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Abstract: Selected biosorbents, Prickly Pear Peels (PPP) , that have
been chemically activated by Zncl; and encapsulated in calcium
alginate beads , bear the hybrid biosorbent names CA-ZnPPP, and are
used for the disposal of Cr (VI) with water-based solutions. CA-ZnPPP
is characterized by FT-IR spectroscopy, and Scanning electron
microscopy (SEM),subsequently Batch tests were undertaken to
evaluate the impact of the variables, in particular the pH value in the
first instance, the retention time, and the metal content in the course of
adsorption . Langmuir’s isothermal model showed the greatest
consistency with the test results and the biosorption rate of the single
layer was 16.28 mg g~ in less than 120 min working with 1.0 g L™* of
CA-ZnPPP , and apH of 2 . The pseudo-second order kinetic pattern
correctly defined the results of the adsorption dynamics.
Thermodynamic parameters (AG°, AH®, and AS°) in a temperature
range of 298-328 K, have revealed that biosorption is exothermic and
instantaneous. These values show that CA-ZnPPP is a favorable
adsorption material for the removal of Cr (VI) in wastewater.

l. Introduction

Numerous plant based lignocellulosic biomasses

materials .Therfore, the encapsulation of these
materials in a polymeric matrix, i.e., chitosan [8,9]
cellulose [10,11] or alginate [12,13] has been a

have been reported for theirbiosorption of Cr(VI)
ions from their aqueous streams; foxtail millet
shell,sugarcane bagasse, ficusauriculata leaves, olive
pits [1-4] , due to their accessibility, reusability and
degradability. However, several studies have shown
that chemical activation is a treatment performed on
raw biosorbents in order to increase both their
specific surface and their adsorption rate
[5,7].Nevertheless, it is essential to point out some
issues related to the use of these materials. Such as
the regenation problems, and the quantities of
powder recovered after an adsorption test.Indeed in
the last decade, scientific research has focused on the
development of new adsorbent materials aimed at
avoiding the disadvantages of these conventional

technique used by several authors to solve the
problems mentioned above. In this study, sodium
alginate was chosen with regards to its numerous
advantages, such as its simplicity, its
biocompatibility and it’s low cost [14,15] compared
to other encapsulating agents.

The final sorbent with the associated properties of
the biopolymer and a biomaterial can behave the
same way as a traditional ion exchange or chelating
resin [16]. In the present work, an attempt has been
made to investigate the adsorption potential of
activated Prickly Pear Peels by Zinc chloride (Zncl,
) and immobilization in calcium alginate , for the
removal of hexavalent chromium Cr (V1).
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I1. Materials and methods

11.1. Preparation of Synthetic solution

A primary solution of 1000 mg.L? potassium
chromate was prepared by dissolving 3,74 ¢
K2CrOs in 1000ml of distilled water .Working
solutions of concentration 10-100 mg.L!  were
made by adequately diluting a stock solution in
distilled water.

11.2. Preparation of activated carbon

PPP were air-dried and pulverized to pass through a
100 mesh sieve, then immersed in a 5 mol.L* Zncl,
solution for 24 h , and dried at 378 K .Finally the
pretreated sludge was calcined at 973K for 2h with a
heating rate of 5 °C.min"%, and then cooled to room
temperature. Subsequently, the sample was washed
with 2 mol.L*Hcl , until the pH changed to 7,0, dried
at 378 K , then sealed and stored .

11.3. Beads formation

A 2% (W/W) sodium alginate gel was prepared by
dissolving the sodium salt in 96ml of hot distilled
water, the required amount of activated biosorbent
(Zn-PPP ) powder (2g) was added into the cooled
alginate gel . The homogenized product, composed
of sodium alginate and biosorbent, was poured drop
by drop into 200 mL of 0,1 M Cacl,. The beads
obtained are kept under agitation for 24 hours, then
rinsed several times with distilled water. The
biosorbent obtained is named CA-ZnPPP .

11.4. Characterization of the adsorbent

The Scanning electron microscope (SEM) technique
was used to examine the surface physical
morphology of the adsorbent . As represented in
Figure 1(a,b), the surface of CA-ZnPPP is full of
cavities and comparatively irregular as a result of
activation and the pores were of different sizes and
shapes , which contributes to the high surface area
and Cr (VI) adsorption properties of CA-ZnPPP .
The FT-IR spectra of the CA-ZnPPPwere used to
identify functional groups present on the adsorbents
and the result was indicated in Figure 2. The FT-IR
spectra of adsorbent are measured in the range of
400-4000 cm-1. In Fig 2, the strong adsorption band
at 3347,61 cm-1corresponds to the O-H stretching
vibration of alcohol , phenol or carboxylic acid. The
small peak at 2924,17 cm-1 indicates the presence of
a C-H stretching vibration in the methyl group. The
peaks at 1589,39 and 1410,17 cm-lare an
identification of COO, C_O groups . 1024,13 cm-1
is the stretching vibration of C-O-C , -CH3 . The
acidic groups are protonated at pH 2.0 , which
accounts for the effective adsorption of hexavalent
chromium ions on the activated biosorbent [17].

(b)
Figure 1 (a,b) . Scanning electron microscopy of
CA-ZnPPP
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Figure 2 . The FT-IR Spectra of CA-ZnPPP

11.5. Adsorption Studies

Adsorption kinetics of hexavalent chromium Cr(V1)
onto CA-ZnPPPwere carried out under the effect of
two important variables : pH and retention time . All
tests were undertaken by adding 0,1 g of adsorbent
into 100 mL of Cr(VI) solution (10 mg.L?). The
solution’s pH was adjusted by 0.1 mol.L"t NaOH or
0.1 mol.L*HCI. The sample was agitated at 150 rpm.
The considered concentration of Cr (VI) was
obtained at Amax = 540 nm ( by UV-1700 Pharma
Spec Shimadzu spectrophotometer ) after
complexation with 1,5-diphenylcarbazide. [18]
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The adsorbed amount of Cr(V1), g (mg/g), (Eg. (1))
was calculated as:

_(Co-ct)yv
=ty (1)
where Co (mg/L) is the starting Cr(VI) content , C;
(mg/L) is the Cr(VI) content at the present moment
t, V (L) is the volume of chromium solution, and m
(9) is the weight in grams of the materials used for
adsorption .

I11. Results and discussion

I11. 1. Influence of time

The influence of the treatment time on the reduction
of Cr (VI) in solution was analyzed at a different
time (0-180 min) with an initial concentration of
Cr(VI) 10 mg.L™. In accordance with Figure 3. The
retention ability moved quickly during the initial
10 min and then slowly increased again until an
unchanged result was obtained when the availability
site became saturated. The retention ability was
8,6 mg-g* at 120 min.

=
o

retention ability (mg.g™)
O = N W & U1 O N 0 O
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Figure 3. Influence of time on equilibrium
adsorption of PPP

I11. 2. Influence of the pH

The initial pH of the solution is a very important
parameter, it’s variation may change the different
forms in which hexavalent chromium can exist in a
solution ( HCrO4 and CrO42) ; These are obtained
from the dissociation of chromic acid in water,
according to the following equations : [19]

H,CrO4 + H,O < H3O*+ HCrO4 (2)
Pk, =114
HCrO4s + H,O « H30" + CI’O4’2 (3)

A

Ata pH <2, HCrO4 " is the predominant form. In
the pH band of 2-6, various chromium ions such as
HCrO4 , CrO4% and Cr,0O7% can reside together ,
principally in the form of HCrO4, .At a pH >7,5,
CrO4% is the exclusive chromate form [20].

The pH level can also affect the adsorption capacity
of the adsorbent ; This can lead to the variation of the
charge on the surface of the adsorbent, as well as the
degree of the protonation of its functional groups
[21]. The pH of zero charge point (pHpzc ) is the pH
at which the surface of the adsorbent is neutral [22]
; Anunderstanding of the latter , allows us to know
which pH will positively or negatively charge the
adsorbent [23] .For a pH higher than pHp, the
adsorbent presents a predominance of negative
charges and conversely for a pH below the
isoelectric point. In our case the determination of the
isoelectric point for our adsorbent, as can be seen in
figure 4, allows us to deduce that it is positively
charged as the pHpzc was found to be equal to 7.5.

Pk,, = 6,34

1 - PHpzc = 7,5

pH,@
Figure 4. Determination of point of Zero charge
(pszc ) of CA-ZnPPP
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Figure 5 . Effect of pH on Cr(VI) adsorption
capacity
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According to figure 5 , we note that the rate of
elimination decreases with an increasing pH, a
maximum is reached at pH=2, therefore, at a lower
pH, adsorption is enhanced by the electrostatic
attraction between the protonated material surface
and the negatively charged chromate ions in the
solution.

111. 3. Adsorption Isotherm studies

For a greater clarity of the adsorption phenomenon,
isothermal research is very decisive. Langmuir and
Freundlich isotherms were commonly used in recent
research to give an explanation of the interaction of
adsorbents. The Freundlich model assumes a non-
homogeneous adsorption surface and active sites of
different energy : [24]

0e=KrCe!" (4)

The equation could be reconfigured into a linear
expression as follows:

Log g =log Ke + %Iog Ce (5)

where ge (mg .g* ) is the amount of Cr (VI )
adsorbed per unit of adsorbent at a steady-state , Ce
(mg .L1) is the residual strength of Cr (V1) inthe
solution after adsorbing at equilibrium, Kg and n are
the Freundlich adsorption isotherm constants which
indicate the extent of the adsorption and the degree
of nonlinearity between the concentration and the
adsorption respectively [25,26] . The value of 1/n,
which is generally in the range of 0and 1, illustrates
the consequences of concentration on adsorption
efficiency . The coefficients of Kg and 1/n can be
calculated from the line interception and the incline
of the flat line between log ce and log qe .

Langmuir's theory focuses on the precept that
sorption takes place at precise and uniform locations
in the sorption material. It can be formulated in a
non-linear form [27]

_ImKLCe
Qe T14K.Ce )

The equation can be linearized as follows:
Ce _ Ce 1

=Ly ™

de qdm KLdm

Where gm (Mg g?) is the maximum amount of
monolayer adsorption on the area of the adsorbent
[28], and K. (L. mg?) is Langmuir’s invariable
linked to the power adsorption . It should be pointed
out that the major particularities of the Langmuir
isotherm can be expressed in terms of a
dimensionless, R. (equilibrium parameter), as given
in the equation:

1

RL= (8)

T 1+KLCo

where K is the Langmuir’s invariable, ¢o (mgL™!)
is the initial Cr (V1) concentration. The values of R
indicate the isothermal structure RL > 1
(unfavourable), R = 1 (linear), 1 > R. > 0
(favourable), and R. = 0 (irreversible). The
Langmuir and Freundlich isotherms plotted for
Cr(VI) adsorption on CA-ZnPPP are shown in
Fig.6,Fig.7 respectively ; and the values of the
constants and the correlation coefficients of all the
types of both of the models are described in Table 1.

2,5

1,5

CelQe (g.L?)

0,5 oo

0 5 10 15 20 25 30
Ce (mg.L?)

Figure 6 . Langmuir isotherm plot for the
adsorption of Cr(VI) onto CA-ZnPPP.

Table 1. Adsorption Isotherm constants and correlation coefficients.

Langmuir model Freundlich model
Qmax (Mg g™ 16.28 Ke (mgg?) (LghH™" 1.98
Ku(L mg?) 0.103 1/n 0.59
R2 0.85 R2 0.79
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Figure 7. Freundlich isotherm plot for the
adsorption of Cr(VI) onto CA-ZnPPP.

The data obtained experimentally was found to fit
best with the Langmuir isotherm model with a
regression coefficient of (R?) 0.85, which indicates
the monolayer adsorption of Cr(VI) onto CA-
ZnPPP. The value of R (0.492) also supports the
feasibility of this isotherm, which demonstrates that
the configuration of the isothermal system must be
appropriate (0\R(\1) [29]

111.4. Kinetic Studies

The study of Kinetics is an important part of
adsorption research as it explains the rate of
adsorption from which the mechanisms of the
process and the rate-controlling steps can be
predicted. In this report, various modes of predicting
adsorption kinetics of Cr (VI)  onto CA-ZnPPP
were used (pseudo-first order, pseudo-second order,
and intra-particle diffusion model).

Pseudo-first-order model. The differential variant of
the pseudo-first-order rate equation, which is
frequently used in the case of the surface
concentration of an adsorbate obtained from an
aqueous solution, is indicated as bellow[26].

= Ky (e — ) ©)

A

When g:=0att=0and q; = g at t = t, equation (9)
can be inserted into the equation below

In(q. — q;) =Inq, — Kit (10)

Where q¢ (mg g!) is the adsorption amount of
hexavalent chromium Cr (VI) per unit of adsorbent
at time t, k; (min™') is the pseudo-first-order yield
parameter , and t (min) is the adsorption time. The
adsorption yield parameter (ki) can be measured
from the plot of In(qe-q:) against t..

Pseudo-second-order model. The pseudo-second-
order expression is as described in the following
equation [30]:

= K (G )? (1)

By integrating Eq. 11 for the limit condition t = 0 to
t=tand g:= 0 and g: = q, the resulting equation can
actually be rearranged in a linear form:

=2 4L (12)

qr K203 qe

Where k, (g mg! min!) is the pseudo-second-order
yield parameter . In general, the constant k» is also
applied to measure the original degree of adsorption
h (mgg ' min!) as shown [25] :

h=lim(K,q2) (13)

Intra-particle diffusion model. The Intra-particle
diffusion model is frequently applied to establish the
adsorption process for design purposes. It can be
represented by the equity equation [26]:

qt = K_i t\(1/2)+1 (14)

Where ki (mg g—1 min—1/2) is the intra-particle
diffusion yield parameter.

The amount of | represents the depth of the
separating layer [26].

The parameters of h, k2, and ge may be estimated
using the plot of t/qt vs t.

Table 2. Kinetics parameters

Qm(exp) | Pseudo-first order Pseudo —second Intra-particle diffusion
order model
K1 2.37 Ko 0.021 Ki R?
8,68
Qe 8.42 Oe 8.93 0,1864 0,93
R? 0.67 R? 0,99
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The parameters of all the models involved in the
measurement of kinetic adsorption are summarized
in the Table 2. The linking factors R2 for the pseudo-
second order model (R? = 0.999) were higher than
the values of the intra-particle diffusion factors
(R? = 0.921), which suggest a chemistry-sorption
mechanism [31].

111.5. Thermodynamic studies

In order to check whether the biosorption process
occurs instantaneously, Gibbs free energy and
entropy coefficients were taken into account. By
plotting InK vs 1/T (Fig. 8), the change in Free
energy of Gibbs (AG®), enthalpy (AH®), and entropy
(AS°) for the biosorption mechanisms, were
identified using Egs. (15) and (16).

AG®=-RT InK (15)

Where AG® is Free energy of Gibbs (kJmol™?), R is
the global gas factor (8.314 Jmol*K™2), T is the total
temperature (K), and K is the balance constant
(csce). Cs is the Cr(VI) concentration on adsorbent
(mg L) and ce is the balance concentration of
hexavalent chromium Cr(VI) ions (mg L™?). The
enthalpy (AH) and entropy (AS) values can be
deduced by using Van’t Hoff relation :
AS° AH°

InK= R RT (16)

The enthalpy and entropy values of Cr (VI) were
resulting directly from the gradient of (AH/R) and
intercept (AS/R). From Table 3, free energy of Gibbs
LAG turns to —3.48 kJ mol™? at 298 K, which
indicates a favourable biosorption process that was
spontaneous and exothermic (AH=-23.83 kI mol™)
over the temperature range of 298 to 328 K.

It reveals a favourable biosorption process,
spontaneous and  exothermic, beyond the
temperature limits of 298 to 328 K. The negative
entropy change within the same temperature range
(AS = —68.26 J mol™ K™) reveals a rise in the
unpredictability of the solid-liquid interface and the
naturalness of adsorption [32].

1,6

1,2

0,8

In Kd

0,4

0
0,003 0,0031 0,0032 0,0033  0,0034

uT

Figure 8. Van’t Hoff graphic

Table 3. The data of the thermodynamic variables for Cr(\V1) adsorption on CA-ZnPPP

AG® (KJ/mol ) AH(K J.mol ) AS°(J.mol?) R?
298 K -3.48
308 K -2.8 -23,83 -68,26 0,98
318K -2.12
328 K -1.44

1V. Conclusion

In this work, immobilized and activated PPP was
used effectively as a composite adsorbent for the
abatement of hexavalent chromium ( Cr VI) . In
batch mode, adsorption strongly depended on two
working parameters (pH, contact time). The results
indicated the following optimal conditions; a pH
value of 2 and 120 min of retention time.The
biosorption ability was of 16,28 mg.g*, as a function
of the Langmuir model . Thermodynamics studies
show that the biosorption mechanisms arefavourable
and spontaneous with the highest adsorption
capability cappedat 298 K, and heating is not
required to promote its adsorption capacity . Kinetics

surveys have revealed that the adsorption scheme of
Cr (VI) followed the pseudo-second order pattern,
provides the best correlation coefficient. CA-ZnPPP
could be a great alternative for efficient disposal and
remediation of hexavalent chromium sorts from
aqua.
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