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NIPHAT KETPRASOET : STUDY OF GAS ADSORPTION IN POROUS
SILICA BY COMPUTER SIMULATION. THESIS ADVISOR : ASST.

PROF. ATICHAT WONGKOBLAP, Ph.D., 121 PP.

GAS ADSORPTION/POROUS SILICA/GCMC SIMULATION

In this study, the simulation for the adsorption of carbon dioxide (CO3), nitrogen
(N2) and argon (Ar) on porous silica are presented. The molecular model of porous
silica is assumed to be composed of SiO4 crystal and the atoms in its surfaces are laid
in different planes of either crystalline or amorphous structures. The CO; is modelled
as a 3-center-Lennard-Jones (LJ) molecule. N2 is modelled as linear molecule. The
Argon is modelled as a spherical Lennard-Jones particle. The simulation adsorption
isotherms and isoteric heat of gas in porous silica were obtained by using GCMC
simulation. For comparison, the adsorption isotherm of gas adsorption will be used to
explore an understanding of adsorption mechanism of gas in porous silica that may be
applied to the environmental investigation. This research is divided into four parts.

The first part is focus on the characterization of porous silica prepared from
laboratory. A study of porous properties of silica by nitrogen adsorption at 77 K using
micrometric gas analyzer. It is found that determination of the Langmuir surface area
equals to 330.0 m?/g, while the BET method is 302.7 m?/g. The total pore volume and
pore size distribution of mesopore analysted by the BJH equation are 0.2145 cm®/g and
range of 20 - 55 A in diameter. The micropore pore volume analysted by the t-plot, DR,
MP, and HK are 0.028 cm®/g, 0.161 cm®/g, 0.0032 cm®/g, and 0.159 cm®/g, respectively.

The second part focus on the adsorption isotherm and heats of adsorption of

CO2, N2 and argon in crystalline porous silica model. The adsorption behavior depend



on the pore width and the quadruple moment. The adsorption capacity depends on
temperature, it increases by decreasing temperature. The adsorption isotherms and heat
of adsorption for polar and non-polar fluids are qualitatively different, due to its
quadruple moment.

The third one focus on adsorption isotherm and heats of adsorption of CO2, N2
and Ar in amorphous porous silica model. An early onset in adsorption isotherm can be
observed in the case of surface roughness model. This is due to the greater interaction
between fluid and solid of disorder surface, trapped molecules of fluid in the hole are
surrounded by more solid particles. However, when the monolayer is completely
formed, the similar behavior can be observed for both surfaces.

The fourth part is abount the determination of pore size distribution (PSD)
developed based on GCMC simulations for the adsorption in ordered (slit) and
disordered (surface roughness) atomistic porous silica. And then the simulation results
are compared with experimental data of CO2 and N2 adsorption in porous glass. The
constructed isotherm obtained from PSD function agrees very well with the
experimental data. The PSD determined by using amorphous surface is smoother than
that obtained by using crystalline surface. The total pore volume evaluated from N2 and
CO; adsorption in disorder surface model are 0.2804 and 0.2444 cm?®/g, respectively. It
is found that CO2 can be adsorbed in the pore width less than 10 A and this lead to the

greather micropore volume.

School of Chemical Engineering Student’s Signature

Academic Year 2015 Advisor’s Signature






