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ABSTRACT - In this paper, the kinetic study of the copper ions biosorption onto barley straw is presented.
The obtained experimental data were modeled using three kinetic models: pseudo-first order kinetic
model, pseudo-second order kinetic model, and the intraparticle diffusion kinetic model (Weber-Morris
model). Change in the adsorption capacity with process time was also monitored. Analyzing the obtained
results, it can be concluded that the pseudo-second order kinetic model shows the best agreement with
the analyzed data, which leads to a conclusion that chemisorption is a possible mechanism of binding the
copper ions onto the surface of the barley straw.

Keywords: Kinetic Study, Copper lons, Barley Straw, Biosorption, Chemisorption.

INTRODUCTION

Heavy metals can be removed from wastewaters by conventional methods, such as:
coagulation and flocculation, flotation, aeration, oxidation, adsorption, ion exchange,
membrane processes, and electrochemical methods [1].

These conventional methods don’t always give satisfactory results. Due to the
tendency of every industrial process to be more economical and efficient, different
possible methods of wastewater treatment are being investigated. Biosorption is one of
the possible alternative method to conventional technologies for wastewater treatment,
especially those with low heavy metal ions content [2].

Many biological waste materials, such as fungi, algae, peat, yeasts, and different
agricultural wastes are being tested as potential adsorbents for heavy metal ions
adsorption from water solutions [3].

Kinetic models are often used for analyzing the experimental data in order to
determine the rate of the adsorption, its mechanism, as well to determine the step that
dictates the rate of the process [4].

There are a large number of kinetic models that are used to describe the adsorption
processes. Models that are most often used in relevant literature are: pseudo-first
model, pseudo-second order model, and the intraparticle diffusion kinetic model [5].

In this paper, the three above mentioned kinetic models were used for modeling the
experimental results of Cu?* ions biosorption onto barley straw.
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EXPERIMENTAL

The change in the adsorption capacity with process time was determined by
performing the following experiment: 0.5 g of barley straw was brought into contact with
50 mL of synthetic copper solutions of initial concentration 0.2 g dm?3, for different
contact time, ranging from 1 to 90 minutes, considering it a process time long enough to
reach the equilibrium between phases [2].

RESULTS AND DISCUSSION
Change in the adsorption capacity with process time

The change in the adsorption capacity with a process time for copper ions biosorption
onto barley straw is shown on Fig. 1. As can be seen from Fig. 1, the adsorption capacity
rises rapidly in the first 10 minutes, as a result of a large number of available active sites
in the structure of the adsorbent. After this period, the adsorption capacity further
changes slowly over time, reaching its maximum value after 90 minutes.
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Figure 1 The change in the adsorption capacity with process time for copper ions
biosorption onto barley straw

Pseudo-first order kinetic model

Pseudo-first order kinetic model was determined by Lagergren, and its often-name
in literature as Lagergren’s model. This model assumes that adsorption is a reve: =il
process [6].

The pseudo-first order model is given as:

d .
22 = k(g — aw) .

where: qq) - is the adsorbent capacity defined as the mass of the adsorbed metal par ¢
mass of the adsorbent (mg g) at time t; ge — is the adsorption capacity defined as ima«s
of the adsorbed metal per unit mass of the adsorbent (mg g) at equilibrium; ki - is the
adsorption rate constant for the pseudo-first order kinetic model (min).

By integrating the equation (1) for the boundary conditions:t=0tot=tand qu =0
to qu = qq the following equation can be obtain:
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= (2)
( de Q(t)) 2, 303
For practical use, this equation can be modified into:
2 3)
log(qe — aw) = v

Plotting log(ge-aw) vs. t gives a linear dependence where the constant ki and the
equilibrium adsorption capacity ge can be determined from the slope and the intercept,
respectively (Fig. 2). The obtained model data is given in Table 1.
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Figure 2 Pseudo-first order kinetic model for copper ions biosorption onto barley
straw

Pseudo-second order kinetic model

The pseudo-second order kinetic model is based on the assumption that the rate of
the adsorption is controlled by chemisorption [7].

A nonlinear form of the pseudo-second order kinetic model can be represented by
the following equation:

d 2
—Z‘?—) = k2(qe — a) (4)

where: q) - is the adsorbent capacity defined as the mass of the adsorbed metal per unit
mass of the adsorbent (mg g) at time t; e - is the adsorption capacity defined as mass
of the adsorbed metal per unit mass of the adsorbent (mg g) at equ:llbrlum k2 - is the
adsorption rate constant for the pseudo-second order kinetic model (g mg™* min?).
Rearranging Eq. (4) to obtain its linear form, leads to the following equation:

£
(ge-a) ~ g Tt (3)

For practical use, the equation (5) is modified into:

t 1 t

AGry  k2qe® | de (6)
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By plotting t/q) vs t (Fig.3), the pseudo-second order kinetic model parameters can
be determined. The obtained model data is given in Table 1.
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Figure 3 Pseudo-second order kinetic model for copper ions biosorption onto barley
straw

Intraparticle diffusion kinetic model (Weber-Morris model)

The intraparticle diffusion kinetic model assumes that adsorption does not take place
only on the surface of the adsorbent, but also includes diffusion and adsorption inside
the adsorbent structure [8].

Linear form of this model is given by [9]:

4 = kit'/? + C; (7)

where: qq - is the adsorption capacity defined as the mass of the adsorbed metal per
unit mass of the adsorbent (mg g) at time t; ki - is the internal particle diffusion rate
constant (mg g min®%); Ci - is a constant that provides insight into the thickness of the
boundary layer. If the Ci value is higher, the boundary layer effect is greater, so the effect
of surface adsorption in controlling the process rate is higher (mg g?). The obtained
model data is given in Table 1.
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Figure 4 Intraparticle diffusion kinetic model (Weber-Morris model) for copper ions
biosorption onto barley straw
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The obtained experimental data, shown on Fig. 1, was fitted using the pseudo first-
order kinetic model, pseudo-second order kinetic model, and the intraparticle diffusion
kinetic model. Equilibrium parameters for the considered models were determined using
the Egs. (3), (6), and (7), and, along with the correlation coefficients R?, aregivenin Table 1.

Table 1 Obtained parameters for the pseudo first-order model, pseudo-second kinetic
meodel. intraparticle diffusion model, and the Elovich model for copper ions biosorption
onto barley straw

Model Parameters Values
Pseudo-first order ki (mint) 0.083
kinetic model G ime e 216
Qecal (Mg g2) 2.28

R2 0.917

Pseudo-second order k2 (g mg* min') 0.116
kinetic model Qeremn (ME £) 216
Qecal (Mg 87) 4.23

R? 0.998

Intraparticle diffusion ki1 (g mg?* min®3) 1.415
kinetic model Ca (mg g) 0332

R:? 0.889

ki2 (g mg* min%%) 0.152

Ca(mgg?) 2.812

R>? 0.960

CONCLUSION

In this paper, a kinetic study of copper ions biosorption onto barley straw was
performed. Four kinetic models were used for modeling the experimental data: pseudo-
first order kinetic model, pseudo-second order kinetic model, and the intraparticle
diffusion kinetic model (Weber-Morris model). The obtained results showed that the
pseudo-second order kinetic model gives the best fit for the analyzed experimental data,
indicating that chemisorption is a possible mechanism of binding the copper ions onto
the surface of the barley straw.
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