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ABSTRACT

In this study, adsorption of zinc and nickel ions from aqueous solutions by low-cost
dolomite was investigated. Dolomite, as a mineral adsorbent, is ample in most countries of
the world. Morphology of adsorbent surface and the nature of the dolomite powder were
examined using the scanning electron microscope. The process has been studied as a
function of contact time, pH, initial concentrations, temperature, and adsorbent dosage. The
experimental data were evaluated using three isotherm and kinetic models, including the
pseudo-first-order, pseudo-second-order, and intraparticle diffusion models for kinetics and
Freundlich, Langmuir and Temkin for isotherms. The results showed that the adsorption
isotherm data were fitted well by the Langmuir isotherm and adsorption kinetics followed
the pseudo-second-order model for both metal ions. The thermodynamic parameters, such
as the change in standard free energy, enthalpy, and entropy, were also determined. The
calculated parameters indicated that adsorption process was spontaneous and endothermic
in nature. The adsorption capacity of zinc and nickel onto dolomite powder found to be

21.85 and 20.09 mg/g, respectively.
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1. Introduction

Heavy metals, such as Ni(Il) and Zn(I) ions, are
necessary for animals and plants. However, if these
metals are more than the allowed amounts, they will
have high toxic effects for living organisms [1,2].
These are persistent and stable environmental
contaminants because they are accumulative and
non-biodegradable [3]. Zinc and nickel are released
into the aquatic environment through several
industrial activities, such as metal plating, batteries
manufacturing, mining, painting, agricultural sources,
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and pharmaceutical [4,5]. Therefore, it is necessary to
remove Ni(Il) and Zn(I) and other harmful metals
from aqueous substrates [6].

The common methods for removal of heavy metals
from wastewater are chemical precipitation [7], ultra-
filtration [8], membrane process [9], biological process
[10], ion exchange [11], electrochemical treatment [12],
solvent extraction [13], and adsorption [14-16]. How-
ever, these methods are limited in comparison with
adsorption, due to high operating costs, high rate,
high capacity, capability of adsorbent recovery, and
ineffective means of resulting sludge disposal. One of
disadvantages of adsorption is that for some solutions,
some special adsorbents should be used and the
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synthesis of these adsorbents is expensive and diffi-
cult. Some solutions need adsorbents with very active
sites. Also adsorption is not selective [17].

Various adsorbents have been applied for Zn(ID),
Ni(II), and other metals’ removal from industrial efflu-
ents, for example, activated carbon, dolomite, zeolite,
sawdust, Spirodela polyrhiza, and coconut dregs residue
[3,6,18-23]. The process cost is an important subject;
therefore, the total cost of the process can be reduced
using low cost and efficient sorbents.

In recent decades, dolomite has received more
attention as an attractive adsorbent. It is a low-cost
adsorbent available in many countries such as Iran,
China, and India. This is a source of magnesium and
calcium. It has a crystal structure, consists of alterna-
tive layers of magnesium and calcium carbonate and
has a density of about 0.47 cm®/g. The general for-
mula of this group is AB(COj3), where A can be Ca,
Ba, and Sr and B can be Fe, Mg, Zn, and Mn
[9,12,13,24]. In this study, the use of powdered dolo-
mite as an adsorbent was experimentally investigated
for Zn(II) and Ni(II) removal from aqueous solution.
The effects of contact time, pH, initial Zn(Il) and Ni(II)
concentration, adsorbent dosage and temperature on
the adsorption were investigated. Kinetics, isotherms,
and thermodynamic studies related to the process
were also applied.

2. Experimental
2.1. Materials
2.1.1. Dolomite

Dolomite CaMg(COs), is very cheap, ample, and
accessible around the world. It is worth mentioning
that total production cost of dolomite is 8% per ton
approximately [25]. The dolomite was ground and
sieved on series of sieves and then it was used as
adsorbent for the experiments without any modifica-
tion like chemical or thermal treatment. The com-
pounds of dolomite wused in this work were
investigated by X-ray fluorescence (XRF) and are
summarized in Table 1.

2.2. Instrumentation
2.2.1. X-ray diffraction

X-ray diffraction (XRD) relies on the dual
wave/particle nature of X-rays to obtain information
about the structure of crystalline materials. A primary
use of the technique is the identification and character-
ization of compounds based on their diffraction
pattern. The dominant effect that occurs when an
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Table 1
The main chemical compositions of dolomite

Compounds Weight percent (%)
CaO 31.77

MgO 20.19

SiO, 0.57

ALO5 0.23

NaO 0.06

P,0Os 0.043

KO 0.03

Fe203 0.01

L.OlI 46.96

incident beam of monochromatic X-rays interacts with
a target material is scattering of those X-rays from
atoms within the target material. In materials with
regular structure (i.e. crystalline), the scattered X-rays
undergo constructive and destructive interference.
This is the process of diffraction.

2.2.2. Scanning electron microscope

Scanning electron microscopy (SEM) is a method
for high-resolution imaging of surfaces. The SEM uses
electrons for imaging. Qualitative and quantitative
chemical analysis information is also obtained using
an energy dispersive X-ray spectrometer (EDS) with
the SEM. To create an SEM image, the incident elec-
tron beam is scanned in a raster pattern across the
sample’s surface. The emitted electrons are detected
for each position in the scanned area by an electron
detector. The intensity of the emitted electron signal is
displayed as brightness on a display monitor and/or
in a digital image file. By synchronizing the position
in the image scan to that of the scan of the incident
electron beam, the display represents the morphology
of the sample surface area. Magnification of the image
is the ratio of the image display size to the sample
area scanned by the electron beam.

2.2.3. Fourier transform infrared spectrophotometer

Fourier transform infrared spectroscopy (FTIR) is
an analytical technique used to identify organic and
inorganic materials. This technique measures the
absorption of infrared radiation by the sample mate-
rial vs. wavelength. The infrared absorption bands
identify molecular components and structures.

2.2.4. pH meter

A pH meter is an electronic device used for mea-
suring the pH which is either the concentration of



A. Emami and A. Rahbar-Kelishami | Desalination and Water Treatment 57 (2016) 21881-21892

hydrogen ions in an aqueous solution or the activity
of the hydrogen ions in an aqueous solution. The pH
will indicate whether the solution is acidic or basic,
but is not a measure of acidity or alkalinity. pH
meters work in liquids though special probes are
sometimes used to measure the pH of semi-solid
substances. A typical pH meter consists of a special
measuring probe (a glass electrode) connected to an
electronic meter that measures and displays the pH
reading.

2.2.5. Inductively coupled plasma optical emission
spectrometry

Inductively coupled plasma optical emission spec-
trometry (ICP-OES) is an analytical technique used for
the detection of trace metals. It is a type of emission
spectroscopy that uses the inductively coupled plasma
to produce excited atoms and ions that emit electro-
magnetic radiation at wavelengths characteristic of a
particular element. The intensity of this emission is
indicative of the concentration of the element within
the sample.

2.2.6. Thermostated shaker

In this study, incubator shaker was used for mix-
ing solution. This shaker has the ability of adjusting
the temperature carefully during mixing and can
adjust the desired temperature.

2.3. Determination of the zero point charge

The zero point charge of dolomite was determined
using the salt addition method in 0.01 M NaCl solu-
tions. A series of mixture of solutions containing 0.1 g
adsorbent and 50 ml electrolyte in 250 ml Erlenmeyer
flasks were prepared. Initial pH was adjusted in the
range of 2-6 and shaken for 48 h. Then, the suspen-
sions were filtered and final pH of the filtrates
adsorbent was measured.

2.4. Batch adsorption experiments

Zn(NO3),-4H,0O and Ni(NOj),-6H,O (Merck) were
prepared by dissolving specified amounts of these
materials in double distilled water. Adsorption of zinc
and nickel ions was studied as a function of contact
time, pH, initial concentrations of zinc and nickel,
dosage of adsorbent and temperature in a batch
system. The experiments were carried out in different
Erlenmeyer flasks with 2 g/L adsorbent on a rotary
shaker at 180rpm at room temperature and
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centrifuged at 6,000 rpm for 15 min. The contact time
effect on adsorption of zinc and nickel was done by
adding 1 g of adsorbent in 500 mL of Zn(NOj3),-4H,O
and Ni(NO3),:6H,O (20 mg LY at the temperature
25°C + 0.1 for several time periods till adsorption
reached the equilibrium at 4 h. The effect of pH on the
zinc sorption was studied in the range of 2-7. The pH
was adjusted with 0.1 M NaOH (98%, Merck) or 0.1 M
HCI (Merck). Evaluating the effect of initial concentra-
tion of zinc and nickel was performed by applying
different concentrations of Ni(Il) and Zn(Il) in the
range of 10-100 ppm. Different temperatures in the
range of 25-65°C for 80 mg/L Zn(NO;),-4H,0 and Ni
(NO3),-6H,O were applied for studying temperature
effect. Experimental results were reported according
to the average of a couple of experiments. The zinc
and nickel concentrations in the solutions were deter-
mined by ICP-OES. Then, the amounts of Zn(Il) and
Ni(II) adsorbed per unit mass of adsorbent g; (mg/g)
at any time t (min) were calculated by the differences
between the final and initial Zn(II) and Ni(Il) concen-
trations in solutions from the following equation:

174
q: = (Co — Ct)M 1)

where C; and Cy (mg L) are initial and final concen-
trations of Zn(II) and Ni(I) in solution, V (L) is the
volume of solution, M (g) is the adsorbent weight
used in this study. The removal percentage (R, %) of
Zn(I) and Ni(Il) was calculated by the following
equation:

mngéq

x 100 2

Similar to Eq. (1), C; and Cp (mg LY are initial and
final concentration of Zn(II) and Ni(II) solutions.

2.5. Error analysis

The nonlinear regression has been an important
tool to determine the best isotherm model compared
to the experimental data. Three nonlinear error func-
tions were applied to evaluate the best fit into the iso-
therm models to the experimental equilibrium data.
The error equations employed were as follows:

Nonlinear chi-square test (4°):

e, calc

2§ [@eow = decar)”
=2 3)
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The sum of the squares of the errors (SSE):

N
SSE = Z (qe.exp - qe,calc)‘;Z (4)

i=1

Residual root-mean-square error (RMSE):

L

N
RMSE = \l (qe,exp - Qe‘calc)z ®)
i=1

N —-2¢

In the above equations, the subscripts “exp” and
“calc” indicate the experimental and calculated values
of adsorption capacities, respectively, and N is the
number of observations in the experimental data.

3. Results and discussion
3.1. Characterization of adsorbent

XRD of dolomite powder is presented in Fig. 1.
This figure showed that the dolomite has crystal struc-
ture consisting dolomite (CaMg(COs),), calcium car-
bonate (CaCO;), MgO, and SiO,.

Fig. 2 shows the SEM micrographs of dolomite. As
it can be observed in this figure, dolomite is of a
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rough and irregular surface. Also, its surface is very
porous which provides suitable binding site for Ni(II)
and Zn(II).

The Fourier transform infrared spectroscopy (FTIR)
technique is an important tool to distinguish func-
tional groups, which enables metal adsorption. FTIR
spectra of dolomite are shown in Fig. 3.

This figure shows that main peaks of dolomite
were formed at 2,524, 1,436, 879, and 727 cm™'. Weak
peaks which appeared at 1,040, 799, 522 cm ™! indicate
the presence of SiO, vibrations at silicate phase [26].
The peak at 3,716 cm™' was assigned to hydroxyl
group which was joined to Mg and Ca ions.

The surface area and total pore volume of the
dolomite are calculated by the standard Brunauer-
Emmett-Teller (BET) method. Relative pressure
range (P/Py) for this method was considered between
0.0268 and 0.957. The average pore diameter, specific
surface area, and total pore volume were 0.698 nm,
8.907 m*/g, and 0.472 cm’/g, respectively.

3.2. Removal of Zn(Il) and Ni(Il)
3.2.1. Effect of contact time

Contact time is one of the important and effective
factors in the adsorption process. The effect of contact
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Fig. 1. XRD pattern of dolomite.
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Fig. 2. SEM micrograph of the dolomite.
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Fig. 3. FTIR spectrum of dolomite.

time for Zn(II) and Ni(II) adsorption onto dolomite is
shown in Fig. 4(a). As it is seen, adsorption rate is
high in the first 30 and 20 min for Zn(II) and Ni(II),
respectively. After this time, the rate decreased slowly
and finally equilibrium of adsorption was reached
after 150 and 120 min for Zn(Il) and Ni(ll), respec-
tively. The adsorption process involves two periods:
an initial period or fast step and second period or
slow step. Equilibrium is made in second period. High
rapid rate of adsorption in first step is due to the
number of vacant available sites on dolomite surface,
and when they are reduced, rate of adsorption
decreases until equilibrium occurres [27]. Moreover,
decreasing in adsorption rate may occur because of
monolayer formation of both metals on the dolomite
surface [28].

3.2.2. Effect of pH

Effect of pH on these metals adsorption is pre-
sented in Fig. 4(b). With respect to experiments, par-
ticipation was seen at pH >7 for both metals. This
was why the pH range 2-7 was selected. This figure
shows that pH of solution significantly increases
adsorption amount. The optimum pH is seen about
5.5 for both metals because the solution pH influences
metal speciation and changes charge in the adsorbent
(1), and increasing in this significance is due to the
density reduction in positive charge at sites on the
dolomite and reduction of electrostatic repulsion (2).
The solution pH is considerably effective on degree of
ionization, metal chemistry and properties of mineral
surface, and affects on metal participation. Also opera-
tion of functional groups in adsorbent is influenced by
this factor [29]. The effect of pH on the zinc and nickel
adsorption can be also explained by the calculation of
pHzpc value which is presented in Fig. 4(c) and
obtained almost 3.5 for dolomite. At pH values lower
than pHzpc, the adsorbent surface is positive. There is
an electrostatic repulsion between positive charge
adsorbent surface and these metal ions, which result
in the lower sorption. When pH value is equal to
pHzpc, the surface charge of adsorbent is neutral. At
pH values greater than pHzpc, the adsorbent surface
becomes negatively charged; it causes more attraction
of the zinc and nickel ions onto the surface adsorbent
and increases the adsorption capacity. At pH values
greater than 5.5, the formation of hydroxylated
complexes of the zinc and nickel ions in the form of
Zn(OH), and Ni(OH), decreases the adsorption capac-
ity of dolomite [25]. Therefore, the optimum pH for
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Fig. 4. Effect of parameters on Ni(Il) and Zn(II) adsorption: (a) contact time (feed pH of 6, initial Ni(II) and Zn(II)
concentration of 20 mg/L, temperature of 25°C), (b) pH (contact time of 180 min, initial Ni(II) and Zn(II) concentration of
20 mg/L, temperature of 25°C), (c) the variation of the zeta potential with pH, (d) initial concentration (feed pH of 5.5,
contact time of 180 min, temperature of 25°C), (e) temperature (feed pH of 5.5, initial Ni(I) and Zn(II) concentration of
80 mg/L, contact time of 180 min), (f) effect of adsorbent dosage (feed pH of 5.5, initial Ni(Il) and Zn(II) concentration of

20 mg/L, contact time of 180 min, temperature of 25°C).

further adsorption studies is selected as 5.5 for both
metal ions.

3.2.3. Effect of initial concentration

The effect of the initial Zn(II) and Ni(II) concentra-
tion on adsorption is shown in Fig. 4(d). It was found

that g. increased with increasing the initial concentra-
tions of Zn(Il) and Ni(Il). Mass transfer driving force
increases and higher adsorption of Zn(II) and Ni(II)
occurres [30]. Although after the certain concentration,
ge is not increased because when initial concentration
is increased, each unit mass of dolomite is exposed to
the large number of metal cations and adsorption sites
gradually fill and saturation is obtained [29]. In this
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study, optimum concentration was achieved 70 mg/L
for Zn and 80 mg/L for Ni.

3.2.4. Effect of temperature

The effect of the temperature on adsorption of Zn
(I and Ni(Il) is shown in Fig. 4(e). The experiments
were carried out at different temperatures. In most
experiments, raising the temperature increased the
rate of adsorption. This was due to higher affinity of
adsorbent for the cations or increasing the number of
active sites on the mineral surface [31]. In some other
experiments, sorption capacity was decreased by rais-
ing the temperature. It was said that the solubility of
metal ions in aqueous medium got better by raising
the temperature and it resulted in decreasing in metals
concentration on adsorbent surface and the movement
of metals to solution phase and as a result, desorption
occurred [32].

According to Fig. 4(e), the adsorption capacity is
increased by raising the temperature slightly for both
metal ions. The results show that adsorption
processes of Zn(Il) and Ni(Il) onto dolomite are
endothermic.

3.2.5. Effect of adsorbent dosage

The adsorbent concentration in the solution also
influences the adsorption process, since it determines
the accessibility of active sites. The increase in the
adsorbent concentration causes more sites being avail-
able in the same solution volume. It also results in
higher adsorption percentage but the value of metal
adsorbed per unit adsorbent mass decreases [29].
Effect of this parameter was shown in Fig. 4(f). This
figure is plotted adsorption percent against adsorption
dosage. With respect to this figure, 5 and 6 g/L dolo-
mite is used for achieving over 98% adsorption for
20 mg/L solution of zinc and nickel.

3.3. Adsorption kinetics

In these experiments, the pseudo-first-order,
pseudo-second-order, and intraparticle diffusion mod-
els were applied for adsorption kinetics.

Lagergren equation is used for describing adsorp-
tion of an adsorbate from an aqueous solution [33].
The liner form of the pseudo-first-order rate model is
introduced as follows [23]:

k
log(ge — q:) = log ge — ﬁt 6)
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where g; and g. (mg g™") are values of Zn(Il) and Ni
(I) adsorbed at time ¢t (min) and equilibrium, k;
(min™") is rate constant of Lagergren pseudo-first
order. As shown in Fig. 5(a), diagram of In(ge — g1 vs.
t was plotted. Regarding to this plot, k; and q. were
obtained by the intercept and the slope, respectively.

The pseudo-second-order rate model is introduced
by the following equation [23]:

t 1 t
5 ki 7

®7Zn ONi

150

ln(qe'qt)

R?=0.9648

R?=0.9989
R?=0.9949

®Zn ONi

t [min]

R?=0.6878

q, [mg/g]
O L, N W & U1 OO N 0O O

t 122 [min2]

Fig. 5. Adsorption kinetics of Ni(Il) and Zn(II) adsorbed by
dolomite: (a) pseudo-first-order model, (b) pseudo-second-
order model, and (c) intraparticle diffusion model.
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Table 2
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Adsorption kinetic parameters for Ni(II) and Zn(II) onto the dolomite

. Pseudo-first-order
Experiment

Pseudo-second-order

Intraparticle model

Jeexp K K5

(mg g"l) (min™)

EIe,lcal

Metal ion (mgg™") R

(gmg' min") (mgg') R?

qe,2ca1 Ki C
(mg g min™") (mg/g) R*

8.17
7.413

0.028
0.044

4.592
3.856

Zn(1I)
NidII)

0.9648 0.0109
0.9706 0.0173

8.711
8.013

0.9989
0.9949

0.683
0.563

2.051
2.797

0.8367
0.6878

where ¢, and g. (mgg™') are similar to equation (4)
and k, (min™') is the rate constant of pseudo-second
order. As observed in Fig. 5(b) diagram of t/g; vs. t
was plotted. With respect to this plot, k, and g, were
determined by the intercept and the slope,
respectively.

Intraparticle diffusion is a transport process involv-
ing movement of species from the solution bulk to the
solid phase. In a well stirred batch adsorption system,
the intraparticle diffusion model is used to describe
the adsorption process occurring on a porous adsor-
bent. A plot of the amount of sorbate adsorbed, g;
(mg g™') and the square root of the time, gives the rate
constant by calculating the plot slope. This model can
be described by the following equation [34]:

g = kat'? + C; €))
where kg (mg/g/ min®®) and C; are diffusion coeffi-
cient and intraparticle diffusion constant, respectively.
C; is directly proportional to the thickness of the
boundary layer [34]. As observed in Fig. 5(b), diagram
of t/q; vs. t was plotted. With respect to this plot, k,
and g. were determined by the intercept and the
slope, respectively. For intraparticle diffusion, as
shown in Fig. 5(c), diagram of g, vs. t was plotted, and
according to this plot, C and kig were obtained by the
intercept and the slope, respectively.

Kinetics parameters of these equations are summa-
rized in Table 2. Regarding Table 2, both Zn(Il) and
Ni(I) were described by pseudo-second-order rate
model. The values of ge .. Were approximately equal
t0 (qe,exp)- So pseudo-second-order kinetics reasonably
described Zn(II) and Ni(II) adsorption on dolomite.

3.4. Adsorption isotherms

In this study, the adsorption parameters were
examined using three isotherm models. They were
Freundlich, Langmuir, and Temkin.

The Langmuir isotherm model for adsorption is
defined as follows [29]:

® 7n
® Ni
Linear (Zn)
Linear (Ni)

R?=0.9979

R?=0.9947

0 IIO 2IO 3I0 4IO 5I0
1/C, [L/mg]

R?=0.9278
*

0 0.5 1 1.5 2 2.5 3 35 4

® 7n

q. [mg/g]

Fig. 6. Adsorption isotherms of Ni(Il) and Zn(II) adsorbed
by dolomite: (a) Langmuir isotherm model, (b) Freundlich
isotherm model, and (c) Temkin isotherm model.

1 1 1
11, 1 ©)
de  qm Ky, qm Ce

where g. (mgg ') and C. (mg L") are values
of adsorbed metal and metal concentration in
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Table 3
Adsorption isotherm parameters for Ni(Il) and Zn(II) onto the dolomite
Langmuir

m (mg/g) KL (L/mg) R? e SSE RMSE
Zn(I) 25 0.168 0.9947 0.3285 4.7901 0.9787
Ni(II) 23.123 0.0859 0.9979 0.4449 6.5392 1.1436
Freundlich

K (mg/g) (L/mg)'/" n R? 7 SSE RMSE
Zn(ID) 4.0157 1.725 0.9754 4.7147 14.568 5.3957
NidI) 2.696 1.739 0.9576 0.9624 16.161 1.7978
Temkin

br (J/mol) Ky (L/g) R? Ve SSE RMSE
Zn(ID) 448.07 1.636 0.963 0.6314 9.3644 1.3685
Ni(II) 434.85 1.31 0.9801 4.3557 56.657 3.3662
equilibrium state on the adsorbent, g, (mgg™") is 1.6

. . . . . ®Zn ONi

maximum adsorption capacity, K; is adsorption 141
energy which is named equilibrium constant or Lang- 2]
muir constant. This isotherm is supposing monolayer ' R?=0.9521

sorption onto a surface with a finite number of identi-
cal sites. According to the plot of 1/g. against 1/C.
(Fig. 6(a)), the values of g, and K, were calculated by
the slopes and intercepts. Also, Ry, the dimensionless
equilibrium parameter or the separation factor, was
determined by Langmuir equation. This equation is as
follows [35]:

1

Ri=—
L 1 + K.Co

(10
0 <Rp <1 means favorable adsorption while Ry >1,
Ry =1, and Ry, = 0 are, respectively, concerned to
unfavorable, linear, and irreversible adsorption. With
respect to calculations, values of R; were obtained for
both metals. These values were obtained in the ranges
of 0.0562-0.373 for Zn and 0.104-0.538 for Ni. These
values show that these processes are favorable.

Freundlich  adsorption isotherm model on
heterogeneous surfaces is written as [4]:

Inge =1 K¢ + %ln Ce 1m
where g. (mg g ") and C. (mg L") are similar to Eq.
(7). K¢ (((mg/g)/(mg/L)"™) and n are constants of
Freundlich which are calculated by the plot of In g,
against In C. (Fig. 6(b)). n is defined as heterogeneity
factor as well. Kg and n are determined by intercept
and slope, respectively.

a
M 08 -
£
0.6 ®
0.4 R2=0.9
02
0 . . . . .
2.9 3 3. 32 33 34

103/T (K1)

Fig. 7. Van’t Hoff plot for the adsorption of Ni(Il) and Zn
(IT) onto the dolomite.

Temkin isotherm model evaluates the enthalpy of
adsorption and interactions between adsorbent-adsor-
bate. Linear form of this equation is shown as [36]:

RT RT
ge=—""In Ky + —1In C,
br br

(12)
where Kt (L/g) is Temkin isotherm equilibrium bind-
ing constant, br is Temkin isotherm constant con-
cerned to adsorption enthalpy, R is gas universal
constant (8.314 J/(mol K)), T is temperature in Kelvin
unit. by and Kt by are calculated by the slope and the
intercept of g. vs. In C. plot (Fig. 6(c)). Parameters of
these isotherms are shown in Table 3. As observed,
according to values of R® obtained from Langmuir,
Freundlich, and Temkin isotherms, it is clear that
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Table 4
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Adsorption thermodynamic parameters for Ni(Il) and Zn(II) onto the dolomite

AG’ (k] mol™)

Metal ion AH’ (J mol ™) AS° Jmol TK™) 298 313 323 338
Zn(II) 11.596 45.946 —2.0395 —2.774 —3.444 -3.817
NidI) 7.243 27.578 —0.896 -1.509 —1.698 —2.002
Table 5

Comparison of adsorption capacities of various adsorbents for Ni(Il) and Zn(Il) removal

Adsorbent g (mg/g) for Zn(I) g (mg/g) for Ni(Il) Refs.
Melocanna baccifera raw charcoal (MBRC) 4.52 9.53 [6]
Melocanna baccifera activated charcoal (MBAC) 39.32 49.01 [6]
Na-mordenite - 5.324 [38]
Natural bentonite 474 - [19]
Zeolite 4A 40.38 11.51 [20]
Na-clinoptilolite 14.8 - [21]

Fly ash 1.301 1.160 [39]
Sawdust 9.57 7.49

Dye loaded sawdust 17.09 9.87 [40]

Dye loaded groundnut shells 7.62 3.83

Activated carbon 22.03 17.21 [41]
Dolomite 21.856 20.09 This study
Langmuir isotherm with R* equal to 0.9947 for Zinc ASS AP

and 0.9979 for nickel can describe the Ni(Il) and Zn(Il) [n Kp = R~ RT (15)

adsorption on dolomite very well. In addition, it can
be seen in Table 3 that the values of error analyses for
the Langmuir for Ni(Il) and Zn(Il) are lower than that
of the other isotherms, which verifies the applicability
of the Langmuir isotherm model for adsorption of Ni
(II) and Zn(I) onto the dolomite. Adsorption mecha-
nism follows this isotherm that one layer of adsorbate
molecules can join on the surface of adsorbent with
the same adsorption energy and reversible bondings.

3.5. Adsorption thermodynamics

Thermodynamic parameters can be calculated by
making experiments in different temperatures. These
parameters are changes in enthalpy (AH®), standard
free energy (AG®), and entropy (AS°) which are deter-
mined for adsorption of Zn(Il) and Ni(Il) onto dolo-
mite. Above-mentioned parameters can be calculated
using the following equations [37]:

(13)

(14)

where Kp is the sorption distribution coefficient. In
Eq. (15), AH® and AS® are determined from slope and
intercept of the plot of In Kp against 1/T (Fig. 7).
Standard Gibbs free energy change of sorption (AG")
was evaluated using Eq. (14).

The calculated thermodynamic parameters are pre-
sented in Table 4. The negative Gibbs free energy
changes (AG®) value and the positive value of AH®
indicate that the adsorption process is spontaneous
and endothermic, respectively. Also the positive value
of entropy changes (AS®) shows randomness nature of
process at the solid/solution interface and the affinity
of dolomite for Ni(II) and Zn(II) adsorption [32,37].

3.6. Comparison of various adsorbents

Table 5 compares the adsorption capacities of the
dolomite in this work with some various sorbents pre-
viously used for Zn(I) and Ni(ll) removal. As
observed, the adsorption capacities of the dolomite
(gm) are good for using because it is very inexpensive
and available. So, dolomite is a suitable sorbent.
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4. Conclusion

In this study, dolomite powder appears as a very
cheap and available adsorbent for Zn(II) and Ni(II)
removal from aqueous solution. The operating param-
eters for the maximum adsorption of Zn(II) were ini-
tial concentration of 70 mg/L, temperature of 343 K,
contact time of 150 min, and pH of 5.5. The maximum
adsorption of Ni(II) occurred in initial concentration of
80 mg/L, temperature of 343 K, contact time of
120 min, and pH of 5.5. The kinetics of Zn(I) and Ni
(I adsorption on dolomite followed the pseudo-sec-
ond-order rate model. Equilibrium data were fitted
very well by Langmuir isotherm equation. Maximum
adsorption capacity was determined 21.856 for zinc
and 20.09 mg/g for nickel. The negative AG® value
indicated that the adsorption was feasible and
spontaneous. The positive AH® and AS® values
described endothermic nature of the adsorption and
the affinity of dolomite for Zn(Il) and Ni(II)
adsorption, respectively. Adsorption is chemical forces
binding Ni** and Zn®" ions to the surface of the
dolomite.
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