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In this study, the adsorption characteristics of Basic Yellow 28 (BY 28) and Basic Red 46 (BR 46) onto
boron waste (BW), a waste produced from boron processing plant were investigated. The equilibrium
adsorption isotherms and kinetics were investigated. The adsorption equilibrium data were analyzed by
using various adsorption isotherm models and the results have shown that adsorption behavior of two dyes
could be described reasonably well by a generalized isotherm. Kinetic studies indicated that the kinetics
of the adsorption of BY 28 and BR 46 onto BW follows a pseudo-second-order model. The result showed

Key Word.S: that the BW exhibited high-adsorption capacity for basic dyes and the capacity slightly decreased with
Adsorption . . . : e

Basic dyes increasing temperature. The maximum adsorption capacities of BY 28 and BR 46 are reported at 75.00 and
Kinetics 74.73 mg g, respectively. The dye adsorption depended on the initial pH of the solution with maximum
Isotherms uptake occurring at about pH 9 and electrokinetic behavior of BW. Activation energy of 15.23 kJ/mol for

BY 28 and 18.15 kJ/mol for BR 46 were determined confirming the nature of the physisorption onto BW.
These results indicate that BW could be employed as low-cost material for the removal of the textile dyes

Waste material

from effluents.

© 2008 Published by Elsevier B.V.

1. Introduction

In our century, waste disposal has become an issue of increas-
ing worldwide concern. The use of waste materials for different
purposes can play a significant role in helping to solve disposal
problems. In addition, utilization of waste materials can contribute
to the wise and efficient use of materials, to protect environment,
and to improve the balance of trade by reducing the dependence
on imported materials.

Amongst the various wastes, removal of hazardous industrial
effluents is one of the growing needs of the present time. Various
techniques like precipitation, ion exchange, chemical oxidation,
and adsorption have been used for the removal of toxic pollutant
from, wastewater [1-3]. Amongst these, adsorption has by far
the highest potential because of its high efficiency and ability to
separate a wide range of chemical compounds [4]. Over the years,
a number of workers have used different waste materials such as
coal fly ash [5,6], coal bottom ash [7-9], bagasse fly ash [10], blast
furnace slag [11], deoiled soya [9,12], red mud [13], and sawdust
[14] from industrial and agricultural products, as adsorbent for the
removal of different pollutants. Recently, apart from these com-
monly used waste materials the authors have been trying to utilize
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waste materials from the boron industry to remove hazardous dyes
[15].

Boron waste (BW) is a waste material originated in great
amounts in enrichment process in boron plant. The amount of
waste material has been progressively increasing. Therefore, its dis-
posal currently poses a serious problem. Research is needed to find
out a new application that reduces the amount of waste discharged.
BW primarily contains ulexite (NaCaBs0q9-8H,0), calcite, dolomite,
and some clay. The combination of these materials to form a new
type of adsorbent may produce somehow optimal properties. The
key materials in BW are zeolite and ulexite. Zeolite is a silicate min-
eral with H* and OH~ ions being the potential-determining ions.
The surface of zeolite is negatively charged in the entire pH region
of practical interest. The basic structure of ulexite contains chains of
sodium, water, and hydroxide octahedrons linked in endless chains.
The chains are linked together by calcium, water, hydroxide, and
oxygen polyhedra and massive boron units. The basic boron unit
has a formula of B;0g(OH)g and a negative charge of three (—3).
It is composed of three borate tetrahedrons and two borate trian-
gular groups. The potential-determining ions for ulexite are CaZ*,
B4072-, H*, and OH™ ions [16].

Adsorption of dyes is mainly dependent on the dye’s properties
and structure and to an equal extent on the surface chemistry of
the adsorbent [3]. It has been reported that ulexite carries nega-
tive charges at all practical pH values [16]. Since opposite charges
attract, the negatively charged surface of BW may have an affinity
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Table 1
Properties of Basic Yellow 28 and Basic Red 46

Table 2
Chemical composition of BW

Dye properties Basic Yellow 28 Basic Red 46

Constituents Chemical analysis (wt.%)

Commercial name Maxilon Golden Yellow GL 200% Maxilon Red (GRL)

Amax (NmM) 438 530
Type Cationic Cationic
M,, (gmol-1) 433 322
Azo group 1 1

for cationic dye. Thus, it could be assumed that BW has a greater
capacity to adsorb cationic dye.

In this study, we investigated the adsorption property of BW for
cationic dye removal from aqueous solutions. The adsorption prop-
erties in terms of adsorption capacity were described. The influence
of several parameters (kinetics, contact time, sorbent amount, dye
concentration, and pH) on the adsorption capacity was evaluated
and discussed. The equilibrium data have been analyzed using var-
ious adsorption isotherms.

2. Materials and methods
2.1. Dye stuff

The Basic Red 46 (BR 46) and Basic Yellow 28 (BY 28) are from
a textile factory in Istanbul and were of commercial quality. They
are particularly suitable for dying of paper, leather, and textile. The
structure of the dyes and their properties are given in Fig. 1 and
Table 1. All dye materials were used as supplied and without further
purification.

2.2. Adsorbent material

The BW used in this study was supplied from Etibor (Bigadi¢
Balikesir, Turkey). It was received without any treatment. X-ray
diffraction patterns of BW and calcinated BW were obtained with
a Rikagu Miniflex X-ray diffractometer using monochromatic Cu
Ka radiation operating at 30kV and 15 mA over the range (20) of
scanning 5-60°. Chemical compositions of raw BW and calcinated
BW samples were determined by using XRF spectrometer (Spectro
X-Lab). Major chemical constituents of BW are given in Table 2.
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Fig. 1. Molecular structure of Basic Red 46 (a) and Basic Yellow 28 (b).

SiO, 14.68
Al,03 0.334
Fe,03 0.136
Cao 12.551
MgO 9.57
SO3 15.135
Na,O0 8.135
K,0 0.031
B,03 17.60

Loss on ignition 21.828

2.3. Adsorption procedure

In order to calculate the concentration from each experiment
two calibration curves of BY 28 and BR 46 were first prepared. Dif-
ferent concentrations were prepared and absorbance values were
recorded at Amax =530 nm and Anax =438 nm for BR 46 and BY 28,
respectively. The adsorption of the two dyes at a fixed concentra-
tion on BW adsorbent was studied as a function of contact time.
Nearly, 60 and 90 min are required for the equilibrium adsorption
for BR 46 and BY 28, respectively. Equilibrium data were obtained
by agitating various dye concentrations (50, 100,150, 200, 250, and
300mgl-1) for BR 46 and BY 28 separately with a fixed BW dose
until equilibrium was established. The solution pH was adjusted to
9 by adding a small amount of HCl or NaOH (1 M). A fixed dose of
2g1-1 was chosen after performing several trial studies to achieve
maximum equilibrium sorption capacity for the dye concentrations
in the range of (50-300 mg1-1). After equilibrium or defined time
intervals, the samples were taken from the magnetic stirrer, fil-
tered off using Filtrak Filter Discs (number 391) and the filtrate
was analyzed for residual dye concentration at the wavelength
corresponding to maximum absorbance, Amax, using a spectropho-
tometer (Shimadzu UV-1700 Double Beam). The effects of BW doses
on the amount of dye adsorbed were investigated by agitating dif-
ferent amounts of BW (1-16g1-!) with BR 46 and BY 28 solutions
(150 mg1-1). The change of the absorbance of dye was determined
at a certain time intervals (10, 20, 30, 45, 60, 90, 120, 150, and
180 min) during the adsorption process. The influence of pH on dye
removal was studied over a wide range of pH (1-11) by adjusting
dye solutions (150 mg1~1). In order to study the adsorption kinetics
0.1 g of BW was kept in contact with 50 ml of dye solution for 60 min
for BR 46, and 90 min for BY 28 to allow attainment of equilibrium
at constant temperatures of 25, 35, 45, and 55 °C.

Zeta potential measurements were conducted using a Zeta-
Meter System 3.0+ over a broad range of pH (2-11). One gram of
BW in 100 ml of solution was conditioned for 10 min. The suspen-
sion was kept still for 5 min. to let larger particles settle. Each data
point is an average of 10 measurements. All measurements were
made at 20+1°C.

3. Results and discussion
3.1. Characteristics of adsorbent

Chemical composition of BW is given in Table 2. It contains
Si0; and B, 03 with some calcium oxide, magnesium oxide, sodium
oxide, and other oxides present in trace amounts. The XRD patterns
of BW and calcinated BW are given in Fig. 2. The major phases of
BW are ulexite, calcite, and colemanite, with minor dolomite, and
zeolite. After heating, the peak intensities for ulexite significantly
decrease.

To study the electrokinetic behavior of BW, zeta potential mea-
surements were made. Fig. 3 shows the zeta potential of BW in
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Fig. 2. XRD patterns of BW at various temperatures.
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Fig. 3. Variation of zeta potential of BW with pH.

water as a function of pH. The isoelectric point of BW is found to
occur at pH 4.1. It is clear that BW is negatively charged in the range
of pH > 4.1 and positively charged in the range of pH <4.1. The nega-
tive value agree extremely well with the values presented by several
other authors [16,17]

3.2. Effect of pH

The variation in the adsorption of the dyes was studied in the
pH range of 1-11, and the results are shown in Fig. 4. It is clear from
the plots that the pH values for optimum removal is 9 for both of BY
28 and BR 46. The variation of adsorption with pH can be explained
by considering the difference in the structure of dyes and the elec-
trokinetic behavior of BW. As shown in Fig. 3, the BW surface has the
zero point of charge at pH 4.1. Increasing pH of the solution causes
zeta potential to become increasingly negative up to pH 9, finally
decreasing pH > 9. Thus, the uptake of positively charged BY 28 and
BR 46 would be low (Fig. 4). Apparently, the higher the solution pH
value, the more the negative charges on the BW surface, the more
attractive to cations the BW surface. This is why pH 9 value is good
for adsorbing BY 28 and BR 46. With decreasing pH of the solution
below isoelectric point, the positive charge density on the surface
of BW increases, resulting in lower uptake of dyes. It is interest-
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Fig. 4. Effect of pH on uptake of BY 28 and BR 46 by BW (initial dye concentration:
150mgg-1, temperature: 298 K, adsorbent dosage: 2 g1, contact time: 60 min for
BY 28 and contact time: 90 min BR 46).

ing to note that although BW surface has a positive charge density
pH <4.], it significantly adsorbs both dyes. This may be explained
by the fact that at lower pH values positively charged surface sites
of BW can attract anions from solutions, and that compared to BW
surface in solution, positively charged density would be located
more on the dye molecules at low pH value resulting to the lower
adsorption [5]. It is worth mentioning that the BW contains signif-
icant amount of boron impurity. Therefore, we carefully measured
boron concentration in the solution by using inductively coupled
plasma optic emission spectroscopy (ICP-OES) and found that the
boron concentration in the solutions is within the limit of water
standard (Fig. 5).

3.3. Effect of contact time

The effect of contact time on the adsorption of BR 46 and
BY 28 and are shown in Figs. 6 and 7, respectively. The exper-
iments were carried out at 150mgl-! initial dye concentration
with 2gl-1 adsorbent mass at four different temperatures. The
amount of dye adsorbed increased with increase in contact time
and reached equilibrium after 60 min for BY 28 and 90 min for BR



A. Olgun, N. Atar / Journal of Hazardous Materials 161 (2009) 148-156 151

C, ppm

6 7 8 9 10

[N
w
=
w

pH

Fig. 5. Solubility of boron in BW waste at various pH.
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Fig. 6. Effect of contact time on the removal of BR 46 by BW at various temperatures
(initial dye concentration: 150 mg1-!, temperature: 298 K, adsorbent dosage: 2 g1-',
pH9).

46. It was established that, almost 99.74% and 99.71% adsorption
was achieved for BY 28 and BR 46 within the first hour of con-
tact at 298 K, respectively. The uptake of BR 46 increased to 99.80%,
whereas the BY 28 possessed an uptake of 99.77% in 180 min. The
effects of temperature on adsorption of dyes on BW surface are also
shown in Figs. 8 and 9. The uptake of both dyes decreased slightly
with increasing temperature. The decrease in uptake indicates that
the process of removal of two dyes on BW is exothermic in nature.
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Fig. 7. Effect of contact time on the removal of BY 28 by BW at various temperatures
(initial dye concentration: 150 mg1-!, temperature: 298 K, adsorbent dosage: 2 g1-,
pH 9).
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Fig. 8. Effect of initial dye concentration on the removal of BR 46 by BW at various
temperatures (contact time: 90 min, adsorbent dosage: 2gl-1, pH 9).
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Fig. 9. Effect of initial dye concentration on the removal of BY 28 by BW at various
temperatures (contact time: 60 min, adsorbent dosage: 2gl-1, pH 9).

3.4. Effect of adsorbent mass

Fig. 10 shows the amount of dyes adsorbed on BW versus adsor-
bent dosage. The concentration of dye solution was kept constant.
The amount of dye adsorbed increased with the increase in adsor-
bent dosage. In the case of BY 28, the uptake increased from 72.32

75 1

0 2 4 [ 8 10 12 14 16 18
Adsorbent Concentration (g ™

Fig. 10. Effect of BW dosage on the removal of BY 28 and BR 46 (initial dye concen-
tration: 150 mg1-', temperature: 298 K, pH 9).
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Table 3

Effect of calcination temperature on the removal of BY 28 and BR 46 by BW (mgg~')
Dyes 573K 673K 773K
BY 28 74.75 74.53 53.96
BR 46 74.75 74.53 53.63
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Fig. 11. SEM photograph of BW before adsorption.

to 75.00mgg-! as the BW dosage was increased from 1 to 2gl-1.
As the amount of BW was increased further to 18 g1-1, the uptake
increased by only 0.68 mgg~!. For BR 46, the uptake was 74.73 and
74.86 mgg ! at the dosage of 2 and 18 g1, respectively. Therefore,
2gl-1 of BW seems to be the optimum amount for the removal of
both dyes, and this dosage was used in all experiments.

3.5. Effect of calcination temperature

The effect of calcination temperature on the adsorption of dyes
at a fixed dye concentration is given in Table 3. The uptake of both
dyes decreased with increasing temperature. This result may be
mainly attributed to the presence of ulexite impurity in BW. The
thermal behavior of ulexite has been the subject of many investi-
gations in the literature [18,19]. It has been stated that ulexite loses
its water of crystallization while undergoing various mineralogical
and structural changes. As stated above, ulexite contains chains of
sodium, water and hydroxide octahedrons linked in endless chains.
The loss of the water molecules with increasing temperature and
decomposition of the hydroxyl groups, which are the main effective
sites of the adsorption, will affect the adsorption capacity of BW. As
the BY 28 and BR 46 are cationic dyes, a decrease in the number
of the hydroxyl groups will result in a lower adsorption capacity of
BW.

3.6. SEM observation

SEM is widely used to study the morphological features and
surface characteristics of the adsorbent materials. In the present
study, SEM is used to assess morphological changes in the BW sur-
face following adsorption of BY 28 and BR 46. The morphology
of the loaded adsorbent showed some important features. Typical
SEM photographs are shown in Figs. 11-13. Fig. 11 shows that BW
has a smooth surface and its structure is less porous and compact.
Coverage of the surface of the adsorbent due to adsorption of the
dye molecules, presumably leading to formation of a monolayer of
the dye molecule over the adsorbent surface, is evident from the
formation of white layer.
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Fig. 12. SEM photograph of BW after adsorption of BR 46.

3.7. Kinetic studies

Three kinetic models were applied to adsorption kinetic data
in order to investigate the behavior of adsorption process of dyes
onto BW. These models are the pseudo-first-order, pseudo-second-
order, and the intra-particle diffusion models.

The pseudo-first-order model is given as [20]:

k
log(qe — q1) =084 ~ (5355 ) ¢ (1)

where ge and g, are the amount adsorbed (mgg~1) at equilibrium
and time t (min~1), respectively, and k; is the pseudo-first-order
rate constant of dye. The values k; at different temperatures
were calculated from the slopes of the respective linear plots of
log(ge — g:) versus time and are tabulated in Table 4. Typical the
pseudo-first-order plots for adsorption of BY 28 and BR 46 on BW
at different temperatures are also shown in Figs. 14 and 15, respec-
tively. The correlation coefficients for the pseudo-first-order model
changed in the range of 0.884-0.912 and 0.784-0.979 for BY 28 and
BR 46, respectively. The calculated e ¢, values did not agree with
the experimental data. The results indicated that the adsorption of
BY 28 and BR 46 onto BW does not follow the pseudo-first-order
kinetics.
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Fig. 13. SEM photograph of BW after adsorption of BY 28.
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Table 4
Kinetic parameters for the adsorption of BY28 and BR46 onto BW at various temperatures
Dyes  T(K)  Geexp (ML)  Gecar (Mgg™') kg (min-') 12 ky (gmg'min')  qe.a (mgg!) 12 ky(mgg'min~?)  C(mgg!) 12
BY 298 74.804 0.176 0.023 0.912 0.359 74.85 1 0.015 74.647 0.870
28 308 74.778 0.256 0.032 0.963 0.299 74.82 1 0.017 74..606 0.886
318 74.758 0.246 0.024 0.946 0.257 74.81 1 0.018 74.576 0.912
328 74.686 0.366 0.029 0.884 0.199 74.80 1 0.021 74.521 0.969
BR 298 74.832 0.257 0.024 0.979 0.257 74.87 1 0.018 74.632 0.950
46 308 74.763 0.302 0.019 0.938 0.179 74.85 1 0.023 74.547 0.969
318 74.719 0.445 0.022 0.784 0.149 74.84 1 0.029 74.450 0.960
328 74.694 0.393 0.015 0.949 0.128 74.83 1 0.032 74.392 0.975
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Fig. 14. Pseudo-first-order kinetic plots for the adsorption of BY 28 onto BW at
various temperatures.

The pseudo-second-order model [21] and the differential equa-
tion has the following form:

t 1 1

=yt 2
qt kzq% q2 ( )

where q, is the maximum adsorption capacity (mgg='); k;
is the rate constant of the pseudo-second-order equation
(gmg-'min~1); q; is the amount of dye adsorbed per unit mass
of the adsorbent (mgg=1).

The straight-line plots of t/g; versus t have been used to obtain
the rate parameters. The values of k; (gmg~! min~!) and correla-
tion coefficients, r% of the dye solutions at different temperatures
were calculated from these plots (Table 4). Fig. 16 shows the
plot of pseudo-second-order model for an initial concentration of
150 mg1-! at different temperatures.
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Fig. 15. Pseudo-first-order kinetic plots for the adsorption of BR 46 onto BW at
various temperatures.

Fig. 16. Pseudo-second-order kinetic plots for the adsorption of BY 28 and BR 46
onto BW at various temperatures.

Good correlation coefficients were obtained by fitting the exper-
imental data to Eq. (2), indicating that the adsorption process for
both dyes is the pseudo-second-order. The dyes BY 28 and BR 46
show similar behavior at the temperature variations. The pseudo-
second-order rate constants indicate that the uptake of both dyes
decreases with the increasing solution temperatures. These results
may be attributed to the fact that increasing the temperature of
the solution increases the rate of the approach to the equilibrium
but decreases equilibrium adsorption capacity due to the enhanced
mobility of ions at high temperature [22]. It should be mentioned
that the solution temperature has a slight effect on adsorption of
both dyes on BW. The adsorption for BY 28 is 74.80mgg~! at 25°C
and decreases to 74.69mgg-! at 50°C whereas BR 46 uptake is
74.83mgg! at 25°C and 74.69 mg g1 at 50°C.

The pseudo-second-order rate constants were also used for get-
ting Arrhenius activation energy of adsorption [23]. The magnitude
of activation energy obtained are 15.23 and 18.19 k] mol~! for BY 28
and BR 46, respectively. This result indicates that the adsorption has
alow potential barrier and confirms the nature of the physisorption
onto BW. The other thermodynamic parameters, i.e., free energy
(AG°), standard enthalpy (AH°) and standard entropy (AS°) were
also calculated using Eqgs. (3) and (4), are given in Table 5.

AG® = —RTInkK, (3)
AH°  AS°
Ky =~ + = (4)

where K, is the adsorption equilibrium constant, Ce is the equi-
librium concentration of the dye in the liquid, ge is the amount of
dye adsorbed. Standard enthalpy (AH°)and standard entropy (AS°)
values are calculated from the slope and intercept of the linear plot
InK, versus 1/T (Fig. 17). The results presented in Table 5 show
that the values of AH° are negative, indicating that the adsorption
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Table 5

Thermodynamic parameters

Dyes T(K) E, i InK, AG® AH° AS°

(kJmol-1) (kfmol~')  (kJmol~')  (Jmol-1)

BY 298 11.05 -13.15

28 308 1098 -13.59
318 15.23 0.978 8.71 —14.03 —61.57 —114.26
328 834 —14.47

BR 298 11.20 -13.08

46 308 18.19 0.969 9.65 -13.52 —63.09 —-121.25
318 8.69 —13.96
328 826 —14.40
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-
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Fig. 17. The variation of InK, with 1/T for the adsorption of BY 28 and BR 46.

process is spontaneous for BY 28 and BR 46 with high affinity on
BW.

It is known that adsorption is a multi-step process involving
transport of solute molecules from the aqueous phase to the surface
of the solid particles. Webber and Morris [24] reported that the
intra-particle diffusion equation is

Qe = kpt'/? +C (5)

where q; is the amount of dye adsorbed (mgg~!) at time t, Cis the
intercept, and kp is the intra-particle diffusion rate constant.

Figs. 18 and 19 show that the intra-particle diffusion plots for BY
28 and BR 46, respectively, the plot of g; versus t!/2 present a multi-
linearity correlation, which indicate that two steps occur during the
adsorption process. The first portion is a gradual adsorption stage,
where diffusion of the solute molecules on the surface of adsorbent
can be rate controlling. The second stage is the final equilibrium
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Fig. 18. Intra-particle diffusion model plots for the adsorption of BY 28 onto BW at
various temperatures.
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Fig. 19. Intra-particle diffusion model plots for the adsorption of BR 46 onto BW at
various temperatures.

stage where the diffusion of the solute molecules into the interior
of the pores starts to slow down due to low solute concentration
in solution [25]. Values of the intra-particle diffusion constant, kp,
were obtained from the slopes of the linear portions of the plots
and are listed in Table 4. The correlations coefficients for the intra-
particle diffusion model (rf,) were 0.8702 and 0.9692, and 0.950
and 0.975 for BY 28 and BR 46, respectively. These values indicate
that the adsorption of BY 28 onto BW may be followed by an intra-
particle diffusion up to 60 min. Fig. 19 shows that the diffusion of
the solute BR 46 molecules on the surface of the BW is mostly the
rate-controlling.

3.8. Adsorption isotherms

The equilibrium adsorption isotherm is of importance in the
design of adsorption systems. Several isotherm equations are avail-
able and four important isotherms are selected in this study; the
Freundlich, Langmuir, Temkin isotherms, and generalized isotherm.

The application of Langmuir isotherm suggests that every
adsorption site is equivalent, and that the ability of a particle to
bind there is independent of whether or not nearby sites are occu-
pied and that the adsorbent is saturated after one layer of adsorbate
molecules formed on the adsorbent surface. The linearized equa-
tion of Langmuir is represented as follows [20]:

1 1 1 1
de  Gmax * (QmaxKa) Ce 7)
where e is the equilibrium dye concentration on the adsorbent
(molg1); Ce is the equilibrium dye concentration in solu-
tion (moll~1); gmax is the monolayer capacity of the adsorbent
(molg~1); K, is the adsorption equilibrium constant.

The Freundlich isotherm model takes the multi-layer and het-
erogeneous adsorption into account. Its linearized form can be
represented as [26]:

lnqezanp+%lnCe (8)

where e is the equilibrium dye concentration on the adsorbent
(molg=1); Ce is the equilibrium dye concentration in solution
(moll=1); Kg, is the Freundlich constant; n is the heterogeneity
factor.

Temkin isotherm takes into account the effect of indirect
adsorbate-adsorbate interaction on adsorption, and suggests that
the heat of adsorption of all molecules in the adsorbent surface layer
would decrease linearly with coverage [27]. The Temkin isotherm
can be expressed in its linear form as

ge =BInA+BInCe 9)
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Table 6
Adsorption isotherm constants for the adsorption of BY28 and BR46 onto BW at various temperatures
Isotherm models BY 28 BR 46
298K 308K 318K 328K 298K 308K 318K 328K
Langmuir
Gmax (molg1) 1.89x 103 5.10 x 104 1.87 x 103 2.17 x 103 1.64 x 103 9.35x10°* 2.08 x 103 2.56 x 103
Ky (Imol-1) 62.93 x 10° 58.53 x 103 6.07 x 103 4.20 x 10° 73.31 x 10° 15.45 x 103 5.96 x 103 3.88 x 103
rf 0.473 0.969 0.598 0.644 0.600 0.838 0.522 0.678
Freundluich
1/n 0.398 0.761 0.754 0.721 0.449 0.992 0.789 0.704
Kr (Imol—') 3.62 x 1072 1.18 0.69 0.40 8.7 x 1072 16.51 1.164 0.380
rg 0.407 0.952 0.686 0.760 0.492 0.862 0.715 0.779
Tempkin
B 8x10-° 1x104 1x104 1x104 1x104 2x10* 2x10* 2x10*
K¢ (Imol~1) 11.41 x 103 32.69 x 10° 88.86 x 10° 32.69 x 10° 65.66 x 10° 72.94 x 104 59.87 x 103 13.36 x 103
rt2 0.599 0.862 0.872 0.901 0.974 0.895 0.845 0.916
Generalized isotherm
K¢ (moll-1) 1.74 x 10-8 1.41 x 10> 1.94 x 1074 623 x 104 238 x 101 2.84 x 1077 7.51 x 102 8.10 x 10~*
ng 3.12 1.02 0.99 0.92 245 1.44 1.08 0.91
ré 0.936 0.929 0.915 0.923 0.900 0.954 0.897 0.934
0.00040 4 A
- * 298K °
0.00035 < 35 { |m308K| o A
A3ISK
0.00030 ® 328K
3 .
_— 0.00025 * 4
‘o 25 A
E 0.00020 5 . °
2 u
= _g 24 Y A °
S 0.00015 E - A []
L . 298K Z 15 A
0.00010 Langmuir isotherm 3 [ ]
— — —  Freundlich isotherm 1
0000054 ® o Tempkin isotherm
n
0.00000 . : : : . ‘ 0.5 4
0.0 2.0e-6 4.0e-6 6.0e-6 8.0e-6 1.0e-5 1.2e-5 1.4e-5 L]
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n
Fig. 20. Comparison of experimental adsorption isotherm of Basic Yellow 28 with 0.5 4 T T T T T 1
adsorption isotherms models for adsorption on BW. -15 -14 -13 -12 -11 -10 £
InCe

where B and A are the Temkin constants and can be determined by
a plot of ge versus In Ce.

The forth isotherm tested for correlation of the equilibrium data
was the generalized isotherm equation. It has been used in the
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Fig. 21. Comparison of experimental adsorption isotherm of Basic Red 46 with
adsorption isotherms models for adsorption on BW.

Fig. 22. Generalized isotherm plots for the adsorption of BY 28 onto BW at various
temperatures.

following form [28]:
In {qzﬁq] —InK —nlnCe (10)
e

where K is the saturation constant (mgl~1); n is the co-operative
binding constant; gmax is the maximum adsorption capacity of the
adsorbent (mgg1); ge (mgg~1)and Ce (mg1-1) are the equilibrium
dye concentration in the solid and liquid phase, respectively. A plot
of the equilibrium data in form of In (gmax/qe — 1) versus In Ce gives
K and n constants.

Parameters related to each isotherm for the adsorption of dyes
on BW were determined by using linear regression analysis and the
square of the correlation coefficients (12) have been calculated. A
list of the obtained parameters together with r2 values is provided
in Table 6. The comparisons of the experimental isotherms with
the adsorptions isotherm models are shown in Figs. 20 and 21.
The results showed that the equilibrium data of both sorption
systems were well explained by the generalized isotherm model
as compared to the other isotherm equations (Figs. 22 and 23).
For the Freundlich and Langmuir models, significant fluctuations
were observed in the model parameters at different temperatures.
This limits the general application of these models to our system.
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Fig. 23. Generalized isotherm plots for the adsorption of BR 46 onto BW at various
temperatures.

Although, the Langmuir model parameters fluctuated significantly
at different temperatures, its parameter can still provide valuable
information. The maximum adsorption capacity, gmax has been
widely used to compare the efficiency of an absorbent. The values
obtained for BR 46 and BY 28 adsorption onto BW at 25°C were
found to be 99.80% and 99.77%, respectively. The values obtained
for the two systems were significantly higher than that of other
natural adsorbents. Yener et al. [29] obtained a value of 59.6 mg g~!
for cliniptilolite at 20°C and Davila et al. [30] obtained a value of
75mgg-! for maize waste at 25 °C. This indicates the superiority
of BW in removing basic dyes as compared to other adsorbents.

4. Conclusions

The present study revealed that waste material from boron
processing plant could be employed as a potential adsorbent for
the removal of basic dyes. The adsorption of BY 28 and BR 46
was found to be dependent on the electrokinetic behavior of
boron waste, pH, contact time, and adsorbent dosage. The max-
imum adsorption capacities of BY 28 and BR 46 are reported at
75.00 and 74.73 mgg~!, respectively. The adsorption of both dyes
onto BW was exothermic in nature with dye removal capacity
slightly decreasing with increasing temperature. Experimental data
were best correlated by generalized isotherm. A good agreement
of the experimental kinetic data with the pseudo-second-order
under different temperatures was obtained. The value obtained
for the activation energy of adsorption confirms the nature of
physisorption of basic dyes onto BW. The AG® values for the dyes
were negative, therefore, the adsorption was spontaneous and the
negative value of AS° suggests a decreased randomness at the
solid/solution interface.

From the reported results, it would appear that boron waste
is an adsorbent offering greater wastewater treatment potential
than other waste materials. However, further experiments with
different dyes are now needed to fully investigate the potential of
boron waste in order to establish if it is an alternative to the other
absorbents.
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