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Abstract

Studying the effect of mesoporous nanostructure on biodesulfurization of dibenzothiophene
by Rhodococcus erythropolis IGTS8

Navid Ahmadi Nasab

Slow rate of bicatalytic reactions is a limiting factor in industrial application of biosystems. There
have been many attempts for at least partially replacement of chemical catalysts by living cells in
desulfurization process of oil and its derivatives. However, slow mass transfer of substrate from oil-
phase onto the surface of cells is the subject affecting biological desulfurization. In this study,
spherical mesoporous silica MCM-41 was synthesized based on a self assembly method, using a
guaternary ammonium template, cetyl trimethyl ammonium bromide (CTAB) in basic water-ethanol
mixture. It has been applied for adsorptive removal of sulfur compounds from fossil fuels using 1mM
solution of dibenzothiophene (DBT) in dodecane as model oil. The obtained samples has been
characterized using different techniques such as nitrogen adsorption—desorption analyses as well as
small angle X-ray scattering (SAXS), high resolution transmission electron microscopy (HRTEM),
scanning electron microscopy (SEM), and Fourier Transform Infrared Spectrometry (FTIR). The
results of BET and BJH studies showed that the prepared mesoporous adsorbent has ordered porous
structures with surface area of 1106 m?g and mean pore diameter of 3.54 nm. SEM images illustrated
that the sample was uniformly distributed with spherical morphology at the range of 200-300 nm.
Moreover, the results of HRTEM images and SAXS pattern showed that structure of pores was
hexagonal. High performance liquid chromatography (HPLC) analysis has also been utilized to study
the measure of the DBT adsorption from dodecane solution by means of the synthesized silica. Results
showed that 0.03 g/mL of mesoporous silica has capability to adsorb more than 42% of DBT from
dodecane solution. Afterward, capacity of the assembling silica MCM-41 mesopore nanosorbent on
the surface of Rhodococcus erythropolis IGTS8 regarding improving biodesulfurization process on
model oil was examined based on DBT consumption and 2-HBP production of the 4S pathway. SEM
imaging showed that covering cells with nanoabsorbant was a success. Moreover, HPLC analysis
results confirmed that maximum of specific desulfurization activity was obtainedfor covered cells at
early hours with 0.34 umol DBT min™g DCW™, which means about 19% increase in specific activity
of maximum desulfurization of free cells at 3" hour. Finally, colony form unit (CFU) test and disk
diffusion method were used to survey anti-bacterial property of nanosorbent. Taking into
consideration the results, apparently, the silica MCM-41 mesopore has no considerable negative effect
on survival capability of Rhodococcus erythropolis IGTS8 and its metabolic activity.

Key word: Biodesulfurization, Dibenzothiophene, Mesoporous nanostructure, Rhodococcus
erythropolis IGTS8
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