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Abstract

Any impurities above a certain concentration in water are harmful to the living spaces of living things. Therefore, the removal of
pollutants in the water is very important in terms of maintaining the lives of living things. Nickel has an important place in metal coating
due to its hardness, corrosion resistance and brilliance. Significant quantities of nickel are present in industrial and urban wastewater,
particularly in steel enterprises and the electroplating industry waste waters. This study aims to investigate the effects of thermal and
chemical activation conditions of Kutahya-Unye bentonite for removing nickel from wastewater. The bentonite samples were activated
by two different methods: (i) thermal activation, (ii) acid activation. The operating range of the thermal activation studies was determined
as 100, 300, 500, 700 °C. In the acid activation studies, the samples which were thermally activated, were entreated with 0.5 and 1 M
HCI solutions. And, also acid activation was studied at different times to investigate the activation time on bentonite properties. The
effects of temperature and acid treatment on calcium based-bentonite samples were investigated by Fourier Transform Infrared (FT-IR)
between the region of 4000-400 cm ™. It was observed that increasing the activation temperature has increased the nickel amount at the
waste water. The optimal activation time for nickel removal from wastewater was determined to be 120 minutes, which resulted in the
use of activation temperature 700 °C and 0.5 M HCI acid. It was concluded that if we can increase the adsorption capacity and
applicability, Ca-bentonite may be a promising clay for the removal of nickel in the wastewater stream.
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1. Introduction

Nowadays, very rapid advances in industry and the increase in population growth have led to the pollution of the atmosphere and
water resources in our world. The fact that water is obligatory for human life and that it is used in every area of life and continuously,
reveals the importance of water quality required for water. Any impurities above a certain concentration in water are harmful to the
living spaces of living things. Therefore, the removal of pollutants in the water is very important in terms of maintaining the lives of
living things [1]. Waste water from many industries, such as chemistry, mining and metallurgy, has become an increasingly serious
problem for the environment. The substances, which are poisonous, can lead to diseases that cause harm to human health and even
death if they are found in low concentrations in water [2].

There are various toxic heavy metals in the wastewater of the metal industry. Due to the frequent occurrence of these metals in
wastewater, removal of heavy metals such as “Nickel” from aqueous solutions is necessary. Nickel has an important place in metal
coating due to its hardness, corrosion resistance and brilliance. Especially iron, steel and copper are coated with nickel. It is used in the
construction of instruments used in laboratories due to its resistance to chemical substances. Nickel is also a catalyst in many other
organic reactions. Nickel, one of the heavy metals causing pollution in the water, constitutes 2 % by weight of the ground shell. Besides,
the waters in the world contain about 3.4x107 kg Ni and the rivers carry 1.35x10° kg. year! nickel ion. Significant quantities of nickel
(3.8x10° kg. year!) are present in industrial and urban wastewater, particularly in steel enterprises and the electroplating industry waste
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waters. While the level of nickel in uncontaminated water is generally in the range of 1-3 g.L!, this value can be increased to 10> g.L-
! due to industrial wastewater. Nickel and its compounds have been identified as environmental factors that cause cancers in vivo. Heavy
metals, such as nickel, must be removed from drain solutions due to their high presence in wastewater streams [3].

Nowadays, due to its accessibility, low cost and good intrinsic adsorption properties, clays find an increasing application in
wastewater treatment as an adsorbent. Bentonite is one of the clay minerals containing montmorillonite. In the literature, the “natural”
bentonite has not been found to be effective in the adsorption of contaminants [4] due to its hydrophilic surface properties. So, it has to
be activated. Also, there are studies in the literature about removal of heavy metals in the water by using activated “sodium” bentonite
as an adsorbent [5-8].

Acid activation is commonly used to improve the adsorption and catalytic properties of natural bentonites. The impurities, such as
calcite and dolomite, are removed from the structure by the treatment of montmorillonite with inorganic acids, the exchangeable cations
are replaced by hydrogen ions, and some of the Al ions in the tetrahedral layer dissolve some cations of Fe, Al and Mg in the octahedral
layer. As a result, the acid activation process results in an increase in the pore diameters at the bentonite surface and in the surface area
and adsorption capacity up to a certain amount of this application.

Although the changes in the structural properties of bentonites after acid activation have been studied extensively in the literature
[9-14], the studies on nickel adsorption of these samples are very limited. Acid activation of bentonite with HCI or H,SOy4 is an important
process to increase the surface area and porosity of bentonite as well as to increase the absorptive properties [15]. For this reason, this
study aimed to investigate the nickel adsorption properties of bentonites after thermal and acid modification.

2. Experimental
2.1. Materials

The bentonite samples used in the study was obtained from Unye Madencilik from the Ordu-Unye region of Turkey. It was crushed,
grained and sieved to pass through <45 pum size. It was not active in its natural state. Table 1 shows the chemical composition of
unactivated Unye Ca-bentonite. All the chemicals as hydrochloric acid and NiCl,.6H>O were obtained from Merck and the chemicals
used in the experiments were acquired as having high purity, and they were used directly without any purification. The Ni (II) stock
solutions (200 mg/L) were prepared by dissolving a certain amount of the separately salts in double distilled water.

Table 1. Chemical composition of unactivated Ca-bentonite.

Compound | Chemical composition (%)
SiO; 73.50
Al,O3 13.50
Fe.O, 0.76
TiO; 0.13
CaO 1.72
MgO 1.67
K20 1.17
Na,O 0.32
P20, 0.02

2.2. Characterization

Fourier Transform Infrared Spectrophotometer (FTIR) (Perkin Elmer, Spectrum 100, USA) was used to understand the effect of
activation of the all activated bentonites. The FTIR spectra were set in 4000-400 cm™' and by using 4 cm-1 spectral resolution in the
transmittance mode. The infra-red spectra of the both raw and modified bentonites were obtained by placing the samples, that are in the
powder form, on the Diamond crystal to get FTIR spectra.

Rigaku, Miniflex 2 (Japan) analyzer was used to get X-Ray diffraction (XRD) analysis to investigate crystal structure of materials.
20 values were scanned between 100 and 800 by using a 0.010/min step size and CuKa radiation (A = 0.15418 nm) at 45kV/40mA.

2.3. Activation of Raw Bentonite
Natural bentonite was activated using thermal and acidic activation methods to improve adsorptive properties.
2.3.1. Thermal Activation
Bentonite samples each having a mass of 10 g were thermally activated by using muffle furnace and heating the samples to the

desired temperature in a range of 100-700 °C. The temperature was raised steadily to the desired temperature within 5 minutes. The
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samples were heated to the desired temperature and kept at this temperature for 30 to 120 minutes to investigate the effect of the
activation time. The heated samples were then cooled and stored in a desiccator.

2.3.2. Acid Activation

0.5 M and 1 M HCI solutions were prepared for acid activation studies. At the beginning of the studies, 5 grams of the samples
which were activated at 100, 300, 500, 700 °C and 30, 60, 90, 120 min. respectively, were weighted for acid activation studies. 100 ml
of 0.5 M HCl solutions were taken in 4 beakers in a volume of 500 ml. Each sample was taken up in the acid solution and stirred for 15
minutes at a stirring speed of 500 rpm by using a magnetic stirrer. The samples were vacuum filtered and washed twice. The samples
were dried at 100 °C for 24 hours, and they were bottled and stored in an air-tight environment. Then all the procedures were repeated
using the acid solution at a concentration of 1 M HCL

2.4. Experiments on Aqueous Media

Wastewater samples were synthetically prepared in laboratory environment. It was prepared a 2x102 M Ni*? solution by using
NiCl,.6H-O as a stock solution. Water samples were prepared using this stock solution. Then, the absorbance values of all these solutions
were confirmed by using a UV-spectrophotometer.

The capacity of activated Ca-bentonite samples to adsorb metal ions in aqueous media was investigated. The studies were carried
out to remove Ni*? from waste water. The activated bentonite samples were mixed with heavy metal containing wastewater samples in
a magnetic stirrer for 2 hours at 200 rpm. UV-spectrophotometer was used to obtain the absorbance values of the receiving samples.
Concentration values were calculated by drawing a calibration curve using the Lambert-Beer law.

3. Results and Discussion

3.1. Effect of Activation Temperature

To determine the effect of thermally activated Ca-bentonite samples on removing of nickel amount at waste water, the selected
temperatures were 100, 300, 500 and 700 °C. Fig.1 shows the effect of activation temperature on removal efficiency of nickel by
bentonite samples. In case of the thermally activated samples were used, the optimum nickel removal temperature for bentonite samples
was determined as 700 °C. Increasing the temperature from 100 to 700 °C resulted in a decrease of almost half the amount of nickel in
the wastewater.
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Figure 1. Effect of activation temperature on bentonite samples that were activated for 120 min.

As 700 °C has been recognized as optimum activation temperature, it was decided to use acid activation method on the thermally
activated samples by using HCI at two different concentrations. Similar results have been obtained with both acid amounts (0.5 and 1
M) as seen at Fig.2.

The optimum activation conditions for nickel removal from wastewater was observed by using thermal activation at 700 °C followed
by acid activation by using 0.5 and 1.0 M HCI. Acid activation caused a decrease from 1.4 x 102 M to 1.0 x 102 M by activating samples
(thermally activated bentonites) with acids.

The FTIR spectra, obtained for the bentonites activated by the afore-mentioned methods, are also acquired. Figure 3 shows the
FTIR spectra of the bentonites thermally activated at 100, 300, 500 and 700 °C during 120 min followed by acid activation by using 1
M HCI. These spectra help us understand the effect of activated samples on the chemical structure of bentonite.
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Figure 2. Effect of activation temperature and acid on bentonite samples that were activated for 120 min.
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Figure 3. FTIR results of the samples that were activated at different temperatures during 120 min and 1 M HCI

The increase in activation temperature resulted with a decline at the intensity of peaks at 3630 cm™, that belongs to AI-OH—Al and
Al-Mg-OH stretching vibrations, and at 1635 cm’!, that belongs to H-O—H bending [5]. It was observed that the peak of Si-O-Si band
remained unchanged at a wavelength of 1014 cm™.. As the bentonite was heated to a temperature higher than 500 °C, the bands at 922
cm’! disappeared. The other peaks remained constant. The results of FTIR exposed the effect of temperature rise to the disintegration
of the structure at a constant acid concentration and reaction time.

FT-IR results show that there are three main absorption regions: The IR spectrum band at 3630 cm™! shows the stretching vibrations
of structural OH groups of montmorillonite. A peak, caused by Si-O stretching (in-plane) vibration of bentonite mineral, was observed
at a wavelength of 1014 cm'. The absorption band, obtained at 1635 cm™! wavelength, is referred to the OH dissolution of the water.
Also, IR peak at 922 cm! was referred to AI-OH-AL Quartz was also existing as specified by the bands at 790 cm™' [10].

3.2. Effect of Thermal Activation Time

In order to investigate the effect of thermal activation time, both samples that were activated at 0.5 M and 1 M HCI solutions and
at 700 °C, were used for nickel retention from waste water. Fig.4 shows the effect of thermal activation time on removal efficiency of
nickel by activated bentonite samples.
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Figure 4. Effect of activation time with bentonite samples that was firstly activated at 700 °C

These results showed that the optimal activation time for bentonite samples by using both 0.5M and 1M HCI was found to be 120
min. The samples that were activated by using 1 M HCI solution ensured more nickel retention than the samples that were activated by
using 0.5 M HCI. The samples which were activated at 0.5 M and 1 M HCl caused 0.6x102 M nickel concentration at 120 min.

Figure 5 shows the FTIR spectra of the bentonites thermally activated at 700 °C during 30, 60, 90 and 120 min and then used 1 M
HCI for acid activation. The bands at 3630 and 1635 cm™ were vanished by the time the bentonite samples were heated to 700 °C at all
activation times. As it can be seen at the Figure 5, activation time has not show any effect on the structure of the bentonite. In figure 5,

all samples give same spectra, there has been observed no signifcant difference. Figure 6 shows the XRD results of the of the sample
that was activated at 700 °C and 1 M HCL.

time(min)
—30
—60
—80
—120
g
Lo
o
[ =
]
£
w
[
fl
- \/VA
|55
Beg
X
=
b
T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 5. FTIR results of the samples that were activated at different times 700 °C and 1 M HCI

Montmorillonite and cristobalite structures have occured at high temperatures due to XRD graphs of the sample that was activated
700 °C and 1 M HCI. This result can be the main reason of the high nickel extincting from the waste water.

4. Conclusion and Recommendations

In this study, a new bentonite activation method (that can be found at Ordu/Turkey) was investigated for the aim of removing the
nickel amount from wastewater streams. Bentonite clays were activated by simple thermal and acid activation under mild synthetic
conditions. After the samples were activated, FT-IR analysis was carried out and the characteristics were examined.
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The results deduced that the activation of Ca-bentonite thermally at 700 °C for 120 min and then with an acid (1 M HCI) increased
the nickel adsorption capacity of raw bentonite seriously. Based on the results of this study, which was conducted due to the search for
a low cost adsorbent, it can be said that the natural Ca-bentonite may be the ideal adsorbent for wastewater process with the development
of the activation agents. In the future studies the activation of bentonite can be studied for more acid concentration and longer activation
time values to identify the acid treatment effect.

Our test results, obtained as a result of both thermal and acidic activation conditions, executed that if we increase the adsorption
capacity and applicability, Ordu/Unye Ca-bentonite may be a promising clay for the removal of nickel in the wastewater stream.
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