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ABSTRACT

The adsorption of dyes on the modified siliceous material was study. The
modified siliceous materials were prepared via the silylation reaction using two
silylating agents, 3-aminopropyltrimethoxysilane and (3-(2-aminoethyl) aminopropyl)
trimethoxysilane. From the zeta potential measurement, it was found that surface of
the modified silica gels showed their positively charge at pH below 7.7 and 5.3
respectively. Then the chain ending of modified silica gels were changed from
primary amine to quaternary ammonium ions to improve the stability of the materials.
These immobilized quaternary ammonium ion attachment still showed their positively
charged surface in pH range of 3-9.

When the modified silica gels were brought to study their adsorption behavior
by using three types of dye with different functional characteristics namely, Acid Blue
Dye (AB25), Congo red and Indigo Carmine, it was found that proper times allowed
to reach equilibrium for AB25 and Indigo Carmine was 60 minutes and Congo red
was 75 minutes. The study of adsorption isotherm of each dye at 30 °C in different
initial concentrations showed that the adsorption of each dye on the modified silica
gels was a monolayer type. The capacity of dye adsorption on the silica gels modified
with 3-aminopropyltrimethoxysilane with converted chain ending (silica 2A) are 295,

188 and 176 umol/g for AB25, Congo red and Indigo Carmine, respectively.



Whereas, the capacity of these dyes adsorption on the silica gels modified with (3-(2-
aminoethyl) aminopropyl)trimethoxysilane (silica 2B) are 363, 204 and 229 umol/g.
All types of dyes can be adsorbed on the silica 2A in a less amount than silica 2B due
to the difference on the number of functional groups. The structure of dyes was found
to have influence with the adsorption. AB25 is the smallest one, it can be adsorbed on
the both types of the modified silica gels more than Indigo Carmine and Congo red.
The influence of temperature on the adsorption of dyes on silica gel at three different
temperatures (30-50 °C) showed large effect on the adsorption of Congo red and
AB25 but slight effect for indigo Carmine onto both silica 2A and 2B. The dye-
adsorption behavior of the modified silica tended to be the physical-endothermic.

The stability study of the adsorbed dye on the modified silica gels in various
media was done. The stability of the adsorbed dyes depended on the type of solvent
and the chemical structure of each dye. This study found that acid condition is the
most stable condition for adsorbed dye but in basic solution is the opposite. AB25
can be dissolved to methanol more than ethanol, water and dioxane, respectively.
Congo red can be leached to methanol more than water, ethanol and dioxane,
respectively. For Indigo Carmine, it can be leached more in water than in methanol,
ethanol and dioxane, respectively.

The study of dye removal in real dyeing wastewater sample was conducted
both in batch and column operations and the removal was accomplished. However, in
batch operation, it was found that the TOC value was increased after treatment. In
column operation 270 and 320 mL of colorless water were produced when packing

the column with the modified silica 2A and 2B, respectively.
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