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CHATURAPORN NIMJAROEN : POROUS GLASS FROM COAL FLY
ASH: PREPARATION, CHARACTERIZATION AND ITS ADSORPTION
STUDY.THESIS ADVISOR : PROF. CHAIYOT TANGSATHITKULCHAI,

Ph.D., 297 PP.

POROUS GLASS/PHASE SEPARATION/ADSORPTION

This thesis work is focused on the preparation of porous glass from coal fly
ash and studying its adsorption performance in both the liquid and gas systems.
Porous glass was prepared using the phase separation method which consists of the
following steps of adjusting the ash composition by oxide addition to meet the
required base glass system, melting the raw mix to form the borosilicate base glass
product, separating the binary glass phase by heat treating as a function of
temperature and time, and finally leaching out the borate rich phase by a dilute
mineral acid to obtain the porous framework of silica adsorbent. The median pore
diameter of prepared porous glass lies in the mesopore size range from 10-2000 nm
and was found to increase with increasing treatment time and temperature. The
obtained porous glass shows similar chemical composition to that of commercial
Shirasu porous glass. The forming of pore connectivity could take place by the
mechanism of nucleation and growth and the rate controlling step could be the
diffusion of structural units involving oxygen ions.

To test its potential use as an adsorbent, the adsorption by the prepared porous
glass was carried out both in the liquid and gas systems. The single adsorption of
Cu*", Ag" and Au*" and the binary adsorption of Cu?* and Ag" from aqueous solution

were performed with both the virgin and chemically grafted porous glass adsorbents.
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It was found that the selective adsorption of copper and silver ions could be achieved
with porous glass samples grafted with amino (-NH;) and thiol (-SH) groups,
respectively, and the amounts adsorbed are the same whether the adsorption takes
place in pure or mixture systems. The analysis of adsorption equilibrium and kinetics
by the well-known models were also presented. Adsorption in gas phase of adsorbates
with different polarity, including carbon dioxide, ethanol and water, was carried out
using virgin unmodified porous glass. It was discovered that the adsorption of carbon
dioxide involves the dispersive interaction forces and its adsorption isotherm is well
described by the Langmuir and Freundlich equations. On the other hand, the
adsorption of ethanol and water results from hydrogen bonding through the silanol
groups on the porous glass surface and the isotherms can be well fitted with the n-
layer BET equation. The kinetics of water adsorption was also studied as a function of
temperature and the pseudo second-order model was found to excellently describe the
experimental data.

The removal of a model synthetic dye, methylene blue, by porous glass was
conducted in a fixed-bed adsorption column. The column dynamics presented as the
breakthrough curves was studied as a function of adsorbent bed height, feed flow rate,
feed concentration of solute, and particle size and mean pore size of the adsorbent
particles. Three breakthrough models, based on different isotherm curvature, were
applied to validate the breakthrough data. Thomas model for curved isotherm gave the
best predictive capability, as compared to Klinkenberg model for linear isotherm and
Bohart and Adams model for square isotherm.
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