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Heavy metal pollution has become one of the most important environmental problems. Heavy metal
pollution has properties that accumulate in nature and cannot be degraded. The aim of this work is
to study the effect of pH and temperature on the effectiveness of iron slag in removing copper ions
from aqueous solutions. The results indicated that the best removal of copper ions was at temperature
(25 °c), weight of the adsorbent (3.5 g), and pH (5). The best removal percentage was (99.55 %) at
the initial concentration of the solution. From these results iron slage can be used as reliable remover
of copper ions from wastewater and industrial wastewater
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Introduction:

Heavy metals are among the major pollutants of water sources [1].
Despite this, heavy metals are considered sensitive indicators for
monitoring changes in the aquatic environment. Due to human
industrial activities, the levels of heavy metals in the aquatic
environment are seriously increasing and have aroused great global
concern [2,3]. Some of these minerals are essential for the growth,
development and health of living organisms, while others are not
essential as they are indestructible and most of them are classified as
types that are toxic to living organisms [4]. However, the toxicity of
metals depends on their concentration levels in the environment. As
concentrations in the environment increase and the soil's ability to
retain heavy metals decreases, they leach into groundwater and soil
solution. These toxic metals can therefore accumulate in living tissues
and be concentrated throughout the food chain. Cadmium is
considered one of the most dangerous pollutants in the modern era
[5.6]. Copper is classified as a priority pollutant due to its adverse
health effects [7].

1.1. Copper's effects on the environment and human health
persistent inhalation of copper-containing spray has been associated

with a rise in lung cancer cases among workers who have been
exposed. The acceptable upper bound of in water, Cu (1) is 2.5 mg/L
[8]. The byproducts of industries like metallurgy are the main sources
of copper ions, preservation, plating, electronics plating, tanning,
corrosion inhibition, wire drawing, and printing operations [9]. Skin
and respiratory tract corrosion, lung cancer, inflammation, and other
health problems are brought on by exposure to copper dust and mist.
Workers who are exposed to copper spray have an increased chance
of developing lung cancer if they inhale it [10]. The elimination of
copper ions is becoming increasingly important from an economic and
environmental standpoint because of its grave risks to people, animals,
and plants, Cu (Il) contamination in the environment typically causes
major health consequences because it accumulates in living tissues
throughout the food chain as a non-biodegradable contaminant [9-11].
Adsorption works on the principle of adhesion. In the case of water
treatment, organic contaminants are attracted to the adsorbent. They
adhere to its surface through a combination of complex physical forces
and chemical action. For adsorption to be effective, the adsorbent must
provide a very large surface area to which contaminating chemicals
can adhere [12, 13,14 ,15].
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1. MATERIALS &METHODS

1.1 Iron Slag

Slag is a by-product obtained from the smelting of recycled metals
and ores (pyrometallurgical) [16]. The major ingredients of slag are
silicon dioxide and metal oxides. It can be broadly categorized as
nonferrous/base metals (by-products of recovering non-ferrous
resources like copper, nickel, zinc, and phosphorus), ferrous (by-
products of processing iron and steel), or ferroalloy (by-product of
ferroalloy manufacture). Slags can be further divided into
subcategories based on its precursor and processing circumstances,
such as blast furnace slags, air-cooled blast furnace slag, basic oxygen
furnace slag, and electric arc furnace slag, under these broad categories
[17].

Components are identified using X-ray diffraction (XRD).

Table [1] : Chemical composition of iron slag

Constituent wt. (%)
AL203 6.4860
Ca0 49.0679

Cl 0.0060
Fe20 14.7312
K20 0.0085
MgO 9.2741
Na20 0.0807
Si02 21.7082

2.2 Spectrophotometer

The spectrometer that was utilised to measure the amounts of copper
in a variety of samples both before and after treatment Maker of the
spectrophotometer is made by (Labmod,inc ,U.S.A)

Figure (1): Spectrophotometer
2.3 Laboratory Water Bath
It is used to heat samples at certain temperatures
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Figure (2): Laboratory water bath

3. Experimental Studies

3.1. Preparation of adsorbent

Iron slag, a by-product of the steel making process, was acquired from
the Libyan Iron and Steel Company in Misurata and employed as an
absorbent material in the adsorption experiment. After cleaning, it was
placed in an air furnace and allowed to dry at 100°C for at least 24
hours. Following that, a disc machine was used to grind it, and a
laboratory test sieve was used to sort the particles into the desired size.

3.2 Preparation of Adsorbed Solution
By dissolving a precisely balanced amount of water copper sulphate
(CuS04.5H20) in (1000 ml ) of distilled water, a copper stock solution
was created. After that, deionized water was used to dilute the stock
solutions to the necessary concentrations (1000,1500,2000,2500, and
3000 ppm)
3.3 Adsorption experiments
Experiment is to identify and verify the parameters that influence the
removal of copper (II) from standard solution. Additionally, it
involves assessing the ideal conditions for the adsorption process,
study the impact of PH and temperature. The mass balance equation
(1) was utilized to compute the quantity of copper adsorbed onto iron
slag:

= Vo) (1)
where: (V) is the volume of solution in litres, (W) is the mass of the
adsorbent in grammes, (Co) is the initial metal ion concentration in
solution, and (ge) is the amount of copper

adsorbed on the adsorbent. The percentage removal metal ions are also
calculated reported using Eq (2) [18,19]:

R ==, 100

0

3.3.1 Selection Wave Length

Before starting the experiments to measure copper concentration, the
optimal wavelength was studied. The relationship between
wavelength and absorptivity is shown in Figure (4), absorption
increases with wavelength until maximum absorption is reached at 820
nm. Then the absorption starts to decrease as the wavelength increases.
Therefore, this wavelength is used for quantitative analysis of copper
in samples.
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Figure (4): Maximum absorbent of copper (1) solution

3.3.2. Calibration Curve

Calibration standard solutions are analyzed to obtain a calibration
curve that correctly fits the sample to be analyzed. To test copper(ll)
uptake, a series of standards from 1000 ppm to 3000 ppm (1000, 1500,
2000, 2500, 3000 ppm) were prepared. The absorbance of each
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solution was then recorded and a standard calibration curve was
created as shown in Figure (5).
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Figure (5): Calibration curve of cu(ii) solution

4. RESULTS AND DISCUSSIONS

4.1 Effect of PH

The effect of changing the initial pH 5 at 25 °C with an adsorbent dose
of 3.5 g/L was studied for a contact time of 90 min. The copper
concentration remained constant at 3000 ppm. The results and figure
(6) showed that the highest copper removal percentage was 99.55 %
at pH 5. This trend was expected. Adsorption increases as the pH rises
to a certain value and decreases with that the increase. When the pH
value increases above 8, the removal rate decreases; because it leads

to Copper precipitation as Cu(OH)..
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Figure (6): Effect of pH on copper adsorption
Condition:(adsorbent dosage =3.5 g/100 ml,pH=5,contact time=90
min,particle size=(d=0.200 mm),and temprature 25 °C)

4.2 Effect of Temperature

They were studied at (25, 35, and 60 °C) with a pH = 5, and an
adsorbent dose of 3.5 g/L and Call duration is 90 minutes. It was found
that with increasing temperature, the efficiency removal was increased
and maximum removal was 99.98 % at 60 °C. Efficiency removal
increase with temperature may be due to surface coverage expansion
and due to the reactive and active sites [20].
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Figure (7): Effect of temperature on copper adsorption

Condition:(adsorbent dosage =3.5 g/100 ml, pH=5, contact time=90
min, particle size=(d=0.200 mm),and temperature 25 °C)\

4.3 Effect of Initial Copper Concentration

The effect of initial copper concentrations on copper (I1) removal by
iron slag is clear in Figure (8). Other variables are fixed such as
absorption, contact time, stretching temperature holding temperature
at 3.5 g, 90 min, diameter 200 pm, temperature 25 °C, and pH =5. It
has been observed that as the initial concentration increases, the
removal percentage increases and this is due to covering a larger area.
More heavy metal ions are available to occupy the available adsorption
sites on the surface of the adsorbent [21].
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Figure (8) : Effect of Initial Concentration on removal percentage of
Cu (I1)

Condition:(adsorbent dosage =3.5 g/100 ml, pH=5, contact
time=90 min, particle size= (d=0.200 mm), and temperature 25 °C)
4. 4 Adsorption Isotherm
The effect of initial copper concentration on equilibrium was
investigated by performing adsorption experiments with the following:
Conditions (dose =3.5g, V=100 ml, T =25 °C, pH =5, t = 90 min).
The distribution of adsorbed species between the liquid and the sorbent
is described by mathematical models. There are many iso-thermal
models to study and determine system equilibrium Adsorbent capacity.
Typically, Langmuir, Freundlich and Temkin model.
4.4.1 Langmuir adsorption Isotherm
The model assumes homogeneous monolayer surface adsorption
where there is no displacement or molecular interaction and all binding
sites have the same energy and affinity. Hence, saturation can be
obtained.[22]. Plotting Ce/qe versus Ce results in a straight line with
intercept 1/KL and slope aL/KL, from equation (3) Figure (9). Table
(2) lists the appropriate correlation coefficient and Langmuir constants
aL, KL, and Qo for the Cu(ll)/iron slag system. When comparing this
model with experimental data, the average overall error (2.52 %) is,
and the saturation capacity of the monolayer (Qo) is 23.52 mg/g.
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Figure (9): Langmuir adsorption isotherm for Cu(ll) adsorption
Condition:(adsorbent dosage =3.5 g/100 ml, pH=5,contact time=90
min, particle size=(d=0.200 mm),and temperature 25 °C)

4.4.2. Freundlich adsorption Isotherm
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According to the Freundlich model, multilayer adsorption occurs on
heterogeneous surfaces, and as concentration rises, the amount of
deposited adsorbate grows endlessly [23]. From equation (4) the data
that the correlation coefficient is far away from 1 (R? =0.54), and the

total error (1.59 %) is less than the Langmuir model.
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Figure (10): Freundlich adsorption isotherm for Cu (1) adsorption
Condition:(adsorbent dosage =3.5 g/100ml, pH=5, contact
time=90 min, particle size=(d=0.200 mm),and temperature 25 °C)

4.4.3. Temkin adsorption Isotherm

If sorption data is analyzed in reference to the linear equation (5) . a
plot of ge versus In Ce figure (11) enables one determine the constants
A and B. Temkin constants A and B are listed in table (2) and the
theoretical plot of this isotherm is shown in figure (11). The
correspond correlation coefficient table (2) equals (R?=0.72) where the
total mean error equals to (1.48%) of a lower value than the
Langmuir's and Freundlich's. Among the three models it is clear that
the Temkin model has a better fit with the experimental data than the
Langmuir and Freundlich model.

RT RT
qe = Tln(A) + 7ln(Ce) .............. 5
Where: % =
where ge is the adsorbed ions at equilibrium, A is the equilibrium
constant interrelated to the maximal binding energy (L g—1), R is the
universal gas constant (8.314 J/mol.K), and T is the temperature in

kelvin. By plot of ge versus In Ce, enables one to determine the
constant Aand B .
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Figure (11): linear from Temkin isotherm
Condition:(adsorbent dosage =3.5g/100 ml, pH=5 ,contact time=90
min, particle size=(d=0.200 mm),and temperature 25 °C)

Tables (2): Langmuir, Freundlich Isotherm contact

Adsorption of Cu (II) by iron slag is investigated in batch experiments
and kinetics and equilibrium experiments are conducted for synthetic
feedstock solution simulated of industry effluents. The following
conclusions are drawn from the data:

* The optimal parameters for removing Cu (1) are: AC dosage = 3.5
9/100 ml, particle size (d = 200 mm), starting pH = 5, temperature =
25 °C, and 90 minutes of contact time.

* Compared to Freundlich and Temkin isotherms, Temkin isotherm
more accurately depicts the adsorption process of iron slag/Cu (I1).

* Therefore, the current study demonstrates the viability of using iron
slag as a readily available, low-cost adsorbent for the efficient removal
of Cu (I1) from aqueous solution under ideal circumstances.

6. RECOMMENDATION: -

1. It might also be possible to do additional research to examine the

possibility of using iron slag again (recycling it and using it again for

adsorption).

2. Examine how the agitation rate affects the adsorption process.

3. Madifying the iron slag characteristics with chemicals as this might

increase the adsorption capacity.

4. Study of the ability of iron slag to absorb other heavy metals uch as

lead, cadmium, and chromium.

5. Investigating the safe disposal of the wasted adsorbent is necessary.

6. Use other devices to determine absorption such as an atomic

absorption spectrophotometer (A.A.S)
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