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Abstract

This work included the removal of azo dyes (Amaranth and Ponceau) and
Erythrosine dye, which is a xanthene dye, in addition to Eriochrome cyanine
(tri phenyl methane dye) from their aqueous solutions by adsorption technique
on a commercial thermally catalyzed activated carbon. The optimal conditions
for the adsorption process were investigated by studying the factors affecting
the adsorption efficiency, such as, the amount of adsorbent, contact time, the
acidic function of the dye solution, the initial concentration of the dye and
temperature.

Three models of the well-known isotherms namely Langmuir, Freundlich
and Tempkin isotherms were applied on equilibrium the practical data
obtained from the study of the adsorption process at, it was possible to give
an accurate description of the nature of the selected systems. This study
carried and completed in a range of concentrations (9x107° - 5x10* M) and at a
certain temperatures, Theis study is repeated at different temperatures(25 — 65
°c) and in the same range of concentrations for the purpose of using them in
calculating thermodynamic functions. The study showed the applicability of
Frenudlich's model on the practical data of the studied systems of adsorption
more than the other isotherm models.

Relying on the adsorption equilibrium values (which were calculated from
the ratio between the concentration of the adsorbed dye on the adsorbent
surface and the residual substance at equilibrium) obtained from the study at
different temperatures, the thermodynamic function (AG®, AS°, AH) of
adsorption were calculated at a certain concentration and at different
temperatures (25 — 65 °c). The thermodynamic functions were also calculated
based on the values of the Langmuir (K ), and Freundlich's (Kr) constants at
a certain temperature and in a range of concentrations (9x107 - 5x10* M). Then
the study was repeated for a range of concentrations, and at different
temperatures.

The results of the thermodynamic study showed that the adsorption system
is of a physical endothermic process and controlled by physical forces, as
indicated by the values of (AH) and its positive sign. The results also showed
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that. The adsorption process could occur spontaneously indicated by the
negative values (AG®), The adsorption of the studied system, became more
random indicated by the positive values of (AS°) due to Ionization of dyes
these present as a salts of sodium ion.

The thermodynamic constants values calculated from the (Kp and Kg)
showed a similar pattern of change.

The study also included the Fitting of four kinetic models on the practical
data of adsorption based on the results of the study of the effect of contact
time. These models are pseudo-first-order equations, pseudo-second-order
equations, Elovich and the intra particle diffusion model. The results of this
study showed that the (dye-activated carbon) system is subject to a pseudo-
second-order model and that the mechanism of intros molecular diffusion is
not the only mechanism controlling the adsorption process.

The rate constant of a adsorption are calculated at different temperatures.
The values of the activation energy of adsorption were calculated which
helped to estimate the thermodynamic functions for activation.

Finally, theoretical calculations related to the geometric effect resulting
from the spatial arrangement of the dye molecule were evaluated. The
electronic factor, which is believed to affect the adsorption efficiency were
estimated. Other parameters such as the molecular Orbitals (HOMO and
LUMO) energies were calculated and these values were used to calculate the
values of hardness, electrophilic index and Nucleophillity factor, which could
explain the way compounds can interact and behave, as electrophiles or
nucleophiles. The stability of dyes and electron densities on the hybrid atoms
in the dye composition were deferminet. All the calculated theoretical
parameters are used to support the practical results.
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