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1. PolyDiMethyl Siloxane (PDMS)
2. Mix-Matrix Membrane (MMMs)
3. Metal-Organic Framework (MOF)
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1. SEM (TESCAN, MIRA3)
2. FTIR-100 (Perkin-Elmer)
3. XRD (X-pert Philips, PW 3040/60)
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1. Agilent 7890A Gas Chromatograph
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Introduction

Sulfur compounds in fuel are known as one of the most
important sources of environmental pollutants in the
world [ 1]. The most common industrial process used to
remove sulfur compounds is the Hydrodesulfurization
(HDS) process. However, this process needs to be
done at high temperatures as well as at high pressures
of hydrogen gas. This process also drastically reduces
the gasoline octane number due to saturation of
olefins and aromatics. Therefore, the development of
new methods for the desulfurization of gasoline is
one of the major research topics in the refinery and
fuel industries. Since the Grace Davidson Company
reported the S-Brane membrane process in 2002, there
has been a great deal of research into the application
of pervaporative desulfurization because of its benefits
[2].

In this study, first, UiO-66 nanoparticles are synthesized
and characterized. These particles then added as fillers
to the polydimethylsiloxane polymer matrix, and then
a thin layer is formed on a polyvinylidene fluoride
ultrafiltration membrane. Next, the membranes are
characterized and tested in a pervaporative setup.

Materials and Methods
Thiophene (TP, 99.5%) and n-heptane (98%) were

Accepted: September/04/2020

purchased from Merck to formulate a model gasoline
as the representative components. All the reagents
were of analytical grade and used without further
purification.

Preparation of Mix-Matrix Membrane

UiO-66 was synthesized by solvothermal method
according to the reported procedure in literature with
slight modification. Flat sheet PVDF membranes were
prepared using 14 wt.% of PVDEF, 1 wt.% of PVP as
pore-forming agent, and DMF as solvent via phase
inversion method. A 50 wt.% PDMS solution was
firstly prepared by blending vinyl-terminated PDMS
base and hydrosilyl-type curing agent as cross-linker in
heptane solvent stirring for 1 h at room temperature of
25 °C. Different amounts of MOF nanoparticles were
dispersed in heptane under ultrasound, followed by
stirring vigorously for 12 h to achieve a homogenous
mixture, and then they were transferred into the
prepared PDMS solution under vigorous stirring for 12
h. After degassing under vacuum, the solution was cast
onto the pre-dried PVDF supporting membrane, which
prepared in previous step. The composite membranes
were first dried overnight at room temperature to
evaporate the solvent, then they were put in an oven at
100 °C for 6 h to complete crosslinking and evaporate
residual solvent.



Pervaporation Experiment

The pervaporative desulfurization of as-prepared
MMMs were conducted with a self-made pervaporation
apparatus as shown in Figure 1.

Membrane cell

Cold trap
Feed Tank

L ml

Water bath Peristaltic pump ~ Vacuum gauge Buffer tank

Vacuum pump

Fig. 1 Schematic diagram of pervaporative desulfurization
apparatus.

Results and Discussion
Characterization of MOFs and Membrane

The XRD pattern was measured to characterize the
crystal structures of UiO-66. Figure 2 shows the XRD
of UiO-66 that similar to that in literature.

intensity

5 15 25 35 45
20 (degree)

Fig. 2 XRD of UiO-66.

The BET surface area 1276 m?*g, average pore
diameter 1.7 nm, and total pore volumes 0.54 cm?/g
of as-synthesized particle were calculated from BET
analysis.

The chemical compositions of the hybrid membranes
and particles was investigated by FT-IR, as shown in
Figure 3.
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Fig. 3 FTIR of Mix-Matrix membranes.
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The cross-section morphology of the PDMS-
Ui0-66(8%) membrane was observed by SEM, as
shown in Figure 4.

SEM MAG: 1000 x
Det: SE SEM HV: 150kV | 50 pm
Date(m/dly): 12/08/18 BI: 15.00 |

WD: 5.43 mm T I MIRA3 TESCAN

Performance in nanospace

Fig. 4 SEM image of PDMS/UiO-66(8%) membrane.

Pervaporation Performance

The effect of the content of UiO-66 on pervaporation
performance of the as-prepared membranes was
presented in Figure 5. When the content of UiO-66
was less than 8%, the permeation flux and selectivity
increased notably with the increase in the content of
UiO-66. In this case, as the compatibility between
PDMS and UiO-66 was good due to hydrophobic
and non-polar interaction, the particles dispersed
homogeneously in PDMS matrix without notable non-
selective voids at the interface between PDMS and
Ui0-66.

Flux (kg/m? h)
Enrichment factor

0 2 4 6 8 10 12
content of UI0- 66 (wt.%)

Fig. 5 Pervaporation desulfurization Performance.

Conclusions

UiO-66 nanoparticles were synthesized with
extremely high surface area and small size. The
synthesized nanoparticles were incorporated into
the polydimethylsiloxane polymer matrix, and
then PDMS/UiO-66 composite membranes were
synthesized. Afterward, the as-synthetic membranes
were evaluated by pervaporation desulfurization
process Due to the organic ligand and the very small
particle size, there is good compatibility between the
polymer and the filler particles, resulting in reduced
non-selective cavities at the polymer-filler interface.
The porosity of the nanoparticles as well as the presence
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of very small cavities at the polymer-filler interface
increased the membrane flux. Although expected
to reduce membrane separation performance due to
increased flux, due to the relative affinity of central
metal in UiO-66 to thiophene, the rate of thiophene
adsorption in the filler particles increased and thus
made thiophene easier to transfer. Thus by adding UiO-
66 particles to the membrane structure, both the flux
and the enrichment factor are increased. The optimum
conditions for membrane separation performance are
when the weight percent of nanoparticles is 8%. In this
case, the flux was 10.73 (kg/m2 h) and the enrichment
factor was 3.96, which increased by 90% and the
concentration of crude factor by 27% compared to
the crude polydimethylsiloxane membrane. This
study provides a preliminary understanding on the
contributions of the chemical structure and topological
structure of porous fillers to membrane separation
performance.

Nomenclatures

FTIR: Fourier transform infrared spectrum
HDS: Hydrodesulfurization

SEM: Scanning electron microscopy

XRD: X-ray diffraction
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