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Abstract: The objective of this research paper is to study the
competitive adsorption of cadmium and nickel ions, where the effect
of experimental factors such as pH solution, temperature, contact
time and initial concentration of metals ions have been studied. The
test of isothermal models indicated that the Freundlich model showed
more explanation for this competitive adsorption of the ions studied.
In addition, the study of thermodynamic parameters has been carried
out. The results also showed that the adsorbent have a greater
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Thermodynamic.

affinity for cadmium ions than nickel ions under optimum
experimental conditions.

l. Introduction

Environmental issues present one of the major
challenges of the world today. Human activities are
major sources of aquatic pollutions; rapid climate
change and the decrease in the proportions of
drinking water on the planet are often attributed to
this pollution [1, 2].

Therefore the major concern is developing low-
polluting processes for treating effluents before
they are released into the environment [3, 4]. So it
appears urgent to seek reliable, inexpensive
solutions using local materials.

Nickel and cadmium ions are among the toxic
metals that affect the environment and health; the
medical researchers have shown that nickel ions
cause a serious allergies and rashes, while cadmium
is a major cause of cancer [5-7].

Adsorption is an effective and inexpensive
technology to remove heavy metals, especially by
using natural adsorbents of plant origin because it
has sufficient specific surface area and porosity [8-
11].

But the problem posed strongly in many researches
is that there is not one type of pollutant in
wastewater, there are organic and inorganic
pollutants all compete for effective sites located on
the adsorbent surface [12, 13].

In this paper, we will study adsorption of cadmium
(Cd?*) and nickel (Ni?*) ions form binary aqueous
solution system using the local palm fibers powder
(PF) as a natural adsorbent.

Il. Materials and methods

11.1. Adsorbent

The adsorbent used in this study was collected from
Algeria and was prepared by steps carried out by a
simple method [14, 15], The PF were washed with
distilled water three times and boiled for 30 min in
order to remove the impurities and dried in the oven
at 105 °C to constant weight; the PF were crushed
before use for all the experiments.
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11.2. Adsorbats

All the chemicals used were of Sigma-Aldrich
reagent. Stock solution of 1000 ppm of Cd?* and
Ni2* was prepared by dissolving weighed quantity
of quantities of cadmium (3CdS04.8H,0) and
nickel (NiSO4.6H,0) hydrated sulfate salts in
distilled water, and then the desired concentrations
were provided with diluting the stock solution.

11.3. Characterization of PF

The morphology surface of adsorbent was analyzed
by scanning electron microscopy (SEM) instrument
(model XL-3 CP, Philips). Then the sample of palm
fiber powder were metalized and imaged in the size
of 20 um at 10 kV.

11.4. Adsorption experiments

The Adsorption experiments were carried out in a
batch system, the agents chemical effects were
studied with variation of pH solution (2-8), contact
times (0-180 min), initial concentrations (25-100
ppm) and temperatures (298-318 K). Flasks
containing 100 mLof the binary solution and the 1g
of adsorbent are placed in a reciprocating shaker
with a rotating rate of 200 rpm. After adsorption,
the samples are filtered to measure the residual
concentration of the metals ions using an atomic
adsorption spectrometry (ANALYTIK JENA AG
GERMANY AAS NOVAA 350.

11.5. Adsorption Data

The percentage R (%) and adsorption capacity in
equilibrium ge (mg.g*) of metals ions eliminated by
adsorption are calculated from the following
equations (1) and (2):

R(%) =

(Ci—Ce) y

(C'C;_Ce) %100 1)
|

ge = v 2

Where, Ci and Ce are the initial and equilibrium
concentration of metals in solution (mg.L™Y),
respectively. V is the volume of the metal solution
(mL) and m is the PF mass (g)

I11. Results and discussion

111.1. SEM analysis

The figure 1 shows the morphological study of the
adsorbent surface, where the surface of PF appears
heterogeneously as it consists of many pores and
cracks. These characterizations contribute to the
diffusion of metal ions in the surface of adsorbent.

Figure 1. SEM picture of PF sample

111.2. Effect of adsorption factors

There are many factors affecting the adsorption
process of metals ions, some of which are related to
the metals solution and others related to the
adsorbent [16]. Among these factors we studied the
effect of pH solution, temperatures, contact time
and initial concentration of the metals.

Effect of pH solution

The pH of solution is an important factor of
adsorption because it affects the nature of solution
and the adsorbent surface charge [17], and as it is
known that the cations are attracted to negative sites
from adsorbent surface and vice versa.

In this part of the work we studied the change of pH
from 2 to 8 i.e. the acidity and neutral or alkaline
effect of initial solution.
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Figure 2. Effect of pH solution on adsorption of
Ni* and Cd?* from PF

The results of Figure 2 showed that the adsorption
of both metals ions onto PF was weak in the pH <5
and significantly increased with pH, where the
adsorption capacity increased at pH = 6 up to 20%
for Ni?* and at pH= 5 it more than 34% for Cd?*,
due to the increase of surface negative charge, and
then these ratios were stabilized despite the change
of initial pH solution, and from that the optimum
pH for adsorption of both metals ions is 5.5.
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Close results were obtained by the researcher
Srivastava et al using bagasse fly ash as an
adsorbent to remove Nickel-Cadmium in binary
system [18].

Effect of contact time
The contact time between adsorbent and adsorbate
is also a very influencing factor on adsorption [19].

After determining the optimum pH of solution for
removing the Ni?* and Cd?" ions, we conducted
experiments to determine the optimum contact time
to remove the largest amount of ions, where we
studied the effect of time change as shown in
Figure 3, in range from O to 180 min at 25°C and
initial concentration of 100 ppm.

The results showed that the removal of Ni?* is rapid
within the first 60 min, then the removal became
very slow and the adsorption rate stabilized within
20%. As for Cd?*' the removal went through a
longer period to 90 min, but the removal rate
reached more than 35%.
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Figure 3. Effect of Contact time on adsorption of
Ni?* and Cd?* from PF

Effect of Initial ions concentration

To find out the effect of the initial concentration of
the metals solution, we changed the concentration
from 25 to 100 ppm while fixing the pH solution at
5.50n 25 °C.

Through the results of Figure 4, it is clear that all
concentrations of Ni?* and Cd?>* ions have
maintained the same equilibrium time, and the
results show that the adsorption ratios of both ions
increase with increasing initial ion concentration.
Other previous studies of Zhou et al have proven
similar results in the removal of Ni?* and Cd?* ions
from cellulose-based hydrogels adsorbent [20].
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Figure 4. Effect of initial ion concentration on adsorption of Ni®* and Cd?* from PF

Effect of solution temperature

The temperature has a major affect on the
adsorption process, as it affects the solubility and
the diffusion of ions on the one hand, the activity of
adsorption sites in the other hand, thus affecting the
activity in the solid/liquid interface [21].

To study the effect of temperature on the removal
of nickel and cadmium ions in a system, adsorption
was studied at 298, 308 and 318 K with an initial
ion concentration fixed at 100 ppm and pH=5.5.
The results shown in Figure 5 proved that the
removals of both metals ions are decreased with the
increase of the temperature, with the highest
removal rates recorded at 298 K
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Figure 5. Effect of temperature on adsorption of Ni* and Cd?* from PF

111.2. Adsorption isotherms

The isothermal  adsorption  study  gives
supplementary information about the adsorption
mechanism of Ni?* and Cd?* ions in binary system
from PF. We simulated adsorption of Ni?* and Cd?*
using the Langmuir and Freundlich isotherm
models because they are the two models most
commonly used to explain the phenomenon of
adsorption [22].

The constants of the two models were calculated by
means of the following linear equations (3) for
Langmuir [23] and (4) for Freundlich [24].

c, C. 1
Ze= ey ®)
qe Qm KLqm

Where gm is the maximum capacity of metals.
adsorbed (mg g?) and K. is Langmuir constant
relating adsorption (L mg).
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Where Ke (mg.g?) (L.gH)Y" and n are Freundlich
constant related to the bonding energy and the
heterogeneity factor and wich is a measure of the
deviation from linearity of adsorption, respectively.

The dimensional parameter (R.) is indicator of
adsorption values calculated by the equation (5):

1
L= ()
1+ K, C,
Where Cy is the initial concentration of the metals
and K is the Langmuir constant relating adsorption

Figures 6 and 7 represent the linear curves of Ce/qe
versus Ce and Ln ge versus Ln Ce, respectively; and
the results of the constants are summarized in Table
1.

Ce (mg/l)

Figure 6. Linear regression curves of the Langmuir model.
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Figure 7. Linear regression curves of the Freundlich model.

Through the results of the table, it was found that
the correlation coefficients for both metals ions in
different temperatures that Freundlich model is
more descriptive of the adsorption process of ions
compared to the Langmuir model.

The Freundlich model describes that the adsorption
process takes place on monolayer or multilayer and
the adsorbent surface is heterogeneous [25]. Also
the most of the values of 1/n <1 indicating that
adsorption is favorable.

On the other hand, it was observed that the
maximum capacity adsorption values gm calculated
by Langmuir model of Cd?* ions (3.44 mg g?) are
greater than Ni?* ions (1.82 mg g1), which means

that the adsorbent prefers adsorption of Cd?
compared to Ni?*. As for the all values of (0 < R <
1) confirmed that adsorption is favorable [26].

The adsorption amounts obtained in this presented
study (1.82 mg g* for Ni** and 3.74 mg g* for
Cd?*) are considered significant compared to the
results obtained in the previous study of Jain et al
using a sunflower plant as adsorbent, where the
amounts of adsorption are 0.12 mg g* for Ni?* and
0.10 mg g for Cd?*, but it was also found that the
sunflower plant was more affinity with nickel [27].
Whereas, the researchers of Srivastava et al, found
similar results to the presented study [19].

Table 1. Parameters of the Langmuir and Freundlich models

111.3. Thermodynamic Adsorption

In this part of the work we calculate the
thermodynamic parameters to understand more and
evaluate the process of removing metals ions from
PF adsorbent.

The thermodynamic parameters [28] recorded in
Table 2 are calculated by the following equations
(6), (7) and (8):

AG® = AH° —TAS® ®)
AG®=-RT LnK @

Models Parameters Ni?*/ Cd? Cd?*/ Ni?*
T (K) 298 308 318 298 308 318

gm (Mg g 1.8294 | 1.7476 | 1.7583 | 3.7411 | 3.4494 | 3.3467

Langmuir Ki (L mgh) 0.0577 | 0.0626 | 0.0657 | 0.1672 | 0.2407 | 0.2790
R? 0.9986 | 0.9977 | 0.9987 | 0.9634 0.9276 0.9104

RL 0.1477 | 0.1377 | 0.1321 | 0.0564 0.0398 0.0346

1/n 0.6847 | 0.7088 0.701 1.088 1.1511 0.5629

Freundlich | Ke(mgg?) (Lgh¥ | 2.6077 | 2.3883 | 2.5077 | 0.1706 | 0.1369 | 2.0651
R? 0.9989 | 0.9991 | 0.9992 | 0.9649 0.9833 0.9211

K, =C,/C, 8

Where, 4G°, AH° and 4S° are changes in Gibbs
free energy (Kj mol?), enthalpy (kJ mol?) and
entropy (J mol?-K™), respectively. R is the gas
constant (8.314 J mol*- K1), T is the temperature in
(K), Kqg is the distribution coefficient for the
adsorption. Ca and C. are the equilibrium
concentrations of metal on adsorbent and in
solution, respectively.
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Figure 8. Linear plots of Gibbs free energy (1G°)
versus T (K).

The values of 4H° and 4S° were determined from
the slopes and intercepts of the plots of AG° versus
T (K) (Figure 8).

The negative results of AG® and AS°® indicated that
the process of adsorption of both metals ions in the
binary system was feasible and spontaneous [29].

The negative values of enthalpy also confirmed that
the adsorption was exothermic process, where the
values of AH°=-19.38 kJ mol for Ni?* and AH°= -
27.96 kJ mol* for Cd?*.

The absolute values of AH® were < 50 kJ mol?,
indicate that this competitive adsorption is a
physisorption type, which means that metal ions are
fixed to the adsorbent surface by weak forces [30,
31].

Table 2. Thermodynamic parameters of adsorption Ni?* and Cd?* on PF

Ni2*/Cd?* Cd?*/Ni?

AG° (kJ mol?)
T=298 K -4.7287 -7.0957
T=308 K -3.6469 -7.5415
T=318 K -3.1627 -6.7455
AH° (ki mol ) -19.386 -27.962
AS° (3 molt K% -39.800 -78.300
R? 0.9952 0.9537

1V. Conclusion

In light of the results obtained in this work, we
conclude that dry palm fibers are a natural
adsorbent with high abundance at a low cost, but
even though its efficiency is sufficient, it is limited
especially in the case of competitive adsorption,
where the presence of cadmium ions affects the
removal of nickel ions and vice versa, due to the
competition of these cations on the same negative
sites in the surface of adsorbent.

Where the results of the effect of experimental
parameters on competitive adsorption between
nickel and cadmium proved that the optimum pH is
5.5 and the adsorption increases with the increasing
of the metal ions initial concentration, and that the
adsorption increases with the contact time until it
reaches the equilibrium time at 90 minutes for
cadmium and 60 minutes for nickel.

The isothermal study demonstrated that the
Freundlich model was more descriptive of this
competitive adsorption, whereas the
thermodynamic study indicated that the adsorption
process was spontaneous and exothermic and that
the ions were fixed with weak forces.

Recommendations

The use of palm fiber powder as a locally available
and low-cost adsorbent for treatment of
contaminated water with cadmium and nickel in
binary system is a good gain for the environmental
and industrial fields, and the problem of limited
efficiency can be addressed in the future by
research aimed at increasing the adsorption capacity
of palm fiber powder with several chemical
modifications.

Studies should also be carried out in order to verify
the effectiveness of palm fiber powder at removing
many organic and inorganic pollutants from single
or binary systems.
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