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ABSTRACT

The discharge of high amounts of heavy metals into water bodies leads to several
environmental and health impacts. To help mitigate the negative impacts of heavy
metals (such as copper ions) on the humans and animals health as well as finding of
a variety processes to remediate the environment. Adsorption is an essential process
that can be applied in wastewater treatment. This work aims to investigate the
removal of copper ions (1) from aqueous solutions using low-cost and eco-friendly
material such as activated carbon (AC). Thermal activated carbon was prepared from
Pine trees. The adsorption of Cu (Il) ions from aqueous solutions onto Activated
Carbon (AC) was investigated. The experiments were performed in a batch system,
at room temperature (20 £ 0.5 °C), and the copper ions analysis was done after
equilibrium was attained. Different experimental parameters (initial Cu (II)
concentration, pH, sorbent dosage, and contact time) were varied in order to establish
the optimum conditions for copper removal using AC. The experimental results were
fitted using the Langmuir, and Freundlich isotherm models, and the characteristic
adsorption parameters were determined. Experimental data were also tested using
two kinetic models: the pseudo-first-order model and the pseudo-second-order
model. Based on these models, the kinetic parameters (rate constant and equilibrium
adsorption capacity) for Cu (1) adsorption on AC were calculated.
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INTRODUCTION

Recently the most significant issues
encountering mankind is environmental
pollution (Aydin, et al., 2008). This issue grew
dramatically until reached the worrying levels
in its effects on life on the Earth (Demirbas, et
al., 2009). From all pollutants the heavy metals
are considered the worst because their direct
effect on human being and animals (Feng, et al.,
2009). Heavy metals including lead, copper,
cadmium and chromium, etc. permeate from
industrial wastewater leading the groundwater
contamination (Kadirvelu, et al., 2001). The
activities that responsible for polluting water by
heavy metals are some industrial process,
domestic and commercial uses (Wan, et al.,
2010). Among all treatments of wastewater,
adsorption technique is providing a low cost,
requires low maintenance and is energy
efficient (Li, et al., 2010). In this study, the new
and feasible technical of low-cost and eco-
friendly adsorbent material which is activated
carbon from Pine trees to remove copper from
contaminated water has been investigated.
Surprisingly, the results show the removal
performance was success and active. The aim
of the study was to investigate the efficiency
and the practical applicability of locally
abundant low-cost adsorbents which was
activated carbon that prepared from Pine trees
for the removal of copper from aqueous
solution. In addition, some isotherms have been
used to obtain experimental data as well as the
investigation of Kinetics gives a concept about
the mechanism of the adsorption reactions.

MATERIALS AND METHODS

Chemicals

The solutions of Cu*? were prepared by dissolving
accurately weighted amounts of CuN,04.3H,0 in
distilled water. HCI and NaOH were used to adjust
pH values of samples, ammonia was used as
reagent. In all experimental work, distilled water
was used.

Preparation of AC

In this study, Pine Coal was used as adsorbent. For
using this adsorbent in adsorption experimental,
Pine Coal was collected then dried in an air oven at
120°C for 24 hrs then grounded and sieved through

mesh to obtain desired size fraction using a
conventional sieve-shaker (WiseVen) oven.

Preparation of Copper Stock Solution

In this work, all chemicals used were of analytical
grade. Standard solution (500 ppm) of copper was
prepared by dissolving 1.901g of CuN,0¢.3H,0 in
1000 ml of distilled water and then was mixed
slowly .

In addition, to prepare required concentration such
as 100 ppm, 200 ml of 500 ppm standard solution
was taken and diluted to 1000 ml in a volumetric
flask by distilled water with mixing.

Batch Mode Adsorption Experimental Studies

The adsorption of heavy metals on Pine Coal was
studied by batch technique. The general method
used for this study was described as follow:

A known weight of AC adsorbent (eg. 1 g
adsorbent) was equilibrated with 100 ml containing
known concentration of Cu (1) solutions. (25, 50,
75, 100 and 150 ppm). These solutions were filtered
using (FILTER-LAB) paper Cod. PN1248110.
Then 5 ml of ammonia was added and the
concentrations of residual Cu (1) were measured
using spectrophotometer equipment (JENWAY
7305 Spectrophotometer) at selected wavelength
Amax = 615 nm (Demirbas, et al., 2009). The effect
of several parameters including pH, initial
concentrations,  temperature, agitation rate,
adsorbent dose, particle size and contact time on the
adsorption were studied.

Laboratory Studies

Experimental investigations of a number of
operating parameters were performed to assess their
effect on the removal of Cu (II) by AC from
synthetic solutions. These parameters are contact
time, adsorbent dose, initial concentration of
adsorbate, agitation rate, solution temperature and
pH level. After equilibrium was attained, the metal
uptake capacity for each sample was calculated
according to a mass balance on the metal ion using
equation (1) (H.G. Ibrahim, et al., 2009).

_ V(C, —Ce)

Qe ="

Where W is the mass of adsorbent (g), V is the
volume of the solution (L), C, is the initial
concentration of metal (mg L%), C, is the
equilibrium metal concentration (mg L™) and g, is
the metal quantity adsorbed at equilibrium (mg/g).

1
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The percent removal of Copper from the solution
was calculated by the following equation (2) (H.G.
Ibrahim, et al., 2009).

R% =% x 100 2
Where C, (mg/L) is the initial metal ion
concentration and € (mg/L) is the final metal ion
concentration in the solution and R is the removal
percentage (%).

Selection of the Wavelength

Figure (1) shows the maximum absorbance of Cu
(11) solutions. The wavelength was selected so that
it is located in an area that represents the highest
absorption, the optimum wavelength is Amax = 615
nm.
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Figure 1 Maximum Absorbance of Cu (I1)
solutions

Calibration Curve

By following the optimum conditions given under
standard method of analysis in constructing
calibration curves, Beer's relationship for Cu (1)
solutions. The reproducibility of the method was
tested by known concentration of Cu (1) solutions.
(25, 50, 75, 100 and 150 ppm). The calibration
curve for Cu (I1) ions represents values measured by
Spectrophotometer plotted against the
concentration of Cu(ll) in figure (2).

o1 A= 0.0007C+ 0.0181
’ R =0.9967

0 T T T
0 50 100 150 200

Concentration (ppm)

Figure 2 Beer's relationship for Cu (1) ions

Parameters Effects on Adsorption of Copper

The experiments carried out to identify the optimum
conditions for adsorption process. Adsorption
experiments were conducted by varying contact
time, adsorbent dose, initial concentration of
adsorbate, agitation rate, particle size of adsorbent
and temperature.

Effect of Contact Time Variation

The effect of contact time on the removal efficiency
and adsorption capacity of Cu (IlI) ions was
investigated, the contact time studied was ranged
from 0 to 120 min (15, 30, 60, 90 and 120 min). The
removal percentage of Cu (II) from the tanning
solutions is investigated for 100 ml containing
known concentration of Cu (Il) solutions (25, 50,
75, 100 and 150 ppm) at agitation rate 200 rpm,
adsorbent dose 1 g, particle size (0.375 < d < 0.5)
mm, pH value 5 and temperature at 35 °C.

Results in figure (3) show that, the removal
percentage of Cu (Il) from wastewater increases as
the contact time increases until the equilibrium had
been reached. Where the equilibrium was started to
reach after 90 min
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Figure 3 Effect of contact time variation on
removal percentage of Cu (1)
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This increment may be attributed to the increase in
agitation time which results in decreasing in the
adsorption sites on adsorbents which were gradually
filled up by metal ions and the kinetics become
dependent on the metal ions were transported from
the bulk liquid phase to the actual adsorption sites.
(Orumwense, F, 1996).

Effect of Adsorbent Dose Variation

The effect of the amount of adsorbents on
adsorption of Cu (I1) was examined under constant
conditions of contact time of 120 min at 200 rpm,
for 100 ml containing known concentration of Cu
(11) solutions (25, 50, 75, 100 and 150 ppm), pH at
5, temperature at 35 °C and the particle size is (0.375
< d < 0.5) mm, where the mass of adsorbent was 0.5,
land 2g.

The results shown in the figure (4) indicate that the
removal percentage of Cu (Il) increases with
increasing the adsorbent dose. This is due to
increasing the surface area of AC and hence more
active sites are available for the adsorption of more
Cu (1) ions. It is also evident from the figure that an
adsorbent dose of 1 g per 100 ml of tanning solution
corresponds to a complete removal of Cu (I1) from
the solution at small concentration (25 and 50 ppm)
under the operating conditions, while the
completely removal of Cu (I1) for the concentrations
75, 100 and 150 ppm were occurred with 2 g.

Generally, a dose of 1 g of AC per 100 ml of solution
results in a relatively high percent removal of 98.86,
93.37, 88.17, 83.24 and 78.26 for the concentration
25, 50, 75, 100 and 150 ppm respectively.

Larger amount of AC exceeding those in the
synthetic solutions as the case with the tannery
wastewater concentration require larger amount of
AC to provide a larger surface area to allow the
adsorption process to proceed. The results reveal

that the optimum adsorbent dose is 1 g.
120
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=fl="50 ppm

20 75 ppm
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40
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Figure 4 Effect of Adsorbent Dose variation on
removal percentage of Cu (II)

Effect of Initial Concentration Variation

15 2 2.5

The effect of initial Cu (I1) ion concentrations on the
adsorption efficiency of AC is shown in figure (5).
Adsorption experiments were carried out at
different initial Cu (1I) concentrations ranging from
25 to 150 mg/l (25, 50,75,100 and 150) for 120 min
at 200 rpm with 1 g/100 ml of solution were used,
solutions pH at 5, and temperature at 35 °C and the
particle size is (0.375 <d < 0.5) mm.

From figure (5) It was observed as a general trend
that there was decreasing in the removal percentage
with increasing of the initial concentration. This
increase is a result of increase in the driving force
(i.e. gradient of concentration). However, the
decrease in percentage removal may be explained
on the basis that the increase in the number of ions
competing for the available binding sites and also
because of the lack of active sites on the adsorbent
at higher concentrations. Therefore, more metal ions
were left un-adsorbed in solution at higher
concentration levels (Oljira, L. 2016).
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Figure 5 Effect of Initial Concentration on removal
percentage of Cu (I1)

At lower initial Cu (Il) concentrations the ratio of
surface active sites to the total Cu (Il) ions in the
solution is high and hence all Cu (Il) ions may
interact with the adsorbent and be removed from the
solution. However, the amount of Cu (I1) adsorbed
per weight unit of adsorbent (adsorption capacity) is
higher at high concentrations (Oljira, L. 2016).

At lower initial Cu (Il) concentrations, sufficient
adsorption sites are available for adsorption of Cu
(I ion. Therefore, the fractional adsorption is
independent of the initial Cu (Il) ion concentration.
However, at higher concentrations the numbers of
Cu (II) ions are relatively higher compared to
availability of adsorption sites (Oljira, L. 2016).

Effect of Agitation Rate Variation

The effect of agitation rate on Cu (I1) removal from
100 ml of tanning solutions is based on agitation
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rates of 100, 200, 300 and 500 rpm using 1 g of AC
of particle size (0.375 < d < 0.5) mm at temperature
35 °C, initial pH of 5 and 120 minutes of contact
time.

Results in figure (6) show that, the removal
percentage of Cu (Il) from wastewater increases as
the agitation rate increases. The removal percentage
of Cu (1) increases from 85.18% to 99.54%, 79.03
to 96.07%, 70.18 to 93.12%, 62.04 to 89.19% and
58.25 to 85.44%, for an initial concentration of 25,
50, 75, 100 and 150 ppm, respectively as the
agitation rate increases from 100 to 500 rpm.

The results reveal that the optimum agitation rate is
200 rpm, corresponding to removal efficiencies
98.86, 93.37,88.17,83.24 and 78.27 % for an initial
concentration of 25, 50, 75, 100 and 150 ppm,
respectively.
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Figure 6 Effect of agitation rate variation on
removal percentage of Cu (1)

Effect of Temperature

Temperature effect on the adsorption of Cu (I1) from
100 ml of solutions containing known concentration
of Cu (1) solutions (25, 50,75,100 and 150 ppm) are
investigated using 200 rpm agitation rate, 1 g of AC
of (0.375 < d < 0.5) mm particle size, an initial pH
equal to 5 and contact time 120 min at 35, 45, 55
and 65 °C.

The results in figure (7) show that the removal
percentage increases as temperature increases as an
indication that the process in endothermic in nature.
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& r r 1 r Y
¥ =0 ¥ ¥
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Figure 7 Effect of temperature variation on
removal percentage of Cu (1)

An increase in the temperature of the solution
causes the kinetic energy of the adsorbate particles
to increase so the velocity of the adsorbate
molecules. The optimum temperature was found to
be 35 °C.

Effect of pH

The pH of solution is considered one of the major
factors effecting the adsorption process using AC.
Hence, influence of initial solution pH on removal
of copper ions from aqueous solution was studied.
This study was carried out under constant
conditions of contact time of 90 min at 200 rpm for
100 ml of 75 ppm of Cu (lI) solution, 1g of AC of
(0.375 < d < 0.5) mm particle size and temperature
at 35 °C and the solution pH from 3to 7 (3, 4, 5, 6
and 7).

Figure (8) depicts the effect of pH on removal% of

copper (I1). It was found that adsorption of Cu (II)
ion from the solution was strongly pH dependent.
At pH 3-3.9 range the adsorption was low and
rapidly increased between pH 4-5 resulting greater
removal efficiency. It was found that adsorption of
Cu (I ion from the solution was strongly pH
dependent. This phenomenon can be explained by
the presence of H* ion in the solution at lower pH.
At pH less than 4, hydrogen protons may compete
with metal ions for active binding sites on the
surface of Pine Activated Carbon, which leads to
fewer binding sites being available to bind metal
ions, so the adsorption amount of Cu (II) was very
little. As the pH increases, the adsorption surface
became less positive and therefore electrostatic
attraction between metal ions and the surface of
Pine Activated Carbon was increased resulting
greater removal efficiency between pH 4-5. The
result depicts that removal% was increased steadily
up to pH 5, attains maximum value of about
98.86%. However, after pH 5, there is decrease in
adsorption.
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Figure 8 Effect of pH variation on removal
percentage of Cu (1)

Adsorption Kinetics

The kinetics of adsorption was studied for 100 ml
containing known concentration of Cu (1) solutions
75 ppm at contact time ranging 15-90 min (15, 30,
60 and 90). The experimental data was fitted to the
pseudo first order and pseudo second order kinetic
model by using equations (3) and (4) in Figure (9)
and Figure (10), respectively.

In(ge — q¢) = —kit +In(q.) 3

t 1 N t 4

A ka*dq;  de

The reported R? value indicates that the
experimental results show a better fit to pseudo
second order model. Hence, the copper adsorption
seems to be more pseudo second order.

0.8

Y=-0.013X +0.933

0.6 R?=0.98

0.4

0.2
t. min

0

In{qe-qt)

20 40 60 80 100
-0.2

-0.4

-0.6

Figure 9 Pseudo first order kinetics plot for Cu
(11) adsorption

Adsorption Isotherm

The adsorption isotherm was investigated for
copper removal to evaluate the applicability of
adsorption processes as a unit operation and find the
relation between metal concentrations in the liquid
phase with metal concentration in solid phase at the

equilibrium. Heavy metal adsorption is usually
modelled by the classical adsorption isotherms
Langmuir and Freundlich isotherms models. In
order to study the adsorption isotherm of Cu (I) on
studied adsorbent, the experimental adsorption data
that observed under same conditions of effect of
initial concentration was fitted to Langmuir and
Freundlich models. Figures (11) and (12) show the
plots of Langmuir model and Freundlich model
using Egs (5) and (6).(H.G. lbrahim, et al., 2009)
respectively for removal of copper.

Ce 1 G
qe kal dm

1
In(q.) = lmkg + ElnCe 6

The values of various constants of the models were
calculated and represented in the Table (1).

35
3 Y=0.077X+0.438
R?*=0.941 \ 4
15
y 2
&
L5
W
1
05
ot
0 5 10 15 20 15 30 35
Ce

Figure 11 Langmuir adsorption isotherm for Cu
(11) adsorption

Y= 0.386X + 1.070
25 R=0.997

1 InfCe) 3 4

Figure 12 Freundlich adsorption isotherm for Cu
(11) adsorption

Table 1 Isotherm constants for Cu (11) adsorption
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Isotherms Values
Langmuir
g (me/e) 12.98701
Ky (L/mg) 0.175799
R 0.941
Freundlich
Kr (mg/Kg) 2915379
N 2390674
R? 0.997

It indicates that the experimental data fitted well to
all the isotherm models. By comparing the
correlation coefficients, it was observed that
Freundlich isotherm gives a good model for the
adsorption system.

CONCLUSION

The adsorption was influenced by various
parameters including: temperature, initial
concentration, different size of activated carbon
(AC), dose of adsorbent, contact time, pH and
agitation rate. The Langmuir and Freundlich
adsorption isotherm models were used for the
description of the adsorption equilibrium and
Kinetic studies of adsorption was studied.

Based on the results of this study, following
conclusions could be drawn:

e The contact time has significant impact on the
adsorption removal of copper where the
removal was fast in beginning and then
decreases until the equilibrium is starting to
reach 90 min.

e The adsorption removal efficiency also
affected by the amount of adsorbent added to
the solution. As the amount of adsorbent
increases, the removal efficiency increases.
The results reveal that the optimum adsorbent
doseislg.

e The initial metal ion concentration affects the
adsorption removal efficiency. The removal
efficiency decreases with an increasing in the
initial metal ion concentration of Cu (11).

e The adsorption removal efficiency also
affected by temperature. The removal
percentage increases as temperature increases.
the optimum temperature was found to be
65°C.

e The pH plays important role in removal of
copper from wastewater. The variation in the
amount of adsorption clearly indicated the
influence of pH on adsorption process, increase
of pH from 3-5 range leading to increases to the
amount of copper removal percentage. The
optimum pH of solution for Cu (Il) removal
was found to be 5.

e The effect of agitation rate on Cu (II) removal
show that, the removal percentage of Cu (1)
from wastewater increases as the agitation rate
increases. The results reveal that the optimum
agitation rate is 200 rpm.

¢ Kinetic studies of adsorption revealed that the
adsorption process followed a pseudo second
order kinetic model for the adsorption of
copper.

e The adsorption data were fitted to two isotherm
model equations, and the Freundlich model
was found to be the best model for the
adsorption of copper.
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