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The aim of this study was to evaluate the surface modification efficiency of
raw zeolite by hexadecyl trimethylammonium cationic surfactant for
cyanide sorption. Properties such as mineralogy, morphology and elemental
composition of sorbents were determined. Batch and column tests were
performed to evaluate the sorption efficiency of raw and modified zeolite
from solution and released from the cyanide polluted pulp. The presence of
clinoptilolite mineral and surfactant surface coating due to modification
using surfactant was confirmed by X-ray diffraction analysis and electron
microscopy images. The results of isotherm experiment showed that
modification of zeolite with surfactant increased the adsorption capacity of
cyanide by zeolite 7 times compared to the raw sample and the maximum
adsorption capacity of cyanide by modified zeolite was 3.97 mg/g. The
ability of surfactant-modified zeolite to sorb more cyanide than raw zeolite
was confirmed by the results of the column test on the cyanide released
from the pulp. It was observed that with increasing time, the concentration
of cyanide in the outlet solution increases, but this increase in the cyanide
concentration in the outlet solution of the column containing the modified
zeolite is less than the raw zeolite.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

especially gold, coal industry, and artificial fibers
production.

Today, one of the important challenges caused
by quick industry development is environmental
pollution, especially water sources pollution by
pollutants such as heavy elements including
cyanide. Cyanide has a lot of applications in
industry and its compounds are used extensively
in different activities like extraction of metals,
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The low price of the adsorbent, non-toxicity,
abundance, and easy processing capability, along
with the acceptable adsorption capacity of
cyanide, are the most important indicators of the
economic and environmental evaluation of the
proposed adsorbents. Due to the amount of
energy required for the production of activated
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Cyanide Adsorption Using Zeolite Modified

carbon, as well as the limited production of
adsorbents of organic origin such as peels and
fruit residues, they limit the use of these
materials as cyanide adsorbents. Among the
environmental applications of zeolite, we can
mention its use as an adsorbent of organic and
inorganic pollutants, and it is also used in
industry as a catalyst. In recent years, zeolite has
received much attention in scientific fields due to
its accessible source, unique properties, and low
cost. So far, more than 60 types of natural
zeolites have been discovered.

Reviewing literature, it was found that in
previous studies to evaluate cyanide leakage
from pulp and its removal by natural zeolite
adsorbent with hexadecyltrimethylammonium
surfactant, it was considered a study gap.
Meanwhile, due to the presence of zeolite in
natural mines, wusing this material for
environmental purposes, especially in less
developed areas and neighboring gold mines,
should be given more attention. Therefore, the
main goal of this research was to modify the
surface of natural zeolite with
hexadecyltrimethylammonium  surfactant, to
investigate its characteristics such as mineralogy,
surface morphology, the elemental composition
of the adsorbent, to study the behavior of cyanide
absorption by raw and modified zeolite using the
isothermal test. Adsorption and investigation of
the capability of these adsorbents in reducing the
concentration of cyanide from the output of the
column filled with a pulp containing cyanide of
gold mine.

Material and Methods

Natural zeolite was obtained from Pozzolan
Qizkorpi mine in the city of Shahin-Dej and to
make the particle size uniform, it was passed
through a 0.5 mm sieve. For correction of natural
zeolite with surfactant, the amount of 0.729 g of
surfactant hexadecyl terry methyl ammonium
bromide was added to 4 g of raw zeolite and the
obtained composition was messed up about 24
hours at the temperature of 21 “C and the speed
of 100 rpm. Finally, prepared composition was
heated to 24 hr at the temperature of 70 ‘C. To
study zeolite mineralogy from X-Ray diffraction
analysis (XRD) and to determine the constituent
elements of natural zeolite X-ray fluorescence
analysis (XRF) were used. To study the surface
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morphology of adsorbents, a scanning electron
microscope (SEM) was used.

To do isothermal absorption experiments ,25 ml
of solutions 1, 2, 4, 6, 8, and 10 mg/I of cyanide
stock solution (1000 mg /1 sodium cyanide) was
made, with background sodium nitrate 0.01
mole/l electrolyte and pH equal to 8 to 0.04 g
from adsorbent prepared was added at pipes of
50 ml. Trial pipes were Shaked for 24 hr in
environment temperature and after centrifuge the
upper solution was separated by a strainer paper.
At present research, column experiments with
fixed bed were done by plastic columns with the
height of 6 cm internal diameter of 1.7 cm (Fig.
1). To the end of the adsorbent columns, to
prevent absorbent leakage with filled sand and
natural zeolite and corrected one, under pulp was
placed with different height. Tap water with a
flow rate of 0.5 ml/mon was passed from
column.

w ( a ) ©N free Water

= Inlet: 0.5 mL/min

ulp (2 cm) : CN=200 mg/g

I SfZe(2¢em), 28

l Sand (2¢cm)

Outlet: CN determination
=

free water ( CN free Water

Inlet: 0.5 mL/min

C__ii"

i Ii’u\pfl cm) : CN=200 mg/g

I Ze,2g(2em)

- I Sand (2 em)

Outlet: CN determination

Fig. 1 Schematic and real sample of reduction of
cyanide concentration from pulp leachate
contaminated using: a) raw and b) modified zeolite

Results

Isotherm of adsorption is important for
describing how to adsorbing pollutants by
adsorbents. Use of theoretical or experimental
models is necessary for analyzing and
forecasting absorption data. The obtained data
from the isotherm of cyanide adsorption were
fitted to the Langmuir adsorption model and the
parameters of the model along with the
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coefficient of determination and standard error
are shown in Table 1. Surface modification of
zeolite with surfactant has increased cyanide
adsorption capacity from solution (3.97 mg/g)
seven times compared with raw zeolite (0.54
mg/g). The surface modification of activated

carbon with acid has shown the ability to remove
95% of cyanide in the solution, and this increase
in absorption is attributed to the increase of
active adsorption sites on the surface as a result
of modification with acid.

Table 1 Parameters of Langmuir adsorption model

Absorbent Qumax (mg/g) Ko (l/mg) R? SE
Raw Zeolite 0.540 0.180 0.920 0.054
Modified Zeolite 3.97 0.37 0.930 0.418

Adsorption column method, known as adsorption
with fixed bed, is a normal adsorption method.
The column test was designed according to Fig. 1
and the effect of the adsorbents on the removal
efficiency of cyanide is plotted in Fig. 2.

o 4 —&— Raw zeolite
9]
s 3 —&— Modified zeolj
=
O~
g%
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[}
Nt
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s 1
@)

0

0 500 1000
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Fig. 2 Adsorption of cyanide using raw and modified
zeolite adsorbents as a function of time

Comparison of results showed that with increase
time, the concentration of cyanide decreased. At
initial times, increase of output cyanide
concentration continues with a gentle slope but
by-passing time, it decreases according to
adsorption capacity of cyanide according to
saturation of adsorption places of adsorbent,
concentration of cyanide increases in output
water. After reaching the peak concentration of
cyanide in the outlet water, its concentration at
the outlet of the column decreases; it can be
caused by the decrease in the content of cyanide
in the pulp and the lack of release of more
cyanide. Comparison two state of column
containing natural zeolite and modified zeolite
shows that at the same time, the concentration of
cyanide in the outlet solution of the column
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containing the modified zeolite is lower than that
of the raw zeolite.

Conclusions

In this research, the effectiveness of modifying
natural zeolite with cationic surfactant for
cyanide absorption in discontinuous and
columnar mode was investigated. Based on the

results of experimental analysis, it can be
concluded that:
1. Modification of zeolite with surfactant

increased the cyanide absorption capacity by
zeolite seven times compared to the raw sample
and the maximum cyanide absorption capacity
by modified zeolite 3.97 mg/g was obtained.

2. The results of column tests showed that with
increase in time, concentration of cyanide in
output solution from column increased.
However, concentration of cyanide in output
solution column contain modified zeolite was
fewer than zeolite raw.

3. The results of this study showed that the
modification of natural zeolite with surfactant
has a good ability to adsorb cyanide released
from the pulp resulting from gold processing,
which can be used as a cyanide adsorbing layer
in the tailings dam bed.

Data Availability
The data can be sent on request by the
corresponding author via

m.soleymani(@urmia.ac.ir email.
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ZnO 0.300 Lor* 31
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Element Value Element Value (%)
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