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Abstract

A biomaterial was prepared by encapsulating an activated carbon powder with sodium alginate,
thus forming composite beads. These composite gel beads have been studied in terms of their
adsorption capacity on the food additive Sodium Ascorbate in aqueous solution. For this, several
parameters were evaluated using UV-visible spectroscopy. The maximum retention of SA is for an
average time of 3 hours with a very small quantity of adsorbent m= 0.25g, and the sorption
mechanism is described by pseudo-first-order. The adsorption isotherm is compatible with
Langmuir's theoretical adsorption model. The thermodynamic parameters showed that the
adsorption process is spontaneous, disordered and endothermic (AG < 0, AS > 0, AH>0). The
process thus obtained is of a physical nature (physisorption). Finally, the pH of the acidic medium
favors the increase in the adsorption capacity, this effect is due to the formation of hydrogen
bonds. On the other hand, the increase in pH inversely influences the adsorption capacity by the
repellent effect of the functional groups with the same negative charge present on the adsorbent
and the adsorbate.

Keywords: Composite beads, Activated carbon, Alginate, Adsorption, Biomaterial, Sodium
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1. Introduction

Water constitutes an essential element for all existence. In fact, water is fundamental for the
economy of humanity. Unfortunately, this source is affected by all types of pollution including
natural, industrial and chemical pollution [1]. This sounding issue brings suffering to millions of
inhabitants around the world who experience water shortages and struggle daily to find their
needs of drinking water.

Researchers have applied several solutions to remedy these harmful effects. Among these
solutions, the use of biomaterials has become the green key to reducing pollution given their low
cost, availability, and compatibility with the environment [2]. These biomaterials have effectively
shown the possibility of eliminating organic and / or inorganic pollutants.

The application of the adsorption phenomenon has been widely used in several works using
adsorbent materials. In various works, researchers opted to use activated carbon, alginate, clay,
etc. [3, 4]. As for activated carbon, it is one of the most common biomaterials used to purify
water and liquids. It is obtained from various plant sources such as: wood, coconut shells,
almond shells, hazelnuts and walnuts, apple pulp, apricot kernels, peach kernels as well as the
kernels of olives [5, 6]. Further, it is one of the most widely used materials in environmental
work as an instrument for the removal of dye, heavy metals, waste, and pharmaceuticals [7, 8].

In addition, alginate is also a biomaterial used in adsorption generally extracted from seaweed
such as Laminaria, Macrocystis, Fucus, Phacophyceae, Ascophyllum...etc. Alginate is very
interesting because of its ability to form porous gels in the presence of divalent cations such as the
calcium ion Ca** [9]. Researchers have taken this important characteristic into account in various
studies dealing with the elimination of pollutants. In their work, Veglio's team was able to use
calcium alginate beads to eliminate copper (II) ions [10]. In another experiment, Asthana et al
[11] used a similar system to adsorb nickel (II) cations. Finally, the adsorption of some organic
molecules has also been studied: nitrophenol [12], tannery waste [13] or methylene violet [14].
The combination of these two materials, namely activated carbon and alginate, makes it possible
to combine the encapsulating properties and the mechanical properties of the polymer matrix.
This dual function is often chosen so as to provide binding sites for the pollutants. Simple and
efficient composite balls in adsorption are thus obtained, thus having a high capacity to fix or
adsorb organic or inorganic pollutants, and also heavy metal cations such as nickel Ni, lead Pb,
and cobalt Co [15, 16].

Given the above, we were interested in preparing composite beads based on alginate and
activated carbon, in order to adsorb an organic pollutant, in our case the food additive sodium
ascorbate SA under number (E301). The latter is widely used in various food and industrial fields
such as beverages and pharmaceutical products [16]. Combined with dopamine, it could lead to
nervous system disorders. According to a study in 1998, the findings showed that the association
of sodium ascorbate and dopamine could increase the risk of onset of Parkinson's disease. At high

doses (over 1000 mg per day), this combination can cause gastrointestinal disorders (nausea,
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diarrhea, bloating). These inconveniences can vary from person to person [17]. In addition, its
ingestion could be a risk factor for oxalo-calcium lithiasis (kidney stones) [18].

Apparatus

Spectrophotometric measurements were carried out on a OptizenPoP UV-visible spectrometer in
the 200-400 nm range using lcm matched quartz cells. The pH measurements were conducted
with a Bante-instrument PHS-3BW with a combined glass electrode. The temperature
measurements were carried out using a thermostated shaker bath (WSB Daihan).

2. Materials and Methods

2.1. Chemicals

The alginate sodium salt, Calcium chloride (CaCl,) and the activated carbon were obtained from
Sigma-Aldrich. As adsorbate, food additive sodium L(+) ascorbate was used in the research and
was purchased from BiochemChemopharma. The activated carbon used was in the form of a
powder -100 mesh particle size and high temperature resistance. The basic parameters
characterizing the physicochemical properties of selected adsorbate is collected in Table 1.

Table 1. The physicochemical properties of the studied adsorbates [19].

Adsorbate Chemical Formula Molecular Water Ionization Melting
Solubili Point

Weight olubLity Constant om
[/mol] [mg/L at pKa [°C]
grmo 25°C]

sodium 198,11 0,62 4,7 218

L(+)

ascorbate

2.2. Biopolymer Composite beads production

Spherical calcium alginate-activated carbon composites gels were obtained by adding an amount
of 3g of activated carbon into 2,0%(w/v) of sodium alginate aqueous solution that was previously
prepared. The mixture was thoroughly agited for 30 mn and then were poured dropwise by
syringe into a magnetically stirred of 0,3M calcium chloride aqueous solution. After 24 hours of
aging in calcium solution, the beads were then collected by filtration, washed several times with
distilled water and stored in at room temperature. they take a spherical form approximately
2,0mm in diameter measured by vernier caliper. This experience condition was reported in
several works [20-22].

Adsorption procedure

Composites beads of calcium alginate-activated carbon were employed for their capacity of

adsorption of sodium ascorbate (SA) using a batch system according to the literature [3]. To
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determine time and concentration effect required for the adsorption equilibrium of SA, the

experiments were carried out at 50mL of solutions with different initial concentration of SA at
10, 35 and 60 mg/L respectively with 0,25g weight of beads at different time intervals with 5-
300 nm at room temperature. The isotherm was studied in the same condition applied above at
different interval initial concentrations at 2-60 mg/L for 180mn (3h) time. In addition, the pH
effect on the adsorption kinetics of SA onto composite beads was conducted with different pH 3;
4; 5,03; 65 7,025 8; 9,04 and 10,03 solutions respectively below ambient temperature. These pH
were adjusted by NaOH and HCI of solution (0,1M and 0,01M) for acidic and basic media
respectively. Experiments for temperature effect were carried out at 298, 308 and 318 K
respectively. All the adsorption experiments were conducted at condition similar of volume at
50mL, weight of adsorbent at 0,25g, and the concentration is 10mg/L for both experiments pH
and temperature effect under agitation speed 250 rpm. At equilibrium, SA concentration in
solutions was measured by a UV-visible spectrophotometer at Amax = 272 nm. The amount

adsorbed of SA at equilibrium (qe) was calculated using the following equation 1 [23]:
qe = (Co— Co)VIW (1)

Where qe is the amount adsorbed (mg/g), Co (mg/L) is the initial food additive SA
concentration, C. (mg/L) is the food additive SA concentration at any time, V is the solution

volume (L), and W is the weight of adsorbent (g).

Results And Discussion

Adsorption Dynamics

The curves kinetic study of three SA concentrations onto composite beads are represented in
Figure 1.

It can be noted that the curves recognize an almost linear and rapid increase from the first
minutes of contact, then stabilizes when approaching equilibrium. The equilibrium time is
attained after approximately 3 hours for the three concentrations. This variation can be explained
by the more massive presence of active sites at the surface of the material for short times.
Subsequently, the adsorption at equilibrium becomes almost similar due tothe reduction of the
active sites or their localization, or the competition between the molecules and the existence of
the forces of repulsion between the molecules of SA adsorbed by the composite of the beads and
those in solution [24]. It is also evident that in the concentration range studied (10; 35 and 60
mg/L) the increase in the initial concentration of SA contributed to the increase in the amount of
adsorption of the additive (qe mg/g) by the composite beads of alginate/activated carbon. This
phenomenon is explained by the presence of a strong solute concentration gradient between the
solution and the surface of the adsorbent solid [25, 26].

The adsorption kinetic data were analyzed using the pseudo-first-order and pseudo-second-order

models, as described in Eqs. 2 and 3 respectively [27-29].and as represented in Figure 2.
k
log(q. — q) = logq, — -t (2)
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Here, ki (min™') and k; (g/mg-min) are the pseudo-first and pseudo-second-order adsorption rate

constants, respectively. The fitted model parameters are given in Table 2.
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Figure 1 : (a) effect of time contact on SA adsorption by composite beads at different
concentrations (10; 35; 60mg/L). The kinetic model and their fitting by using (b) pseudo-

first-order and (c) pseudo-second-order.
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Table 2 : Parameters of pseudo-first-order and pseudo-second-order kinetic models for

adsorption of SA onto composite beads.

Pseudo-premier d’ordre Pseudo-second d’ordre
qe
Co  qelexp) k; R? ge (calc) k R?
(calc)
10 1,23 1,214 0.00896 0,983 1,87 0.00367 0,916
35 2,98 2,443 0.00576 0,988 3,44 0.00347 0,920
60 4,55 3,681 0,00715 0,983 5,49 0.0026 0,952

According to the results, it was found that the elimination of sodium ascorbate is better described
by the pseudo-first-order model explained by the values of the correlation coefficients found
approximately (R? = 0,98) with an optimum time of 3 hours. On the other hand, the pseudo-
second-order model does not describe the adsorption of SA proved by the values of the reduced
correlation coefficients between (0,91 and 0,95).

Adsorption isotherm

Adsorption isotherms are essential for describing the mechanism of solutes interact with
adsorbents. Figure 2 shows the amounts adsorption of different SA concentrations adsorbed onto
beads composite alginate/activated carbon. In this study, two isotherm models: Langmuir and
Freundlich were used to correlate our experimental equilibrium data. These two theoretical

models are given by equations 4 and 5 respectively [30, 31].
1 1 1

E - Gmax-kL-Ce 9max (4)

logq. = logKy + 1/ logC, 5)
1

R, = 1+K..Co ©)

Noted that qmax (mg/g) is the maximum adsorption capacity, ki (L/mg) is the Langmuir
constants. In equation 5, nr and Kr (mg/g) is the Freundlich constants about the adsorption
intensity and the Freundlich constants respectively. Ry is a dimensionless separation factor in the

Langmuir isotherm model used to assess the adsorption behavior, and is showed from equation

6.
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Figure 2 :(a) Adsorption isotherm of SA by composite beads, and their linear modeling and

fitting of (b) Langmuir and (c) Freundlich.

The graph indicates that the amount adsorbed increases as a function of the initial concentration
of SA, which is related to the existence of vacant sites on the surface of the adsorbent. The state
of equilibrium indicated that the adsorbent is saturated by adsorbate, with amount of adsorption

attained the maximum value of 3,75 mg/g. This high value of adsorption is probably explained
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by the low molecular size of the additive used. The isotherm presents a concavity facing upwards,

due to the packing of the molecules from each other on the surface of the adsorbent.

The results of the parameters of both models: Langmuir and Freundlich are illustrated in Table
3. The study of the adsorption isotherms showed that the Langmuir model is suitably adapted for
the experimental isotherms according to the high correlation coefficient R’= 0,9683. The R.
values obtained by Table 4 are between 0 and 1, corresponding to the spontaneous and favorable

adsorption process [32].

Table 3: Parameters of the sodium ascorbate adsorption isotherms according to the

Langmuir and Freundlich models.

Langmuir isotherm Freundlich isotherm
Qemax(mg/g) K. (L/mg) R? n Kr(mg/g) R?
3,484 4,19x 10 0,9683 1,208 0,139 0,9407

Table 4: Ry values for adsorption of SA on composite beads based on the Langmuir model

Co 5 10 20 30 35 40 50 60

Ro 0,83 0,70 0,54 0,44 0,40 0,37 0,32 0,28

The influence of pH on SA adsorption

pH is an essential parameter to consider in adsorption processes. This parameter acts both on the
solubility and on the ionization state of the adsorbent. The effect of the pH of the solution on
the adsorption capacity of sodium ascorbate at 10mg/L initial concentration was studied on the

composite beads at different pH values is given in Figure 3.

2,0 T T T T T T T T
18 | —o—SA 10mg/L | 1
1,6 \ m
14 |

12

1,0 \

0,8 — \ /

0,6 1 1 1 1 1 1 1 1

q, (mg/g)
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Figure 3: Effect of pH on SA adsorption on composite beads.

According to the spectrum, a very interesting phenomenon on the adsorption capacity of sodium
ascorbate at different pH was noticed. Adsorption is high in acid media (pH= 3 and 4)
approximately (1,82 and 1,52 mg/g), then decreases until reaching low sorption for neutral and
basic pH (pH= 6 to 10) about 0,72 mg/g. This can be interpreted by the behavior of the
carboxylate groups present on the surface of the alginate beads which are protonated in the acid
medium, thus promoting the formation of hydrogen bonds with sodium ascorbate. The latter
being rich in hydroxyl functional groups ( -OH). On the other hand, in the neutral and basic
medium, the carboxylate ions of the adsorbent and the enolate ions of the adsorbate (SA) have
the same negative charges, which causes the repulsion and therefore the delay in the adsorption

capacity [33, 34].
Effect of temperature on the adsorption process

Several studies were carried out on the influence of temperature on the adsorption of organic
compounds [35, 36]. These studies have shown that the relationship between temperature and
adsorption essentially depends on the adsorbent/adsorbate couple. As a result, it can be assumed
that an increase in temperature affects physical adsorption much more than chemical adsorption.
Generally, the absolute magnitude of the free energy change for physical adsorption is less than
that for chemisorption. The first varies from -20 to 0 kJ/mol, and the second from -80 to -400
kJ/mol [37].

The thermodynamic parameters of adsorption, such as standard free energy (AG®, KJ/mol),
standard enthalpy (AH®, KJ/mol) and standard entropy (AS°, J/mol. K), present the influence of
temperature on adsorption. In general, the determination of the thermodynamic parameter has
been established from the Van't Hoff [38] equation 7 as follows:

AS° AH°®

InD =
R RT

7)

Where D is the distribution ratio (mm?®/g), R is universal gas constant (8.314 J. mol' .K') and T

the absolute temperature (K).

The distribution ratio is defined for the concentrations of adsorbed molecules as follows in

equation 8 [39]:

(C - Ce)V
- 68311.1000(8)

The AG (KJ/mol) can be obtained from the famous equation 9 [40]:
AG°= AH —TAS )

The thermodynamic parameters of SA adsorption by the composite gel beads were taken into

consideration by varying the temperature at 25, 35 and 45°C. This study is illustrated in the
2249
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graph shown in Figure 4. The results are calculated by the linear line obtained by fitting and are

given by Table 4.

6,2

SA =10 mg/L

6.0 Y=-7,553 X +29,474 R’=0.9490

5,8
5,6
5,4

5,2

InD

5,0
4,8
4,6

4,4

42

T T T T T
3,10 3,15 3,20 3,25 3,30 3,35

1000/T (K™

Figure 4: Evolution of LnD as a function of 1000/T for the adsorption of sodium ascorbate

Table 4: the values of the thermodynamic parameters of sodium ascorbate adsorption.

AG AH AS
T=298 K T=308 K T=318 K
-10,25 -12,69 -15,15 62,74 244,93

The analysis of the thermodynamic parameters shows that the adsorption process on the
adsorbate is carried out by a spontancous and favorable reaction (AG < 0). The variation of the
free energy between -20 and 0 KJ/mol involves physical adsorption [37, 41]. This result implied
that the adsorption between SA-composite beads gels is rather caused by electrostatic interactions
and hydrogen bonds but not chemical bonds. The standard enthalpy (AH® >0) of the system is
positive which indicates that the reaction between adsorbent and adsorbate is endothermic.
Moreover, the positive value of the entropy (AS® > 0) describes that the system is disordered

between the solid/solution interface.
Conclusion:

In this work, composite beads (calcium alginate-activated carbon) were prepared (2:3) and used
for their adsorption capacity of organic pollutant, which is sodium ascorbate SA on different
parameters. Adsorption of composite-SA beads is comfortably adequate for Langmuir's theory
and follows pseudo-first-order kinetics. They have a high adsorption capacity in acid medium at
1,82 mg/g for 10mg/L of SA, for a minimum amount of 0,25g, due to the functional groups

constituting their surface, which form hydrogen bonds and electrostatic interactions.
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Furthermore, the solid-liquid interface (composite-SA) is described by physical and spontaneous

sorption.
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