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This dissertation aims to study the enhancement of CO, adsorption by
employing NaOH impregnated activated carbon prepared from longan fruit seed and
to develop the sampling technique for use in simulation-based optimization. This
dissertation was divided into four parts. In the first part, the prepared microporous and
mesoporous activated carbon were used to adsorb CO, in a fixed bed column. Five
parameters were studied for their effects on the adsorption amount including the
volume ratio of microporous and mesoporous, adsorption temperature, sodium
hydroxide loading, gas feed rate, and the adsorbent amount. The CO, adsorption
amount increased by 45% when the activated carbon was impregnated with 1% of
NaOH solution.The optimal conditions that provided the maximum adsorbed amount
of CO,in a fixed bed (33.58 mg/g) were volume ratio of microporous and mesoporous
of 2.83, NaOH loading of 76.5 mg/g, 51 kg/m? of amount of activated carbon, adsorption
temperature of 20°C, and the gas feed rate of 156 kg/h-m?.

For the second part, four types of activated carbons consisting of two types of
microporous activated carbon and two types of mesoporous activated carbon were
employed to study the adsorption of CO, at high pressure. The activated carbon
samples were impregnated with NaOH solutions of 1, 4, 7, 10, and 13% by weight.
Activated carbon which was activated with a total time of 180 min, oxidized with 720
min, and impregnated by 1% NaOH solution provided the highest CO, adsorption
amount. The Grand Canonical Monte Carlo simulation was used to determining pore
size distribution of each activated carbon. The result indicate that after impregnated
with 1% by weight of NaOH, the microporous of activated carbon dramatically
decreased. The highest amount of CO, adsorption of microporous activated carbon

takes place in 1.4 nm pores after impregnated, followed by mesopores. Mesoporous
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activated carbon can adsorbed at pore diameter less than 2 nm. However, most
adsorption takes place in pores smaller than 1 nm due to the strong interaction in the
small pores.

The third part of this dissertation involved the simulation-based optimization
of methanol production via CO, hydrogenation process. Three configurations of
methanol production were studied to obtain the minimum methanol production cost
using cost analysis. The artificial neural network with eight nodes was used as a
surrogate model for process optimization. The cost of methanol production was shown
to be significantly impacted by the price of raw materials, particularly the price of
hydrogen. It was found that the minimum methanol production cost was $885.85 per
tonne which was obtained from the optimization of methanol production with two
reactors in series design. } .

The final part of the dissertation focused on developing a sampling technique
for sample selection to be used in experimental design. This sampling technique is
derived from the Latin hypercube sampling method. It allows for the incorporation of
additional points into existing data sets by using the maximum deviation between
predicted and actual values of a given point as a criterion. This sampling technique
was applied to find the optimal conditions for three chemical processes which are
methanol production via carbon dioxide hydrogenation, ammonia production, and
carbon dioxide absorption via the Rectisol process. An artificial neural network was
utilized for this purpose. Additionally, the results of the study were compared with
those obtained using a random sampling method. The findings demonstrate that the
developed Latin hypercube sampling can efficiently determine optimal values and
requires fewer experimental conditions compared to the random sampling design.
When applied to all three processes, the developed technique proved to be

applicable and yielded optimal values for each process.
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