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Abstract

Removal of metal ions (Pb(II), Cu(ll), and Cd(11)) from aqueous solutions using a biosorbent prepared from the
marine sponge “Cinachyrella tarentina” residue was studied. The impact of various parameters such as pH,
biosorbent dose, and contact time on the removal was evaluated by batch method. The removal of metal ions by
the biosorbent was pH dependent and the optimum pH value was 5.0 for all studied metal ions. The biosorption
isotherms were studied using Langmuir, Freundlich, Dubinin—Radushkevich (D-R), and Temkin isotherm
models. Langmuir isotherm provided the best fit to the equilibrium data with maximum biosorption capacity
values of the biosorbent for metal ions were 166.67 mg/g for Cu(ll ) and Cd(Il), and 142.86 mg/g for Pb(ll).
The experiments demonstrated that the removal of metal ions followed the pseudo-second-order kinetic model.
Desorption experiments were carried out using HCI solution with a view to regenerate the spent biosorbent and
to recover the adsorbed metal ions.

Keywords: Lead; Copper; Cadmium; Cinachyrella tarentina; Biosorption isotherms; Biosorption kinetics; Desorption.

Introduction

The term heavy metal is applied to a group of elements having atomic density value of more than 6
glcm® [1]. Heavy metals like arsenic (As), copper (Cu), cadmium (Cd), chromium (Cr), nickel (Ni), zinc
(Zn), lead (Pb), mercury (Hg) and manganese (Mn) are major pollutants of freshwater reserves [2]
because of their toxic, non-biodegradable and persistent nature. Most of the metals are carcinogenic,
teratogenic and pose severe health problems like organ damage, reduced growth and development,
nervous system impairments and oxidative stress [3]. The increasing industrial growth is the major
source of heavy metals introduction into different segments of the environment including air [4], water,
soil and biosphere. These industrial sources include mining, smelting, surface finishing, electroplating,
electrolysis, electric appliances and electric boards/circuits manufacturing industries as well as
agriculture sector including fertilizers, pesticides [5]. There are several methods for treating metal
contaminant effluent such as ion exchange, adsorption, chemical precipitation, oxidation, reduction, and reverse
osmosis. However, many of these approaches can be less cost effective or difficult for practical use. Since,
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searching for a low-cost and easily available adsorbent has led to the investigation of materials from
agricultural and biological origin, along with industrial by-products, as adsorbents [6-7]. These biological
materials are known fortheir potential to adsorb heavy metals. Biosorption of heavy metals is one of the most
promising technologies involved in the removal of toxic metals from industrial waste streams and has been
receiving a great deal of attention in recent years, not only as a scientific novelty but also for its potential
application in industry [8-11].

The objective of this study was to investigate whether biosorbent prepared from the marine sponge
Cinachyrella tarentina could be used as an alternative for commercial activated carbon for the removal of
heavy metals from wastewater. The influence of various parameters such as pH, contact time, and biosorbent
dose on the removal efficiency of the biosorbent was studied. The kinetics of metal ions biosorption onto the
biosorbent was analyzed by kinetic models. The experimental equilibrium adsorption data were analyzed by
Freundlich, Langmuir, Dubinin—Radushkevich (D-R), and Temkin isotherm models to determine the best fit
isotherm equation. Desorption experiments were carried out using HCI solution.

1. Materials and methods

1.1. Materials

The sponge used in this study was collected from atlantic litoral of Morroco. All the reagents used were of
analytical grade. The impregnating agent for the chemical activation of the seeds was sulfuric acid. The test
solutions single lead(1l), copper(ll) and cadmium(I1) were prepared by diluting 1000 mg/L of stock solutions of
lead(Il), copper(Il) and cadmium(ll) to the desired concentration. Stock solution of lead(ll) copper(ll) and
cadmium(ll) were obtained by dissolving quantities of Pb(NOs),, Cu(SQy),, 5H,0, and Cd(NOs),, 4(H,0), in 1
liter of deionized water, respectively. The pH of the solutions was adjusted to a desired value with 0.1 N HCI
and 0.1 N NaOH.

1.2. Preparation of the biosorbent

The extract residues of the sponge were washed with double distilled water, dried at 110°C for 24 h, ground and
reduced to a particle size between 1 and 2 mm, the obtained material was mixed with sulfuric acid (H,SQO,) at
48%, with a weight ratio of H,SO4/Material equal to 1/1. The mixture was dried overnight at 120°C. The
activated product has subsequently undergone heat treatment in air at a temperature of 237°C for 150 min.
These optimal conditions for activation experiments were dictated by results obtained after many studies trials
in the laboratory using the methodology of experiments Plans. The activated product was washed with double
distilled water and dried at 120°C overnight, ground and sifted to obtain a powder with a particle size smaller
than 100 pum; it was finally kept in a hermetic bottle for subsequent uses.

1.3. Physico-chemical characteristics of the biosorbent
1.3.1. Porosity and pore volume
The porosity and pore volume of the biosorbent were given by pycnometry. In order to determine the real

density (p,), water was chosen since it can penetrate in porous space [12]. Whereas, for the apparenct
density (p,), mercury was chosen since it does not penetrate in the porous network. The porosity ( )

and pore volume (V) can be calculated by following equation:

x =2 "Pv 100 )
ps
VF,(g/cm3):i—i=i 2)
Py P Py

1.3.2. Surface area evaluation
The specific surface area of the biosorbent was estimated by the methylene blue adsorption method. MB stock
solution 1000 mg/L was prepared by dissolving 1 g of MB in 1000 mL of deionized water. In a series of 250
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mL glass bottles were placed successively 100 mL of MB solutions with initial concentration varying between
100 and 1000 mg/L and a biosorbent dose of 4 g/L. The bottles were capped and shaken for 24 h in a
thermostatic bath at 25°C until biosorption equilibrium was established. Samples were taken and centrifuged at
4000 rpm and the supernatant was analyzed by measuring the absorbance at 664 nm, using a UV-visible
spectrophotometer. The amount of MB adsorbed g (mg/g adsorbent) was calculated by using the equation:

1=C,-C)Y  ®
m

where C, and C, are the initial and equilibrium MB concentrations, respectively (mg/L), V is the total volume
of the suspension (L), and m the biosorbent dose (g).

The plot of 1/q versus 1/C, for the adsorption of MB on the biosorbent gave the saturation adsorption amount,
determined from the slope of the plot. The MB molecule has a parallelepiped shape and can be regarded as a
rectangular volume with dimensions 17 x 7.6 x 3.25 A. Previous research reported that, generally, for
monolayer adsorption 2.45 m? can be taken as the occupying area for 1 mg MB. The specific area of the
biosorbent was calculated by using the equation: S =2,45xQ,, [13-14].

1.3.3. lodine number

The iodine number (mg/g of adsorbent) was evaluated using the procedure proposed by the Standard Test
Method (ASTM D 4607-86). The biosorbent (approximately 0.3-0.6 g) was placed in a 250 mL dry Erlenmeyer
flask, and was fully wetted with 10 mL HCI 5% (in weight). The mixture was then boiled for 30 s and finally
cooled. Then 100 mL of iodine solution (0.1 M) was poured into the flask, and the mixture was vigorously
shaken for 30 s. After a quick filtration, 50 mL of the solution was titrated with sodium thiosulfate (0.1 M) until
the solution became pale yellow. Two milliliters of starch indicator solution (1 g/L) were added, and the
titration was continued with sodium thiosulfate until the solution became colorless. The concentration of iodine
in the solution was thus calculated from the total volume of sodium thiosulfate used.

1.3.4. pH of contact

The measurement of pH of contact can quickly evaluate the acidity or basicity of an adsorbent material. It was
carried out and measured as follows: 50 mg of the biosorbent was placed in a 250 ml vessel and 100 ml of
deionised water was added. This mixture was agitated for 24 h and filtered. The pH of residual solution was
measured using pH-metter [15].

1.3.5. pH Point of zero charge (pHPZC)

The pH of zero point of charge (pHzpc) was determined by adding a known amount of the biosorbent (0.1 g) to
a series of bottles that contained 50mL of deionised water. Before adding the biosorbent, the pH of the solutions
was adjusted to be in the range of 1.0-9.0 by the addition of either 0.1M HCI or 0.1M NaOH. These bottles
were then rotated for 1h in a shaker and pH values were measured at the end of the test. The pH of the
suspensions is represented as a function of the initial pH of the solutions. The curve obtained theoretically cross
the bisector of axes at the point of zero charge [16].

1.3.6. Fourier transform infrared (FTIR) spectroscopy

FTIR was principally employed as a qualitative technique for the assessment of the chemical structure of
adsorbent. The FTIR spectra of the resulting biosorbent were recorded between 400 and 4000 cm-1 in a
spectrometer type Perkin-Elmer 783.

1.3.7. Surface functional groups

The well-known Boehm’s method allows modeling the principal acidic oxygenated functions of the biosorbent
such as carboxylic acids, lactones, and phenols using bases of increasing strength as NaHCO3, Na,CO; and
NaOH, respectively. Then, the total basicity is given by titration by HCI [17-18].
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1.3.8. X-Ray diffraction
The X-Ray diffraction patterns were obtained using a PANalytical diffractometer equipped with a CuKa
radiation (45 kV, 40 mA) at a step size of 0.06° between 5 and 90°.

1.3.9. Surface morphology

Scanning Electron Microscopy (SEM) was employed to visualize the external morphology. In the present work,
the raw material and prepared biosorbent were analyzed by this technique using Environmental Scanning
Electron Microscope (ESEM) (Mark FEI Quanta 200) to see the effect of chemical activation with sulfuric acid
on the structure of the material.

1.4. Batch mode biosorption studies

Removal of Pb(ll), Cu(ll), and Cd(ll) ions onto the biosorbent was carried out by batch method and the
influence of various parameters such as effect of pH, contact time, and biosorbent dose were studied. For each
experimental run, 100 mL of metal solution of known concentration was taken in a 250 mL stoppered reagent
bottle, pH was adjusted to the desired value by the addition of dilute aqueous solutions of HCI and NaOH, and a
known amount of the adsorbent was added. This mixture was agitated at room temperature (25°C) using a
mechanical shake at a constant rate of 250 rpm for a prescribed time to attain equilibrium. At the end of the
predetermined time intervals, the sample was taken out and the supernatant solution was separated from the
biosorbent through polytetrafluoroethylene syringe filters (pore siz 0.45 pm) and analyzed the concentration of
each metal ion Pb(Il), Cu(ll), or Cd(ll) remaining in solution using ZEENIT atomic absorption
spectrophotometer. Effect of pH was studied over the range of 2.0-6.0. Effect of biosorbent dose was studied in
the range of 0.01-0.07g of biosorbent in 100 mL of metal solution. Kinetics and effect of contact time on
biosorption were determined at different time intervals over a range of 5-240 min.

Biosorption isotherms were studied by varying the initial metal ions concentration from 10 to 70 mg/L.

The amount of adsorbed metal ion per gram of adsorbent at equilibrium, g, (mg/g), and the removal percentage,
(% removal), were calculated using the following equations:

q = (G, -C )V (4)
m

C,-C
%removal = —>——2 %100 (5)
CO
where C, and C, are the initial and equilibrium concentrations of metal ion, (mg/L). V is the volume of metal
ion solution (L) and m is the weight of biosorbent used (g).

1.5. Desorption studies

Assays were performed in two phases:

Phase 1 - Biosorption: 0.05 g of the biosorbent was placed in contact with 100 mL of a 50 mg/L Pb(ll), Cu(ll),
or Cd(Il) solution in a bath shaken at 250 rpm and 25°C. The pH was adjusted to 5.0 for all solutions during the
biosorption period. The contact time of biosorption was maintained 120 min for all solutions to achieving
biosorption equilibrium. The biosorbent saturated with Pb(Il), Cu(Il), or Cd(II) was then collected by filtration,
washed with distilled water and placed in an oven for 12 h at 60°C. The liquid phases were analyzed by
ZEENIT atomic absorption spectrophotometer.

Phase 2 - Desorption: the dry and saturated biosorbent with Pb(I1), Cu(ll), or Cd(Il) was placed in contact with
100 mL of 0.1 M HCI for 6 h in an agitated bath at a temperature of 25°C with stirring at 250 rpm. The liquid
phases were filtered and analyzed by ZEENIT atomic absorption spectrophotometer [19].

The performance of HCI in the biosorbent regeneration was examined in three biosorption -desorption cycles
for all metal ions to determine the biosorbent regeneration. The initial and final metal concentrations of the
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solutions were recorded for each cycle. After each cycle of biosorption—desorption, the biosorbent thoroughly
washed with deionized distilled water to neutrality and reconditioned for biosorption in the succeeding cycle.
The desorbed percentage was determined according to Equation (6).

0 Amount desorbed ions

YoDesorbed =

- - x100 (6)
Amount biosorbed ions

1.6. Biosorption isotherm models

The biosorption equilibrium data of metal ions onto the biosorbent were analyzed in terms of Langmuir and
Freundlich isotherm models [20] and also in terms of Dubinin—Radushkevich (D-R) and Temkin isotherm
models [21] for the purpose of interpolation and limited extrapolation of the data. The relative coefficients of
these models were calculated using least-squares fitting.

Langmuir model is based on the assumption that biosorption energy is constant and independent of surface
coverage. The maximum biosorption occurs when the surface is covered by a monolayer of adsorbate. The
Langmuir isotherm is given by Eq. (7):

~ Q,bC,
%=1y bC, )

The linear form of Langmuir isotherm equation is given as:
C, 1 C. ()

—&—-_- 4
9. Qb Q,

where C, is the equilibrium concentration of the adsorbate (mg/L), g. is the amount of adsorbate adsorbed per
unit mass of adsorbent (mg/g), b is the Langmuir adsorption constant (L/mg), and Q, is the theoretical
maximum adsorption capacity (mg/g).
The essential characteristics of the Langmuir isotherm can also be expressed in terms of a dimensionless
constant of separation factor or equilibrium parameter, R, which is defined as

R = (@)

(1+bC,)

where b is the Langmuir constant and C, is the initial concentration of metal ions. The R, value indicates the
shape of isotherm [22]. R, values between 0 and 1 indicate favorable adsorption, while R, >1, R, =1,and R_
= 0 indicate unfavorable, linear, and irreversible adsorption isotherms.
Freundlich isotherm describes the heterogeneous surface energies by multilayer adsorption and is expressed in
linear form as:

log g, =log K- +(%) logC, (10)

The constants Kg (mg/g (L/mg) ) and n of the Freundlich model are those indicative of the relative adsorption
capacity of the adsorbent and the intensity of the adsorption, respectively. For values in the range 1< n< 10,
adsorption is favorable [23].

Temkin isotherm based on the heat of adsorption of the ions, which is due to the adsorbate and adsorbent
interactions taken in linear form, is given by

Q. = (ET—TJ In A+ (ET—TJ InC, (11)

where B =RT/by, by is the Temkin constant related to the heat of sorption (J/mol), A is the Temkin isotherm
constant (L/g), R the gas constant (8.314 J mol™ K™) and T the absolute temperature (K).
Dubinin—Radushkevich (D-R) isotherm approach assumes that there is a surface area where the adsorption
energy is homogeneous. The linear form of Dubinin—Radushkevich isotherm equation can be expressed as

1/n
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Ing, =INQ, —B&? (12)

where Qg is the theoretical monolayer saturation capacity (mg/g), B is the Dubinin—Radushkevich model
constant (mol?/kJ?), and ¢ is the Polanyi potential and is equal to

£=RT In(1+ ij (13)
C

e

The mean energy of sorption, E (kJ/mol), is related to B as
E=—— (14)

1.7. Biosorption kinetics models

In order to analyze the biosorption kinetics of metal ions onto the biosorbent, two kinetic models; pseudo-first-
order and pseudo-second-order kinetic were applied for the experimental data. The pseudo-first-order equation
can be expressed as [20]:

K
lo —g)=1lo —— 1 t 15
a(g, —q,) =logq, 5303 (15)

where g. and g; are the amounts adsorbed at equilibrium and at time t (mg/g), and k; is the rate constant of the
pseudo-first-order adsorption (min™). The adsorption rate constant k;, can be calculated by plotting log(ce—0)
Versus t.

The pseudo-second-order kinetic model can be represented in the following form:

t ! +it (16)

g K0 d.
where k, (g/mgmin) is the rate constant of second-order adsorption. k, and g. can be obtained from the intercept
and slope of plotting t/ g; versus t.

2. Results and discussion

2.1. Characterization of the biosorbent

2.1.1. Physical characteristics

Surface area, porosity, pore volume and iodine number are characteristic parameters of the performance of the
biosorbent.

The specific surface area of the biosorbent was estimated using the methylene blue adsorption method. The
initial points on the isotherm plot of q versus Ce for the adsorption of MB on the biosorbent lie on the y-axis
since the biosorbent at low initial solute concentration (100—-200 mg/L) adsorbed all MB present in the solution

(Fig. 1a).
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Figure 1: (a) Biosorption isotherm and (b) linear plot of Langmuir isotherm for the biosorption of methylene
blue on the biosorbent (biosorbent dose 4 g/L, MB initial concentrations: [100-1000 mg/L], t = 24 h,
temperature: 25°C).
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The experimental data of MB biosorption on the biosorbent were well represented by the linearized form of the
Langmuir isotherm model described in Section 1.6.
The plot of Ce/q versus Ce for the adsorption of MB on the biosorbent for initial MB solution concentrations
ranging from 300 to 1000 mg/L at 25°C gave a straight line with correlation coefficient 0.999 (Fig. 1b). The
saturation biosorption amount was determined from the slope of the plot (Qm = 100 mg/g).
The specific surface area of the biosorbent was calculated as 245 m%/g.

The values of various physical parameters determined for the prepared adsorbent are regrouped in Table 1.

Table 1: physical parameters of the biosorbent

Physical parameters Value
Estimated specific surface area (m?/g) 245
Pore volume (cm®/g) 65
Prosity (%) 0.75
lodine number (mg/g) 761

SEM images obtained are shown in Fig. 2. The observation of the SEM image of the raw material (Fig. 2a)
shows that the grains are not homogeneous with almost total absence of porosity. The external surfaces of the
prepared biosorbent (Fig. 2b) show large cavities and are very irregular,indicating that the porosity of the
material was produced by attack of the reagent (H,SO,) during activation.

Figure 2: SEM images of raw material (a) and prepared biosorbent (b).

2.1.2. Chemical characteristics

FTIR spectroscopic analysis: In this work, infrared spectroscopy was used to obtain information about the
chemical structure and functional groups of the biosorbent (figure not shown). A weak but sharp absorption
bands at 3797 and 3736 cm—1 appeared in the spectrum of the biosorbent may be ascribed to isolated OH
groups [24]. A wide absorption band at 3200-3600 cm-1 with a maximum at about 3400 cm-1 is assigned to
O-H stretching vibrations of hydrogen bonded hydroxyl groups [25]. The absorption band at 2990 cm—1 is
assigned to the stretching vibrations of aliphatic CH, CH2, and CH3 side chain groups of the aromatic nuclei.
The absorption peaks at 2350 and 2330 cm—1 appeared for the adsorbent is possibly attributed to stretching
[26]. The FTIR spectrum of the adsorbent contains absorbance peaks at 1600 and 1700 cm—1 which are the
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characteristics of C=0 in quinone [27] and carboxylic acid structure respectively. The medium absorption
band at 1400 cm—1 shows an aromatic ring of the adsorbent. The bands at 1200-1000 cm—1 have been
assigned to C-O stretching vibrations in alcohols and phenols confirming the OH group in the adsorbent.
Absorption peaks at 800 and 700 cm—1 are ascribed to out-of-plane deformation mode of C-H in variously
substituted benzene rings [24]. The adsorbent contains —-OH and C=0O functional groups which could be
involved in chemical bonding and may be responsible for the adsorption [28]. The oxygen of each carbonyl
and hydroxyl group is considered a strong Lewis base because of the presence of nonbonding electron pairs.
The oxygen base makes coordination bonds with the metal ions (which are Lewis acids).

Oxygen functional groups: The identification and quantification of the surface oxygen groups in the
biosorbent was done by means of the point of zero charge and Boehm titration. The results are detailed in
Table 2.

The results show that the biosorbent produced by chemical activation is characterized by an acidic surface.
The pH of the biosorbent was measured as 4.75. This result confirmed the Boehm analysis.

Table 2: Chemical parameters of the biosorbent obtained from Boehm method, pH, and Point of zero charge.

Chemical parameters Value
Total of acid functions 1.049
Carboxylic (-COOH) 0.397
Lactones (—-COO-) 0.099
Phenol (—OH) 0.553
Total of basic functions 0.197
pH 4.75

pPHpzc 4.25

X-Ray Diffraction Analysis: The X-Ray Diffraction pattern of the biosorbent (figure not shown) exhibit
broad peaks and absence of a sharp peak that revealed predominantly amorphous structure, which is an
advantageous property for well-defined adsorbents. However, the occurrence of broad peak around 24°
showed sign of formation of a crystalline carbonaceous structure, resulting in better layer alignment
[29].

2.2. Adsorption proprieties
2.2.1. Effect of operating parameters
Effect of pH: The interaction between the metal ions and the functional groups of the biosorbent depends on
nature of the biosorbent as well as on solution chemistry of the adsorbate, which in turn depends on pH of the
solution [30] considerably influencing metal speciation, sequestration, and/or mobility [31-33]. Therefore, the
effect of hydrogen ion concentration was examined using solutions in the pH range of 2.0-6.0. Fig. 3
summarizes the removal of lead(ll), copper(ll), and cadmium(Il) by the biosorbent as a function of pH. It is
observed that the lead biosorption exhibits a higher dependence on pH while cadmium (11) and copper (II)
have a similar profile with a slight dependence on pH. The removal of metal ions increased with increasing
solution pH, reaching an optimum value at pH 5.0 for all studied metal ions. The lower removal of the studied
metal ions at below optimum pH values can be attributed to effective competition between higher
concentration of H* or HsO" and metal ions present in the forms of M** and M(OH)" according to their (Pb,
Cu and Cd) speciation diagrams [34-36]. The increase in metal removal as pH increased can be explained on
the basis of a decrease in competition between proton (H" or H;0") and positively charged metal ions
[M* and M(OH)] at the surface sites. Also as pH increased surface positive charge of the biosorbent
decreased which resulted in lower repulsion of the adsorbing metal ions. The pHPZC of the biosorbent was
4.25, indicating negatively charged surface sites of the biosorbent at pH higher than 4.25. The optimum pH
values for Pb(ll), Cu(ll), and Cd(Il) were much higher than pHPZC of the 4.25 (Fig. 3). At optimum pH
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values surface functional groups of the biosorbent may dissociate, by deprotonation resulting in negatively
charged functional groups. Consequently, such negatively charged groups were showing affinity towards the
positively charged or neutral metal species due to electrostatic interaction which may be responsible for the
significant removal of metal ions by the following possible reactions [37].

R-OH+OH™  «&R-0"+H,0

R-O"+M(lIIX <> R-O0"M(IlI)X

When the pH was higher than the optimum pH (beyond the pH value of 5.0 for studied metal ions (Fig. 3) the
metal ions may get converted to their hydroxides, and this resulted in a decrease in the removal of metals by
the active sites of the biosorbent [36, 38-40]. Further, the biosorption process of metals by the biosorbent is
kinetically faster than the precipitation of metal hydroxides under higher pH. The precipitation of metal
hydroxide into the pores or spaces around the particles is hardly possible. Moreover, the percentage removal
of metal ion was much greater by adsorption than by precipitation [40].

100

» /+‘
@ 60
S~
£
~;_;, 40 +Pb(||)

—a— Cd(ll)
20 Cu(ll)
0 T
0 1 2 3 4 5 6 7
pH

Figure 3: Effect of pH on the biosorption of metal ions by the biosorbent at temperature = 25°C, contact time
= 120min, metal ions initial concentration = 50mg/L, biosorbent dose = 0,5g/L and agitation speed = 250rpm.

Effect of biosorbent dose: Dosage study is an important parameter in biosorption studies because it
determines the capacity of biosorbent for a given initial concentration of metal ion solution. The effect of
biosorbent dose on the percent removal of Cu(ll), Cd(Il) and Pb(ll) at initial concentration of 50mg/L is
shown in Fig.4.

—o— Cu(ll)
100 - —a— Cd(ll)
Pb(ll)

N //’//’*j*—-—‘—-_'

70 -

Romoval efficiency, R (%)

60

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Dose of biosorbent (g)
Figure 4: Effect of biosorbent dose on the biosorption of metal ions by the biosorbent at temperature = 25°C,
contact time = 120min, metal ions initial concentration = 50mg/L, pH =5 and agitation speed = 250rpm.

From the figure it can be observed that increasing of biosorbent dose increased the percent removal of Cu(Il),
Cd(I1) and Pb(I1) up to 90, 85 and 74%, respectively, with the required optimum dosage of 0,5¢g/L. Beyond the
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optimum dosage the removal efficiency did not change with the biosorbent dose. As expected, the removal
efficiency increased with increasing the biosorbent dose for a given initial metal concentration. Indeed, for a
fixed initial adsorbate concentration increasing biosorbent dose provides greater surface area or more
biosorption sites. Further, it can be attributed to the binding of metal ions onto the surface functional groups
present on the biosorbent.

Effect of contact time: Equilibrium time is one of the important parameters for an economical wastewater
treatment system [41]. The experimental results relating to the effect of contact time on removal of Pb(ll),
Cu(Il), and Cd(1I) are shown in Fig. 5.

The kinetic curves of the three metal ions show that the equilibrium is quickly established for all adsorbates.
In fact these curves present similar speeds and each of them corresponds to a rapid increase in the amount
adsorbed which is fixed after 30 min for Cu(ll), Cd(lIl), and Pb(Il) with concentration of 89 mg/L, 82 mg/L
and 72 mg/L onto the biosorbent respectively.

100 ~
90 -

30 _“r,.—.—I—I—I———.———.

70

& 60 -
g 50
o 40 - —o— Pb(ll)
o
30 —a— Cd(ll)
20 ‘ Cu(ll)
10 -
0 o
0 100 200 300
Time (min)

Figure 5: Effect of contact time on the biosorption of metal ions by the biosorbent at temperature = 25°C,
biosorbent dose = 0.5g/L, metal ions initial concentration = 50mg/L, pH = 5 and agitation speed = 250rpm.

2.2.2. Biosorption isotherms

The relationship between the amount of a substance adsorbed per unit mass of biosorbent at constant
temperature and its concentration in the equilibrium solution is called the biosorption isotherm. The
equilibrium biosorption isotherms are important in determining the biosorption capacity of metal ions Cu(ll),
Cd(II), and Pb(Il) and diagnose the nature of biosorption onto the biosorbent. The biosorption data were fitted
to Langmuir, Freundlich, Dubinin—Radushkevich, and Temkin adsorption isotherm models described in
Section 1.6. As can be seen from the isotherms in Fig.6 and regression coefficients in Table 3, the Langmuir
model show the best fit compared to Freundlich, Temkin, and Dubinin—Radushkevich models. The maximum
loading capacities of the biosorbent was obtained as 166.67 mg/g for Cu(ll) and Cd(ll), and 142.86 mg/g for
Pb(1l), so the ability of Cu(ll) and Cd(Il) biosorption on the biosorbent is bigger than Pb(ll). The
dimensionless parameter (RL) value, which is defined in Eq. (9) described above can be computed by
substituting the values of b and CO to the equation. The RL values were 0.12 for Cu(ll), 0.18 for Cd(ll), and
0.26 for Pb(ll). For the three metal ions the values of RL were between 0 and 1, pointing out the favorable
biosorption onto the biosorbent [22]. Freundlich coefficient Kf , which represents the adsorption capacity was
found to be increased in the sequence, Pb(Il) < Cd(ll) < Cu(ll) (Table 3). The other Freundlich coefficient “n”
values fulfilled the condition of 0 < n < 10 for favorable adsorption. The Langmuir type biosorption isotherm
is an indication of surface homogeneity of the biosorbent. Compared to other biosorbents, the adsorptive
capacity of Cu(ll), Cd(Il) and Pb(ll) biosorption on the biosorbent is better than others biosorbents (Table 4).
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Figure 6: Biosorption isotherms of Cu(ll), Cd(I1) and Pb(ll) onto the biosorbent at temperature = 25°C, biosorbent dose
= 0.5¢/L, initial concentrations = [10-70mg/L], contact time = 120min, pH = 5 and agitation speed = 250rpm.

Table 3: Constants of Langmuir, Freundlich, Dubinin—Radushkevich, and Temkin isotherm models for
Cu(I1), Cd(11) and Pb(I1) adsorbed by the biosorbent.

Model Metal ion

Cu(ll cd(n Pb(Il)
Langmuir isotherm
Qm (mg/g) 166.67 166.67 142.86
b (I/mg) 0.25 0.15 0.09
R, 0.12 0.18 0.26
R? 0.993 0.996 0.996
Freundlich isotherm
Kr(mg/g) 1/mg)*" 375 27.04 14.83
n 1.99 1.86 1.66
R? 0.987 0.990 0.987
Temkin isotherm
bt (J/mol) 69.21 68.65 90.62
A (L/g) 2.38 1.36 1.07
R? 0.992 0.994 0.983
D-R isotherm
Qs (mg/g) 89.39 81.70 68.85
B.10" 2 4 9
E (kJ/mol) 1581.14 | 1118.03 745.35
R? 0.882 0.851 0.83
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Table 4: Comparison of biosorption capacity of the biosorbent with recently reported biosorption studies of
biomass materials for the removal of Cu(lIl), Cd(Il) and Pb(Il).

Biomass material Metal Biomas Type Blos_orptlon References
capacity (mg/g)

Cinachyrella tarentina Cd Marine sponge 166.67 This study
Spirulina sp. (commercially available) Cd Bacteria 99.5 [42]
Ulva onoi Cd Algae 90.7 [43]
Aczolla filiculoides Cd Plants 111-132 [44]
Cinachyrella tarentina Pb Marine sponge 142.86 This study
Saccharomyces  cerevisiae  (waste Pb Fungi (yeast) 85.6 [45]
brewer’s yeast)

Streptomyces rimosus Pb Bacteria 135 [46]
Spirodela polyrhiza (L.) Schleiden Pb Aquatic plant 137 [47]
biomass

Cinachyrella tarentina Cu Marine sponge 166.67 This study
Sphaerotilus natans Cu Bacteria 60 [48]
Sargassum sp. Cu Algae 87.1 [49]
Acrylic acid functionalized Cu Biomass based 67.25 [50]
poly(Nisopropylacrylamide) hydrogel material

2.2.3. Biosorption kinetics

The prediction of kinetics is necessary for the design of biosorption systems. Measurement of biosorption rate
constants and order of the reaction are important physico-chemical parameters to evaluate the basic qualities
of a good adsorbent. In order to observe the biosorption process of Cu(ll), Cd(Il) and Pb(lIl) ions onto the
biosorbent, pseudo-first-order and pseudo-second-order kinetic models which are described in earlier Section
1.7 were implemented. The pseudo-second-order plots for the removal of Cu(ll), Cd(ll) and Pb(ll) by the
biosorbent are shown in Fig. 7a, which were used to calculate the three rate constants k, and biosorption
capacities ge. In the same manner, the pseudo-first-order plots (Fig. 7b) for the removal of Cu(ll), Cd(ll) and
Pb(1l) by the adsorbent were used to calculate the three rate constants k1. The biosorption rate constants (k;
and k) and adsorption capacity (ge) for the removal of metal ions by the biosorbent are thus reported in Table
5. Since the correlation coefficients are consistent and equal to unity for pseudo-second-order Kinetic model
than for pseudo-first-order kinetic model, besides the experimental g, values did not agree with the calculated
values obtained from the linear pseudo-first-order plots (Table 5). This indicating that the biosorption Kinetics
can be well explained by pseudo-second-order kinetic model for the removal of Cu(ll), Cd(Il) and Pb(ll) by
the biosorbent.

2 — 1 - b
35 -
3 - 0.5 -8n‘3
2.5 N =
0 >
2 1 =
" F s 200
} Iw .
1.5 - R
1 4 < Cu(ln) §° -1 4 ocull)
o Cd(Il) o Cd(Il
05 - -1.5 4 () o
Pb(I1) Pb(I1)
0 )
2
0 100 200 300 Time (min)
Time (min)

Figure 7: (a) Pseudo-second-order and (b) Pseudo-first-order kinetics plots for the removal of Cu(ll), Cd(l1)
and Pb(lIl) by the biosorbent.
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Table 5: Pseudo-first-order and pseudo-second-order kinetic model for removal of Cu(ll), Cd(I1) and Pb(lI)
by the biosorbent

Pseudo-first-order Pseudo-second-order
Metalion | g | Qe (Mg/g) | Ky (min™) | R, Ge, (MA/G) | Kp (g Mg™*min) | R
Cu(ll) 89.78 | 3.02 0.025 0.970 | 90.91 0.030 1
Cd(ll) 83.54 | 3.26 0.009 0.757 | 83.33 0.018 1
Pb(Il) 7287 |24 0.016 0.747 | 76.92 0.028 1

2.2.4. Desorption studies

Desorption studies help the recovery of the metal from waste and the regeneration of the adsorbent to decide
its potential as an adsorbent for commercial application. The use of thermal activation to regenerate the
adsorbent could require high energy and adsorbent loss in each cycle. Hence, studies were carried out to use
chemical regeneration for adsorbate desorption. Desorption studies were carried out using HCI (0.1M)
solution, which has been reported to be an efficient metal desorbent [51]. The capacity of the biosorbent to
adsorb Cu(ll), Cd(I) and Pb(I1) was determined by repeating the biosorption experiments in three consecutive
cycles. As illustrated in Table 6, the biosorbent undergoing successive biosorption—desorption processes
retained good metal biosorption capacity even after 3 cycles and higher than 97% desorption was obtained
after three-biosorption—desorption cycles. The total decrease in biosorption efficiency the biosorbent for
Cu(I), Cd(1l) and Pb(ll) after three cycles were 5.04%, 1.14% and 7.92%, respectively, which showed that
the biosorbent had good potential to adsorb metal ions repeatedly from aqueous solution.

Table 6: Biosorption and desorption of heavy metal ions by the biosorbent in three consecutive cycles

Cycle No Metal adsorbed (mg/g) Metal desorbed (%0)
Cu(ln Cd(in Pb(I1) Cu(ln Cd(n Pb(Il)
1 90.05 84.36 73.03 98.08 98.61 97.96
2 87.81 83.89 69.35 97.98 99.29 99.12
3 85.51 83.39 67.25 98.12 97.80 98.71
Conclusion

The functional groups on the surface of the biosorbent such as phenolic hydroxyls and carbonyl groups that
were formed during the activation process played effective role in the removal of heavy metal ions.
Biosorption process was affected by experimental parameters such as pH, contact time, and biosorbent
dosage. The optimum pH values for Cu(ll), Cd(1l) and Pb(Il) were much higher than pHp_c of the 4.25, which
suggest that the metallic species uptake may be related to the electrostatic interaction of the metal species with
the negatively charged functional groups on the biosorbent surface. Biosorption of Cu(ll), Cd(Il) and Pb(ll)
on the biosorbent was found to follow a pseudo-second order kinetic model. Biosorption isotherms were better
described by Langmuir model in comparison to Freundlich, Temkin and Dubinin—Radushkevich models. Thus
these studies revealed that the biosorbent prepared by Chemical activation with sulfuric acid, can be
effectively used as an effective biosorbent for the removal of heavy metals from water and wastewater.
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