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Introduction

Sulfur compounds in oil or gas products tend to
poison refining catalysts and corrode parts of internal
combustion engines while producing SOx that is
responsible for causing acid rains. Therefore, sulfur
compound removal is very important and necessary
for both industrial and environmental reasons [1-3].
Among various techniques for sulfur removal,
adsorption desulfurization (ADS) method, which is
used under mild conditions, is an effective approach due
to some advantages such as low energy consumption,
less reactant with high performance, no need for high
temperatures and high pressures of hydrogen/oxygen to
achieve a low sulfur concentration [4-6]. Metal organic
frameworks (MOFs), as a new class of crystalline
porous materials, have received great attention in the
past decade due to their intriguing structures. Some of
their advantages include: high surface area, uniform
structure with microporous cavities, open metal sites
in the framework, designable, accessible, and tunable
pores and channels [7]. Also, MOFs can provide
availability of in-pore functionality and outer-surface
modification with specific adsorption affinities [&].

Materials and Methods
Sonochemical Synthesis of Nano [Co (oba) (CH,0),(0),] -:3DMF
(1INP)

Purple powder of nano TMU-11 (labeled as 11NP)
was obtained using the following procedure:
Co(OAc),.4H,0 and H oba were dissolved separately
in a mixture of DMF/MeOH. The solution of oba
ligand was added dropwise to the solution of metal
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precursor in an ultrasonic bath at ambient temperature
and atmospheric pressure.The resulting powder was
isolated by centrifugation, washed with DMF three
times and dried in air for characterization.

Evaluation of Sulfur Removal Activity
Typically, a solution of 500 ppm dibenzothiophene
as representative of an aromatic sulfur compound
was investigated in n-hexane. The adsorption test
was carried out in a 100 mL flask including 50 mL
of DBT solution and a desired amount of adsorbent
(IINP) and 0.6 mL of n-dodecane as an internal
standard. The mixture was vigorously stirred with
constant speed of 500 rpm by a magnetic agitator at
certain temperatures. At specified reaction times,
samples were taken from the oil phase and prepared
for analyses by centrifugation at 6000 rpm for 10 min
to eliminate the possible solid particles. In order to
determine sulfur content of the samples, they were
analyzed by gas chromatography coupled with a flame
ionization detector (GC-FID (hp)).
The data collected from the experiments were applied
to estimate the conversion percentage and DBT
adsorption capacity according to the batch equilibrium
method as follows:
% Adsorption =(1—C—e)><100 (1)
CO
q=(C,-C)V/M 2)
where C and Ce are the initial and final concentration
of DBT, respectively, qe is the equilibrium amount of
DBT adsorbed per unit mass of adsorbent (mg/g), V
is the volume of the initial solution (mL) and M is the
mass of the adsorbent in grams. The selectivity test



was performed on naphthalene (NA) because of its
electronic and structural similarity to DBT. In order to
check for catalyst reusability, the sample was washed
several times by methanol, then dried at 120°C for 10
h and then was applied in a subsequent test.

Results and Discussion
Characterization of MOF

TMU-11 can be obtained quickly and easily via
sonochemical procedure. Acomparisonbetweenpowder
X-ray diffraction (PXRD) patterns of the simulated
and experimental (resulting from the sonochemical
process) confirms that the sonochemically synthesized
TMU-11 is structurally identical to pristine TMU-11
(Fig. 1) 30. The morphology and particle size of 11NP
was investigated using scanning electron microscopy
(SEM). The results showed that a uniform nano-plate
morphology was obtained under ultrasonic irradiation
(Fig. 2).

—TMU-11 Simulated

—TMU-1INP

~—=TMU-1INP after 5 cycles

Intensity (a.u.)

5 10 15 20 25 30
20 ()
Fig. 1 Comparison of PXRD patterns for simulated TMU-
11 and TMU-11NP prepared by sonochemical reaction, and

PXRD pattern of the adsorbent after 5 times removal test.
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Fig. 2 FE-SEM images of (a) TMU-11 and (b) TMU-11NP
synthesized by solvothermal and sonochemical reaction, re-
spectively.

Sulfur Removal Evaluation

TMU-11 is a good candidate for adsorption of
DBT because of its active sites associated with the
unsaturated coordination number around  Co(4)
center. Here, the effect of reducing particle size and
enhancement of surface area on adsorption capacity of
11NP nano-plates is investigated.

Proper adsorbents with suitable dosages and specific
reaction temperature and time are required to
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investigate maximum adsorption capacity of desired
adsorbents in the ADS process. The role of these
factors on DBT removal efficiency was evaluated.
DBT removal efficiency in presence of 11NP
adsorbent is increased continuously up to 15 mg and
then remained constant. In other words, usage of 15
mg 1INP adsorbent leads to 65 % and 97 % removal
efficiencies after 60 min at 30° and 60° C, respectively
without increasing significantly in % removal by
adding any further adsorbent. Therefore, 15 mg value
is introduced as the proper dosage of 11NP adsorbent
and further experiments are carried out on this amount
of adsorbent. Also, the comparison of removal
efficiency at two temperatures shows more efficiency
at higher temperature of 60° C. Hence, all removal
experiments are performed at the same temperature.
Additionally, removal efficiency is enhanced up to
45 min and it is not increased significantly after 90
min. Thus, the optimal time to reach the maximum
adsorption is 45 min. The results show that 11NP
MOF can act as a superior adsorbent in ADS process
compared with other adsorbents. These observations
probably originate from the reduction in particle size
and increased specific surface area in the case of 11NP
MOF.

Conclusions

The effect of reducing particle size and enhancing
surface area on the adsorption capacity of 11 NP nano-
plates MOF for removal of DBT was evaluated. DBT
removal efficiency in presence of 1INP adsorbent
was increased about 2 times compared to TMU-11
bulk material. Therefore, TMU-11 is a good candidate
for adsorption of DBT because of having an active
site related to the unsaturated coordination number
around Co(4) center which was proved by selectivity
test of DBT over NA. The data clearly showed that
n—7 interactions between organic linkers of TMU-11
and the aromatic ring of DBT were not responsible
for the ADS process. Kinetic studies exhibited that
DBT removal in presence of 11NP adsorbent obeys
the pseudo-second order equation for removing of 500
ppm dibenzothiophene. In addition, nano particles of
Co,0,, synthesized from calcination of 11NP showed
a higher DBT removal performance compared to its
commercial counterpart. The results indicate that
IINP MOF can act as a superior adsorbent in ADS
process compared with other adsorbents.
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