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a b s t r a c t

A method for the removal of cyanides from wastewater is described. The method involves the
adsorption of cyanides by a modified natural zeolite (natrolite) using batch technique. A new iron
oxyhydroxide–natrolite system was used in this study. A combination of XRD, XRF and FTIR spec-
troscopies, as well as TG/DSC thermal analyses was used for characterization of zeolitic materials.
Effects of parameters such as pH, amount of adsorbent and contact time on the cyanide removing
yield are studied. It was observed that the yield increases by increasing dosage of adsorbent and con-
eywords:
atrolite
odification

ron oxyhydroxide–natrolite
yanide

tact time at a fixed pH 7.5. A yield of 82% was achieved at optimum conditions for removing cyanide
from industrial wastewaters. The experimental data obtained for optimum conditions were selected
for modeling the adsorption behavior of the materials using six isotherm equations (Freundlich, Lang-
muir, Langmuir–Freundlich, Dubinin–Radushkevich, Redlich–Peterson and Toth). The obtained modeling
results indicated that, although the three-parameter models, taking into account the surface heterogene-
ity, provided the closest approach to the measurement data, the parameters estimates could be highly
biased. The kinetic studies proved that the second-order kinetic was the applicable model.
. Introduction

Cyanide waste streams are produced by several industries
ncluding ore extraction, photographic processing, manufacturing
f synthetic organic and inorganic compounds and metal finish-
ng. The most significant source of hazardous cyanide waste is
he metal finishing industry. For example, it is used at nearly
0% of the gold mines worldwide and is potentially toxic [1].
he effluent waste waters from these processes contain different
orms of cyanides. In the case of free cyanide, a concentration of
.02 mg L−1 has been reported to be lethal for certain species of
ea animals, whereas a concentration of 0.2 mg L−1 is allowable
or drinking water supplies [1,2]. The cyanide toxic effect is due
o its reaction with the trivalent iron in the cytochrome oxidase
o inhibit electron transport and thus preventing the cells from
onsuming oxygen, leading to a rapid impairment of the vital func-
ions.

Unit processes typically used for the treatment of cyanide wastes

re different oxidation method [3–5] and adsorption techniques.
dsorption is a widely used technology for the removal of cyanide

6]. There are several reports on the treatment cyanide compounds
y adsorption on plain and metal-impregnated activated carbons

∗ Corresponding author. Tel.: +98 541 241 6565; fax: +98 541 244 6888.
E-mail address: mnoroozifar@chem.usb.ac.ir (M. Noroozifar).

304-3894/$ – see front matter © 2009 Published by Elsevier B.V.
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© 2009 Published by Elsevier B.V.

[7–12]. Huff et al. examined the feasibility of removing cyanide from
refinery wastewater with powdered activated carbon [7]. The min-
ing operations mostly use adsorbents for recovery and removal of
cyanide from effluents [7,8]. Granular/powdered carbon is the most
widely used adsorbent, as it has a good capacity for the adsorption
of cyanide compounds [9]. However, high cost of activated carbon
and 10–15% loss during conventional regeneration has been the dis-
advantages in the utilization of activated carbon in the developing
countries [13]. Say et al. have been used a column packed with
cyanide-imprinted polymeric microbeads for cyanide removing
[14]. Monser and Adhoum have investigated fixed bed activated car-
bon columns modified with tetrabutyl-ammonium iodide [15] and
silver and/or nickel impregnated carbon columns [10] for removing
cyanide from wastewater. Cyanide can be removed using chemi-
cal, catalytic, electrolytic, photocatalysts, biological, ultrasonic, and
photolytic methods [1,16–20].

The work presented in this paper concentrated on developing
a simple method for treating cyanides in wastewater by modified
natural zeolite with Fe(NO3)3–KOH system. Modified zeolite was
used as a new sorbent, and the effects of some operating param-
eters on removing yield were investigated. The cyanide removing

from aqueous solution on the original zeolite and modified zeo-
lites were studied. The adsorption data for modified zeolite were
studied with different isotherm equations. Also, the modified zeo-
lite has been used for removing cyanides from several industrial
wastewaters.

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:mnoroozifar@chem.usb.ac.ir
dx.doi.org/10.1016/j.jhazmat.2008.12.012
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For the individual experiments 0.2–2 g of modified zeolitic
materials were shaken for 48 h with 10–50 ml of the individual
solutions of cyanide in polypropylene-centrifuge tubes at ambient
temperature. The concentration of the cyanide in the resultant solu-
M. Noroozifar et al. / Journal of Haz

. Experimental

.1. Reagents and materials

All reagents were prepared from analytical reagent grade
hemicals unless specified otherwise and purchased from Merck
ompany. All aqueous solutions were prepared with double-
istilled water (DDW). A suitable volume of acid (nitric acid) or
ase (sodium hydroxide) solution was added to adjust pH that was
easured with pH meter. Natural Iranian natrolite zeolite from the
ormak area (Zahedan city, Sistan & Baluchestan province, Iran)
as used in this work.

.2. Instrumentation

XRD data were obtained using a Phillips XPERT diffractometer
nd was performed with computer via the Apdw Phillips software’s.
u K� emission was used with a Ni filter. The diffractions were mon-

tored in the 2� range of 2–70◦ (�: Bragg angle). XRF experiments
ere recorded on Phillips PW-1480 spectrometers was performed
ith computer via the X40 Phillips software’s.

Modified zeolite (0.15 g) was thoroughly mixed with KBr powder
IR-grade, Wako) to be 1.0 wt.% and pressed into a disk of 20 mm
n diameter. The Fourier-transformed infrared (FTIR) spectra were

easured in transmission mode using Valor III (JASCO) equipped
ith a MCT detector. The energy resolution was set to 1 cm−1.

Thermogravimetric-differential thermal analysis (TG-DTA) was
erformed using STA 1500+ Rheometric Scientific (England). The
ow rate of air was 120 ml min−1 and the ramping rate of sample
as 2 ◦C min−1.

.3. Surface modification

The Na-form of the zeolitic material was prepared prior to mod-
fication. For this purpose the zeolitic material was agitated for
8 h in a 1 mol L−1 NaCl solution at 25 ◦C, washed using distilled
ater until free of chloride ions (AgNO3 test) and dried at 105 ◦C to

onstant weight.
The natrolite–Fe system was synthesised by following the

ethod of pure goethite preparation, as described by Schwertmann
nd Cornell [21]. The modified zeolite system was prepared by mix-
ng 20.0 g of natural zeolite, 100 ml of freshly prepared 1 M Fe(NO3)3
olution, and 180 ml of 5 mol L−1 KOH solution in a 2 L polyethylene
ask. The addition of KOH solution was rapid with stirring. The sus-
ension was diluted to 2 L with twice distilled water and was held

n a closed polyethylene flask at 70 ◦C for 60 h. After the appropri-
te period the reaction vessel was removed from the oven, and the
recipitate was centrifuged, washed with DDW and finally dried.

.4. Characterizations of zeolitic materiel

The raw as well as the Na- and surface-modified forms of the
eolitic material were characterized. The natrolite zeolite crystals
ere separated by hand. The X-ray diffraction pattern of the natu-

al zeolite is completely matched with that of the natrolite zeolite.
he composition of natural zeolite is Na2[Al2Si3O10]·2H2O. The
iO2/Al2O3 ratio of the material is 1.77 corresponding to a natrolite
eolite [22]. The mineral content of the zeolitic material from quarry
ace, based on the XRF technique, was natrolite 99.63% (w/w). The
TIR spectra of the zeolites are shown in Fig. 1. From Fig. 1a, the
a-form zeolite contains bands due to Si–O–Si and Si–O–Al vibra-
ions (1200–950 cm−1), the presence of zeolitic water (3619, 3440
nd 1640 cm−1) and pseudo-lattice vibrations (800–500 cm−1). For
odified zeolites, the region corresponding to high wave numbers

how a broad band centered at 3300 cm−1(Fig. 1b and c). This band
s generally attributed to the (O–H) vibration of water and oxyhy-
Fig. 1. FTIR spectra of the zeolite samples: (a) natural natrolite zeolite, (b) modified
natrolite zeolite–iron oxyhydroxide system after removing cyanide and (c) modified
natrolite zeolite–iron oxyhydroxide system before removing cyanide.

droxides (Fes–OH). Also, the spectra weak bands were observed in
the range of 1460–1420 cm−1. These bands can be assigned to the
O–H in-plane deformation mode of hydroxyl group (Fig. 1b and c)
[23]. The spectra further show peaks originated from C N stretch-
ing vibrations of cyanides in the range of 2000–2100 cm−1(Fig. 1b).

In TG-DTA data of unmodified zeolite was observed only a
gradual weight decreasing between 300 and 400 ◦C due to the des-
orption of surface water. TG-DTA data were measured for modified
natrolite zeolite samples (see Fig. 2). Abrupt weight decrease was
observed between 180 and 220 ◦C due to the desorption of sur-
face water and then an gradual weight decrease between 400 and
500 ◦C was associated with exothermic peak due to the desorption
of lattice water.

Also, the XRD pattern of modified zeolite adsorbent for remov-
ing cyanide showed that no obvious crystalline peak was detected,
indicating that both modified reagent and cyanide composite exist
mainly in amorphous form.

The pH measurement as a function of solution pH was stud-
ied with the following method. 10 mg of the zeolite in different
forms were mixed for 24 h with 10 ml of deionized water in 15-ml
centrifuge tubes placed in the rotary evaporator. The pH range of
deionized water (with pH 6.5) for the Na-form zeolite was 7.1.

2.5. General procedure
Fig. 2. TG-DTA data measured for modified natrolite zeolite.
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ig. 3. (a) Influence of the initial solution pH on adsorption of cyanide using modified
eolite and (b) the variation of final pH versus initial pH.

ion was determined using our previous published work [24]. The
mount of cyanide adsorbed on the zeolite surface was determined
y difference of initial concentration and the concentration of
yanide in the centrifuge and filtrate solution. The parallel tests on
lank samples have been used for comparison. The pH of the solu-
ions was checked before beginning and at the end of the sorption
xperiments. Duplicate samples were prepared for all experimental
onditions.

. Results and discussion

Key parameters that influence the performance of the proposed
ethod such as pH effect, amount of modified zeolite and con-

act time were studied in order to establish the optimum working
onfigurations.

.1. Effect of initial solution pH on cyanide uptake

Most cyanide used in industrial processes is added in the form
f sodium cyanide (NaCN) or hydrogen cyanide (HCN). Sodium
yanide hydrolyzes to form hydrocyanic acid and sodium hydrox-
de:

aCN + H2O → HCN + NaOH (1)

ydrogen cyanide is a weak acid with a dissociation constant of
.8 × 10−10 (pKa = 9.32) at 25 ◦C. It evaporates easily from these solu-
ions as a very toxic gas. At pH values higher than 11, cyanide is
ompletely dissociated into its ions and at a pH of 9.32, 50% of the
ydrocyanic acid is in the form of free cyanide (CN−) [25]. So, with
ecreasing of pH to acidic media, the percentage of HCN increases.
t pH values lower than 7 most of the cyanide is present as hydrogen
yanide acid gas, dissolved in the solution. The effect of initial pH on

he rate of cyanide removal has been illustrated in Fig. 3a and b. The
ependence of removal percentage for CN− upon pH of the aqueous
olution is shown in Fig. 3a. The adsorptions of cyanide increased
ith an increase in pH from 6.0 to 8 and then decreased until 10.0.
pH 7.5 was chosen as the optimum pH. In this pH, HCN and CN−
s Materials 166 (2009) 1060–1066

are the predominate species. Fig. 3b shows the variation of final pH
versus initial pH. As shown in Fig. 3b the final pH for all initial solu-
tion is around 7.0. The experimental results were shown that the
pure zeolite is not suitable without modification for the sorption
of cyanide. The differences in chemical behavior; in adsorption of
CN− ions, in counterbalanced ions release are owed to the different
surface species, which are located on the two substrates. The new
material, due to the presence of the Fe oxides located in the zeolite
channels or on its external sites, is characterized by the presence
of additional active sites (–Fe–OH), which are influenced by the
solution pH and are potential adsorption sites [26]. Owing to the
presence of non-crystalline Fe formations located in cationic posi-
tions in the zeolite channels, of Fe binuclear and in general iron
complexes in extra-framework positions, as well as of amorphous
iron oxides FeOx located at the surface of the zeolite crystal, higher
adsorption capacity than untreated natrolite [27].

3.2. Adsorption mechanism

The mechanism by which anions are adsorbed onto modified
zeolite has been a matter of considerable debate. Theories include
ion exchange, surface adsorption, chemisorption, complexation,
and adsorption–complexation. Opinions differ as to how complexa-
tion between modified zeolite and anions occurs. Evidence has also
been found that chemisorption, a strong type of adsorption in which
ions are not exchanged but electrons may be exchanged, can be
involved in modified zeolite–anion binding. Different mechanisms,
such as electrostatic forces, ion exchange, and chemical complexa-
tion, must be taken into account when examining the effect of pH
on CN− sorption. One of the commonly proposed mechanisms is
electrostatic attraction/repulsion between sorbent and sorbate.

The prevalent forms of cyanide at pH 7.5 are HCN and CN−. In
other hand, in aqueous solution iron compounds forms in oxyhy-
droxides that can undergo protonation (Eq. (2)) or deprotanation
(Eq. (3)), yielding a positive or negative charge:

Fes–OH + H+ � Fes–OH+
2 (2)

Fes–OH � H+ + Fes–O− (3)

Hence, anions such as CN− can be adsorbed in the first case, through
non-specific coulombic interaction according to the scheme:

Fes–OH+
2 + CN− � Fes–OH+

2 · · ·CN− (4)

Or they can undergo direct exchange:

Fes–OH+
2 + CN− � Fes–CN + H2O (5)

or

Fes–OH + HCN � Fes–CN + H2O (6)

3.3. Effect of adsorbent dose on cyanide adsorption and contact
time

The effects of variation of the modified zeolite amount on the
removal of cyanide by the modified zeolite are shown in Fig. 4.
Amount of the modified zeolite was varied from 0.1 to 0.7 g and
equilibrated for 48 h at a fixed initial cyanide concentration of
50 ppm. It is apparent that the equilibrium concentration in solu-
tion phase decreases with increasing the modified zeolite amount
for a given initial cyanide concentration, since the fraction of
anion removed from the aqueous phase increases as the sorbent

amount is increased in the batch vessel with a fixed initial anion
concentration, as shown in the curves in Fig. 4. This result was antic-
ipated because for a fixed initial solute concentration, an increasing
amount of adsorbent provides a greater surface area (or adsorption
sites).
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Fig. 4. The effect of amount of modified zeolite on adsorption of cyanide, pH 7.5 and
50 ml cyanides 0.2 mM.
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Fig. 6. Modeling of the cyanide sorption behavior of modified zeolite from solutions
of pHinit = 7.5 using two-parameters isotherm Freundlich equation (q = x/m).

the chi-square test were used to measure the goodness-of-fit. R [28]
can be represented as follows:

R =
√∑m

i=1(Qi − qi)
2

m − 2
(7)
ig. 5. Influence of the contact time adsorption of cyanide using modified natural
atrolite zeolite, pH 7.5 and 50 ml cyanides 0.2 mM and 0.7 g modified zeolite.

.4. Effect of contact time on cyanide adsorption

The experiment of adsorption as a function of contact time was
onducted at known initial CN− concentration, dose of 0.7 g modi-
ed zeolite in 40 ml (see Fig. 5). The removal was 50% and 82% after
2 and 48 h, respectively. A selection of optimal parameters for the
roposed method was shown in Table 1.

. Isotherm and kinetic studies

.1. Isotherm data analysis

The study data obtained for the CN− sorption from aque-
us solutions were fitted using six mathematical expres-
ions (Freundlich (F), Langmuir (L), Langmuir–Freundlich (L–F),
ubinin–Radushkevich (D–R), Redlich–Peterson (R–P) and Toth (T))
re given in Figs. 6–11 and details in Table 2. The cyanide sorption
ata set of pHinit = 7.5 was selected for the mathematical model-

ng because of the smooth form of the obtained experimental data
overing the range from the near origin of the plot q = x/m versus c

o the qmax. In this study all the model parameters were evaluated
y non-linear regression. The optimization procedure requires an
rror function to be defined in order to be able to evaluate the fit
f the equation to the experimental data. Not only the correlation

able 1
ptimum conditions for removing cyanide using proposed modified zeolite.

arameter Study range Optimum

H 6–10 7.5
mount of modified zeolite (g) 0.1–0.7 0.25
ontact time (h) 0–80 12 (for 50%) and 48 (for 82%)
Fig. 7. Modeling of the cyanide sorption behavior of modified zeolite from solutions
of pHinit = 7.5 using two-parameters isotherm Langmuir equation (q = x/m).

coefficient (R2) but also the residual root mean square error (R) and
Fig. 8. Modeling of the cyanide sorption behavior of modified zeolite from solu-
tions of pHinit = 7.5 using three-parameter isotherm Langmuir–Freundlich equation
(q = x/m).
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Fig. 9. Modeling of the cyanide sorption behavior of modified zeolite from solutions
of pHinit = 7.5 using three-parameters isotherm Dubinin–Radushkevich equation
(q = x/m).
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ig. 10. Modeling of the cyanide sorption behavior of modified zeolite from solutions
f pHinit = 7.5 using three-parameters isotherm Redlich–Peterson equation (q = x/m).

here Qi is the observation from the batch experiment, qi is the esti-
ate from the isotherm for corresponding Qi and m is the number

f observations in the experimental isotherm. The smaller R value
ndicates the better curve fitting.
The calculated isotherm parameters and the corresponding
esidual root mean square error for each model are given in Table 2.
he comparison of the obtained values indicated that the appli-
ation of different models resulted in deferent value of estimated
onstants as well as calculation errors. The estimate surface het-

able 2
sotherm parameters obtained by fitting of the experimental data for the sorption of cyan
he experimental values.

alculation method Estimated parameters

Equation

reundlich q = k × c1/n

angmuir q = k×c×qmax
1+k×c

angmuir–Freundlich q = (k×c)n×qmax
1+(k×c)n

ubinin–Radushkevich log q = −n(log2(k × c)) + log qmax

edlich–Peterson q = k×c×qmax
1+(k×c)n

oth q = k×c×qmax

(1+(k×c)n)1/n

q = x/m, c = concentration, qmax = sorption capacity, R = residual root mean square error, n
Fig. 11. Modeling of the cyanide sorption behavior of modified zeolite from solutions
of pHinit = 7.5 using three-parameters isotherm Toth equations (q = x/m).

erogeneity factor (n) is lower than 0.25 for D–R model, lower than
1 for the rest three-parameter models (L–F, R–P and T) and more
than 1 for the F, since the sorption mechanism could be explained
by the presence of less available active sites compared to the Fre-
undlich isotherm [29]. The absolute average deviation obtained for
modified zeolite is 0.07, which indicates that the experimental data
fitted well to Freundlich model. The n value (1.58) is higher than
1.0, indicating that CN− is favorably adsorbed by modifier.

It was obvious that the curves obtained applying all mod-
els could satisfactorily reproduce the experimental data. The fits
obtained using Freundlich isotherms showed the lowest deviation
from the experiment. It was also evident that the three-parameter
models gave a better fit than the two-parameter ones (Table 2).
The Freundlich isotherm allowed the best approximation of the
experimental data giving a lower R value than the other models. In
addition Table 3 shows that the other three-parameter isotherms
(L–F, R–P, D–R and T) also fitted the data well.

4.2. Kinetic studies

Batch experiments were conducted to explore the rate of cyanide
ions adsorption by modified zeolite at pH 7.5. The kinetic adsorption
data can be processed to understand the dynamics of the adsorp-
tion reaction in terms of the order of the rate constant. The kinetic of
CN− adsorption modified zeolite is required for selecting optimum

operating conditions for the full-scale batch process. Moreover, it
is helpful for the prediction of adsorption rate, gives important
information for designing and modeling the processes. Thus, the
process of cyanide removal from aqueous phase by modified zeo-
lite may be represented by pseudo first-order, pseudo second-order

ide by modified natural zeolite. R gives the average deviation of the calculated from

K qmax n R

0.361 – 1.58 0.07

0.033 6.21 – 0.16

0.019 8.00 0.83 0.12

0.001 7.35 0.16 0.14

0.84 3.5 0.66 0.11

0.039 6.2 0.89 0.16

and K = constant).
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Table 3
Efficiency of proposed method for removing CN− from three industrial wastewaters.

Sample Initial [CN−]
(ppm)

[CN−] (ppm) (after
treatment)

Cupper electroplating wastewater 10.3 2.24
Gold electroplating wastewater 1 24.3 6.62
G
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qt = 1
ˇ

ln(˛ˇ) + 1
ˇ

ln(t) (14)

If CN− adsorption by modified zeolite fits the Elovich model, a plot
of qt versus ln(t) should yield a linear relationship with a slope of
old electroplating wastewater 2 47.8 13.1

xperimental conditions, pH 7.5, amount of modified zeolite = 0.25 g and contact
ime = 32 h.

nd Elovich kinetic models. The conformity between experimental
ata and the model-predicted values was expressed by the correla-
ion coefficients (R2, values close to 1). The relatively higher value
s the more applicable model to the kinetics of CN− adsorption.

.2.1. Pseudo first-order kinetic model
The kinetic data were treated with the Lagergren first-order

odel [30] which is the earliest known one describing the adsorp-
ion rate based on the adsorption capacity. It is generally expressed
s follows:

dqt

dt
= k1(qe − qt) (8)

here qe and qt are the adsorption capacity at equilibrium and at
ime t, respectively (mg g−1), and k1 is the rate constant of pseudo
rst-order adsorption (min−1). Eq. (8) was integrated with the
oundary conditions of t = 0 to t = t and qt = 0 to qt = qt and rear-
anged to the following linear equation:

og(qe − qt) = log(qe) − k1
2.303

t (9)

f the pseudo first-order kinetics is applicable, a plot of log(qe − qt)
ersus t should provide a linear relationship from which k1 and pre-
icted qe can be determined from the slope and intercept of the plot,
espectively (Fig. 12a). The variation in rate should be proportional
o the first power of concentration for strict surface adsorption.
owever, the relationship between initial solute concentration and

ate of adsorption will not be linear when pore diffusion limits the
dsorption process. It was observed from Fig. 10a that the Lager-
ren model does not fit the experimental data. On the other hand,
he experimental qe values do not agree with the calculated ones,
btained from the linear plots even when the correlation coefficient
2 are relatively high. This shows that the adsorption of cyanide

ons onto modified zeolite is not appropriate to describe the entire
rocess and not a first-order reaction.

.2.2. Pseudo second-order kinetic model
Adsorption kinetic was explained by the pseudo second-order

odel given by Ho et al. [31] as follows:

dqt

dt
= k2(qe − qt)

2 (10)

here k2 (g mg−1 min−1) is the second-order rate constant of
dsorption. Integrating Eq. (10) for the boundary conditions q = 0
o q = qt at t = 0 to t = t is linearized to obtain the following equation:

t

qt
= 1

k2q2
e

+ 1
qe

(t) (11)

he second-order rate constants were used to calculate the initial
orption rate (h), given by the following Eq. (12):

= k2q2
e (12)
he plot of t/qt versus t should show a linear relationship if the
econd-order kinetics is applicable. Values of k2 and qe were cal-
ulated from the intercept and slope of the plots of t/qt versus t
Fig. 12b). The linear plots of t/qt versus t show good agreement
Fig. 12. Plot of the (a) pseudo first-order and (b) pseudo second-order models for
the adsorption of CN− 0.2 mM onto modified zeolite.

between experimental and calculated qe values at different ini-
tial CN− and adsorbent concentrations with correlation coefficients
R2 = 0.989, which indicated that the pseudo second-order kinetic
model provided good correlation for the adsorption of CN− onto
modified zeolite for all studied initial CN− and adsorbent concentra-
tions in contrast to the pseudo first-order model. Moreover, values
for the rate of initial adsorption, h, have no specific role, while the
pseudo second-order rate constant (k2) decreases with increase the
initial CN− concentration for all studied doses of modified zeolite.

4.2.3. Elovich kinetic model
Elovich kinetic equation is another rate equation based on the

adsorption capacity, which is generally expressed as [32–34]:

dqt

dt
= ˛ exp(−ˇqt) (13)

where ˛ is the initial adsorption rate (mg g−1 min−1) and ˇ is the
desorption constant (g mg−1) during any one experiment. It is sim-
plified by assuming ˛ˇt»t and by applying the boundary conditions
qt = 0 at t = 0 and qt = qt at t = t. Eq. (13) becomes form as followed:
(1/ˇ) and an intercept of (1/ˇ) × ln(˛ˇ) (Fig. 13). Thus, the constants
can be obtained from the slope and the intercept of the straight
line. Correlation coefficients obtained by Elovich model were higher
than that obtained from pseudo first-order model and comparable
to that obtained from pseudo second-order model.
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[32] J. Zeldowitsch, Uber den mechanismus der katalytischen oxidation von CO an
ig. 13. Elovich model plot for the adsorption of CN− (0.2 mM) onto modified zeolite.

. Effect of real wastewater on the adsorption process

The studies of the effects of real wastewater on the capability
f the modified zeolite to remove CN− ions from solution were
nvestigated. The above work was achieved using three real elec-
roplating wastewater and the results are reported in Table 3. Salt
oncentration is directly proportional to the ionic strength of aque-
us solutions. Ionic strength is also one of the important factors
hat influence the equilibrium uptake. However, the percentage
f CN− removal from aqueous solution prepared by dissolving of
he CN− into distilled water and wastewater was higher than 82%
or modified zeolite, respectively, which indicates that the removal
ercentage of CN− adsorption were not affecting by the chang-

ng of the type of cyanide ion solution. These results indicate
hat the modified zeolite is applicable material for the removal
f CN− ions from different types of aqueous solutions including
astewater.

. Conclusions

A natrolite–Fe system synthesised and characterized with differ-
nt spectroscopy methods. This study investigates the adsorption
f cyanide toxic ions on this adsorbent. The adsorption process is
H dependent and the optimum pH was 7.5. The kinetic studies
roved that the second-order kinetic was the applicable model.
urthermore, the isotherm equilibrium studies confirmed that the
reundlich form and generalized models are the highest fitted
odels for the adsorption process of CN− by modified zeolite.

he inorgano-modified zeolites are inexpensive and easy to pre-
are materials that can find, regardless of their relatively low
ptake capacity compared to other natural and synthetic sorbents,
ery important environmental applications (e.g., for engineered
rotective barriers). The proposed sorbents are efficient, environ-
ent friendly and can reduce the huge amount of toxic cyanide

ons from effluent discharges by the industries around the big
ities.
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