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Abstract

The main objective of this work is to study the mathematical modeling of the adsorption of Co”" ions on
sugarcane bagasse (SCB) for approximate the nature of the adsorption. The together of results obtained
show that the adsorption process is favorable for a chemisorption and monolayer. Also, the adsorption
process is expressed by the second order kinetic law. Thus the negative values of AG° and the positive
values of AH° opt for an endothermic and spontaneous process. Also, the positive values of AS° indicate the
increase in the randomness at the solid / liquid interface during the adsorption of the Co”" metal ions.
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1. Introduction

In recent years, the adsorption of heavy metals into solutions on natural adsorbents has known a considerably
developed through several research works, thanks to their metal recovery efficiencies and the saving of equipment [1-9].

The process of adsorption can be divided into two mechanisms that can occur independently or simultaneously:

- Physical adsorption is due to electromagnetic forces between molecules of the adsorbent and the adsorbate, often
referred to as van deer Waals forces. These attractions lead to molecular condensation where substances adsorbed
remain on the surface or are irreversibly bound [10].

- Chemical adsorption relies on a chemical bond which is stronger than a physical bond between the solid and the
adsorbed species. This union leads to the release of heat and the formation on a monomolecular layer of the adsorbate
[11]. The strong interaction produced can be irreversible.

In this work, we have modeled the experimental results obtained during the study of the adsorption of the metal ions co®
by the sugarcane bagasse for approximate the nature of the adsorption [12].

We studied three kinetic models: First order kinetic model, second order kinetic model and Elovich kinetic model [13-15].
Also, we studied three models of adsorption isotherms: Freundlich model, Langmuir model and Temkin model [16-18].

2. Materials and methods
2-1- Preparation of the adsorbent

The sugarcane bagasse is the residue which remains after the extraction of sugar contained in sugarcane; it was dried
with the air, under the action of the solar rays, then crushed and tamised so as to obtain homogeneous materials for the
experimental achievements, and the fraction of granularity of very low diameter.

2.2 Preparation of adsorbate

The metal solutions of cobalt are prepared by dissolving of the cobalt chloride salt hydrated (CoCl,, 3H,0) in distilled
water. The pH of each solution was adjusted by hydrochloric acid (HCI) and the sodium hydroxide (NaOH).

2-2- kinetics models
2-2-1- First order kinetic

The first order kinetic model expressed by the Lagergren equation.
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dq
dt

After integration between t = 0 and t, gt = 0 and gt we obtain the linear form:

=Kk; (e — qv)

In(de = q¢) = I ge — kat
The course of the curve In (qe - qt) =f () gives a straight line with the slope equal -k1 and the ordinate at the origin equal to
In (qe).

q, and ge : The adsorption capacities at time t and the adsorption equilibrium.

-1
k1 (min ): speed constant of the process of extraction of the first order.

2-2-2- second order Kinetic.
The kinetic model of second order is expressed by the equation of HO and MCKAY.

dq
at =k, (Qe — qp)®

After integration between t = 0 and t, gt = 0 and gt we obtain the linear form:
t 1 t
qe  Kzqe*  qe

The course of the curve t/g: = f (t) gives a straight line with the slope equal 1/qe and intercept equal to

K;qe?

k2 (g min-1mg-1): speed constant of the adsorption process of the second order.

2-2-2-3 Elovich model

The kinetic model of Elovich was also applied to the experimental results. This model is one of the most used models to
verify and describe the adsorption of chemisorption.

The kinetic model of Elovich is expressed by the following equation.

The Elovich model is expressed by the equation.

d
—t = aexp(Bqr)

After integration this equation we obtain the linear form:

ql ﬁnaﬁ +‘B n(t
1

The course of the curve g = f (Int) gives a straight line with the slope equal 3 and intercept equal to %ln(aﬂ).

The constant a (mg g'1 min'l) is the initial rate of adsorption and 8 (g mg'l) is the desorption constant related to the extent
of surface coverage and activation energy for chemisorption.

2-3- Adsorption Isotherm Models
2-3-1- Model of Freundlich.

The Freundlich model is based on the hypothesis of a heterogeneous surface of the adsorbent with an exponential
distribution of the active sites as a function of the adsorption energies.

The Freundlich model is expressed by the following equation:
ge OOKe Ce"
The linear form of this model is given by the following equation:
Inge J0INKeOO1/n InCe

The plot of the linear form Inge = f (Ce) gives a line of slope 1/ n and the ordinate at the origin equal a InK,
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Kg and % are constants of Freundlich related at the adsorption capacities. If %: 0, the adsorption is linear, if§< 1, the

adsorption is favorable, and if 1; >1, the adsorption is unfavorable.

2-3-2-Model of Langmuir

The Langmuir model makes it possible to determine if a monolayer is adsorbed and if there is no interaction between the
adsorbed molecules. The Langmuir equation is valid for only one monolayer adsorbed with a well defined number of
uniform and energetically identical adsorption sites according to the following relation:

— qmaxKLCe
9@ =711k,

The linear form of this model is given by the following equation:

C_ 1 . C
qe KLqm dm

The plot of the linear form % = f(Ce) gives a straight line of slope qi and the ordinate at the origin equal toﬁ.
e m L4m

gm is the quantity needed to cover the entire surface with a monolayer of adsorbed substance, and K is the constant of
Langmuir isotherm . Ry is the Langmuir separation factor or the equilibrium parameter was used to give an indication on
adsorption. 0 <R\ <1, the adsorption is favorable, R > 1 the adsorption is unfavorable, R, = 0 the adsorption is
irreversible and R, = 1 the adsorption is linear.

R_ is terminated by the following relation:

1
e 119

RL:

With C, (mg/g) is the initial concentration, and K_ is the constant of Langmuir.

2-3-3- Model of Temkin.

The Temkin isotherm assumes that the decrease in heat of adsorption is linear and that the adsorption is characterized by
a uniform distribution of binding energies. The Temkin model is expressed by the following equation:

e =% In(Kr.Ce)

The linear form of this model is given by the following equation:

e 0OB Ln Ky OOB Ln Ce
With, B= —~
b

Kr: constant of equilibrium of Temkin (I / mg).
B = AQ: variation of energy of the adsorption (kj / mol).

R: is the perfect gas constant (8.314 J mol'lK'l) and T the temperature in K. The plot of the linear form qe = f (Ce) gives a
straight line of slope B and the ordinate at the origin equal to B InK.

2- 4 Thermodynamic study.

The thermodynamic parameters, such as the Gibbs free energy (AG®), the enthalpy (AH®) and the entropy (AS°) were
calculated using the following equations:
O0GOOOOOORT Ln Ke

Ca
KC—a

AH
LnK¢, == - ﬁ

K¢ is the equilibrium constant; Ca is the concentration in the solid phase at equmbrlum (mg L ) Ce. is the concentration in

the solution at equilibrium (mg | ) R is the ideal gas constant (8.314J mol K ). AH° and AS° were obtained from the
slope and intercept of LnKC versus 1/ T. the temperature (T) used are: 25 ° C (298K), 36 ° C (309k), 45 ° C (318K).

6035|Page
September 2017 https://cirworld.



ISSN 2321-807X
Volume 14 Numberl
Journal of Advances in chemistry

3- Results and discussions
3.1 Kinetic models
3.1.1 Kinetic models of first and second order

The results of the study of the kinetic model of first and second order during the adsorption of the Co®" ions on the SCB
are presented in fig 1 and fig 2.

2
The results in this table show that the correlation coefficient R given by the second order kinetic model is greater than the
first order, also the binding capacity calculated at equilibrium (gca) for the second order kinetic model is very close to the
experimental binding capacity at equilibrium (gexp), therefore we can deduce that the extraction kinetics of co* by SCB is

expressed by the second order kinetic.

35
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Fig 1: curve of the linear form of the first order Fig 2: curve of the linear form of the second order
The table 1 gathers the correlation and the constant kinetics of extraction for the two models.
Table 1: Parameters of kinetic models of first and second order
Models First order Second order
Ky Oexp Qcal R2 Kz qexp(mg/g) Ocal R2
Kinetic (mglg) | (mglg) (mg/g)
parameters 57488 | 258 | 3.15 | 0.9709 | 0,014 | 2.58 2,62 |0.9912

3.1.2 Kinetic model of Elovich

The results of the study of the kinetic model of Elovich during the adsorption of the Co? ions on the SCB are presented in
fig 3.
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Fig 3: Curve of the linear form of the kinetic model of Elovich
The table 2 gathers the correlation and the parameters kinetics of Elovich model.

Table 2: parameters of kinetic model of Elovich

a(mg gt min?) | Bl@mg) R?

Parameters of Elovich

0,653 1.19 0.988

2 2
The value of R is close to unity, R > 0.98, which probably means that the adsorption of Co
chemisorption.

2+
on the SCB is

3.5 Models of adsorption isotherms
3.5.1 Model of Freundlich

The results of the study of the linear form of the Freundlich model during the adsorption of the Co?* ions on the SCB are
shown in fig 4.

0.08
0.06 y = 0,0419x - 0,1757 #Co
0.04 RZ — 0,986
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Fig 4: Curve of the linear form of the Freundlich model
Table 3 summarizes the parameters of the Freundlich model during the adsorption of the Co?" ions on the SCB.

Table 3: Parameters of model of Langmuir

1/n Ke (mg/g) R?

0.0419 0,839 0.9696

According to these resullts, it can be seen that the correlation coefficients R* are close to the unity, and 1/n < 1. Therefore
the adsorption process is favorable and the surface of the SCB material is heterogeneous.

3.5.2 Model of Langmuir
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The results of the study of the linear shape of the Langmuir model during the adsorption of the Co*" ions on
the SCB are shown in fig 5.
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y = 0.341x + 2.0309
0 R*=0.9996
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ce(ppm)

Fig 5: Curve of the linear form of the Langmuir model

The table 4 summarizes the parameters of the Langmuir model during the adsorption of the Co?"ions

on the SCB.
Table 4: Parameters of model of Langmuir
Onca (MG-g™ | Gm exp (MY Ke Ry R®
) (/mg)
2.93 2.88 0.168 0.0146 | 0.9996

The results obtained show that all the correlation coefficients R” are close to the unity, 0 < RL <1 and the calculated
maximal fixing capacities (m ca) are very close to the maximum experimental capacities (gm exp). Therefore, the adsorption
process is favorable and the surface of the SCB material is heterogeneous.

3.5.1 Model of Temkin

The results of the study of the linear shape of the Temkin model during the adsorption of the Co®" ions on the SCB are
shown in fig 6.
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2.85 R?=0,988
2.8
2.75
2.7 ®Co
2.65
2.6
2.55

qe(mg/g)
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Fig 6: Curve of the linear form of the Temkin model
The table 5 regroup the parameters of model of Temkin during the adsorption of the Co? ions on the SCB.

Table5: Parameters of model of Temkin

Kr (I/mg) B AQ (Kj/mol) R?
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2,497 23.417
0.1058 0.988

The results of this table show that all the correlation coefficients R” are close to unity. Therefore, it can be concluded that
the adsorption is monolayer and the distribution of the binding energies is uniform.

3.3. Thermodynamic study of the adsorption of Co?" on the SCB

2+
The results of the thermodynamic study of the adsorption of Co ions on the SCB are shown in the fig 7.
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Fig 7: Determination of thermodynamic parameters of the adsorption
The table 6 regroup the thermodynamic parameters of the adsorption of Co2" ions on the SCB.

Table 6: the thermodynamic parameters of the adsorption

TCEK) [ AG’ (KImol™) | AH® (KImol™) | AS? (3 mol™k™) R’
298 -1,479
309 -2,037 11.257 72.79 0.9844
318 -2,399
2 0

The results of the thermodynamic study of the adsorption of metal ions Co on SCB, show thatothe values positive of AH
which indicates the endothermic nature of the adsorptiog. Also, the negative values of the AG show that the adsorption
process was spontaneous. The variation of entropy (AS ) is a measure of disogder. The transformations spontaneous go
in the direction of an increase in disorder. In our case, the p%sitive values of AS indicate the increased randomness in the
solid / liquid interface during the adsorption of metal ions Co on the SCB.

4. Conclusion

The mathematical modeling of the adsorption of Co* ions on sugarcane bagasse (SCB) was studied. The results obtained
give the following conclusions:

» The study of kinetic models shows that, the adsorption process is expressed by the second order kinetic law.
» The study of the adsorption isotherm models show that, the adsorption process is favorable, chemisorption,
monolayer, the surface of the SCB material is heterogeneous and the distribution of theobinding energies is uniform.

» The thermodynamic study of the adsorption ShOSNS that, the negative values of AG show that the adsorption proces%

occurs spontaneously and the positive values of AH show that the process is endothermic. éAIso the positive values of AS
+

indicate increasing the randomness at the solid / liquid interface during the adsorption of Co ions on the SCB.
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