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ABSTRACT
Mercury is a carcinogenic and teratogenic compound that tends to accumulate in water solutions. In
this research, the removal of mercury from an aqueous solution was evaluated by using palm leaves.
Experiments were performed to study the adsorption efficiency, the effect of the adsorbent amount,
the balance time, the adsorbate concentration, and the pH on mercury removal. The experimental
apparatus used was a batch stirred reactor (volume: 1m?). The study was conducted under almost
isothermal conditions. The test results showed that the optimum adsorbate concentration was 2 g/I,
the balance time was three hours, the optimum adsorbent concentration was 15 mg/I, and the pH was
6. The maximum efficiency obtained was 99.24%. The chemical compounds with the highest
presence in the palm leaves were Lol (93.76%), and SiO> (4.1%), whereas the compound with the
lowest presence was Na,O (0.08%). The mercury removal efficiency increased with an increase in
the adsorbent dose and the contact time, and reduced with an increase in the initial mercury
concentration. The Freundlich model, using the variables provided in the study, predicted the change
in the adsorption Kinetics.
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Introduction

Mercury (Hg*?) is a heavy metal with the
atomic number 80. It has a freezing point of —
38.83°C and a boiling point of 356.73 °C.
Mercury is an important and a useful industrial
material, used for conducting numerous
experiments, and to manufacture products and
instruments. Due to such usage, traces of
mercury are found in industrial wastewater.?
The oil-refining industries, paper and pulp
industries, electrical and rubber-processing
sectors, nuclear reactors, gold ore sector, and
fertilizer industries are the principal sources of
mercury that are released in the aquatic
environment.®* Mercury enters the food chain,
and eventually a large amount of this
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heavy metal accumulates in human and animal
bodies.> Mercury can cause chronic and acute
poisoning; thus, it is fatal for aquatic animals
and dangerous for human health.® Hg*? can
adversely affect the nerve, brain, and kidneys,
and it can cause lung irritation, skin rashes, and
vomiting—the list goes on. The lowest limit for
any heavy metal (0.001ppm) is prescribed for
mercury.” Hence, its removal from the vital
resources and the environment in general is a
prime concern in today’s world.® Several
technologies have been used to remove mercury
including ion exchange, adsorption, solvent
extraction, reverse osmosis, and membrane
processes.> ! Adsorption is an appropriate
technology for mercury removal,*? and its
efficiency depends upon the characteristics of
the contaminant, concentration of the
contaminant, temperature, pH, and the dose of
adsorbent.> Many studies have evaluated the use
of naturally available materials—such as
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walnut shell,® fruit shell of Terminalia
catappa,'® olive stones,® chitosan,** palm leaf
ash,'® and agricultural waste'® as precursors for
adsorption. Keeping in mind the necessity of
applying an economic and efficient adsorbent,
this study aimed to examine palm leaves’
efficiency in removing mercury. It also
evaluated the importance of isotherm adsorption
models for determining adsorbent capacity and
optimizing the adsorbent consumption.

Materials and Methods

In the present study, the effects of pH (4, 6,
and 8), contact time (zero, three, six, and nine
hours), adsorbent concentration (15, 30, 45, and
90 mg/l), and adsorbate dose (1.5, 2, 2.5, and 3
g) on mercury removal were examined. The pH
was regulated using 1N nitric acid and sodium
hydroxide solution. To obtain a proper mixture
of the adsorbent and mercury, an orbital mixer
with an intensity of 300 rpm maintained at 25 °C
was used.!” For separating the adsorbent
particles from the aqueous solution, the samples
were filtered with the help of a 0.2-micron
fiberglass filter. Atomic adsorption
spectroscopy (Perkin Elmer 4100) was done for
mercury residue measurement and the mercury
efficiency removal was evaluated. All the
chemical substances and reagents used in this
study have a purity of 99.99% and were
purchased from Merck Co., Germany. In order
to prepare the adsorbent, the palm leaves were
washed and dried. They were then crushed and
screened with the help of 30 mesh sieves with a
pore size of 0.5 mm. The leaves were further
dried by the dry Heat at a temperature of 100 °C
until it reached a constant weight. The mercury
stock solution (1,000 mg/l) was prepared by
dissolving mercury in double-distilled water and
then various concentrations were prepared (15,
30, 45, and 90 mg/l). The Langmuir isotherm is
valid for the single-layer surface adsorption. In
this model, it was assumed that the surface
adsorption energy was constant and the
material, which adsorbed in the surface
adsorption, had no migration.*® The equation is
as follows:
C, 1 C,

— = + M
qe Kl Qmax Gmax
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The Langmuir isotherm is presented as a

separation factor in Equation 2:
1

k=17 K, C, @)
The Freundlich isotherm described the multi-
layer adsorption based on the interaction
between the surface adsorbent molecules. With
the increase in surface coverage, the surface
adsorption energy had decreased
exponentially.® This equation is represented as
Equations 3 and 4:
qe = K(Ce)l/n 3)
Lnq, =Ln Ky + %LnCe 4)

The surface area of the palm leaves was
measured by a surface analyzer (Quantachrome
Autosorb-1 analyzer) using the BET method.

Results and Discussion

As mentioned earlier, the aim of the present
study was to determine the efficiency of palm
tree leaves in removing mercury from aqueous
solutions. The use of this adsorbent for mercury
removal was very effective and its application in
mercury removal was approved. The
characteristics of palm leaves are shown in
Table 1.

Table 1. Chemical compounds in palm leave (%) by
HPLC

Chemical Chemical

level level
compounds compounds
SiO; 4.1 SOs 0.1
Al;0O3 0.31 Na;O 0.08
Fe203 0.16 MgO 0.4
K20 0.71 P20s 0.28
Lol 93.76 SOz 0.1

Effect of Adsorbent Concentration

As shown in Fig. 1, by increasing the palm
leaves’ adsorbent dosage from 1.5-3 mg/l, one
can increase the removal efficiency from 72.6%
to 85.2%. Adsorbent dose is a key parameter
controlling the accessibility to and the
availability of the adsorption sites. Increasing
the adsorbent dose results in increasing removal
efficiency.? In the present study, while
increasing the adsorbent dose from 1.5gto 3 g,
there was a 13% increase in the removal
efficiency. This phenomenon could be attributed
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to the fact that increasing the adsorbent dose
resulted in an increasing surface area, which in
turn gave rise to a greater removal efficiency.?

The initial rapid and high adsorption rate
was possibly due to the presence of voids on the
adsorbent surface. By increasing the exposure
time, these locations were gradually filled in
with mercury, thereby increasing the rate of
mercury removal.’? Nad Ali et al. achieved
similar results in mercury removal with the help
of palm tree leaf.?®> Asar et al. studied the
adsorption of heavy metals using the wastes of
the boron enrichment process and found similar
results.?® Ding et al., Kuar et al., and Ornek et al.
obtained similar results.t” 2* 26 The absorption
process depends on the charge and the mobility
of the ions present in the solution. Cations and
anions were absorbed by the counter ions
present on the surface and the micropores of the
adsorbent.

Table 2. Constant of synthetic cadmium adsorption model

by adsorbent
Freundlich Langmuir adsorption
adsorption isotherm isotherm
n=1.89 g/lit gmax= 0. 29 mg/g
Ks =0.0029 mg/g K.=0.069 I/mg
R%=0.997 R%=0.987
- R=0.6

Effect of Contact Time

As Fig. 2 showed, the adsorption rate is
high during the initial contact time. However,
after three hours, the mercury adsorption
reduces due to the desorption that has occurred
during that time. In the present study, increased
adsorption was achieved by increasing the
contact time. This is consistent with the results
found by Madrakian et al.?’ Possibly, this
increase in adsorption could be due to increasing
incidents of mercury molecules with palm leaf
surface.?® By increasing the time, due to the
increasing repellence power among the mercury
molecules, occupying the residual site would be
very difficult. In the sorption mechanism,
mercury ion is removed by ion exchange and
physico-chemical sorption.?® lon mobility and
the interaction rates among the counter-charged
ions and the absorbent surface are important
issues in aqueous solutions.?®
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Fig. 1. The removal efficiency based on the various
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Fig. 2. The removal efficiency in different contact time

Effect of Mercury Concentrations

The results showed that the mercury
adsorption percentage had reduced as the
concentration increased, and the removal
percentage was reduced from 78.97% t0 49.41%
(Fig. 3). Adsorption efficiency was decreased by
increasing the adsorbate concentration.®® In
lower concentrations of mercury, sufficient
active sites are available. Therefore, it was
observed that the absorption rate was
independent from the metal concentration. But
in higher concentrations, the metal ion numbers
are more than in active absorption sites. Thus,
the removal percentage of metal ions depends
on the initial concentration of mercury and
decreases by increasing the initial mercury
concentration.® By increasing the initial
concentration, the weight of the amount
absorbed increased. Since the ratio of absorbent
to solution is constant in high concentrations,
due to the saturation of the exchangeable sites
by the absorbate, the efficiency of absorption is
decreased. In most cases, mercury adsorption
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occurs at two to four hours of equilibrium time.
When a layer is formed on the active sites of the
adsorbent, the adsorption rate decreases.*?
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Fig. 3. Removal efficiency in various Mercury

concentrations (the optimum adsorbent amount of 3 gr
and balance time of 3 hours)

Effect of pH

The results showed that with an increase in
the pH, the removal efficiency increased too,
reaching its maximum level of pH=6 (Fig. 4).
For mercury, the maximum uptakes were found
on the palm leaf surface at solution pH near the
adsorbate's point of zero charge (pHpz). The
PHpz in this study was 5.6. One of the other
important parameters affecting the adsorption
process was the adsorbent pH value. The
adsorption process is very sensitive to solution
pH. lonic activity has a prominent role in metal
adsorption. Studies show that the optimum pH
range for mercury removal is between 5 and 6.2
The pH had an important contribution in the
total process. However, the adsorption capacity
that resulted from the pH greatly influenced the
adsorbent surface charge, ionization level of
materials in solution, dissociation of the
functional groups in active sites, and the
solution chemistry. Therefore, the pH had a
great impact on the removal of organic and
inorganic materials from the aqueous solutions.
In acidic pHs, removal efficiency was high due
to the protonation of active sites and an
increasing charge density on the adsorbent
surface (phenolic, carboxylic, and hydroxyl).*®
In fact, the reason for decreasing efficiency by
increasing the pH value was the ionization of the
adsorbent and absorbate. This also caused the
creation of repellence power and decreased
removal efficiency.3* Ruiz studied mercury
removal and found that by increasing the pH up
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to 6, the increasing rate of the mercury removal
continued. However, increasing the pH above 6
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Fig. 4. The removal efficiency based on the pH (the
optimum adsorbent level 3 gr and balance time of 3h and
optimum adsorbate concentration of 15 mg/l)

decreased this rate. Our results are consistent
with the results found by Ruiz.®

Evaluating Isotherm Adsorption

Based on the results displayed in Table 1,
the Re level in Langmuir model was in the range
of 0-1, which showed that the adsorption
process was desirable on the adsorbent. The
amount in the Freundlich isotherm of 1-10 also
represented that the adsorption process was
desirable. Evaluation of the linear isotherm and
the R? correlation coefficient showed a good
adaption of experimental results with the
Freundlich and Langmuir models. The
absorption rate depends on Kkinetics, and the
Longmuir  and  Freundlich  absorption
equilibrium. The absorption isotherms were
discontinuous  for these studies.® The
absorption isotherms are equations for
explaining the equilibrium state of the absorbent
among the solid and fluid phases. In the present
study, experimental data was evaluated using
the Freundlich and Longmuir absorption
isotherms. According to the results of the
isotherm equations, the mercury absorption
isotherm on the palm leaf followed the
Freundlich  and Longmuir  isotherms.
Arumugam et al. studied nickel absorption using
synthesized SBA-15 and sugarcane leaf ash.
Likewise, Aranda Garcia et al. studied nickel
absorption using chestnut fruit bark and found
that absorption had more agreement with the
Freundlich isotherm, which is consistent with
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our results.3” Meanwhile, Malarvizhi found
more agreement with the absorption data of the
Longmuir isotherm. This is in contrast with the
results found in the present study.® The findings
of the present study showed that by increasing
the absorbent dose and the contact time, removal
efficiency increased, while there was an inverse
relationship between absorbent concentration
and absorbent efficiency. The absorption
isotherm followed the Freundlich model.

The BET analysis presented no significant
changes on the surface of the palm leaves after
mercury adsorption. Hence, we suggest that the
surface area contributed less to the mercury
adsorption.

Conclusion

To sum up, the present study showed that
the palm leaf—being small in size, having a
great cross-section and great reactivity for
mercury heavy metal removal from aqueous
solutions—could be effective for mercury
removal. Although the present study was
conducted on a pilot and laboratory scale, and
has an industrial application, it requires more
comprehensive studies in the semi-industrial
and higher scales.
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