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. Great attention has been received for heavy metal removal by algae due to their good
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performance, low cost and large available quantities. In the present work, Cu?* as an
example of heavy metal ions was investigated for removal using two macro-algal
biomasses Ulva fasciata and Sargassum dentifolium. The two algal biomasses were

Keywords collected, washed, dried and grinded using ball mill to get micro- size powders. The
v Algal biosorbent prepared biosorbent materials were characterized using FT-IR (Fourier trar)sforfned
v Seed oil, ' infrared spectroscopy), Transmission Electron Microscopy (TEM) and Dynamic Light
v’ Fatty acids Scattering (DLS). Adsorption experiments were performed at different parameters pH,

distribution, contact time, biosorbents dose and initial Cu?* concentration. Furthermore, adsorption
v’ Gunstone theory, isotherms; Langmuir, Freundlich, Dubinin—Radushkevich and modeling kinetics were
v’ Triglycerides. studied. The biosorption by both Ulva and Sargassum biosorbent materials achieved at pH

4, 30 and 60 minutes, respectively and 0.5 g/l biosorbent dose. The maximum adsorption
capacities, according to Langmuir model, were achieved at 250 and 125 mg/g for Ulva and
Sargassum biosorbent materials, respectively. The adsorption process followed the pseudo-
second-order kinetic model. Moreover, this work has represented one of the established
papers that direct further work plans toward the application of the algal biosorbent for
heavy metals removal.
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1. Introduction

Releasing of heavy metal ions, generated from industrial processes into water streams, is a dangerous problem
due to their non-biodegradable nature and high accumulation and circulation with food chain [1]. Copper ion
(Cu?) was considered as one of the most widely used heavy metal in many industries such as electrical and
electroplating industries. Using Cu?* in high quantity is extremely toxic to living organisms and leads to
destroying the ecosystem. Furthermore, it displayed a bad effect on the brain, skin, pancreas, myocardium, and
liver [2]. Consequently, many conventional methods were used for Cu*? removal such as chemical oxidation or
reduction, chemical precipitation and filtration, evaporation, ion exchange, electrochemical treatment and
reverse osmosis [3, 4]. However, using conventional methods has exhibited many draw backs such as
incomplete metal removal, high energy cost, and production of other waste products or toxic sludge. Therefore,
there is an urgent need for eco-friendly wastewater treatment [5, 6] and biosorption technologies at a low cost.
biosorption is an accumulation of pollutants on biosorbent material’s surface by the help of active sites.
Different studies were directed to use agriculture wastes and micro-organisms such as fungi, yeast,
cyanobacteria, and algae as biosorbent materials [7, 8].

On the top of all these groups, different forms of algae (micro and macro algal species) such as Chlorella sp.,
Spirulina sp., Sargassum sp., Chlamydomonas sp. were reported with their high ability to bind many industrial
pollutants such as heavy metals and dyes with different extents [9, 10]. Those groups were distinguished by
their high sorption capacity and ready availability in a practically unlimited quantity. Brown and green macro-
algae are the most attractive types that were used by many researchers; although, less number of researchers
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used them in small size less than 100 um [11]. Therefore, the aim of this study was directed to investigate the
biosorption behavior of Sargassum dentifolium and Ulva fasciata for Cu?* removal. This work is an initial step
for further research and application in different forms such as sheets, membranes, immobilized beads which
facilitate harvesting of biosorbent materials after the treatment process. Furthermore, characterization
techniques (Fourier Transform-Infrared spectroscopy) FT-IR, Transmission Electron Microscopy (TEM) and
Dynamic Light Scattering (DLS) were used. Moreover, isotherm and kinetics modeling were studied in order to
understand the nature of the reaction.

2. Material and methods

2.1. Collection and preparation of algal biosorbents

Ulva fasciata and Sargassum dentifolium were collected, washed and dried in an oven at 60 °C for 24 h. Ulva
fasciata was collected from Ras Elbar, the inter-tidal region of the Mediterranean Sea, Egypt and Sargassum
dentifolium was collected from Ras Gharb, Red see, Egypt. Afterward, they were identified according to (Aleem
1993) and the dried biomasses were grinded using Planetary Ball Mill, PM 400 “4 grinding stations”[12].

2.2. Characterization of the algal-biosorbent materials

FT-IR spectrum of DAB was applied with KBr disc method and spectrum ranges of 400-4000 cm™ (according
to Goband, using Spectrometer Nicolet IS- 10 spectroscopy) and the morphological characteristics of the algal
biomasses surface and the pore and particles fractions were examined under a high-resolution transmission
electron microscope (JEM-2100 JEOL) [13, 14]. Furthermore, the sizes of the grinded algal biomasses were
determined using Dynamic Light Scattering (DLS), using ZETA SIZER-nano series HT-Nano -25, Malven[15].

2.3. Adsorption experiments

In order to investigate the ability of the Sargassum dentifolium and Ulva fasciata biosorbent-materials to
remove Cu?* from the aqueous solutions, batch experiments were conducted by contacting Cu?*solutions with
the adsorbent (1 g/l). To determine the effect of the contact time on the metal adsorption, the prepared samples
were shaken at 160 rpm, collected at different time intervals from (5 -120 min), then filtered and analyzed for
metal concentration by Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES 5100, Agilent,
USA). Furthermore, in order to investigate the effect of the initial pH on the removal efficiency, the pH of the
aqueous metal solution was varied from 2 - 5.5 at an initial Cu?*concentration of 10 mg/l. There are no
experiments were done over a pH of 5.5 to avoid the precipitation of Cu?" hydroxides. The effect of the
biosorbent dose on the adsorption efficiency was determined by varying the biosorbent dose in the range of
(0.05-1g/).

2.4. Adsorption isotherms
The description of the sorption equilibrium between the biosorbent materials and the adsorbate was applied
using Langmuir, Freundlich, and Dubinin—Radush kevich models,
The amount of adsorbed Cu?* (mg/g) at equilibrium (ge) was calculated from the mass balance expression given
by:
(Co—Ce) . (D)
e=———V

m
Where, Co and C. are the liquid phase concentrations (mg/l) of Cu (Il) at an initial and at equilibrium,
respectively. V is the solution volume (L) and m is the biosorbent material mass (g). The interaction between the
adsorbates and the biosorbent materials was described by theoretical isotherm equations in order to optimize its
use.

2.4.1. Freundlich isotherm
The Freundlich equation predicted that the adsorption occurs on heterogeneous surfaces and the adsorption
capacity is related to the concentrations of metal ion and represented by Eq.

1
logq. = logKg + Hlog Ce e )

Where Ce (mg/l) and ge (mg/g) are defined as the equilibrium concentration and amount of metal adsorbed at
equilibrium. ke and n expressed the Freundlich constant related to the capacity of adsorption and intensity of
adsorption, respectively. When the values of (1/n) get closer to zero, the surface became more heterogeneous
whereas when values were less than unity, the reaction followed the chemisorption reaction.
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2.4.2. Langmuir isotherm
Langmuir model is a theoretical model for monolayer adsorption onto a surface with a finite number of equal
sites. The general Langmuir equation is as follows:

Ce 1 Ce

— + — 3
Qe bqmax Qmax

Where gmax (Mg/g) and b are Langmuir constant associated with the maximum value of the adsorption capacity
and binding energy respectively;

2.4.3. Dubinin—Radush kevich isotherm (DR)
DR isotherm model explained the adsorption mechanism onto a heterogeneous surface and represented in the
equation:

Inq, =Inqua —BE*....... (4)
Where, B is a constant related to mean free energy (mol?/kJ?), and ¢ representing Polanyi potential, which can
be calculated from

£=RTln(1+Cl) .................. (5)

e
The isotherm was applied to determine if the adsorption of the metal ions occurs through a physical or a

chemical reaction by calculating its mean free energy, E (kJ mol™) per molecule of adsorbate by the Eq:

1
E_\/—_Tﬂ ................. (6)

2.5. Kinetic studies

Kinetic studies for Cu?* adsorption were carried out to investigate the mechanism of the reaction. The adsorption
kinetics processes were done through the adsorption experiments at different time intervals (5 - 120) and metal
concentration (10 mg/l) at room temperature.

The experimental data were analyzed using Lagergren’s pseudo-first order and pseudo-second order Kinetic
models as expressed by the following two equations:

log(qe — q¢) = logq. — Saoge e (7

heterogeneous systems and the sorption capacity is proportional to the sorbent active sites number.

t t t
— = +— (8)
a K292  qe
Where ¢ is the equilibrium adsorption capacity (mg/g), g; is the adsorption capacity at time t (mg/g), ki (min™?),
k> (g/mg.min) are the adsorption rate constants.

3. Results and discussions
3.1.Biosorbents characterizations

Different techniques were used to characterize the biosorbent materials in order to identify the nature of the
biomasses and interpreted as follows:

3.1.1. FT-IR spectrum analysis

Ulva fasciata biosorbent material was shown different FT-IR spectrum (see Fig 1a) that displayed different
functional groups appeared at different beaks; 3420 cm-refer to (-OH and -NH) and 2920 cm! represented
(aliphatic C-H). Furthermore, 1638 cm™ was (carbonyl ~-HC=0, R.C=0), 1389 and 1351 cmwere (stretching
of amides C-N, and N-H) from proteins. As well as, the band that appeared at 1248 cm™ stated (-SOs) group,
and 1031cm [-C-O (alcohol)]. Finally, 883 and 667 cmpeaks proved the appearance of (H.POs or POy).

On the other hand, the FT-IR spectral analysis of Sargassum dentifolium biosorbent (see Fig 1b) display bands
at 3447 cm™ (-OH and -NH), 2924 cm™* (aliphatic -CH), 1620 and 1427 cm™ (carbonyl -HC=0, R,C=0), 1259
cm™ (-SO3), 1033 cm [-C-O (alcohol)], and 883 & 667 cm™ (H,PO4~ or POy).
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3.1.2. Dynamic Light Scattering (DLS)

The application of dynamic Light Scattering (DLS) was performed to evaluate the particle sizes distribution for
Ulva fasciata and Sargassum dentifolium biosorbents materials (see Fig. 2). The particle size of Ulva biosorbent
material showed a relatively lower average size of 0.220 pum than for Sargassum biosorbent material that
exhibits an average size of 0.309 um. These will give better biosorption efficiency for Ulva fasciata biosorbent
in comparison to Sargassum dentifolium biosorbent which may be attributed to their available surface area.
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Fig (1): FT-IR spectrum of the biosorbent materials (a) Ulva fasciata and (b) Sargassum dentifolium.
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Fig (2): DLS the biosorbent materials (a) Ulva fasciata and (b) Sargassum dentifolium.
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3.1.3. High resolution Transmission Electron Microscope (TEM)

(TEM) results for the two biosorbent materials; Ulva fasciata and Sargassum dentifolium were shown in Fig
(3a, b). It was proved that the morphology of the biomass material can facilitate the sorption of Cu?*, due to the
occurrence of an irregular surface of the biosorbent materials that have fractions of micro pores and micro
particles. These pores are distributed through the Ulva fasciata biosorbent surface than that of Sargassum
dentifolium. So based on the morphology of the biosorbent, it can be concluded that the biosorbent efficiency of
Ulva fasciata biosorbent material represented an adequate morphological profile to adsorb metals[16, 17].

Fig (3): TEM micrographs of the biosorbent materials (a) Ulva fasciata and (b) Sargassum dentifolium.
3.2. Determination of Cu*removal efficiency at optimum conditions for dye removal

3.2.1. Effect of contact time

The adsorption of Cu?* (10 mg/l) on the biosorbent materials at different time intervals were shown in Fig (4 a,
b). The Cu?" removal efficiency was increased using Sargassum dentifolum biosorbent material until the
maximum removal of 88 % at 60 min was achieved. Nevertheless, the removal efficiency by Ulva fasciata
biosorbent material attained 70 % after 30 min. This result may attributed to the high availability of free active
sites at the beginning of the reaction then these sites, by increasing Cu?* concentration to 20 mg/l, were
decreased toward the equilibrium.

In addition, the removal was accomplished in a shorter time for Ulva biosorbent material than that of Sargassum
due to the high availability of free sites in Ulva biosorbent material. The removal percentage decreased for both
biomass where in Ulva fasciata was 63.5 and Sargassum dentifolium was 70 %.
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Fig (4): Removal percentage of the Cu?*ions at different contact time intervals (a) Ulva fasciata (b) Sargassum
dentifolium biosorbent materials (initial Cu?* conc. of 10, 20 mg/I, adsorbent dose of 0.5 g/l).

3.2.2. Effect of pH

As shown in Fig (5a, b), the adsorption percentage was increased by increasing the pH values from 2-5.3 [18].
On the other hand, at the pH value less than 2, very little amount of Cu?was removed by both types of
biosorbent materials. This result may be related to Cu?* appearance in the form of the metal ion in the solution,
the decreasing in H* ions concentration caused a competition process on the active adsorption sites between H*
and M* metal ions [19, 20]. Therefore, the percent of removal of Cu?* was increased by increasing the pH value
until achieving 5.3 and this result was in a good agreement with the previously reported results. Experiments
didn’t conduct after 4.5 due to the precipitation of metals hydroxide. These results are in good agreements with
the previously studied data [20].

3.3. Effect of adsorbent dose and adsorption isotherms

The adsorbent dose was tested over the range of 0.05-1 g/I, with an initial metal concentration of 10 mg/l and a
pH value of 4.5 (see Fig 6a, b). The results showed that the Cu?removal efficiency was increased by increasing
the biosorbent material dose where a dosage of 0.5 g/l was used. The removal efficiencies of 88 and 71 % for
both Ulva and Sargassum biosorbent materials, respectively were achieved. This may be attributed to a large
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number of functional groups occurred by increasing the dose of algae where the cell wall of the algal cell
contains a variety of functional groups such as carboxyl, hydroxyl, amino, sulphonyl, etc. The appearance of
these groups in the adsorption experiment improved the removal efficiency due to the ion exchange, micro-
precipitation, and complexation occur between the metal ion and the functional groups [21, 22].
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Fig (5): Removal percentage of Cu?®* ions at different pH values by (a) Ulva fasciata and (b) Sargassum
dentifolium biosorbent materials (Initial Cu?* conc. of 10 mg/l, adsorbent dose of 0.5 g/l).

3.4. Adsorption isotherms

Freundlich and Langmuir isotherm constants were determined from their models as showed in Fig (7, 8a, b).
From the displayed results, it was observed that the adsorption behavior of the Cu?* on dead algal biomass
“Ulva fasciata and Sargassum dentifolium” biosorbents were in a good agreement with both models, Freundlich
and Langmuir as the calculated value of R? exhibited more close to 1. By applying the Freundlich equation, the
values of Ky and n were shown in Table (1). Furthermore, the results revealed that the value of 1/n was less than
unity indicating the chemisorption reaction for Cu?*ions adsorption [23-25]. The maximum value of the
adsorption capacity (gm) and the Langmuir constant b were estimated from slope and intercept of the linear plot
of Ce/qe versus Ce in eq (3), respectively. The maximum value of adsorption capacity (gm) was calculated to be
125 and 250 mg/g by Ulva and Sargassum biosorbents, respectively. Table (2) demonstrates the comparison
between the gmax Of the different algal biosorbents and the present work.
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Fig (7): Langmuir isotherm plot of Cu*? ions adsorption by (a) Ulva fasciata and (b) Sargassum dentifolium
biosorbent materials.
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Fig (8): Freundlich isotherm plot of Cu*? ions adsorption by by (a) Ulva fasciata and (b) Sargassum dentifolium
biosorbent materials.
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Table (1): represented the Isotherm models parameters for Cu?* adsorption at room temperature.

Cu?
Sargassum dentifolium Ulva fasciata

Freundlich isotherm parameters

I/n 0.53 0.47
Kr (Mg/g) 19.1 10.28
R? 0.97 0.92
Langmuir isotherm parameters

Omax(Mg/g) 250 125

b (L/mg) 0.03 0.029
R? 0.99 0.99

DKR isotherm parameters

gmax(Mol /g) 0.013 0.005
E(KJ/mol) 95 9.6
R? 0.99 0.95

Table (2) represents the comparison of the biosorption performance between different algal biosorbents for Cu
(1) ions removal

Species of algae Omax (Ma/q) References
Cystoseira indicia | 103.093 [26]
Sargassum sp 87.05 [27]
Ulva fasciata 125 Present work
Sargassum 250 Present work
Sargassum

The value of R? for the Dubinin-Radushkevich (DR) model (see Fig 9 a, b) was observed to give a good
description of the sorption process. The values of the apparent energy of adsorption (E) lie between 8 and16 kJ
mol = indication of chemisorption or ion exchange adsorption process. The E values estimated were 9.6 and 9.5
kJ/mol Ulva fasciata and Sargassum dentifolium biosorbents, respectively.
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Fig (9): Dubinin—Kaganer-Radushkevich (DKR) isotherm plot of Cu*? ions adsorption by (a) Ulva fasciata and
(b) Sargassum dentifolium biosorbent materials.

Modeling Kinetics

The first-order kinetics plot and its first-order rate constant Kr value (see Fig 10a, b) were determined from
equation (7). The obtained R? values were less than 0.95 and the calculated (ge) values didn’t agree with the
experimental values for both biosorbent materials which revealed that the adsorption does was not follow the
pseudo-first-order equation, (see Table 3).
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Fig (10): Plot of pseudo-first order equation of Cu?* ions adsorption by (a) Ulva fasciata and (b) Sargassum
dentifolium biosorbent materials.
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Table 3: showed the Kinetic parameters of Cu?* adsorption at room temperature.

Cu®*

Sargassum dentifolium Ulva fasciata
Pseudo-first order
ge (Mg/g)(calculated) 25 1.7
g.(mga/g)(experiment) 17.8 14
Ki(min™) 0.04 0.02
R? 0.95 0.3
Pseudo-second order
ge (Mg/g) (calculated) 18.18 14.4
K2 (g/mg min) 0.04 0.04
R? 0.99 0.99

Furthermore, by applying the pseudo-second order kinetic model Fig (11a, b), the obtained R? values were
greater than 0.98 for both biomasses which suggesting that the Cu?* adsorption could occur by chemisorption
reaction and the calculated (qe) value was very close to the experimental value. Therefore, it could be suggested
that the adsorption of Cu?* ions follows the pseudo-second order model better than the pseudo-first order one.
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Fig (11): Plot of pseudo-second order equation of Cu*? ions adsorption by (a) Ulva fasciata and (b) Sargassum
dentifolium biosorbent materials.
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Conclusion and further research

1. Ulva and Sargassum biosorbent materials were identified according to (Aleem 1993) and recorded as Ulva
fasciata and Sargassum dentifolium.

2. Ulva fasciata has successfully achieved a removal efficiency of 70 % at 0.5 g dose after 30 min at pH of 4.0
while Sargassum dentifolium a removal efficiency of 88 % at 0.5 g dose took a longer time “60 min.” to
remove Cu?* from aqueous solution at pH 4.0.

3. Langmuir, Freundlich, and, Dubinin—Radush kevich (DR) isotherms were successfully applicable for both

forms of biosorbent materials.

The reaction was followed by the pseudo-second order kinetics model.

This work is an initial work for future applications in the form of algal-polymer sheets, membranes, beads in

order to enhance biosorption efficiency and facilitate harvesting of biosorbents material after treatment

process.
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