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In this thesis, a new approach was proposed for controlling mesoporosity in
activated carbon from longan seed by the consecutive process of carbon char
oxidation with air to form surface functional groups, thermal destruction of the
functional groups, and carbon activation with CO,, being called as the OTA method.
The preparation technique was able to produce highly porous activated carbons with
a higher proportion of mesopore volume, as compared to the conventional two-step
activation method. This thesis work consisted of several tasks, including the preparation
of activated carbon, the study of gas adsorption and pore development by GCMC
simulation, and the applications of the produced activated carbons in adsorption
processes.

The OTA method consisted of three consecutive steps: (1) air oxidation of an
initial microporous carbon to introduce additional oxygen-containing functional groups,
(2) thermal destruction of the existing functional groups in an inert atmosphere at a
high temperature to disrupt the chemical bonds of those functional groups, leading to
an increase in the number of unpaired electrons which enhances the reactivity of pre-
existing micropore surfaces, and (3) activating the heat-treated carbon with CO; to
create increasing amounts of both micropores and mesopores. The analysis of pore
development in the prepared microporous-mesoporous activated carbon based on
GCMC simulation and a surface defect model revealed that the use of the OTA method
increased the mesopore volume by the widening of the reactive micropores by
gasification reaction. By employing a similar technique to the OTA method, the pre-
oxidation of longan-seed char prior to CO, activation could increase the gasification

rate of the char substantiatly, as compared to the non-oxidized char.



Microporous and mesoporous activated carbons were produced from the
longan fruit seeds by the conventional activation method and the OTA method,
respectively. The analysis of pore size distributions in activated carbons via the GCMC
simulation indicated that most pores consisted of micropores in the size range of
0.65-1.4 nm and mesopores in the size range of 3-4 nm, with mesopore volume
concentrating in the smaller mesopore size range of 2-3 nm for the OTA-carbons. For
the study on the removal of methylene blue (MB) from an aqueous solution, it was
found that the amount of MB adsorbed increased with the increase in the adsorption
time and the carbon surface area. The average pore diffusivity of the mesoporous-
activated carbon was about an order of magnitude targer than that of the microporous-
activated carbon, with a value of 11.8 x 10°" cm?/s. The mesoporous-activated carbon
produced by the OTA method having the highest surface area yielded the maximum
MB adsorption capacity of about 1000 mg/g carbon.

The OTA method was used to improve the porous properties of mesoporous
carbon produced from carbon gels. The findings showed that the activated carbons
derived from the OTA procedure provided improved porous properties of activated
carbon gels when compared with those prepared through the traditional activation
method under the same activation conditions. Under the best preparation conditions,
the maximum values of micropore volume, mesopore volume, and BET surface area
achievable using the OTA method were 1.19 cm’/g, 1.81 cm’/g, and 2,920 m?/sg,
respectively, at a 72% carbon burn-off. The large increase in the porous properties of
activated carbon gels prepared by the OTA method was attributed to the incorporation
of the oxidation and heat treatment steps that could produce a larger number of

reaction sites, hence promoting pore development over the course of the gasification

process.
School of Chemical Engineering Student’s Signature ... dN4IMN  SGUVA
Academic Year 2022 Advisor’s Signature

Co-advisor’s Signature > m—" e ST





