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Introduction

The recovery of light olefins, especially propylene,
which is prepared by cracking propane with heavier
cuts (by steam), is one of the important processes in
the petrochemical industry. On the other hand, this
process also includes the separation of the C,H /C,H,
mixture [1, 2]. Membrane technology is used as an
alternative method due to less energy consumption
for gas separation in a thin film with molecular sieve
capability, which enables preferential permeation
of the selected gas through the membrane while
excluding or limiting the permeation of other gases
[3]. In the past years, many efforts have been made
to search and study suitable membrane materials for
the separation of C,H/C,H, [4]. In addition, ZIF-8 is
one of the prominent examples of imidazolate zeolite
framework, which is compared to a metal-framework.
Other organics have permeable porosity, excellent
thermal and chemical stability, high surface area,
high absorption and storage capacity, and adjustable
structures, which since 2010 have been widely used
in various applications such as gas storage, catalysts,
and separation of small molecules. Furthermore, gas
separation, particularly olefin/paraffin separation, has
been extensively studied [5-7].

Despite many efforts over the past three decades, the
synthesis of high-quality microcrystalline membranes
in a low-cost, efficient, and reproducible method
remains a major challenge. In this research, the ZIF-
8@GO membrane was made by secondary growth and
immersion method for the first time with the purpose
of propylene/propane separation, which can provide

optimal separation properties. In order to provide
strong mechanical strength, the said membrane is
prepared on the macroporous mullite ceramic support
to create a composite membrane structure.

Materials and Experimental Methods

Synthesis of Graphene Oxide

Graphene oxide was synthesized through the modified
method of Hammers [8]. First, sulfuric acid, graphite
powder and sodium nitrate were mixed together
in an ice bath. After stirring the suspension for 30
minutes and slowly adding potassium permanganate,
the reaction was carried out at 35 C for 1 hour. Then
deionized water is added to the mixture and kept in an
oil bath at 100 ‘C for 15 minutes. By adding hydrogen
peroxide, the solution changed to a golden color. After
washing the solution with hydrochloric acid (5%) and
deionized water, the mixture was centrifuged. Finally,
graphene oxide sheets are obtained after drying at
room temperature.

Synthesis of ZIF-8-GO (ZG) Nanoparticles

To prepare ZIF-8-GO nanoparticles, graphene oxide
prepared from the previous step was dissolved in
methanol and subjected to ultrasonic waves for 4 hours
(solution number 1). Then sodium nitrate was added to
the prepared suspension and was subjected to vigorous
stirring for one hour. Furthermore, 2- Methylimidazole
was dissolved in methanol and vigorously stirred for
one hour (solution number 2). In addition, solution
number 2 was added to solution number 1 and again
subjected to intense stirring for another 6 hours.



Then the centrifuged solution was redispersed in
methanol. Moreover, the final product was dried in
an oven at 60 °C for 24 h. The resulting material was
obtained as a dry powder of ZG nanoparticles.

Preparation of ZIF-8@GO Composite Membrane
The ZG powder obtained from the previous step was
poured into methanol and sonicated for one hour,
and then vigorously stirred for 12 hours. For better
connection of ZG nanoparticles on the surface of the
support and formation of the ZIF-8@GO composite
membrane, polyethylenimine can be used up to 4% by
weight in the solution. Finally, the pre-washed support
was gently immersed in the prepared suspension for 10
seconds, and the resulting composite membrane was
dried in an oven at 60°C overnight.

Separation Performance Analysis of Membranes
Evaluation of the synthesized membrane was done
through a constant pressure system. Moreover, a disk-
like membrane with a diameter of 2 cm was completely
sealed in the membrane cell. The permeate and retainer
flow rates and the feed flow rate were measured with a
mass flow meter, while the feed flow rate was controlled
by a mass flow controller. Moreover, a fraction of the
permeated and retained stream was analyzed by gas
chromatography. Helium gas with a flow rate of 20 ml/
min was used as a carrier gas. In addition, membrane
permeability and selectivity were measured at 298 K
and 2 bar pressure for C,H /C,H=90/10 gas mixture in
steady state. In addition, the permeability and selectivity
of component iwere determined using the ideal gas law,
Fick’s law, and the permeability ratio of the components,
respectively.

Experimental Results and Discussion
Characterization of the Prepared Nanoparticles and
Membrane

According to Fig. 1, the diffraction peak of graphene
oxide at 26=11" can be attributed to the (001) plane of
graphene oxide with an interfacial distance of 0.9 nm,
which is consistent with previously reported values
[9]. However, the strong diffraction peak of graphene
oxide has disappeared in the ZIF-8@GO film due to its
very small amount [ 10]. In the prepared ZIF-8 sample,
plates 002, 112, 022, 013, 222, 044, 244, and 235 with
peaks of 10.35 °, 12.70 °, 14.80°, 16.40°, 18 °, 29.5°,
31° and 33° correspond. Furthermore, the present results
are in good agreement with earlier reports [11,12]. In
the ZIF-8@GO film, the appearing peaks are similar
to those peaks in the ZIF-8 sample, which indicates the
successful preparation of the ZIF-8@GO film. Also, the
incorporation of graphene oxide leads to a decrease in
the intensity of the characteristic peaks of ZIF-8 in the
ZIF-8@GO composite, which can be attributed to peak
overlap and the presence of graphene oxide.
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Fig. 1 XRD spectra of ZIF-8 nanoparticles, GO nanosheets

and ZIF-8@GO composite film.

Comparing the infrared spectrum of graphene oxide
nanoparticles and ZIF-8 with ZIF-8@GO film shows the
existence of stretching vibration of C=N, C-H of -CH,
and C-N of the imidazole rings of ZIF-8, respectively, on
1585.27,2962.5 and 3133.79 cm-1 (Fig. 2) was observed
[13]. In the spectrum of ZIF-8@GO, other bonds are
found at 1137.01 and 1356.84 cm™, which are related to
C-N bonds in the imidazole group, 1748 cm™ are related
to Zn-O bonds, and 675.81 cm™ are related to Zn-N bonds
are attributed to the structure of ZIF-8. The presence of
these functional groups in the spectrum of ZIF-8@GO
confirms the successful combination of GO and ZIF-8
[14]. For the spectrum of graphene oxide, the peaks of
3473.45 cm! and 1637.44 cm! respectively correspond
to the stretching vibration of H-O on the carboxyl group
of graphene oxide and C=C of sp2 oxidized carbon
bonds, which for the composite ZIF-8@GO can also be
seen at 3183.28 and 1749 cm-1 respectively [ 15].
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Fig. 2 FT-IR spectrum of graphene oxide nanoparticles, ZIF-

8 and ZIF-8@GO film.
Scanning electron microscope images of the surface

of the support (Fig.3a), graphene oxide nanosheets
(Fig.3b), nanoparticles (Fig.3c), prepared composite
nanoparticles (Fig.3d), the surface of the composite
membrane (Fig. 3e), and the cross section of the
prepared composite membrane (Fig.3f), is presented.
As can be seen in this fig, ZIF-8@GO composite
nanoparticles have completely covered the surface
of the support and their composition has been done
well. The thickness of the cross-sectional area of the
membrane was obtained with the help of Image j
software and considering at least 20 points.
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(d) ZIF-8@GO composite nanoparticles, (¢) ZIF-8@GO composite membrane surface and (f) surface Cross section of ZIF-8@
GO composite membrane.

Investigating the Separation Performance of
Membranes

In this research, the separation properties of the 90/10
C,H/CH; mixture of ZIF-83@GO membrane were
measured at 298 K temperature and 2 bar pressure.
The penetration and selectivity values of the mixture
were 2x10-8(mol/m2.s.pa) and 72.5, respectively.

The edges of the graphene oxide sheet have a negative
charge due to the ionized pendant carboxylic acid
groups. As a result, they are repulsive on the edge-to-
edge interaction of the graphene oxide sheet and lead
to the assembly of island-like sheets on the surface of
the membrane. Moreover, the nanoholes were formed
at the edges of the graphene oxide sheets due to their
structural arrangement, allowing gas permeation
through these nanoholes [16,17]. Therefore, C,;H, can
act as a Lewis acid or a Lewis base and participate
in hydrogen bonding. Furthermore, carboxylic acid
groups provide a preferred place for C,H, absorption.
Moreover, as a result, by strongly trapping C,H,
molecules, they are preferentially absorbed in the
wall cavities and lead to its penetration and transfer
[18]. On the other hand, propylene is a polar gas, the
polarity of each C-O bond in the propylene molecule
enables interaction with polar groups in graphene
oxide. Therefore, the use of 2D graphene oxide
nanosheets with out-of-plane channels leads to an
increase in permeability [19,20]. The high selectivity
of propylene/propane indicates a molecular sieve
mechanism in which smaller molecules of propylene
compared to propane penetrate more easily [21].

Conclusions

The fabrication of ZIF-8@GO nanoporous hybrid
membranes  for  propylene/propane  separation
was studied in detail. In this study, the separation
performance of the fabricated membrane toward a
90/10 C,H,/C,H, mixture was evaluated at 298 K and
2 bar. The ZIF-8@GO nanocomposite exhibited a

favorable combination of the intrinsic properties of
GO and ZIF-8. Moreover, the synergistic interaction
in ZIF-8@GO enabled efficient propylene separation,
yielding a permeability of 2x10"(-8)mol m-2s-1pa-
land a selectivity of 72.5, which can be attributed to
the affinity of oxygen-containing functional groups in
GO for interacting with gas molecules. Moreover, they
showed propylene. By using a higher volume fraction
than graphene oxide, it can be expected that the
construction of nanoporous hybrid membranes with
different MOF/GO combinations can lead to a new
class of membranes with unprecedented separation
properties.
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1. Ultrasonic

2. Scanning Electron Microscope (Philips¢ XL 30(

3. Fourier Transform Infrared Spectrometer

4. X-ray Powder Diffractometer (Bruker AXS-D8 Advance)
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Fig. 1 Schematic of the gas permeation measurement system.

1.Gas Chromatography (Agilent 7890A GC)
2. Mass Flow Controller (MFC)
3. Mass Flow Meter (MFM)
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Table 1 Permeability and selectivity results for propylene/propane of the ZIF 8@GO composite membrane.

. - Permeability C.H .
2
Thickness (um) | Permeability C,H, (mol/m’.s.Pa) (mol/ Z.S.Pas) 8 Selectivity C;H/C,H, | Membrane
3 2*10® 2.76*101° 72.5 ZIF-8 @ GO
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Table 2 Surface area of GO, ZIF-8, and ZIF-8/GO composites.

BET Surface Area (m? g™)

Total Porous Volume (cm® g')

Average Pore Size (nm)

Membrane Sample

398.28 0.042549 23.61 GO
1554.5 0.4474 1.9687 ZIF-8
859.55 0.6936 2.0819 ZIF-8/GO
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Table 3 Comparison of similar membranes’ performance for propylene/propane separation.
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