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Research subject: In recent years, researchers have proposed various
methods for gas separation because of rising greenhouse gases in the
atmosphere and causing enormous environmental problems. One of
the newest and emerging methods is membrane gas separation. In the
last decade, mixed matrix membranes (MMMs) have received much
attention due to their ability to separate polar gases from mixtures
successfully.

Research approach: In this study, a novel two-component mixed
matrix membrane was prepared by incorporating the iron nickel zinc
oxide nanoparticles into the Pebax polymer matrix. This is owing
to combination of the unique features of Pebax copolymer, such as
high mechanical strength and gas permeability, with nanoparticle
properties, such as considerable permeability and selectivity and
appropriate mechanical and thermal stability. The gas permeability
test was performed for pristine membrane and MMMs at 35 °C and
pressure range from 2 to 10 bar. The fabricated membranes were also
evaluated by FESEM, FTIR-ATR, DSC and XRD tests.

Main results: Results demonstrated that in the case of the optimum
membrane with 1 wt.% filler loading at 10 bar, the CO, permeability
increased about %128 and reached 278 Barrer, compared to pristine
membrane. However, the CO,/CH, and CO,/N, selectivities improved
by 175 and 183 percent, respectively. The superior results were due
to the presence of iron, nickel, and zinc atoms in the filler structure,
which resulted in a better interaction with CO,.On the other hand, the
presence of CO,-friendly segments in the Pebax structure caused much
higher CO, permeability in comparison with other light gases.
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Table 1. Composition of fabricated membranes

Membrane code | Polymer (wt.%) | Filler (wt.%) Solvent (wt.%)
P 3 0 97
P/0.5% NP 2.985 0.5 97
P/1% NP 2.97 1 97
P/1.5% NP 2.955 1.5 97
P/2% NP 2.940 2 97
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Figure 1. FTIR analysis results of neat and mixed matrix membranes
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Figure 2. FESEM images of (a) neat membrane, (b) mixed matrix membrane comprising 1 wt.%
nanoparticles, and (c) mixed matrix membrane containing 1 wt.% nanoparticles at higher magnification.
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Table 2. The thermal properties obtained from DSC analysis

Sample PA melting point (°C) | PEO melting point (°C) T, Q)
p 205.50 20.90 -51.50
P/1% NP 206.50 20.90 -47.40
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The crystallinity results obtained from DSC analysis .3 Table

PA crystallinit PEO Total
Membrane AH,, (j/gr) AH,.(j/gr) }EO/) Y crystallinity crystallinity
’ (%) (%)
P 29.20 23.85 31.74 23.94 27.095
P/1% NP 27.49 24.16 29.88 26.25 26.502
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Figure 4. The results of XRD analysis
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Table 4. The crystallinity results obtained from XRD analysis

Membrane

Crystallinity (%)

P

30.50

P/%1 NP

27.48

P/%1.5 NP

27.28
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Figure 5. The effect of filler loading on CO,, CH, and N, diffusion coefficients
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Figure 6. The effect of filler loading on CO, CH, and N, solubility coefficients
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Table 5. The effect of filler loading on gases permeability of MMMs at 35 2C and 10 bar

Filler loading (wt.%) P, P.. P,
0 122.7 5.92 1.88

0.5 229.0 5.19 1.67

1 2783 490 1.51

1.5 244.2 4.48 1.45

2 2143 4.21 1.32
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Table 6. The effect of filler loading on the gas pair selectivity of MMMs at 35 2C and 10 bar

Filler loading (wt.%) CO,/CH, CO,/N,
0 20.75 65.27
0.5 44.11 137.13
1 56.82 184.20
1.5 54.48 167.10
2 50.50 162.17
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Figure 7. The effect of pressure on diffusion coefficient of (a) CO,, (b) CH,, and (c) N,
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Figure 8. The effect of pressure on solubility coefficient of (a) CO,, (b) CH,, and (c) N,
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Figure 10. The effect of pressure on selectivity of (a) CO,/CH, and (b) CO,/N,
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Figure 11. A comparison between the results of this work and other Pebax-based MMMs
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