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ACTIVATED CARBON/SURFACE MODIFICATION/ADSORPTION/

WOOD PRECURSORS

The overall objective of this thesis research was to perform an extensive study
on the preparation, surface modification, and adsorption of activated carbon from
eucalyptus and wattle woods. The scope of the research covered the preparation of
activated carbon by chemical and physical activation under different conditions,
surface modification of activated carbon by oxidation methods to enhance the
hydrophilic characteristic, and the studies of equilibrium adsorption of water vapor,
methanol vapor, ethanol vapor, and heavy metal cations from solution on surface-
modified activated carbon to investigate the role of surface functional groups.

On the preparation results, for both woods, chemical activation with H;PO,4
was found to give activated carbon with higher surface area and total pore volume
than that obtained by physical activation with CO,. Activated carbons derived from
CO, activation produced mainly micropore whereas H3PO, activation produced
activated carbons with higher proportions of mesopore and macropore volume. For
both activation methods, eucalyptus wood gave better pore development than wattle

wood under the same preparation conditions studied.



Various types of oxygen functional groups were introduced onto the surface of
eucalyptus wood-based activated carbon through oxidation using H2O2, (NH4),S,0s,
HNOs, and air. Acid/base titration, Fourier Transform Infrared spectroscopy (FTIR),
X-ray Photoelectron spectroscopy (XPS), elemental analysis, and pH at the point of
zero charge (pHpz.c) were used to characterize the amount and types of surface
functional groups. The results showed that the content of acidic oxygen functional
groups increased after oxidation with all oxidizing agents used. The percent increase
in functional group concentration followed the order, carboxylic acid > phenolic >
lactonic for all oxidation methods. The increasing of oxidation time, oxidation
temperature, and acid concentration increased the total acid group and the amount of
each acidic functional group, whereas the distribution of each functional group
remained unaffected after all oxidation treatments. Air oxidation gave the highest
total acidic groups and highest amount of carboxylic acid in the carbon as compared
with the oxidation in liquid phase. Porous structure of the original activated carbon
had an effect on the introduction of oxygen functional groups when using HNO3 as
oxidizing agent. There existed a minimum acid concentration corresponding to the
available surface area that could introduce maximum amount of acidic surface
groups. The preparation method of activated carbon also had a direct effect on the
amount and distribution of functional groups with the original activated carbon
prepared by chemical method giving higher total acidic groups compared to the
original activated carbon prepared by physical method at the same oxidation
conditions. The oxidized activated carbon was also heat treated at high temperatures
to study the change in oxygen functional groups related to their thermal stabilities. It

was found that heat treatment process decreased the amount of total acidic functional



groups with carboxylic acid group having the least thermal stability followed by
lactonic and phenolic groups.

The adsorption of polar molecules with higher polarizability and smaller
molecular size (water vapor) was found to depend on both porous structure and
surface functional groups of the carbon, while the adsorptions of lower polarizability
and larger molecular size (methanol and ethanol vapors) depended only on the porous
structure of carbons. The amount of water adsorbed was found to increase with
carbon having higher surface area and pore volume as well as higher carboxylic acid
group. Heat treatment process which lowered the amount of the carboxylic acid group
decreased the amount of water adsorbed. Therefore, carboxylic acid group played an
important role in the process of water adsorption.

The adsorption of Pb?*, Zn**, Cu?**, and Ca** ions was enhanced by the surface
oxidation of activated carbon with the order of Pb** > Zn? > Cu** > Ca®". The
competitive adsorptions in binary systems of these ions decreased the uptake of
individual metal ions in solutions, with the presence of Ca*" in the binary system

giving no effect on the adsorption of the other ion.
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