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Abstract
The properties of many conventional materials change when formed from
nanoparticles. This is typically because nanoparticles have a greater surface
area per weight than larger particles which causes them to be more reactive to
some other molecules. Nanoparticles are used, or being evaluated for use in
many fields such as electronic, industry, medicine environment etc. In this
research, copper oxide nanoparticles prepared by sol-gel method and simple
method using fig leaves extract are used to remove cadmium and nickel ions
from dilute aqueous solution. In this field, a number of factors have been
studied for the effect of the time required to remove of ions to reach
equilibrium, weight of the adsorbent, pH of solution as well as the effect of
temperature on each metals ions percentage removal. The results indicated that
the best condition for removal of two metals ions were 0.1 g of copper oxide
nanoparticles at temperature 298K and pH of 6, contact time 15 and 30 minute
for FLEP.CuO.NP and SGP.CuO.NP respectively. The percentage removal
R% of Cd(II) and Ni(II) ions on (SGP.CuO.NP) adsorbent at ideal condition is
≈ 98 % , and that on (FLEP.CuO.NP) adsorbent at ideal condition is ≈ 99 %.
The experimental data of the Ni(II) and Cd(II) ions removal were analyzed by
Langmuir and Freundlich equations and the best models described removal of
ions on two adsorbents seem to be Freundlich one as noted from the
correlation coefficients values.
Keywords: Nickel(II) ions, Cadmium(II) ions, Copper oxide nanoparticles,
Fig leaves, Sol-gel.
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1. INTRODUCTION
Heavy metals are well specified contaminants for public health, animals and plants
because of its toxicity [1] . Inorganic effluent from the industries contains toxic metals
such as nickel , copper , lead, zinc, cadmium ...etc., which tend to accumulate in the
food chain [2]. Because of their high solubility in the watery environments, heavy
metals can be adsorbed by living organism. Once they enter the food chain, big
concentrations of heavy metals may accumulate in the human body causing health
problems [3]. subsequently, it is requisite to treat metal contaminate wastewater
before drainage to the environment[4]. Various remediation of technologies have been
advanced successfully for purification of water and wastewater polluted by heavy
metals[5]. The process of adsorption is counting as one of the most appropriate
methods of the removal of contaminants from water and a number of adsorbents have
been used for the removal of heavy metals ions from aqueous solution[6,7,8]. An
excellent adsorbent should have higher surface area and short equilibrium time, so
that it can be used to remove high amount of pollutants a short time. In addition, it
should not generate very high amount of sludge. Nano adsorbents could be employed
most effectively not only in a very low concentration range (≈1 ppm) of pollutants, as
well as in a high concentration range (≈1000 ppm)[9]. Nanoparticles can be
synthesized in form of oxides of various metals such as iron, copper, titanium,
manganese, magnesium, zinc, silica and aluminum. Metal elements have a distinct
property to form oxides with a large variety of structural and electronic
properties[10]. Metal oxide nanoparticles show higher extent of adsorption as
compared to natural sized oxide[11].
Here we focus on evaluation the possibility of using copper oxide nanoparticles
prepared by green method using salt of copper(II) and extract of fig leaves
(FLEP.CuO.NP) in purification of aqueous solution from nickel (II) and cadmium (II)
ions and comparing with those prepared by sol-gel method (SGP.CuO.NP).

2. MATERIALS and METHODS
2.1. Materials used
The materials used are copper oxide nanoparticles synthesized by two methods,
modified sol-gel and environmentally friendly green method using copper (II)
chloride dihydrate (supplied by Merck with purity 99%) and fig leaves extract[12],
nickel (II) chloride hexahydrate and cadmium (II) chloride monohydrate (supplied by
BDH chemical with purity 99%), sodium hydroxide (supplied by Alpha chemical with
purity 99%), hydrochloric acid (supplied by J.T.Baker with purity 36%).
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2.2. Preparation of adsorbate solutions
A standard solution of Ni(II) and Cd(II) ions (1000 mg/L) were prepared from nickel
(II) chloride hexahydrate and cadmium (II) chloride monohydrate in deionized water.
The solution was diluted to (1L). A series of concentrations (20-100 mg/L) were
prepared from this standard stock by usual dilution method.

2.3. Measurement of concentration of adsorbate
The concentrations of metal ions solution were determined using atomic absorption
spectrophotometer (AAS) type Aurora Instruments AI 1200 Flame/GF/VG, air/
acetylene flame. The measurements were carried out in laboratories of chemistry
department, college of science, Diyala university. Absorbance of these solutions were
measured at a wavelength (λ max) of 228.8 nm for cadmium and 232 nm for nickel in
order to determine the concentrations.

2.4. Adsorption studies
To a volumetric flasks containing 50 ml of Ni(II) ion or Cd(II) ion solution with
initial concentration of 100 mg/L with a pH of 6, 0.1 g of (SGP.CuO.NP) or
(FLEP.CuO.NP) were added, the flasks were shaken in thermostatically controlled
shaker at a constant speed of 150 rpm and at room temperature (298 K) at different
time intervals 15, 30, 45, 60, 75, and 90 minute. Samples filtered off before analysis
to prevent nanoparticles interference with analysis. The following factors influencing
the removal of the Ni(II) and Cd(II) ions by adsorption over (SGP.CuO.NP) or
(FLEP.CuO.NP) are studied: contact time, dosage of adsorbent, pH, and temperature.
The percentage removal (R%) was calculated using equation below[13]:
𝑹%=

( 𝑪𝒐 −𝑪𝒆 ).𝟏𝟎𝟎
𝑪𝒐

(1)

Where: (R%), the percentage removal of metal ions, (Co),initial concentration of
metal ions (mg/L). (Ce), concentration of adsorbate (cadmium and nickel ions) after
adsorption (mg/L).
The adsorption capacity of adsorbent was calculated [13] using equation (2):
𝑄𝑒 =

(𝐶𝑜 −𝐶𝑒 ).𝑉
𝑚

(2)

Where: (Qe), adsorption capacity of the copper oxide nanoparticle at equilibrium time
(mg /g). (V), volume of solution (L). (m), weight of adsorbent surface(g).
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3. RESULTS AND DISCUSSION
3.1. Adsorption studies
3.1.1 Effect of contact time on the removal of Cd (II) and Ni (II) ions
The effect of the contact time on the adsorption of Cd(II) and Ni(II) ions on the
(SGP.CuO.NP) and (FLEP.CuO.NP) was studied at (15, 30, 45, 60, 75, and 90)
minute at 298 K and pH = 6, concentration (100) mg/L of each metal ions. The effect
of contact time on the removal of Ni(II) and Cd(II) ions on (SGP.CuO.NP) and
(FLEP.CuO.NP) surfaces are explain in Figure (1). The results indicated that the
equilibrium time required for the adsorption of both ions on the (SGP.CuO.NP) and
(FLEP.CuO.NP) are almost 30 and 15 minute respectively. When we compared the
adsorption of Ni+2 and Cd+2 ions on the two surfaces, the (FLEP.CuO.NP) with
particle size (7.31 nm) show adsorption being better than (SGP.CuO.NP), with
particle size (21.11 nm) this is due to the small particles size. The decrease in particles
size of the adsorbent causes rising of its surface area which leads to create more active
sites on the surface of the adsorbent and this will correspondingly increase the
percentage removal of metal ions[14-16].
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Figure (1): Effect of contact time on the removal of Cd (II) and Ni (II) ions on the
(SGP.CuO.NP) and (FLEP.CuO.NP) surfaces at 298 K.

3.1.2. Effect of adsorbent dosage on the removal of Cd (II) and Ni (II) ions
The effect of adsorbent dosage on the adsorption process of the (SGP.CuO.NP) and
(FLEP.CuO.NP), was studied by using fixed concentration of Ni(II) and Cd(II) ions
and different weights of adsorbent (0.01, 0.05, 0.1, 0.15 and 0.2 g) at 298 K and pH of
6. The contact time was fixed at 15 minute for (FLEP.CuO.NP), and 30 minute for
(SGP.CuO.NP) with constant particle size. The results showed that the percentage
removal R% increased when the adsorbent dosage increased from 0.01 to 0.2 g. The
percentage removal of both ions increases with increase in adsorbent dosage is due to
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the greater availability of the exchangeable sites or surface area of the adsorbent[1719]. Figure (2) demonstrate the influence of adsorbent dosage on percentage removal
of the two ions from aqueous solutions which show that the optimum adsorbent
quantity for cadmium (II) and nickel (II) removal are (0.1 g), after 0.1 g the R% will
be increased somewhat[20-22].
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Figure (2): Effect of adsorbent dosage on the removal of Cd (II) and Ni (II) ions on
the (SGP.CuO.NP) and (FLEP.CuO.NP) surfaces at 298 K.

3.1.3. Effect of pH on the removal of Cd (II) and Ni (II) ions
The effect of pH on the percentage removal of the heavy metals (cadmium and nickel
ions) on the copper oxide nanoparticles surfaces prepared by fig leaves extract and
sol-gel, was tested at pH (2, 4, 6 and 8) and temperature 298 K, concentration of
Ni(II) and Cd(II) (100 mg/L), contact time of 30 and 15 minute for the
(SGP.CuO.NP) and (FLEP.CuO.NP) surfaces, consecutively and the adsorbent
quantity (0.1 g) . The acidic and alkaline pH of the media was maintained by adding
the required amounts of dilute hydrochloric acid and sodium hydroxide solutions. The
result showed that the removal of Cd(II) and Ni(II) ions on the (SGP.CuO.NP) and
(FLEP.CuO.NP) was maximum at pH of 6.The pH of metals solution plays an
important role in the whole adsorption process and particularly on the percentage
adsorption[23], from Figure (3) it is shown that percentage removal of metals ions by
(FLEP.CuO.NP) is better than (SGP.CuO.NP) at optimum pH value.
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Figure (3): Effect of pH on the removal of Cd(II) and Ni(II) ions on the
(SGP.CuO.NP) and (FLEP.CuO.NP) surfaces at 298 K.

3.1.4. Effect of temperature on the removal of Cd (II) and Ni (II) ions
The impact of temperature variation on the percentage removal of cadmium(II) and
nickel(II) ions on the (SGP.CuO.NP) and (FLEP.CuO.NP) has been studied at four
temperatures (298, 308, 318 and 333) K and pH of (6), quantity of adsorbent surfaces
(0.1g), the contact time was constant at (30) minute for (SGP.CuO.NP) and (15)
minute for (FLEP.CuO.NP). The experimental data and the general shape of the
adsorption Cd(II) and Ni(II) ions on the copper oxide nanoparticles are given in
Figure (4). The data reveal that as temperature increases, the percentage removal
decreases. Hence the adsorption process appeared as exothermic [24]. This means
that low temperatures are the favorite for adsorption of Ni(II) and Cd(II) ions on the
two surfaces. The cause for the decrease in the percentage removal of the Cd(II) &
Ni(II) ions may be that at higher temperature the increased stability of the adsorption
ion result in a desorption of the two ions and the interaction forces are weakened and
thus obviously favors a greater desorption [25].
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Figure (4): Effect of temperature on the removal of Cd(II) and Ni(II) ions on the
(SGP.CuO.NP) and (FLEP.CuO.NP) surfaces.
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3.1.5. Adsorption isotherms of Cd (II) and Ni (II) ions
The adsorption isotherms studies of Cd(II) and Ni(II) ions from an aqueous solution
on (SGP.CuO.NP) and (FLEP.CuO.NP) surfaces at ideal condition ( 0.1 g quantity of
copper oxide nanoparticles, temperature 298K and pH of 6, contact time 15 and 30
minute for FLEP.CuO.NP and SGP.CuO.NP respectively) and various initial
concentrations (20, 40, 60, 80, and 100)mg/L. The results are represented by the
initial concentration (Cₒ) of cadmium and nickel ions, and the equilibrium
concentration (Ce) measured at equilibrium state and the adsorption capacity (Qe)
values are calculated from the experimental data by using equation (2). The
adsorption capacity are plotted versus equilibrium concentration to obtain general
adsorption isotherms of Cd(II) and Ni(II) ions removal which are describe in Figure
(5) by using (SGP.CuO.NP) and (FLEP.CuO.NP).
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Figure (5): Adsorption isotherms of Cd+2 & Ni+2 ions using (SGP.CuO.NP) &
(FLEP.CuO.NP) surfaces at various initial concentrations

The results showed increase in adsorption capacities of the copper oxide nanoparticles
prepared by sol-gel and fig leaves extract with increase in equilibrium concentration
of solution, the general shape of adsorption isotherms at the two surfaces is of (L)
type on Giles Classification[26]. Increases in the initial metal concentration up to 100
mg/L results in an increase in the equilibrium uptake and a decrease in the adsorption
yield of both components. The initial concentration provides the necessary driving
force to overcome the resistances to the mass transfer for Cd(II) and Ni(II) ions
between the aqueous phases and solid phase. The increases in the initial concentration
also enhance the interaction between the metal ions in the aqueous phase and surfaces.

3.1.5.1. Langmuir isotherm model
Equation 3 for Langmuir isotherm [27] was applied for removal of cadmium(II) and
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nickel(II) ions from aqueous solution by using the copper oxide nanoparticles
prepared by sol-gel and fig leaves extract at various initial concentrations (20, 40, 60,
80, and 100) mg/L. Adsorption isotherms data for Ni+2 and Cd+2 ions removal on two
surfaces were plotted in Figures (6) and (7). The values of the Langmuir isotherm
constant (a) which is the monolayer adsorption capacity(mg/g) and (b) which is a
constant related to the energy of adsorption(L/mg) are calculated from the slope and
intercept of the plots Ce/Qe versus Ce and are shown in Table (1).
𝐶𝑒
𝑄𝑒

1

= 𝑎𝑏 +

𝐶𝑒

(3)

𝑎
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Figure (6): Linear Langmuir isotherm of Cd (II)&Ni(II) ions removal using
(SGP.CuO.NP) surface at various initial concentrations
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Figure(7): Linear Langmuir isotherm of Ni(II) & Cd (II) ions removal using
(FLEP.CuO.NP) surface at various initial concentrations
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3.1.5.2. Freundlich isotherm model
Freundlich isotherm equation (4) was applied [27] on adsorption of Cd+2 and Ni+2 ions
on the copper oxide prepared by sol-gel and fig leaves extract surface. Adsorption
isotherms data for two ions were plotted in Figures (8) and (9). The Freundlich
isotherm constant (Kf) which is the adsorption capacity of the adsorbent(mg/g), and
(n) is the adsorption intensity being calculated from the slope and intercept of the plot
of Log Qe versus Log Ce, with the results shown in Table (1).
Log Qe = Log kf + 1/n Log Ce ……… (4)
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Figure (8): Linear Freundlich isotherm of Cd (II)& Ni (II)ions removal on
(SGP.CuO.NP) surface at various initial concentrations
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Figure(9): Linear Freundlich isotherm of Cd (II) & Ni (II) ions removal on
(FLEP.CuO.NP) surface at various initial concentrations
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Table (1): Langmuir and Freundlich constants for the removal of Cd (II) and Ni
(II) ions using (SGP.CuO.NP) and (FLEP.CuO.NP) surfaces.
Models &
Metal ions
Langmuir
Cd (II)
Ni (II)
Freundlich
Cd (II)
Ni (II)

SGP.CuO.NP
a (mg/g)
66.225
75.758
n
1.742
1.543

b (L/g)
1.425
1.609
Kf (mg/g)
36.864
49.819

FLEP.CuO.NP
R2
0.980
0.985
R2
0.997
0.993

a (mg/g)
77.519
181.818
n
1.679
1.185

b (L/g)
3.225
1.146
Kf (mg/g)
73.097
129.419

R2
0.831
0.936
R2
0.984
0.988

The results indicated that the removal of Cd (II) and Ni (II) ions on two surfaces fit
well with Freundlich isotherm and this is because the adsorption take place on
heterogeneous sites with different distribution of energy levels[28,29]. The values
of (n) is higher than unity confirm the physical nature of the adsorption process on
both adsorbents as shown before[30].

4. CONCLUSIONS
Copper oxide nanoparticles prepared by sol-gel and fig leaves extract have a high
capacity for removing the cadmium and nickel ions from aqueous solution; however,
(FLEP.CuO.NP) shows the highest ability to do so. The percentage removal of Cd +2
and Ni+2ions increased rapidly with increase in contact time and reach equilibrium in
contact time 30 minute on to (SGP.CuO.NP) and 15 minute on (FLEP.CuO.NP)
surface. The (R %) of ions by two surface increase with increase in adsorbent
quantity. Adsorption of cadmium (II) and nickel (II) ions on copper oxide
nanoparticles prepared by sol-gel and fig leaves extract surfaces increased when the
pH of solution was increased from (2-6). For pH values above 6, the percentage
removal of two metal ions decreased. The percentage removal decrease with increase
in temperature. It was observed that adsorption of both ions on the two surfaces are
exothermic and the equilibrium data obtained for the removal of Ni (II) and Cd (II)
ions on (SGP.CuO.NP) and (FLEP.CuO.NP) surfaces were fitted to Freundlich
isotherms more than Langmuir isotherms.
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