table 3. The data indicate that the nature of adsorption
process is spontaneous and thermodynamically able to
be carried out at room temperature due to the negative
values of ΔG. The positive ΔS values point out that dur-
ing the adsorption of dyes onto the fish bone, the ran-
domness at the solid–solution interface increases. The
results also showed that at higher temperatures the
amount of adsorbed dye increased, which indicated
that the adsorption of basic dyes onto the fish bone was
an endothermic process (ΔH > 0). These results may be
explained by the increase of the mobility of large dye
molecules depending on the temperature and the sub-
sequent interacting of these molecules with adsorption
sites. Moreover, the alteration of temperature up to
328 K may induce a swelling effect within the internal
structure of the fish bone enabling the same molecules
to penetrate further [50–52].

Table 4
CCD matrix for BB41 and BY28 removal in binary system

pH
Initial dye conc.
(mg/L)

Adsorbent
dosage (g/L)

Time
(min)

BB41
removal (%)

Pre. BB41
removal (%)

BY28
removal (%)

Pre. BY28
removal (%)

1 9 200 1.5 25 35.43 38.40 41.68 37.98
2 7 150 3.0 20 54.93 46.32 58.56 50.54
3 9 100 2.5 25 39.91 48.55 45.78 54.37
4 5 100 1.5 15 28.76 31.12 36.09 34.35
5 9 200 2.5 25 52.18 55.27 56.58 60.70
6 7 150 2.0 10 28.91 25.73 47.27 39.70
7 7 150 2.0 20 44.86 44.47 53.98 50.45
8 7 150 2.0 20 43.81 44.16 54.66 50.45
9 5 100 2.5 20 50.42 46.01 56.95 45.69
10 9 100 2.5 15 19.07 35.11 35.59 43.72
11 5 100 1.5 25 24.41 26.47 26.96 30.15
12 5 200 2.5 25 31.82 33.05 40.84 39.22
13 9 100 1.5 15 37.92 36.01 33.78 36.63
14 7 150 2.0 30 46.60 43.90 55.25 56.41
15 7 150 2.0 20 43.16 45.38 48.16 50.45
16 5 100 2.5 15 45.42 43.99 35.08 45.63
17 7 150 2.0 20 44.58 44.16 48.77 50.45
18 7 150 2.0 20 43.96 42.83 49.04 50.45
19 7 150 2.0 20 44.21 44.55 47.56 50.45
20 7 150 1.0 20 12.75 16.59 12.12 16.54
21 7 250 2.0 20 11.25 16.70 19.86 24.25
22 9 200 2.5 15 35.19 32.46 41.76 39.79
23 7 50 2.0 20 53.65 43.42 54.01 46.02
24 5 200 2.5 15 22.73 24.30 26.94 30.05
25 7 150 2.0 20 43.46 42.98 48.16 50.45
26 5 200 1.5 15 7.00 -2.32 13.62 6.25
27 9 100 1.5 25 41.55 45.43 44.90 44.17
28 9 200 1.5 15 11.96 19.61 12.17 20.18
29 11 150 2.0 20 61.96 45.53 51.00 40.16
30 3 150 2.0 20 6.75 18.41 9.16 16.40
31 5 200 1.5 25 13.00 2.40 18.06 12.31
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3.5. RSM for binary system and process optimization

Real wastewaters often include more than one
component and the study of possible dye removal
from wastewaters containing the mixture of dyes like
binary systems can be very useful for the treatment of
real industrial wastewaters. Therefore, in this paper,
the dye removal of the mentioned cationic dyes in bin-
ary system was also studied. RSM is a statistical alter-
native to the conventional method that is suitable for
modeling and obtaining optimum conditions for the
considered response [53–55]. According to the results
from classical experiments, a central composite design
(CCD) was used as an efficient design tool for fitting
the second-order models. Four factors with five levels
including pH (X1), initial dye concentration (X2),
adsorbent dosage (X3), and reaction time (X4) were
considered as input variables. The dye removal effi-
ciencies resulted from 31 adsorption processes are pre-
sented in Table 4. The removal of BB41 and BY28 has
been calculated separately for each dye at their maxi-
mum wavelengths [56].

According to Eq. (14), the dye removal efficiency
(Yi: response variable) is related to the input factors
using the coefficients of the polynomial model:

Yi ¼ a0 þ
Xn
i¼1

aixi þ
Xn
i¼1

aiix
2
i þ

Xn�1

i¼1

Xn
j¼iþ1

aijxixj (14)

where a0, ai, ai, and aij are constant coefficient, regres-
sion coefficients for linear effects, the quadratic coeffi-
cients, and interaction coefficients, respectively; while,
xi and xj are the coded values of input factors [57].
The coefficients and P values obtained from the CCD
experiments results are represented in Table 5.

It should be mentioned that only the significant
factors (P value ≤ 0.05) will be presented in Eq. (16).
According to the results, all independent parameters
for both dyes are significant.

The ANOVA analysis of the model is represented
in Table 6. A fair coefficient of determination
(R2: 81.56% for BB41 and R2: 84.70% for BY28) and no
lack of fit for the model indicated that the model
equation resulted from RSM can be used to describe
the adsorption process using the fish bone, which also
validates the statistical significance of the model [58].

Here, some of the three-dimensional plots are pre-
sented in Fig. 5 to investigate the simultaneous inter-
action of two factors on dye removal efficiency.
According to Fig. 5, the statistical results for binary
systems and classical results for single systems are in
excellent agreement. 3D surface plots in Fig. 5 shows
the effect of operating parameters on the color
removal efficiency. According to these plots, increas-
ing the pH value and decreasing the initial dye con-
centration simultaneously will increase both BB41 and

Table 5
The obtained coefficients and P values for BB41 and BY28
removal in binary system

Terms

BB41 removal BY28 removal

Coef P Coef P

Constant 44.158 0 50.4481 0
pH 6.78 0.002 5.9386 0.003
Dye con. −6.679 0.003 −5.4433 0.005
Ads. 7.434 0.001 8.4999 0
Time 4.542 0.032 4.1777 0.027
pH × pH −3.047 0.092 −5.5417 0.002
Dye con. × dye con. −3.524 0.055 −3.8278 0.023
Ads. × ads. −3.175 0.08 −4.2271 0.013
Time × time −2.335 0.189 −0.5988 0.698
pH × dye con. 4.259 0.082 2.9122 0.174
pH × ads. −3.443 0.153 −1.047 0.616
pH × time 3.517 0.163 2.9354 0.19
Dye con. × ads. 3.437 0.154 3.1284 0.146
Dye con. × time 2.343 0.345 2.5648 0.249
Ads. × time 1.006 0.681 0.7763 0.722

Table 6
ANOVA for dye removal using fish bone

BB41 removal BY28 removal

Source DF Seq SS Adj SS Adj MS F P DF Seq SS Adj SS Adj MS F P

Regression 14 5,833.45 5,833.45 416.67 5.06 0.001 14 5,800.67 5,800.67 414.33 6.33 0
Linear 4 4,052.53 3,858.51 964.63 11.71 0 4 3,777.72 3,575.23 893.81 13.65 0
Square 4 796.34 801.81 200.45 2.43 0.09 4 1,479.52 1,507.36 376.84 5.75 0.005
Interaction 6 984.58 984.58 164.1 1.99 0.127 6 543.43 543.43 90.57 1.38 0.28
Residual error 16 1,318.59 1,318.59 82.41 – – 16 1,047.86 1,047.86 65.49 – –
Lack-of-fit 10 1,316.45 1,316.45 131.65 370.32 0 10 995.16 995.16 99.52 11.33 0.004
Pure error 6 2.13 2.13 0.36 – – 6 52.71 52.71 8.78 – –
Total 30 7,152.03 – – – – 30 6,848.53 – – – –
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BY28 removal efficiencies due to the existence of more
negative charges on the surface of the adsorbent and a
fewer number of dye molecules in the solution which
could move toward the adsorbent and be removed
from the solution. Moreover, increasing the adsorbent
dosage and the adsorption process time will also
increase the dye removal (%).

The Response Optimizer (Minitab software) was
applied to optimize the parameters affecting the
adsorption process to reach 70 and 65% of dye
removal efficiency for BY28 and BB41, respectively.
According to our obtained results, the adsorption
capacity of the fish bone was higher for BY28 probably
due to the lower molecular weight and less hydro-
philic group in its structure, which make the dye mol-
ecules to access the adsorption sites of the fish bone
more easily. As a result, the value of the removal per-
centage considered for BB41 was lower. The optimum
values predicted by the software were pH: 10.27,
initial dye concentration: 213.63 mg/L, adsorbent
dosage: 2.69 g/L, and the time of 30 min for the
adsorption process with the composite desirability of
0.86. To evaluate the adsorption process applying the
obtained conditions, three experiments were
performed. The calculated average values for dye
removal efficiencies were 69.32 and 64.21% for BY28
and BB41, respectively, which are in a satisfactory
agreement with the predicted values.

4. Conclusion

The present study investigated the use of the fish
bone as an adsorbent for the removal of cationic dyes
from colored textile wastewaters. The determination of
isoelectric pH (pHZPC) indicated that the fish bone
was negatively charged at high pH values, which
seems to be suitable for the removal of cationic dyes
(BB41 and BY28) from colored solutions. Isotherm,
kinetic, and thermodynamic parameters of the adsorp-
tion process were studied. The resulted data of the
adsorption process have followed Tempkin isotherm.
Also, the second-order kinetic model (high R2 values)
was best fitted to the obtained results. The adsorption
procedure was found to be spontaneous and endother-
mic according to the negative and positive values of
ΔG and ΔH, respectively. In order to evaluate the fish
bone more effectively, the binary systems containing
the mixture of both cationic dyes were studied using
RSM. The effect of operating parameters including ini-
tial dye concentration, pH, time, and adsorbent dosage
was evaluated by RSM and all of these four factors
were significant to the model. By using this method,
both the effect of operating parameters on the adsorp-

tion process and their relation to the dye removal effi-
ciency was studied as well as the process
optimization. The most obvious conclusion from our
results was that the effect of different operating
parameters on the performance of adsorption process
for the single system was the same as the binary sys-
tem and the dye removal efficiency values were too
close to each other. Altogether, the mathematical
model can serve as a management tool for wastewater
treatment and it can also be concluded that adsorption
using the low-cost fish bone is a successful and prom-
ising process with high efficiencies for the removal of
cationic dyes from wastewaters containing multiple
component.
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