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The adsorptive potential of bentonite for removing cyanide from wastewaters was studied. The adsorptive
treatments of the wastewaters were studied by using solid adsorbents such as bentonite with/without
surfactants. The bentonite samples were characterized by Fourier transform infrared spectroscopy (FTIR),
X-ray diffraction (XRD), and Scanning Electron Microscopy (SEM) methods. The study was performed over
a range of pH values   between 8 to 10.5.The contact time was kept at 2 hrs and various cyanide concentrations
of 10, 100 and 300 ppm were employed for experiments. The optimum conditions for removal of the
cyanide from the contaminated waters could be achieved at concentrations of 10 ppm, adsorbent loading
of 15 g/L, in the absence of surfactant. The advantageous pH for adsorption reaction was found to be 8 - 9.
The results showed that the adsorption behavior of cyanide on bentonite was strongly dependent on pH and
adsorbent loading.
d that a contact time of four hours was
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Wastewaters generated from various processes such
as petrochemical and coke-processing plants, precious
metals milling operations contain free and metal-
complexes cyanides at various concentrations and are
dangerous to humans and aquatic life. Before releasing
into the environment, cyanides must be subjected to a
rigorous treatment in order to preserve water resources
and the environment. U.S. Environmental Protection Agency
reveals the water quality criterion for cyanide of 5.2µg/L
(in case of the freshwater aquatic life), and 1 µg/L (for
marine aquatic life and wildlife) [1].

The investigation of the wastewaters contaminated with
the cyanides compounds is effectively employed by
different methodologies such as sedimentation, chemical
treatment, and oxidation, biological and electrical
processes [2, 3].

The most widely used method for the removal of the
chemical compounds, especially cyanides from
wastewaters is the physical-chemical adsorption, which
is referred to that process wherein a material is
concentrated at a solid surface from its liquid or gaseous
surroundings. Various solid adsorbents such as alumina,
silica gel, zeolites, activated carbon are considered to be
promising materials for the removal of chemical species
from wastewaters [2-4].

Among those natural adsorbents, clays are being
extensively studied as conventional materials specially
because its low cost, available in abundance, relatively
high purity and having good sorption properties. The
adsorption efficiency of clays result from a net negative
charge on the structure of minerals, which gives clay the
capability to adsorb positively, charged species. Bentonite
is an aluminium phyllosilicate (clay) consisting mostly of
montmorillonite, having the ability to absorb water
molecules between its sheets. The crystal structure of
montmorillonite is composed of two tetrahedral layers of
silica with a central alumina octahedral layer between
them. The distance between the layers is not fixed and the
layers can expand [7-9]. Bentonites have high specific
surface areas, in theory ranging from 700 to 850 m2/g and
from 20 to 130 m2/g using BET method [10, 11].

Due to their hydrophilicity, bentonites are usually not
effective in adsorbing organic compounds. The
development of technologies for the decontamination of
waters polluted by various organic compounds has
encouraged research into the use of anionic and cationic
surfactants as potential agents for the enhanced
solubilization and removal of contaminants. The activation
by adsorption of surfactants may cause structural changes
(such as pore structure, surface properties, and adsorptive
behavior) on solid adsorbents and their adsorption capacity
can be improved by surface-modification. The anionic
(NaOH) and cationic (e.g. mineral acids) activation of the
bentonites can be used in order to improve their specific
properties [10, 12].

The main goal of this work is to study the effect of
various adsorption factors on cyanide uptake such as
solution pH, initial concentration of the adsorbent, the
cyanide concentration and the presence or absence of the
surfactants in the composition of the adsorbent.

Experimental part
Materials and methods

Natural bentonite samples used in this work are
originated from Hunedoara County, located in the Gurasada
region which represents one of the largest bentonite
reserves in Romania [13]. The content of Ca-based
montmorillonite is 64-88%. The bentonite composition also
consists of cristobalite (8-11%), quartz (1.6 -3.6%), and
rarely feldspar, calcite, kaolinite were found. Small
amounts of Fe2O3 (1.4-1.6%) were found in its composition
and the clay fraction is lower compared to other bentonites
materials [14, 15]. The studied bentonite samples with
the particle size less than 200 ìm from Na-bentonite were
provided by CHIMFOREX-BMI Gurasada. The typical
composition of the Gurasada bentonite is presented in Table
1 [11].

Adsorption tests were performed using 50 mL solution
of sodium cyanide (NaCN) at ambient temperature under
continuous stirring. The adsorbent and the prepared cyanide
solution were mixed in a beaker under rigorous stirring.
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The contact time between cyanide aqueous solution and
solid adsorbent was kept at 2 h during all series of
experiments.

The obtained solutions were then centrifuged in a SIGMA
1-6 P instrument with 1400 rpm for 15 min. After
centrifugation, two phases were observed: solid phase
(bentonite) and liquid phase. The pH values of the liquid
phase were then measured by using a glass electrode
connected to an electronic meter that measures and
display the pH reading (Cyberscan PCD 6500 instrument).
A stock cyanide solution of 1000 ppm was prepared for
making the calibration curve. Different dilutions of stock
solution were also prepared in order to obtain the
concentrations in the range from 10 to 300 ppm.

Fresh bentonite (namely in this study as NaB) has been
modified with aqueous solutions containing a cationic
surfactant, namely, cetyltrimethylammonium bromide
(CTAB, Merck) by ion-exchange impregnation at 25°C under
continuous stirring for 1 h. Various concentrations of the
surfactant (from 100 to 240 mmol/L) have been used during
the synthesis. The optimal ratio CTAB/NaB was 10/1 mL/g
[17]. Different amounts of Na-Bentonite of 10, 15 and 20
g/L were used during tests. The modified bentonite sample
is named as NaB-M.

Characterization of the bentonites samples
Infrared spectra of the materials were taken in a Varian

Resolutions Pro 3100 spectrometer in the range of 4000-
400 cm-1. The instrument was equipped with a horizontal
attenuated total reflectance (ATR) accessory which
consisted of a diamond crystal. The spectrometer was
software-controlled by the Varian Resolutions Pro software.
XRD patterns were recorder between 2° and 40° (2θrange)
using a Bruker D8 instrument (λ = 0.154 nm, 40 kV and 40
mA) with CuKα radiation. Scanning electron microscopy
(SEM) of the bentonites samples was performed on Hitachi
S-3400 SEM instrument at the chamber pressure of 40 Pa
and working distance of 5.3 mm.  Images of samples were
recorded at different magnifications at an operating voltage
of 30 kV.

Results and discussions
The IR spectra of the raw-bentonite (NaB) are given in

figure 1 and figure 2. The spectra were taken at various
wavenumber range. No peaks have been observed in the
range of 4000 to 3600 cm-1 for NaB sample and the IR
results are not shown in figure 1. The structural OH
stretching vibrations generally appear in the range of 3400-
3500 cm-1, as is observed in figure 1. In addition, the
wavenumber of 3457 cm-1 may be attributed to OH

frequencies of the water molecule. The peaks
corresponding to the wavenumber of 3661 - 3725 cm-1(as
is shown in figure 3 for NaB-M sample) originates from the
Al2OH stretching. The Si–O–Si and Al–O–Si stretching peaks
of tetrahedral layer were seen at the wavenumber of 1011
and 1001, or 515 and 511 cm-1, respectively, as is shown in
figures 2 and 4 [18-20].

The XRD patterns of the untreated and treated
bentonites (NaB and NaB-M) are showed in figures 5 and
6. Both diffractograms show a typical XRD peak at 2θ= 5
- 6°, corresponding to the main montmorillonite component
which is present in the bentonite structure. Montmorillonite
is the most abundant mineral present in bentonite, and its
presence was confirmed by identification of peaks at
certain values of 2-theta. The XRD spectra of the treated
bentonite (fig. 6) reveals the additional peaks at 2θ= 21 -
22°,  at 2θ= 27 - 28°, which can be assigned to the presence
of the cristobalite and quartz, respectively [18, 21, 22].Fig.1. IR spectra of NaB bentonite (fresh) between the ranges of

3600-2400 cm-1

Fig.2. IR spectra of NaB sample (fresh) between the ranges of
1400-400 cm-1

Fig.3. IR spectra of NaB-M sample (modified) for wavenumber of
4000-240cm-1

Fig.4. IR spectra of NaB-M sample (modified) for wavenumber of
1400-400 cm-1

Table 1
THE CHEMICAL

COMPOSITION OF THE
BENTONITE ORIGINATED
FROM GURASADA AREA
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SEM microphotographs of powdered untreated and
treated bentonites samples at different magnifications are
shown in figures 7 and 8. The bentonites particles appear
nonuniformly and partially agglomerated. SEM images of
the impregated raw-bentonite samples (fig. 8) do not show
difference than parent bentonite regarding the particle size.

The adsorption capacity of bentonite depends on several
physicochemical factors related to the sorbate, the sorbent,
and the liquid phase characteristics including the solution
pH, initial metal concentration in the solution, presence of
other cations, ionic strength, temperature, mineral type,
grain size and concentration, and agitation speed.

The efficiency of adsorption means the capacity of
adsorbent (e.g. bentonite) to remove the metal complexes
cyanide from aqueous solution and it was calculated using
the following equation:

where:
Ci = the initial concentration of cyanide solution (g/L)
Cf = the final concentration after desired contact time

of 2 h (g/L)

Effect of cyanide concentration
A study of cyanide concentration effect was carried out

and the results are presented in figure 9. In this study, the
initial cyanide concentrations were 10, 100 and 300 ppm.
Figure 9 shows that the increase in the cyanide
concentration leads to decrease of the adsorption capacity
of the bentonite at various pH values.

Fig.5. XRD diffraction patterns of the NaB
bentonite

Fig 6. XRD spectra of the NaB-M
bentonite

Fig.7. SEM images of NaB bentonite with 2µm
magnification (A), 5 µm (B), 10 µm (C) and 100 µm (D)

Fig.8. SEM images of treated NaB-M bentonite with
10 µm magnification (A), 20 µm (B).
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Fig.10. Effect of pH on the adsorption efficiency of NaB. Cyanide
concentration = 10 ppm. The contact time = 2h. The NaB was not

activated with surfactant

The variation of solution pH
pH measures either the acidity (pH < 7) or basicity (pH

> 7) of the aqueous solution. The pH factor is very
important in the adsorption process especially for cyanide
adsorption.

The efficiency of bentonite was affected by the variation
of pH solution from 8 to 10.5, as is shown in figure 10. At
high pH solution, the positive charge at the solution interface
decreases and the adsorbent surface appears negatively
charged. Ramirez et al. [16] show that bentonite might be
stable up to pH of 12.6, depending of the originated region.
The adsorption capacity of bentonite decreases with
increase in pH solution for 10 g/L bentonite loading.

A relatively stable high efficiency is observed with the
increasing of the bentonite leading up to 15 g/L for pH range
of 8 - 9.

The influence of Na-bentonite loading

Fig.12. Influence of the
surfactant presence /

absence on the
efficiency of NaB.

Concentration of NaB
= 15 g/L. The cyanide

concentration = 10
ppm

Fig.11. Adsorption capacity as function of the NaB concentration.
The cyanide concentration = 10 ppm. The contact time = 2h.

Relatively high efficiency of bentonite adsorption is
revealed either with/ without presence of surfactant in its
composition.

Conclusions
The removal of cyanide from waste waters by sorption

onto bentonite gained a great attention. Bentonite as a
natural clay is able to remove cyanides species from
wastewater very effectively. Three cyanide concentrations
were used for tests: 10, 100 and 300 ppm.

The study was performed in the pH range of 8 to 10.5. It
was found that the increase of CN- concentration lowers
the adsorption capacity of the bentonite for studied pH
domain, and as consequence the efficiency decreases.
The optimum concentration for adsorption is 10 ppm.

In the case of 10 g/L bentonite concentration, its
adsorption capacity decreases with the increasing of pH.
Highest efficiency has been observed for the concentration
of 15g/L, and a pH range of 8-9 and without the surfactant
presence.
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