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Removal of Cadmium(ll) lons from Waste
Water by Adsorption onto the Powder of
Lebanese Anacyclus nigllifolius Boiss: A
Comparative Study

Abstract

In this study, Anacyclus nigllifolius Boiss was adopted as a natural adsorbent to
eliminate the cadmium from aqueous solutions. The adsorption was found to be
dependent on initial metal ion concentration, pH of the solution, contact time
and adsorbent dose. Characterization of the plant by granulometry has shown
heterogeneity of size varying from 5.12 to 517.2 um. The FT-IR spectrum showed a
chemical modification of the functional groups due to the adsorption of cadmium.
The adsorption of cadmium on the plant reaches 92% at ambient temperature.
Experimental data of adsorption were well explained by Sips model with a maximal
capacity of adsorption of 69.14 mg/g. Kinetics study showed that the retention of
cadmium was well fitted by the pseudo-first-order model. The results of this study
reveal that the Lebanese plant is a very effective and environmentally friendly
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Introduction

The problem of pollution has increased with the growth and
development of the industrial sector. This sector provides
benefits to humans; it causes long-term environmental problems
such as toxicity and pollution discharge their pollutants, for
example: toxic gases, nuclear waste [1]. Heavy metals are very
abundant present at high concentration in liquid industrial waste
and are often deposited directly in the environment without
any pre-treatment in the environment. Among these metals,
Cadmium is considered one of the most dangerous heavy
metals for human health and the environment [2]. That is why
it is important to eliminate this element from water to protect
the public health. Different techniques have been used for the
decontamination of heavy metals. Within these techniques we
can cite Reverse Osmosis, in which heavy metals are separated
by a semi-permeable membrane at a greater pressure than that
of osmotic pressure, however, this technique is expensive. lon-
exchange technique has been broadly used to remove heavy
metals from wastewater [3]. In this process, metal ions from dilute
solutions are exchanged with ions held by electrostatic force on
the exchange resin [3], however partial removal of certain ions
as well as its high cost limited the use of this technique. In the
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Electro-dialysis technique, the ionic components, heavy metals
in our case, are separated through semi-permeable ion selective
membranes. The disadvantage of this method is the formation
of metal hydroxides blocking the membrane. To remove heavy
metals from inorganic effluents, the most widely used technique
is chemical precipitation of metals by addition of coagulants as
lime and other organic polymers [4,5]. The large amount of sludge
containing toxic compounds produced during the process is the
main disadvantage [4]. All of these methods have disadvantages
such as incomplete metal removal, high reagent and energy
requirements, generation of toxic sludge or other waste products
[6]. However, adsorption is still one of the best and preferable
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techniques because it leads to eliminate the pollutants without
ruining the quality of the water, which makes this approach very
interesting mostly if the adsorbent is at a low price and available
locally. This study systematically investigates and compares its
performance as effective adsorbent to remove Cd(ll) ions, as
well as the factors influencing sorption, including contact time of
interaction, PH, dose of the adsorbent and initial concentration.
Adsorption isotherm and kinetic parameters have been estimated
from experimental results. These findings would develop our
essential understanding about to Cd(ll) adsorption mechanisms
to better design the water treatment process applications. The
experimental results can help us to determine the optimum
conditions for environmental applications.

Materials and Methods

Adsorbent preparation

Anacyclus nigllifolius Boiss utilized in this study was collected
from South Lebanon in spring 2016. The collected plants were
carefully washed with ultra-pure water to remove impurities, and
then dried at room temperature for one week then in an oven at
60°C for 2 days. After drying, the dried plant was grinded using
a grinding mill (MF 10 basic Microfine grinder drive) to get a
powder that should be stocked in plastics sacs [7].

Characterization of adsorbent

Granulometric analysis: The granulometry is used to measure
the distribution and the size variation of the particles and to
know the statistical frequency of the different granulometric
classes constituting this formation. This technique is based on
the principle of diffraction and diffusion of a laser beam, and it
is used for particles ranging from a few hundred nanometers to
several millimeters.

FT-IR analysis: FT-IR analysis spectrometer was applied to
determine the surface functional groups interfering in the
adsorption of Cadmium by Anacyclus niglifollius Boiss /metal
ions, where the spectra were recorded in the range of 4000 to
400 cm™,

Batch adsorption studies

Stock solution of 200 mg/L of Cd(ll) was prepared by dissolving
Cd(Il) in ultra-pure water. Other solutions with different
concentrations were then prepared by dilution of the stock
solution. Batch experiments were carried out using Erlenmeyer
flasks (50 ml) where 50 ml of solution of Cd(ll) were mixed with
100 mg of Anacyclus niglifollius Boiss at room temperature. The
pH of solutions was adjusted by adding dilute solutions of HCI
(0.1 M) and NaOH (0.1 M). Solutions are then stirred with a
magnetic stirrer for one hour, whereas, for studies of the effect
of the contact time, stirring time was different. After stirring, the
adsorbent was filtered with filter-paper by Buchner filtration
followed by a microfiltration using a micro filter of 0.45 um.
The filtrate was collected and analyzed by atomic adsorption
spectrometer (AAS) to determinate the concentration of Cd(ll)
in the solutions. Metal uptake q (mg/g) and the percentage of
removal (%) were calculated using the general equations 1 and
2 [8].
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Where CO and Ce are the initial and final metal concentrations
in solution (mg/g) respectively, VO and Vf are the initial and
final solution volumes (I), respectively and m is the mass of the
adsorbent used (mg).

Different conditions were been studied including Anacyclus
niglifollius Boiss dose (25-300 mg), initial Cd(ll) concentration
(10-200 mg/I), contact time (5-120 min) and pH (2-10) [9].

Equilibrium studies (effect of initial concentration): 100 mg of
Anacyclus niglifollius Boiss was added to glass flasks containing
50 ml of Cd (ll) solution. The cadmium concentration was varied
in the range of 10-200 mg/I, for a contact time of 1 h. The pH is
adjusted at 4.

Kinetic studies (the effect of contact time under initial adsorbate
concentration): The adsorption kinetic measurements for
cadmium were performed in a batch system using a 100 mL glass
bottles. In addition to 100 mg adsorbent, 50 mL of the cadmium
solution were added to each flask, mixed and allowed to contact
at different contact time durations between 5 to 120 min. The
solutions were stirred using a magnetic stirrer with adopting
controlled temperature conditions (20°C). Samples were collected
at the predetermined time intervals (in regular periods of time).

Effect of pH: To study the effect of pH, batch experiments were
prepared by mixing 50 ml of cadmium solution with 100 mg
of adsorbent for 1 h adjusting continuously the solution pH at
several values varying from 2 to 10 and at room temperature.

Effect of adsorbent dose: To study the effect of adsorbent dose
on removal of cadmium, different amounts of Anacyclus (25 mg
to 300 mg) were taken and agitated with 50 mL of cadmium
solution for one hour. The pH is adjusted at 4; the flasks were
stirred at room temperature.

Adsorption isotherms: Equilibrium data, generally known as
adsorption isotherms, are important in the basic design of
adsorption systems and are critical in optimizing the use of
adsorbents. To optimize the design of an adsorption system for
removing Cadmium from solutions, it is essential to establish
the most appropriate correlation for the equilibrium curves. In
the present study, nonlinear methods were used to estimate the
isotherm parameters of Langmuir, Freundlich and Sips models for
a better understanding of the interactions between the plant and
the cadmium adsorbent. Furthermore, the isotherm parameters
were evaluated by non-linear regression analysis using OriginPro.

Langmuir isotherm: The Langmuir isotherm is based on the
assumption that the adsorption occurs at specific homogeneous
sites within the adsorbent and there is no significant interaction
among adsorbed species. The adsorbent is saturated after
the formation of one layer of the adsorbed molecules on the
adsorbent surface [10].

The Langmuir isotherm is represented by Eq. (3):
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With g_: Amount of cadmium adsorbed at equilibrium (mg/g),
d,.. Maximum adsorption capacity in (mg/g), b: Langmuir
adsorption constant related to the energy of adsorption in L/mg
and, C_: Equilibrium concentration (mg/L).

Freundlich isotherm: The empirical Freundlich model [11]
describes the adsorption on a heterogeneous surface and may be
formulated through the Eq. (4):

q, =keg 4

Sips isotherm: The Sips isotherm is a three-parameter isotherm
that derived by combination of the Langmuir and Freundlich
isotherms. The Sips equation [12] is similar in the form to
the Freundlich equation, but it has a finite limit when the
concentration is sufficiently high, as given by Eq. (5):

— qmaxbc:
% 1+bc! 5
where q__ is the Sips maximum adsorption capacity (mg/g), b
is the Sips equilibrium constant (L/mg)", and n is the Sips model
exponent. The linear regression was frequently used to determine
the most fitted isotherm; the non-linear method offered a better
way to predict the equilibrium isotherm parameters. Here, the
determination of adsorption parameters (isotherm constants)
was performed by using non-linear regression (Table 1).

kinetics studies: For the interpretation of the kinetic data, two
pseudo-first-order (Eq.6) and second-order (Eq.7) kinetic model
were used. The non-linearized form of the pseudo-first order
equation is generally expressed as:

9, =4, [1 —exp(—ktadst)} 6

And the pseudo-second order kinetic model is represented by the
following equation:

q — qjqkz.adst 7
' 1 + k2.adsqeqt
Where:

q,: concentration of the adsorbate in the adsorbent at time t

Table 1 Isotherm modeling parameters.

14.43784

0.9778
Isotherm modeling parameters for Sips
model

qmax
69.1402 mg/g

b 6.57 x 10*
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(mg/g adsorbent),

d., equilibrium concentration of the adsorbate in solid phase
(mg/g),

kl,ads :adsorption constant of the pseudo-first-order model (min),
kz,ads: adsorption constant of the pseudo-second-order model.

Results and Discussion
Adsorbent characterization

Granulometric analysis: This Figure 1 shows the size distribution
of the powder of Anacyclus nigllifolius Boiss. This powder of 1
mm ground, presents heterogeneity of size with an average size
of 114.4 um. The particle size varies between 5.12 and 517.2 um.
In general, a smaller size increases the adsorption rate because it
facilitates the arrival of the pollutant to the internal sites of the
plant [13-15].

FT-IR analysis: The surface chemical analysis and surface
functional groups studies for the plant Anacyclus nigllifollius Boiss
were performed by using FTIR. The FTIR spectra were recorded
in the 4000-400 cm™ region before and after the adsorption of
the Cd(ll) ions. Figures 2 and 3 show the FT-IR spectrum before
and after adsorption. The most intense peak at 3100 ~ 3620
cm™ corresponds to vibrations of amines and hydroxyl groups.
The decrease in peak intensities of these groups up to 3400
cm? and the chemical modification correspond to the change
of the environment due to the adsorption of Cd(ll). The peak at
2920 cm corresponds to the elongation vibrations of the C-H
groups. The spectra also show peaks at 1745, 1610 and 1508 cm'!
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Figure 4 Effect of the initial concentration on adsorption of

K cadmium.

which are attributed to the carboxyl groups and the elongation
vibrations of C=C bonds and N-H bonds.

Adsorption of cadmium

Effect of initial concentration: In this section, we describe
the behavior of the plant Anacyclus nigllifolius Boiss on the
adsorption of cadmium by varying the initial concentration of this
metal. The different metal concentrations used range from 10 to
200 mg/l. All samples were treated at room temperature and
stirred using magnetic stirrers. The Figure 4 shows the variation
of the quantity of the adsorbed pollutant (ge) as a function of
the equilibrium concentration for cadmium. It is clear that the
adsorption capacity increases with increasing of the metal
concentration from 2.45 to 70.744 mg/g. We also observe a high
adsorption of cadmium. Thus, an interaction between the metal
ions and the absorbent takes place: between the active sites of the
plant and the metal cadmium. The best fitting equation is based
on the highest R? and the lowest R2 Evaluating the parameters
shown in Table 1, the combined Langmiur-Freundlich isotherm
expression (Sips) provides the best fit and it is the most suitable
model for characterizing the adsorption of the cadmium. This
means that the adsorption of cadmium on Anacyclus possibly
occurred according to the conditions assumed in the Sips model.
In other words, the adsorption is a monolayer phenomenon and
the adsorption sites are not identical to each other.

Effect of contact time: The study of the adsorption of cadmium
on Anacyclus nigllifolius Boiss over time allows the determination
of contact time. It’s the time which corresponds to the adsorption
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equilibrium. We studied the effect of time on the adsorption
for a time varying from 5 to 120 min. As shown in Figure 5, the
Anacyclus nigllifolius Boiss plant was able to remove 93% Cd
(1) for 75 min. We observe that the percentage of elimination
during the first 5 minutes is approximately 48.98%, and then this
percentage increases to reach a value of 91.62% after 30 min of
agitation. A small increase of 92.19% to 93.34% of the removal
percentage is detected when the time increases from 30 min
to 75 min. After 75 min, the percentage of elimination became
constant over time. So we reach the equilibrium time, which
means that the adsorption sites are saturated. Rapid adsorption
during the initial stage is due to the high availability of sorption
sites during this step. The value of the constant (k) and the
cadmium correlation coefficients (R?) obtained using the pseudo-
first-order and pseudo-second-order kinetics models are given in
Table 2. The value of R? Indicates that the pseudo-second order
model is inappropriate for describing adsorption reactions of
cadmium by Anacyclus nigllifolius Boiss whereas the pseudo-first
order model presents the ideal model for the description of the
adsorption of cadmium by the plant.

Effect of pH: The study of the adsorption of cadmium on
Anacyclus nigllefolius Boiss is carried out for 2 hours at pH varying
between 2 and 10 with the same concentration of Cadmium
solutions. The best results are obtained at pH between 4 and 6,
where the elimination percentage is between 88.9% and 91.09%.
The percentage of elimination of cadmium by the plant Anacyclus
niglifollius Boiss increases with the increase in pH to reach a
maximum value of 91.09% at pH 6. The percentage of cadmium
removal is minimal with a percentage of 64.22% when the pH is
2. We can therefore say from Figure 6 that the pH has a significant
effect and influences the adsorption of cadmium. This indicates
that at low pH (very acid medium), the ions hardly adsorb to the
surface because it is already saturated by H* ions. By increasing
the pH, there will be an increase in the adsorption capacity
since the competition between the H* ions in solution and the
Cd (II) metals decreases and consequently the Cd (ll) metal ions
can readily adsorb to the surface of plant. Moreover, for a very
high pH, the Cd (1) ions precipitate in the form of Cd(OH), and
consequently the adsorption capacity decreases.

Effect of adsorbent dose: The study of the effect of the plant
dose on the adsorption capacity of Cd consisted of varying the
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dose of this plant (25 mg, 50 mg, 100 mg, 150 mg, 200 mg, 250
mg and 300 mg), while maintaining the initial concentration of
cadmium. The results of Figures 6 and 7 shows that the increase
in the dose of the plant Anacyclus nigllifollius Boiss influences
the percentage of elimination of the adsorbed cadmium until
reaching a maximum value of 90% for a dose of the plant
greater than 100 mg. In other words, the more the mass of the
plant increases, the more the cadmium is adsorbed, to a value
corresponding to saturation. Any further addition of the plant
does not cause any significant change in adsorption capacity. The
increase in the adsorption capacity of cadmium with the increase
in the dose of the adsorbent is attributed to the availability of
a larger surface for adsorption and consequently the availability
of the sites increases. This has the consequence of increase of
interaction (molecule-site), and consequently better retention of
cadmium. According to Table 3, and comparing the adsorption
capacities of Anacyclus nigllifolius Boiss and other adsorbents,
we can say that this plant has the higher capacity for the removal
of Cd (Il) from aqueous solutions. The difference in elimination
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Table 2 Parameters of kinetics study.

Models Parameters Cadmium
qe (mg/g) Lo
: R? 0.991
Pseudo-first-order K, (min*) 0.121
ba 0.911
qe (mg/g) 12.56
RZ 0.841
Pseudo-second-order K, (g/mg/min) 0.007
e 0.845

Table 3 Adsorption capacity of this study compared with various
adsorbents as reported in literature.

Different adsorbents g max References
Anacyclus nigllifollius Boiss 69.14 Our study
Algae 80 [13]
Bentonite 9.27 [14]
Activated carbon 11.27 [14]
Diatomite 3.24 [14]
Kaolin 3.04 [14]
Montmorillonite 0.153 [15]

of this metal is due to the properties of each adsorbent as the
experimental conditions are the same for all these experiments.

Conclusion

The objective of our study is to study the ability of Anacyclus
niglifollius Boiss to retain and adsorb cadmium from aqueous
solutions. The main results are the Anacyclus niglifollius Boiss
powder presents heterogeneity of size ranging from 5.12 to 517.2
pum. Adsorption of cadmium on the plant reaches 92% at room
temperature.- The adsorption process of cadmium is represented
by the Sips model and by the pseudo-first order model. In
conclusion, this plant, at low cost and with no negative effects
on the environment, has a great capacity to eliminate cadmium.
This study should be continued and tested to remove the heavy
metals and other organic pollutants from the water.
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