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Abstract

The aim of this research is creating a mesoporous structure in the MFI Received: 28 December 2022
zeolite membrane layer and increase the pores diameter in order to Accepted: 29 May 2023
increase the water permeability. The mesoporous structure was created Page Number: 87-98

by adding carbon black to the synthesis solution of the membrane in
the in-situ hydrothermal method. The X-Ray Diffraction (XRD), Scanning
Electron Microscopy (SEM), Berner-Emmett-Taylor (BET) and nitrogen
gas permeability tests were used to characterize and the water
permeation test was used to investigate the performance. The results
showed the successful synthesis of the MFI zeolite membrane layer with
proper crystallinity on the a-alumina support with the thickness of about
15 um and the pore size between 4.5-20 nm, so that the largest amount of
meso-pores had a diameter of 7.4 nm. The diameter of the pores has
increased by 10 times compared to the synthesis without the presence of Keywords:

f:arbon_black. The results _of the Waj[er permeation test shovx_/ed that MFI Zeolite Membrane,
increasing the the pores diameter using carbon black could increase
the water flux of the membrane (26 L/m2.hr) up to 14-75 times compared
to microporous membranes (0.35-1.74 L/m.hr). Investigating the water
flux of the membrane for water containing dissolved solids showed that )
the water flux of the mesoporous membrane (12 L/m.hr) is still higher Water Permeation
than the microporous membranes after 2 hr.
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Pore Diameter,
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Table 1. Studies in different types of zeolites used to separate ions from water.

Membrane Type Separation Type Flux (I/m?.h) Rejection
MFI Zeolite sodium ions from water 0.35 99.4 [7]
Zeolite Soconysl;/lobll—S (ZSM- lead ion from water 1.74 94 [8]

hydrated ions from water (sodium,
Hydroxy Sodalite Zeolite lithium, potassium, calcium, chlorine, 4 = [9]
nitrate)

. . Separation
Faujasite (FAU) Zeolite alcohol from water 1.41 coefficient = 38 [10]
MFI Zeolite chromium ion from water 0.55 78 [11]

Separation
Mordenite (MOR) Zeolite acetic acid from water 0.75 coefficient = [12]

5000

1. Heavy Metal lons 2. High Selectivity

3. Inorganic Membranes

4. Molecular Dynamics Simulation
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Table 2. Studies on the creation of mesoporous structure in MFI zeolite by carbon black.

Micro
Volume

Zeolite Meso
Template Type

Type cm®lg)

Carbon Black

ZSM-5 0.04 0.82
(Pearls 2000)
Carbon Black

ZSM-5 0.10 0.17

(BP2000)

Carbon Black

MFI 0.05 0.956
(BC-AC500)

ZSM-5 Carbon Nano 0.251 0.247

Tube
ZSM-5 Charcoal 0.237 0.281
MFI Carbon Nanofiber 0.11 0.15

Volume
(cm®lg)

BET. Meso Volume Average
Specific Percentage Pore
Surface g diameter
2 (/)
(m-/g) (nm)
398 95 10 [15]
391 63 4 [16]
184 95 25.3 [17]
95.3 50 3 [18]
115.2 54 3 [18]
154 58 15 [19]
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Figure 1. Permeance of nitrogen gas after each time synthesis of zeolite layer on the a-alumina ceramic support.
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Figure 2. XRD pattern of the reference sample of MFI zeolite and the synthesized zeolite membrane (o)
on the o-alumina ceramic support (V).
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Figure 3. SEM images of the synthesized MFI zeolite membrane: membrane surface (left), and cross section (right).
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Figure 4. Nitrogen adsorption-desorption isotherm (a) and pore size distribution diagram (b) for mesoporous MFI zeolite membrane.
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Figure 5. Permeation of water with different TDS through the mesoporous MFI zeolite membrane.
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Table 3. K values and percentage of correlation coefficient R? for blocking mechanisms resulting from classical models.

Complete Blocking

Standard Blocking

Intermediate

. Cake Filtration
Blocking I I

TDS =1 0.0058 97.59 0.0007

TDS =4 0.0068 96.56 0.0008

97.77 0.0004

96.47 0.0004
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Figure 6. Investigating the standard blocking mechanism (top) in water permeation with TDS =1 and the complete blocking mechanism
(bottom) in water permeation with TDS = 4 for mesoporous MFI zeolite membrane.
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