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PONGPON TEERACHAWANWONG: CARBON DIOXIDE CAPTURE AND METHANE
STORAGE IN MIL-53(Fe) MIL-100(Cr) MIL-100(Fe) AND MIL-101(Cr) BY SURFACE
MODIFICATION HEAT TREATMENT: EXPERIMENT AND MOLECULAR SIMULATION
STUDY. THESIS ADVISOR: Assoc.Prof.Dr. NIKOM KLOMKLIAG, THESIS CO-ADVISOR:
SOMSAK SUPASITMONGKOL

Keyword: hydrothermal/adsorption/carbon dioxide/methane/heat treatment/grand

Canonical Monte Carlo simulation/adsorption mechanism in the molecular level

Currently, the g¢lobal warming effect is caused by the accumulation of
greenhouse gases, primarily carbon dioxide and methane. However, these gases can
also be used for other purposes such as raw materials in industrial processes and
alternative energy sources. So, this work studies carbon dioxide and methane
adsorption in MIL-53(Fe), MIL-100(Cr), MIL-100(Fe), and MIL-101(Cr), which were
synthesized by the hydrothermal method and surface-modified by heat treatment
under a flow of hydrogen at 473 K for 2 hours. The prepared MILs were analyzed for
physical properties (surface area, pore size distribution, and crystal shape) and
chemical properties (thermal stability and functional group). The results of N,
adsorption/desorption at 77 K showed that the modified MILs (H2-MILs) had a higher
surface area than the MiLs (P-MILs). The highest surface area was observed in MIL-
101(Cr), and the surface area decreased in the order of MIL-100(Cr), MIL-100(Fe), and
MIL-53(Fe), respectively. Moreover, the results of carbon dioxide and methane
adsorption at 273 K and 298 K showed that MIL-100(Cr) had the highest amount of
adsorption, and the quantity of adsorption decreased in the order of MIL-100(Fe), MIL-
101(Cr), and MIL-53(Fe), respectively. Although MIL-100(Cr) had a lower surface area
than MIL-101(Cr), it had the highest surface area because the pore size distribution
ranges from 0.5 to 1.0 nm, which is suitable for CO, and CH, adsorption. The highest
amount of carbon dioxide and methane adsorption was 2.76 and 0.71 mmol/g,
respectively. The Grand Canonical Monte Carlo method was used to examine the

adsorption isotherm, isosteric heat, and adsorption mechanism in the molecular level.



The results of isosteric heat were used to explain the adsorption mechanism of carbon
dioxide and methane based on the variation implying five regions as 1) adsorbed in
supertetrahedron, 2) adsorbed on open-metal sites, 3) adsorbed on windows of both

small and large cages, 4) filled small cages before large cages, and 5) re-structured.
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