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INTRODUCTION 

Detection and cleanup of toxic pollutants, 

especially heavy metal ions which are extremely 

dangerous for environment and living things, is 
a key issue to protect the environment.  

Biological samples or samples taken from 

natural resources, often contain very complex 

compounds which interfere in the process of 
decomposition and measurement as disturbing 

factors, or amounts of pollutants are so 

insignificant that may not be measurable even 
by the strongest detection systems or be 

incompatible with decomposition processes.  As 

clear, the same small quantities of some 
hazardous materials have harmful biological 

effects. Therefore, highly sensitive and specific 

methods are required to be studied and 

developed, so that the trace amount of 
contaminants in the sample can be measured 

precisely and with high accuracy. Over the past 

few decades, tremendous growth has seen taken 
place in the use of sample measurement 

techniques. Analytical devices such as 

chromatography, spectroscopy, microscopy as 

well as micro sensors and instruments have been 
influenced by these developments. But despite 

the progress in the construction of analytical 

tools, extremely precise and non-destructive 
measurements, is not possible yet in most cases. 

So in order to help to improve existing methods, 

in most cases, sample preparation in one or 

more steps is essential [1].These advantages 
include: speed of analysis, easy process, 

possibility of automatic process, analysis of very 

trace amounts of analyte, concentration and 
cleaning of the samples, allowing the storage 

and transport of samples from the site, sampling 

to the analysis site, the use of low volume of 
organic solvents which most are toxic [2]. Metal 

oxides are important in many areas of 

chemistry, physics and materials science. In 

industrial applications, oxides used as in the 
production of microelectronic circuits, sensors, 

piezoelectric fuel cell devices, coating surfaces 

to disable against corrosion and also as 
catalysts.  

The most active production technologies are 

plasma processes. There are several types of 

plasma methods. A study by Vollath in (2007) 
demonstrated that using metal precursors and 

using a plasma production methods, different 

nanoparticles can be produced [3]. 
Nanoparticles produced with this method are of 

proper distribution. But one of the limitations of 

these methods, is agglomeration of 
nanoparticles. To prevent the agglomeration in 

these methods, the low pressure microwave 

plasma process can be used. With this method, 

coating production is possible as well. Another 
method of synthesis of these materials is 
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synthesis methods based on laser vaporization, 

which may occur in the liquid or gas phase. In 
the latter case, the laser energy evaporates the 

metal from an appropriate target. Nanoparticles 

germinate from the metal in the gas phase. In 
the gas phase, sintering and agglomeration of 

particles take place. In the liquid phase, metal 

powder suspend in a carrier liquid and are 
driven into the laser. The particle size can be 

controlled by surfactants. Coating metal 

nanoparticles greatly increases their value, this 

is due that using this coating improves their 
resistance against oxidation. In addition, the 

carbon coating reduces the surface energy of 

particles, helps chemical bonds to lead to the 
formation of organic matters, and greatly affects 

the electromagnetic properties of materials. In 

biological applications, the coating also reduces 
the toxic effects of metal nanoparticles. In 

addition, the range of methods to create these 

particles is much wider. Therefore, the carbon is 

a common surface coating material for metal 
nanoparticles. This is a functional issue, for 

example the following examples can be 

mentioned: carbon coating in particles may be 
tens of nanometers thick and be amorphous or 

graphite. Other materials used in the coating of 

particles include polymers and silica. These 

coatings can be applied separately after 
production of nanoparticle or using a liquid 

method, on the nanoparticles. Of course, among 

the materials used for coating, carbon is one of 
the important materials. 

Nickel oxide is of the transition metal oxides. 

Several studies have been conducted in recent 
years on the interesting electronic and magnetic 

properties of these materials [5]. NiO is an anti-

ferromagnetic material with a Neel temperature 

over 524 ˚K [6]. Neel temperature of other anti-
ferromagnetic transition metal oxides, is near or 

below room temperature. Therefore, 

investigation of the magnetic properties of 
nickel oxide is very interesting. In a pure ion 

image, nickel ions have an electron 

configuration of 3d
8
 with the +2 ionic charge, 

and oxygen atoms with electron configurations 

as 2P
6
 and ionic charge of -2. Since the d band 

of nickel is not completely filled, nickel oxide 

must be a conductor. However, the volume 
sample of nickel oxide (NiO) has a very high 

resistance and acts as a nonconductor. Nickel 

oxide conductivity is very low at room 
temperature and is of the order of 10

-11
ohm

-1
 m

-1
 

[7]. Nickel oxide band gap has been reported 

about 3.5eV to 4 eV in the literature. This wide 

band gap seems to be resulted from a strong on-

site repulsion between 3d electrons of nickel, 
which increases the energy of one ion Ni with 

another one, such as ninth electron of 3d [8]. 

Nickel oxide conduction is inhibited by various 
impurities and lattice defects which exist even in 

the best crystal growth states. Li
+
 impurities are 

commonly used to reduce NiO resistance. For 
charge neutrality, one Ni

2+ 
ion is produced per 

Li
+
 ion in the network. An O

2-
 vacancy can be 

replaced by two Li
+
 ions. Since an ion Ni

3+
, is 

equivalent to a Ni
2+

 ion with an additional hole, 
Li

+
 impurity atoms acts as acceptors and 

conductivity type is p. In non-doped samples, 

the conductivity is p-type as well, which 
indicates that the single capacity impurities are 

suitable to increase the conductivity of nickel 

oxide. In the Stoichiometricnickel oxide, there is 
no Ni vacancy and thus is a nonconductor. But 

in non-stoichiometric nickel oxide thin films, 

conductivity increases significantly due to holes 

created through Ni vacancies in the network. 
Resistivity of nickel oxide films depends on 

Cation vacancy density (Ni) [9]. Nickel oxide 

layer resistance decreases by increasing Ni
3+

 
ions [10 -23]. 

The most important of these elements in general 

are, lead, cadmium, chromium, cobalt, mercury, 

nickel, zinc, vanadium and other metals that are 
associated with toxic contamination.  It can be 

said that the distribution of cobalt is very much 

in the body of living things and is in charge of 
different functions in plants and animals. Its 

little amount in the water is toxic for bacteria 

and single-celled organisms. Cobalt is one of the 
minor metals required in trace amounts in 

formation of the erythrocytes and hemoglobin, 

also its existence is essential for a number of 

oxidizing enzymes such as Katalaz, peroxidase 
and cytochrome oxidase, and others.   Cobalt is 

important in cases such as preserving immune 

function of the body, bone strength, red and 
white blood cell development, cholesterol and 

glucose metabolism, preventing inflammation 

damages, maintaining a healthy heart and brain 
development.  In 2005 Kasla et al, developed a 

new method for determination of trace amounts 

of cobalt using a coupled flow injection system 

and using solid phase extraction and FAAS as 
detector. Under optimal conditions of pH = 9 

and leaching with hydrochloric acid 0.2 molar 

with preconcentration volumes of 2.13 and 4.26 
ml, detection limit values of cobalt has been 

reported respectively as 1.1 and 0.9 ml/g, the 

relative standard deviation as 1.0 and 5.3%, 
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respectively, and sampling frequency of 25 and 

13 samples per hour [24].  El Sheikh in 2008, 
measured cobalt (II) in piping water, reservoir 

water, and river water by flame atomic 

absorption spectroscopy. Activated carbon 
(oxidized by nitric acid, hydrogen peroxide and 

ammonium per sulfate) as solid phase was 

compared with oxidized and raw carbon 
nanotubes. Multi-walled nanotubes of external 

diameter of 10-30 and a length of 5 m were used 

– the detection limit was obtained as 9-37ngl
-1

 

[25].  In 2009 Khosravan et al, used a column 
filled with silica gel modified with 2-Amino 

thiophenol for pre-concentration of cobalt with 

FAAS. In this method, the inhibited cobalt filled 
in the ambient with PH = 5 in a glassy column, 

has been leached with absorbent material with 

nitric acid detergent with a flow rate of 2 ml per 
minute. In this method, the detection limit and 

relative standard deviation of seven repetitive 

measurements for concentrations of 0.1 mg per 

liter, were obtained respectively as 0.125 nano-
grams per milliliter and 1.8% [26].   Ozkan et al. 

in 2010, measured Co (II) in water and food 

samples by flame atomic spectroscopy. Multi-
walled carbon nanotubes with outer diameter of 

15-65 nm and a length of 10-50 mm were used. 

Solid phase extraction was carried out steadily 

in the column. The limit of detection was 
obtained as 3.5 ngL

-1
and the recovery 

percentage as 99% [27].  In 2014, Mr. Pourreza 

and Rastgarzadeh studied nano-TiO2 modified 
with MBT as a new absorbent for 

preconcentration of cadmium and cobalt. They 

adsorbed metal ions on the TiO2-MBT 
nanotubes, washed with nitric acid and 

examined with flame atomic spectrometry. This 

procedure was used for determining the 

cadmium (II), cobalt (II) and Pb (II) in water 
samples and ore.  

Detection limit for cadmium, cobalt, and lead 

was respectively, 0.12, 0.15, and 1.38 ngml
-1

 
[28].  In 2015, a new method of solid-phase 

extraction was provided for description of cobalt 

(II), cobalt (II) and Ni (II) covered with silica 
gel as an adsorbent. The proposed method can 

be suggested as an accurate, easy and 

inexpensive way to determine cobalt (II), cobalt 

(II) and nickel (II) [29].  In 2016, Zhou et al., 
proposed a simple method for solid-phase 

extraction of chromium (III), iron (III), cobalt 

(II) and manganese (II) in wastewater by 
graphene oxide carbon nanotubes. The limit of 

detection based on the GO-MCNTs-DETA, has 

been reported respectively 16, 50, 24, and 

1.38ngml
-1

, respectively for chromium (III), iron 

(III), cobalt (II) and manganese (II) [30]. 

In the present work, modified nano structured 

nickel oxide was employed for production of 

solid phase. The synthesized and characterized 
new sorbent modified nano structured nickel 

oxide was utilized for preconcentration of cobalt 

(II)  from water samples. Determination of 
cobalt (II) concentration was achieved by FAAS 

after preconcentration procedure.  

EXPERIMENTAL 

Instrumentation 

Determination of Co
2+ 

by PG-990flame atomic 

absorption spectrometer equipped with HI-HCl 
according to the recommendations of the 

manufacturers. These condition are tabulated in( 

Table 3). The pH measurements used by 

Sartorius model PB-11.  

Chemicals and Reagents 

Co(NO3)2  were prepared from Darmstadt, 

Germany of Merck , Method and dried for a 
week over phosphorus pentoxide in a vacuum 

desiccators before use. 4-

Isocyanatobenzenesulfonyl azide was prepared 

from 4-carboxybenzenesulfonyl azide via a 
published procedure [17]. All solutions were 

prepared with doubly distilled deionized water 

from Darmstadt, Germany of Merck. C18 
powder for chromatography with diameter of 

about 50 µm obtained from Katayama 

Chemicals from Supelco. It was conditioned 
before use by suspending in 4 M nitric acid for 

20 min, and then washed two times with water.  

Preparation of Solutions and Standards 

Preparation of Co
2+

solution with a concentration 
of 1000ppm: was prepared solving 0.33 grams 

of cobalt nitrate and bringing to the volume of 

100 mL. Required solutions were prepared by 
diluting the stock solution. 

Through consecutive dilution of1000ppm 

solution, solutions with concentrations of (100, 
50, 10, and 2 ppm) were prepared, and from 10 

ppm solution, solutions with concentrations of 

(10, 5, 3, 1, 0.5 ppm) were prepared as standard. 

Method of Preparation of Nano Nickel Oxide 

For this purpose, the three following solutions 

were provided. 

Beaker A: 0.46grams of nickel chloride is 
dissolved in 20 ml of distilled water. 
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Beaker B: 2 g of CTAB is dissolved in 200 cc of 

distilled water. 

Beaker C: 3 g of NaHCO3 is dissolved in 20 ml 

of distilled water. 

Then beaker A was stirred for 30 minutes with a 
stirrer and beaker B was added to it drop by 

drop. After one hour of stirring, beaker C was 

added drop by drop, then after one hour of 
stirring, the sediment was separated from the 

funnel and then rinsed with distilled water and 

ethanol, then dried in a 100 °C oven for 3 hours 

and then was placed in the oven for 2.5-3 hours 
at 600 degrees, until the deposition of nickel 

oxide nanoparticles obtained [31].Here CTAB 

has the molecular framework and is used for the 
stability of the structure of nickel oxide and 

nickel oxide particles’ small dimensions, and 

because of being an organic material, burns and 
disappears during the reaction.The formation 

mechanism of nano nickel oxide with the 

deposition method is as follows: 

NiCl2+ NaHCO3  →  NiCO3 + NaCl + HCl 

NiCO3  →  NiO + CO2(after the furnace) 

Initial Co2+Extraction and Recovery Test to 
Determine the Appropriate Ligand 

Extraction and recovery of cobalt ion by nickel 

oxide nanoparticles is as follows: 50 mL of 2 
ppm solution was provided in pH of 2.5 set 

relative to Co
2+

, and 0.05 g of nano-nickel oxide 

and (100ppm) 2mL of lig and were added to it. 
The resulting mixture is placed inside the shaker 

for 20 minutes, and at a speed of 150 and 

temperature of 25 °C, and then the mixture is 

centrifuged, and the concentration of Co
2+

was 
measured by flame atomic absorption 

spectrometry. This experiment is performed 

once more without adding ligand. 

Effect of pH on the extraction and recovery of 

Co2+ 

To investigate the effect of pH on Co
2+

ion 

adsorption, first a number of2ppm solutions of 

volume 50 mL relative to Co
2+

were prepared, in 

which the effect of aqueous solution on recovery 

of ion Co
2+

 at pH 2, 2.5, 3, 4, 5, 6, 10 was 

examined. The buffer was used to adjust the pH. 

The method applied to adjust the pH of the 

solution was as the 2ppm solutions are poured 

inside the beaker and pH meterelectrode is 

floated inside it and by adding highly suitable 

volumes of buffer, the pH is set to the desired 

values (2, 2.5, 3, 4, 5, 6, and 10).After adjusting 

the pH of the solution, 0.05g of nano nickel 

oxide absorbents was added to each solution, 

and were placed for 20 minutes in the shaker, 

and then the above mixture was centrifuged and 

the solution above the test tube was put aside 

and the concentration of Co
2+

 inside it was 

measured by the flame atomic absorption 

spectrometry. 

Effect of adsorbent amount to recover Co2+ 

First, 7 solutions of 1.0 ppm with a volume of 

50 mL relative to Co
2+

, were prepared and 

poured within seven flasks and the solutions 

were adjusted at a pH of 5 (optimum pH), and 

different values of nano nickel oxide (0.01, 0.05, 

0.07, 0.09, 0.11, 0.15, 0.2 g) were added, and 

were placed into a shaker for 20 minutes and 

then, the above mixtures were centrifuged, then 

the solution above the test tube was measured 

by flame atomic absorption spectrometry. 

Stirring effect on the extraction and recovery of 

ion Co2+ 

For this purpose, first 5 balloons were selected, 

and 0.5 ml of 100 ppm cobalt nitrate solution 

along with1 mL of buffer 5 were poured into 

each solution and were reached to the volume. 

Then, 0.07g of adsorbent was added to them and 

were placed inside the shaker for times (25, 15, 

10, 6, 2) minutes, then were centrifuged and the 

top solution absorption was determined by 

flame atomic absorption spectrometry. 

Effect of different detergents to recover ion 

Co2+ 

First, 6 solutions of 1.0 ppm with a volume of 

50 mL relative to Co
2+

, were prepared and 

poured within six flasks and the solutions were 

adjusted at a pH of 5 (optimum pH), and 0.07g 

of nano nickel oxide was added, and were 

placed into a shaker for 15 minutes and then, the 

above mixtures were centrifuged, then the top 

solution is put aside and the sediment obtained 

is poured into the flasks and into which, 7mL of 

the following detergents HNO3(0.1M), 

HNO3(1M), HNO3(3 M), NaOH (0.1 M), 

H2SO4(0.1 M), andH2SO4(0.1 M) were added 

and then put inside the shaker for 20 minutes 

then the resulting mixture was centrifuged and 

the concentration of Co
2+

 of the top solution of 

the test tube was measured by flame atomic 

absorption spectrometry. 
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Optimizing volume of the eluting solvent to 

recover Co2+ ion  

In order to select the suitable solvent volume to 

recover ion Co
2+

, first inside 5 small flasks, an 

amount of 50 mL of 1.0 ppm solution relative to 
Co

2+ 
adjusted at a pH of 5, and 0.07g of nano 

nickel oxide was added to each of them, and 

were placed into a shaker for 15 minutes and 
then, the above mixtures were centrifuged, then 

the top solution is emptied and the sediments are 

poured into the 5 flasks and into which, volumes 

of (5, 7, 9, 11 and 13 mL) of 1M nitric acid 
(optimal detergent) are added and the mixture is 

centrifuged for 20 minutes and then is put inside 

the shakes and finally, Co
2+

 ion concentration of 
the solution above the centrifuge tubeis 

measured by flame atomic absorption 

spectrometry. 

Effect of the volume of the sample solution 

(determination of the break through volume) 

After finding the best value of sample solution 

pH and suitable solvent detergent for thorough 
washing of cobalt (II) off the adsorbent, the 

maximum volume of aqueous solution 

containing ion cobalt (II) must be determined. 
To investigate the effect of the volume of the 

sample, 6 solutions of 1 ppm cobalt nitrate 

solution were prepared at the optimum 

conditions other than pH adjustment, nothing 
was added to the first solution, but 350, 200, 

150, 100, 50 ml of distilled water were added to 

the first solutions, and the pH was adjusted and 
then, was stirred inside the shaker for 20 

minutes (optimal time) and then the mixture was 

centrifuged, and finally, was placed back into 
the shaker and washed with 7 ml of 1M nitric 

acid for 20 minutes. In the following, the 

mixture was centrifuged and then the cobalt ion 

concentration in the top solution of centrifuge 
tube was measured by flame atomic absorption 

spectrometry. 

Determination of standard deviation of the 
control (Sb) 

First, 4 solutions were made with optimal 

conditions, then the 5 and 0.07 grams buffer of 
absorbent were added to them, and brought to 

the volume. By pH meter, pH was set to 4.9-5 

and was stirred inside the shaker and 

centrifuged, and the supernatant was removed 
and 7 cc of 1Mnitric acid was added to the 

absorbent and placed back into the shaker. The 

mixture was centrifuged, and the absorption was 

measured by flame atomic absorption 

spectrometry. 

Determination of the accuracy and repeatability 

of the method (% RSD) 

To determine the accuracy, first 4 solutions 
were made with optimal conditions, then the 5 

and 0.07 grams buffer of absorbent and stock 

solution were added to them, and brought to the 
volume. By pH meter, pH was set to 4.9-5 and 

was stirred inside the shaker and centrifuged, 

and the supernatant was removed and 7 cc of 

1M nitric acid was added to the absorbent and 
placed back into the shaker. The mixture was 

centrifuged, and the absorption was measured 

by flame atomic absorption spectrometry. 

Linear range and calibration curve 

To determine the linear range, first 50 ml of 

solution (800, 500, 200, 100, 80, 40, 20, 10 ppb) 
relative to Co

2+
 in the pH of 4.9-5 set, were 

poured into 8 balloons and  0.07g of nano nickel 

oxide was added to each of them, and were 

placed into a shaker for 20 minutes and then, the 
mixture was centrifuged, and thenfinally washed 

with 7mLof 1M nitric acid and at last, the 

mixture was centrifuged andCo
2+

 ion 
absorptionin the solution above the centrifuge 

tube was measured by flame atomic absorption 

spectrometry. 

Disturbances on the extraction ofCo2+ ions 

To investigate the effect of disturbing other ions 

on the extraction of ions Co
2+

, a number of 

1ppm solutions relative to Co
2+

set in pH 5 set, 
were prepared with volume (limit volume) and a 

certain amount of disturbing factors and diverse 

ions were added in the initial solution and then, 
the amount  0.07g of nano nickel oxide was 

added to each of solutions, and were placed into 

a shaker for 15 minutes and then, the mixture 

was centrifuged, and then finally washed with 
1M nitric acid and were placed into the shaker 

for 20 minutes and then, the Co
2+

 ion 

concentration in the solution above the 
centrifuge tube was measured by flame atomic 

absorption spectrometry. 

Application on real samples 

Once the extraction is completed with nano-

oxide and optimal conditions for which were 

found, several water samples were analyzed. 

Real samples studied include: drinking water, 
well water, water for fish farming. First, 6 

balloons of 100 ml volume were prepared for 

sampling of each sample. The bottles were 
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rinsed with tap water and distilled water, after 

completing drying of balloons, the appropriate 
label was attached on them. To take water 

samples, previously cleaned and dried beakers 

were used. To start the analysis of samples, the 
colloidal and suspended particles must be taken 

into consideration; to do this, samples are then 

passed through a 0.45μmfilter, then to 3 of 
bottles, the drinking water, well water or water 

for fish farming with 2 ml buffer 5 and 0.07 

grams of absorbent are poured and into 3 other 

bottles,0.5 mL of 50 ppb stock solution are 
added, stirred for 15 minutes and the mixture is 

centrifuged and finally, washed with 1M nitric 

acid and was placed into the shaker for 20 
minutes and then, after centrifuging the mixture, 

absorption of the cobalt ion in the solution 

below the filter was determined by flame atomic 
absorption spectrometry. 

RESULTS AND DISCUSSION 

Assessment of the Results of FT-IR and XRD Spectrums 

Figure 1.shows the nano nickel oxide Fourier transform infrared spectrum. 

 

Figure1. Nano nickel oxide Fourier transform infrared spectrum after the absorption 

The IR spectrum of nickel oxide nanoparticles 

prior to peak absorption can be seen in the area 
of 1620 cm

-1
showing that OH molecule is 

trapped between Ni and O, and peak observed in 

the area 3421 cm
-1

and 2925 cm
-1
, is related to 

the OH functional group which can be attributed 
to water molecules absorbed by NiO. 

 

Figure2. Nano nickel oxide Fourier transform infrared spectrum before the absorption 

In figure 3,the new peak can be seen also in the area of1620 cm
-1

 which represents cobalt metal and 

the area of 1424 cm
-1

represents nitrate as well. 
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Figure3. Cobalt (II) Fourier transform infrared spectrum 

This figure shows that cobalt, is absorbed to 
nano nickel oxide. The two peaks identified in 

the areas 1400-1500 cm
-1

, denote cobalt and 

nitrate, respectively. And peak 2920 cm
-1

 is 
related to OH stretching vibration. 

Here Scherrer equation was used to determine 

the size of nano-nickel oxide. The equation is as 

follows: 

𝜏 =
𝐾𝜆

𝛽 cos 𝜃
                                                                                                                                 

(1-1) 

τ: average crystallite size (nm), K: crystal form 
factor (usually 0.9is considered), λ: wavelength 

of X-ray tube producer (nm), β: peak width, θ: 

diffraction angle. 

 

Figure4. Images of XRD spectra of cobalt ion 
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The following figure shows the diffraction pattern of nano-nickel oxide, which the diffraction peak 

of2Ɵ= 26.5can be observed. 

 

Figure5. Images of XRD spectra of nano-nickel oxide before the absorption 

XRD spectra of this combination is three peaks with very high intensity, which is related to the nano 

nickel oxide, which shows the strongest peak in the region of 2Ɵ= 43.34, and a very weak peak in the 

region of 79.43 degrees, which has respectively, a very sharp and small peaks. 

 

Figure6. Images of XRD spectra of nano-nickel oxide after the absorption 

Assessment of the Results of SEM Images 

The following figure shows SEM images of nano-nickel oxide. 
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Figure7. Images of SEM of nano-nickel oxide before the absorption 

Also the figure after SEM image absorption, shows deposition of the desired metal on nano nickel 
oxide; it can be concluded from the above images that the thickness of plates has increased. 

 

 

Figure8. Images of SEM of nano-nickel oxide after the absorption 

Results of TGA spectrum 

The results of the TGA spectrum in the two 

steps before and after absorption of cobalt are as 

follows.

 

Figure9. TGA spectrum of nano-nickel oxide before 

the absorption 

As can be seen, in this spectrum in temperatures 
of 25 to 210 °C, half of crystallized water 

(8.8%) and in the second step, at a temperature 

of 210 to 400 °C, removal of water from 
Ni(OH)2 and conversion into NO nanoparticles 

and 17.7 percent weight loss can be seen. 
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Figure10. TGA spectrum of nano-nickel oxide after 

the absorption 

In TGA spectrum after the absorption, the  

Change is only seen in one step, which 

represents cobalt absorbed by the nano absorber. 

Investigation of parameters affecting the 
extraction and recovery of ion Co2+ 

Investigation of effect of pH on extraction and 

 recovery of ion Co2+ 

The results of this survey were demonstrated in 
(Table 1) and (Figure 13), as the results show in 

pH = 5, absorption percentage and recovery of 

cobalt ions reach the maximum and at lower and 
higher pHs, the absorption rate decreases will, 

which specifies that the extraction in the 

amounts of pH>5, can be reduced by nano 
nickel oxide and in pH<5, inhibition of ions 

cannot be completely done. 

Table1. Recovery percentage changes in terms of pH of the sample solution relative to the cobalt (II) 

Recovery percentage pH 
a(0.9)25 2 

 (0.6) 25.5 2.5 

 (0.7)99.5 3 

 (0.3)97.7 4 

 (0.9)93.85 5 

 (0.6)93.85 6 

 (0.5)77.7 10 

a) RSD of measurements after 3 times of repetition 

 

Figure11. Recovery percentage changes ofcobalt ion 
recovery relative to pH 

Assessment of the effect of nano nickel oxide to 

recover Co2+ 

The results of this survey were demonstrated in 
(Table 2) and (Figure 12), as the results of the 

table show, in the amount of 0.07grams of nano-

nickel oxide, absorption percentage and cobalt 

ions recovery have reached the maximum. 

Table2. Recovery percentage changes of absorbent grams relative to Co (II) ion 

Adsorbent dosage (mg) Recovery percentage 

10 34.8 (1.2)a 

50 77.1 (0.9) 

70 89.6 (1.6) 

90 89.3 (0.8) 

110 83.6 (1.2) 

150 87.9 (1.6) 

200 92 (1.5) 

a) RSD of measurements after 3 times of repetition 

 

Figure12. Recovery changes of cobalt ion 

percentage recovery relative to absorbent 

Assessment of the effect of mixing time to 
recover Co2+ 

The results of this survey were demonstrated in 

(Table 3) and (Figure 13), as the results of the 
table show, within 15 minutes of stirring, the 

maximum absorption and recovery of cobalt 

ions is carried out by nano nickel oxide. 

Effects of different types of detergent to recover 
ion Co2+ 

According to the results of (Table 4), sodium 

hydroxide cannot be used as an appropriate 
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detergent and these bases do not have full power 

of washing, so the mineral acids with certain 
concentrations were used, includingH2SO4 and 

HNO3. According to (Table 5), the results show 

that all the acids are of good washing power for 
cobalt ions, but the percentage recovery of nitric 

acid is far more than that of other acids. Acidic 

environment causes solution of the possible 

deposition and increased recovery of these ions, 
but the results obtained in the case of HNO3, 

were better than H2SO4 acid. So that its 1M 

solution washed 102.47 percent the cobalt ions 
from the adsorbent. So to continue studies, 1M 

nitric acid was used as a detergent solution. 

Table3. Recovery percentage changes of stirring time relative to Co (II) ion 

Stirring time (min) Recovery percentage 

2 83.98 (2.9)a 

6 87.52 (1.9) 

10 94.05 (1.3) 

15 95.51 (0.5) 

25 91.18 (1.8) 

a) RSD of measurements after 3 times of repetition 

 

Figure13. Change curve of cobalt ion percentage recovery relative to stirring time 

Table4. Choosing the appropriate detergent to recover cobalt (II) 

Disadsorption percentage 

 

Solvent 

79.21 (0.5)a H2SO41M 

101.47 (0.2) H2SO40.1M 

92.17 (0.3) HNO33M  

102.47 (0.3) HNO31M  

66.89 (0.4) HNO30.1M  

78.22 (0.8) NaOH0.1M  

a)RSD of measurementafter 3 times of repetition 

 

Figure14. Change curve of cobalt ion recovery 

percentage relative to different detergent solutions 

Assessment of optimizing the effect of detergent 
solvent volume to recover ion Co2+ 

After the assessment and selection of the 

optimal detergent, the volume of this solvent 

was evaluated and the results are collected in 
(Table 5) and (Figure 17), the 7 mL volume of 

nitric acid was selected as the optimal volume 

for washing. 

Assessment of the effect of the volume of the 

sample solution (determining the limit volume) 

After optimizing the parameters of the sample 
solution pH and solvent detergent and so on, for 

thorough washing of cobalt (II) off the 
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adsorbent, the maximum volume of aqueous 

solution containing cobalt (II) must be 

determined.

Table5.Determination of the optimal volume of detergent solvent 

Solvent volume Recovery percentage 

5 ml 94.19 (1.5)
a 

7ml 98.31 (1.9) 

9 ml 99.8 (2.4) 

11 ml 99.7 (0.9) 

13 ml 99.8 (1.3) 

a)RSD of measurementafter 3 times of repetition 

 

Figure15. Recovery percentage change based on 

changes in the volume of solvent detergent 

The limit volume for pre-concentration is 

referred to a volume which crossing more than 

this volume from the solid phase, all of the 

analyteions on the sorbent, are not kept and 
some of the ions of the analyte pass on them 

without being hampered, while if the volume of 

test solution is less than the limit volume, by 
passing this volume, all  of analyte ions are kept 

on the solid phase. The results of (Table 6) and 

(Figure 18) show that up to the volume of 250 
mL, ions are absorbed to the nano adsorbent and 

if the sample volume is greater than this value, 

some of cobalt (II) were not kept on the 

adsorbent will pass the adsorbent without 
retention. According to the definition of the 

limit volume, it can be said that the limit volume 

in this test is 250 mL and if the volume of the 
sample solution which contains cobalt (II), is 

more than 250 mL, Cation absorption is not 

completely done, and if the sample size is400 
mL and pass over the sorbent and is then 

washed with 7 mL of detergent solution, the 

concentration factor of 36 is achieved. Namely, 

the concentration of cobalt ion in 7 mL of 
detergent solution passed over the absorber, 

becomes 36 times of the cobalt concentration in 

the initial test solution. According to (Table 6), 
limit volume calculations are as follows 

Table6. of the effect of the solution volume in the 

sample 

Recovery percentage Total volume (mL) 

97.2 (2.3)A 50 

96.35 (1.7) 100 

96.8 (1.5) 150 

97.6 (2.1) 200 

96 (1.9) 250 

49.8 (1.8) 400 

a)RSD of measurement after 3 times of repetition 

 

Figure16. Determination of the limit volume on the 

determination of cobalt (II) 

Condensation Factor 

=
limit volume

detergent solution volume
 

Condensation Factor = 250.7 = 36 

Table7.calibration curve to measure the cobalt (II) ion 

Primary standard solution concentration(µg/L) 

ppb 

Absorption of the main concentrations according to 

the calibration curve of the device 

10 0.415 (0.6)A 

20 0.514 (0.4) 

40 0.843 (0.1) 

80 1.254 (0.1) 

100 1.155 (0.1) 

200 1.922 (0.1) 
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500 4.125 (0.3) 

800 6.57 (0.4) 

a)RSD of measurement after 3 times of repetition 

Linear range and calibration curve method 

To determine the linear range in the analysis, it 
is necessary to draw a calibration curve. This 

graph is not linear at all concentrations, and 

several factors cause the calibration curve to be 
linear in the range and follow the Birlaw. 

According to (Table 7) and (Figure 17), 

calibration curve method is as follows and 
equation of the line is asY = 0.0075 X + 0.4469 

and R
2
 = 0.9975. 

 

Figure17. Calibration curve of the proposed method 

Assessment of the effect of disturbances on the 
measurement of ion Co2+ 

Disturbing ion is defined as an ion which causes 

certain change more than ±5 % in cobalt 

absorption and recovery. To investigate the 
effect of disturbing other ions on the extraction 

of cobalt ions, a certain amount of disturbing 

factors are added, and the experiment and 
investigation are performed in the limit volume. 

Recovered solution absorption is measured by 

flame atomic absorption and is compared by 
absorbing the solution resulted from the sample 

recovery which is without disturbing ions. As 

can be seen in (Table8), in the presence of 

external ions, cobalt recovery is performed with 
changes of ± 5% and the external ions have little 

effect on the measurement and do not disturb. 

Table8. Effect of disturbing ions on the recovery of cobalt (II) 

Recovery percentageCo(II) Added value (ppm) Ions 

93.08 (1.6)a 100 Mg2+ 

89.84 (0.9) 5 Zn2+ 

90.34 (2.5) 200 Na2+ 

92.90 (1.9) 200 K+ 

102.08 (0.6) 5 Pb2+ 

96.16 (2.1) 5 Co2+ 

a) RSD measurement after 3 times of repetition 

Determination of Control Standard Deviation 

(Sb) 

Repeatability or accuracy of each method is an 
important factor in determining its validity and 

reliability. To evaluate the repeatability of the 

method, results of the four blank solution 

(deionized water) are collected in (Table 9). 

Table9. Preparation of blank solution and determining Sb 

Device response Sample 

0.023 (0.8)A 1 

0.015 (0.8) 2 

0.017 (0.1) 3 

0.024 (0.6) 4 

According to the results obtained in (Table9), blank standard deviation is obtained as follows:Sb=0.004425 

Determining detection limit of the method 

The lowest concentration or weight of the 
sample measured by a specified confidence 

level, is called the detection limit, which is 

defined as follows. A method detection limit, is 
a concentration of the test sample the device 

response of which is significantly different from 

the control response, which is defined as 

follows: The concentration of the test sample the 
signal of which is equivalent to the blank signal 

plus three times the standard deviation of the 

solution. The limit of detection is the least 
amount of cobalt ions whom the proposed 

method is able to detect. According to the 
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definition given, limit of detection (LOD) can 

be calculated by the following equation: 

LOD =
3 × Sb

m  
  Where, Sb is the blank signal standard deviation 

and m is the calibration curve slope. According 

to tests carried out, Sb=0.004425and the 
calibration curve slope is equal to 0.0075. 

As a result, the detection limit can be calculated 

as follows: 

𝐿𝑂𝐷 =
(3 ∗ 0.004425)

 0.0075 
= 1.77μgL−1 

The detection limit of the method was obtained 

as 1.77μgL−1 

Determining the accuracy and RSD% of the 

method 

This parameter is to verify the accuracy of the 
test data and near study data. According to the 

results of (Table 10), ،X   or average recovery 

and standard deviation S are calculated for 3 

times of measurement and relative standard 
deviation (RSD) for 3 times of measurement are 

obtained. 

Table10. Determining the RSD of the method 

Absorption sample 

0.537 (0.3)A 1 

0.545 (0.3) 2 

0.540 (0.4) 3 

%R=  
𝑆

X 
× 100   %RSD =0.00404/0.54066×100= 

0.75% 

Assessment of the results obtained on real 
samples 

Once the optimal conditions of the method were 

obtained, to verify the applicability of the 
method on real samples, the amount of cobalt in 

several different water and biological samples in 

the limit volume (250mL) was measured. In the 
first stage, the sample itself without raising a 

certain amount of cobalt (II) ion of the method, 

absorption and cleaning were done and injected 

to the device, which showed insignificant 
absorption. In the second time, with the increase 

of cobalt (II) ion according to the proposed 

method, the condensation and separation were 
carried out. In fact, to determine a certain 

amount of cobalt in water samples, the standard 

additions method was used. The results of this 

analysis are shown in (Table 11).As seen in 
water samples, the water for fish farming 

compared to water samples tested, the greater 

amount of cobalt exist, but in samples of well 
water a smaller amount of cobalt is available; 

the performance and power of preconcentration 

and determination of cobalt can be realized. In 
the case of fish farming water, a considerable 

amount of cobalt was found, which has been 

investigated with flame atomic absorption 

spectrometry device, and this device can be used 
to measure cobalt in water samples. 

Table11. Results of cobalt measurements on real samples 

Cobalt (II) found in (µg) in flame atomic 

absorption 

g)µCobalt (II) added ( Sample 

1.12 (3.0)A 0 drinkable water 

51.21 (2.3)A 50 

N.DB 0 Well water 

49.8 (1.8)A 50 

4.1 (1.7)A 0 Fish Farming 

54.3 (2.6)A  50  

   

Assessment of the analytical parameters 

In (Table 12), some analytical parameters such 

as the concentration factor, limit of detection, 

correlation coefficient and calibration equation 
for flame atomic absorption spectrometry 

method are given. 

In the analytical methods, a method is more 

appropriate that the analytical parameters of 

which such as detection limit and the 

concentration factor have lower results. The 
present method with a detection limit of 1.77 

and the concentration factor of 36, is a relatively 

good method. 

Table12. Analytical parameters of the proposed method 

Analytical parameters Parameter 

1.77 Detection limit 

36 Concentration factor 
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Comparison between the proposed method and 

other methods 

According to the results of (table 13), the 

superiority of this method compared with other 

methods is in this case that the absorbent used in 
this method: 1) has high characteristic surfaces, 

which is a key factor in choosing this material 

for use as absorbent of metal ions. 2) Adsorbent 

used in the proposed method is able to be 

recovered, that is able to be tested many times. 

3) Another advantage of the proposed method 
compared to other methods which can be seen in 

the table below, is that the speed of the proposed 

method is more than the 105 reference, and a 
detection limit of less than most proposed 

methods, and has concentration factor better 

than many other methods and is of easy 

technique and high accuracy. 

Table13. Comparison between the proposed method and other methods 

CONCLUSION 

The proposed approach compared to the 

methods which have been reported previously to 

isolate and measure the cobalt (II), has 
significant advantages including: This method is 

simple and cheap and is quickly used for 

environmental samples containing natural water. 
In addition, minimizes the use of toxic and 

expensive organic solvents. Also, the design and 

development of this method for 

preconcentration, separation and measurement 
of cobalt (II) due to its importance in various 

industries, and low concentrations of these ions 

in most cases, is a basic requirement. Therefore, 
the aim of this study is to provide an efficient, 

selective, inexpensive and easy way to measure 

the amount of cobalt (II) indifferent samples. (In 

this research, the amount of limit volume, the 
detection limit and RSD are obtained).Recent 

research showed that the measurement of cobalt 

(II) takes place at an acceptable level without 
any other disturbing agents, and therefore the 

proposed method can easily be used to measure 

the amount of cobalt (II) in water samples. 
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