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INTRODUCTION

The presence of metal ions in municipal or industrial
wastewater and their potential impact has been a subject of
scientific environmental research for a long time, because
of their extreme toxicity even at low concentrations and
their tendency to accumulate in the food chain (Stankovic
et al. 2009). It is known that the industrial effluent is dis-
charged into environment directly or indirectly, such as
metallurgical, electrical and electronics, mining and smelt-
ing, metal plating industry, resulting in extensive damage
to the ecosystem (Sprynskyy et al. 2006, Ugurlu et al. 2009).
Zinc ion is essential in small quantity, but when exceeds
the prescribed limit it has also a detrimental effect on hu-
man health. The World Health Organization has set a provi-
sional limit of 5 mg/L for zinc ion in aqueous solution
(Mishra & Patel 2009).

Therefore, there is an urgency to remove those toxic
heavy metals from wastewater. Although heavy metal re-
moval from aqueous solutions can be achieved by conven-
tional methods, including chemical precipitation, oxida-
tion, reduction, electrochemical treatment, evaporative re-
covery, filtration, ion exchange and membrane technolo-
gies (Dabrovski et al. 2004, Veres et al. 2012, Zhong et al.
2012), they may be ineffective or cost expensive, especially
when the metal ion concentrations in solution are in the
range of 1 mg/L to 100 mg/L (Wu et al. 2011). Scientists
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have begun to make their further researches with the unique
aim of getting more economically viable and more environ-
mentally sustainable technology that could provide the low-
est level of heavy metal ions in a treated effluent that will be
low enough to be safely discharged in a surface water stream
(Anirudhan & Sreekumari 2011, Krishnan et al. 2011, Gao
et al. 2013). The adsorption method is preferred for the re-
moval of heavy metals from wastewater because of its lower
cost and high efficiency. In nature, there are so many materi-
als which possess the properties of ion exchange and adsorp-
tion (Sreejalekshmi et al. 2009, Bouhanmed et al. 2012). Some
materials are already in use even for commercial purposes.
Some of the examples are zeolite, apatite, bentonite, etc. Simi-
larly, many waste materials like fly ash, red mud and blast
furnace slag are also used to remove the heavy metals from
wastewater (Foo & Hameed 2010, Hansen et al. 2010).

The aim of the researches has been to determine the ad-
sorption ability of the blast furnace slag to adsorb the zinc
ions in aqueous solution. The adsorption kinetics and the
equilibrium are also discussed in detail.

MATERIALS AND METHODS

Materials: The blast furnace slag was obtained from a power
plant in Zhejiang Province. It was washed with water, then
dried at 105°C for 12 h and sieved into 100 mesh for adsorp-
tion experiments.
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Adsorption experiments: Adsorption experiments were
conducted in a set of 250 mL Erlenmeyer flasks containing
the blast furnace slag and 100 mL of zinc ions with initial
concentrations in aqueous solution. The pH in solution was
adjusted by (1+1) HCI and 10% NaOH. The flasks were
placed in a shaker at a constant temperature and 160 rpm.
The samples were then filtered and the residual concentra-
tion of zinc ion was analysed.

Analytical methods: The value of pH was measured by us-
ing a digital pH meter according to APHA standard method.
The zinc ion concentration in aqueous solution was meas-
ured by using the atomic absorption spectrophotometer. The
adsorption capacity of zinc ion was calculated by using the
mass balance equation for the adsorbent:

Q. = w (D)
m
Where, Q, (mmol/g) is the amount of zinc ions uptake per
unit mass of the adsorbent, m (g) is the dry mass of the ad-
sorbent, V(L) is the volume of the test solution, C, (mmol/L)
and C, (mmol/L) represent the initial and final concentra-
tion of zinc ions.

Statistical analyses of data: All experiments were repeated
in duplicate and the data of results were the mean and the
standard deviation (SD). The value of the SD was calculated
by the Excel software. All error estimates given in the text
and error bars in figures are standard deviation of means
(mean+SD). All statistical significance was noted at 0.=0.05
unless otherwise noted.

RESULTS AND DISCUSSION

Adsorption kinetics: Kinetic studies are necessary to
optimize different operating conditions for the absorption.
To investigate the possible mechanisms that control the
adsorption process and potential rate controlling steps, the
pseudo first order and pseudo second order models were
used to interpret the experimental data.

The pseudo first order kinetic model has been widely
used to predict the sorption kinetics. The equation of the
model was represented as follows (Bouhanmed et al. 2012):

In(g, —gq,)=Ing, K¢ e

Where ¢, (mg/g) and g, (mg/g) are the amounts of the heavy

metal Zn*" ion adsorbed on the modified montmorillonite
at equilibrium and at any time, # (min), respectively. K (min™)
is the pseudo first order adsorption rate constant. The plots
of In(g, —g,) versus  give the K, and ¢, values.

The pseudo second order equation expressed is by:
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Where, K, (g'-mg"-min™) is the adsorption rate constant of
pseudo second order model. The constant K, and g, can be

obtained from a linear regression plot of (#/q,) versus z.

In order to investigate kinetic studies, the following tests
were carried out. The adsorption experiments were conducted
in aset of 250 mL Erlenmeyer flasks containing 1.5 g of the
blast furnace slag and 100 mL of 100 mg/L zinc ions in
aqueous solution. The flasks were placed in a shaker at a
constant temperature of 308 K and 160 rpm. The samples
were then filtered and the residual concentration of zinc ion
was analysed. The effect of contact time on the adsorption
capacity of zinc ions in aqueous solution by the blast fur-
nace slag is shown in Fig. 1.

As shown from Fig. 1, the adsorption capacity of Zn*
ions increased when the contact time increased at first stage.
When the contact time reached 100 min, the adsorption
capacity of Zn* ions reached to the equilibrium process
slowly. This may be due to the fact that initially the adsorb-
ent sites were vacant and the solute concentration gradient
was high. Later, the Zn** ion uptake rate by adsorbent was
decreased significantly, due to the decrease in number of
adsorption sites as well as Zn** ion concentration.

According to the data of Fig. 1, the kinetic parameters
can be calculated by the equation (2) and equation (3). The
kinetic parameters are listed in Table 1.

From Table 1, it can be confirmed that the adsorption of
Zn* ion from aqueous solution by the blast furnace slag
better fits to pseudo second order kinetic model. It implies

4 r
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Fig. 1: The effect of contact time on the adsorption capacity of
Zn** in aqueous solution by the blast furnace slag.
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Table 1: The kinetic parameters for the adsorption of Zn?* onto the
blast furnace slag.

Pseudo first order Pseudo second order

k, (min") R? k, (g'-mg'-min") R?

0.025 0912 0.01 0.998

that the predominant process is chemisorption, which in-
volves a sharing of electrons between the adsorbate and the
surface of the adsorbent.

Adsorption isotherms: To examine the relationship between
adsorbent and adsorbate at equilibrium, and to search for
the maximum sorption capacity of adsorbent, two adsorp-
tion isotherm models including Langmuir and Freundlich
were applied. The Langmuir model and Freundlich model
of linear forms (Liu & Zhang 2011) are :

C 1 C

3 e

= + ..(4
qe KL qmax qmax ( )

Ing, =InkK, +llnC€ ..(5)
n

Where, Ce (mg/L) is the equilibrium concentration in the
solution, g,(mg/g) is the adsorbate adsorbed at equilibrium,
q,,. (mg/g) is the maximum adsorption capacity, n is the
Freundlich constant related to adsorption intensity, K, (L/
mg) and K, ((mg/g)'") are the adsorption constants for
Langmuir and Freundlich models respectively.

Adsorption experiments were conducted in a set of 250
mL Erlenmeyer flasks containing 1.5 g of the blast furnace
slag and 100 mL of zinc ions with initial concentrations
(50, 100, 150 mg/L) in aqueous solution. The flasks were
placed in a shaker at a constant temperature of 308 K and
160 rpm. According to the experimental data, the adsorp-
tion parameters were obtained from the Langmuir adsorp-
tion isotherm and Freundlich adsorption isotherm. They are
listed in Table 2.

It was shown that the Langmuir adsorption isotherm
model was more suitable for the Zn?* ion from aqueous so-
lution than the Freundlich adsorption isotherm model. It
was also suggested that the adsorption process was homo-
geneous adsorption. The Zn* ion from aqueous solution
adsorption on the blast furnace slag was monolayer adsorp-
tion.

Effect of temperature and thermodynamic parameters:
The thermodynamic parameters of free energy change (AG°),
enthalpy change (AH") and entropy change (AS°) were used
to describe thermodynamic behaviour of the adsorption of
bromate ions onto the modified activated carbon. These
parameters were calculated from the following equations

(Duan et al. 2012).

AG’ =-RThnK, ..(6)
0 0
InkK, = A;z - A:; (7
q.
K, =C .(8)

Where, T'is the solution temperature (K), K is the adsorption
equilibrium constant, R is the gas constant (8.314 Jmol"K™),
q, is the amount of adsorbate adsorbed per unit mass of
adsorbate at equilibrium (mg/g) and C, is the equilibrium
concentration of the adsorbate (mg/L).

Adsorption experiments were conducted in a set of 250
mL Erlenmeyer flasks containing 1.5 g of the blast furnace
slag and 100 mL of zinc ions with initial concentrations
(100 mg/L) in aqueous solution. The flasks were placed in a
shaker at a constant temperature (298 K, 308 K and 318 K)
and 160 rpm. The contact time was 100 min. According to
the experimental data, the thermodynamic parameters of
AG®, AH? and AS° can be calculated by the equation (6), (7)
and (8). The thermodynamic parameters are listed in
Table 3.

As seen from Table 3, it can be concluded that the value
of AG’ increased when the temperature increased. It also can
be concluded that temperature would be beneficial to ad-
sorb the Zn** ion in aqueous solution. The positive value of
AH’ suggested that the adsorption process of Zn** ions in
aqueous solution by the blast furnace slag was endothermic
reaction. The high temperature will be beneficial to improve
the capacity ability of Zn?** ion in aqueous solution. The
adsorption process is also a chemical adsorption process
according to the value of AS°.

CONCLUSIONS

In this work, the adsorption ability of the blast furnace slag
to adsorb the Zn?* ions in aqueous solution was investi-
gated. The adsorption kinetic studies showed that the ad-
sorption of Zn** ion from aqueous solution by the blast
furnace slag better fits to pseudo second order kinetic model.
It implies that the predominant process is chemisorption,
which involves a sharing of electrons between the adsorb-
ate and the surface of the adsorbent. The adsorption iso-
therm studies showed that Langmuir adsorption isotherm
model was more suitable for the Zn?* ion from aqueous so-
lution than the Freundlich adsorption isotherm model. It was
also suggested that the adsorption process was homogene-
ous adsorption. The thermodynamic parameters of AG°, AH°
and AS? are -0.04 kJ/mol, 51.35 kJ/mol and 165.42 Jmol 'K
! respectively. It implied that the adsorption process is
endothermic reaction and chemical adsorption process.
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Table 2: The adsorption parameters for Zn>* ion from aqueous solution adsorption on the blast furnace slag by Langmuir adsorption isotherm

and Freundlich isotherm.

Langmuir parameters

Freundlich parameters

Qe (ME/2) K, ( L/mg) R?

6.02 0.14 0.9867

0.9621

Table 3: The thermodynamic parameters for adsorption of Zn?* ions on the blast furnace slag.

T(K) AG? (kJ/mol) AH’ (kJ/mol) AS? (Jmol " K)

298 2.45

308 0.05

318 -0.04 51.35 165.42
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