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Research subject: In recent years, many efforts have been made to
improve the performance of polymer membranes in oxygen-nitrogen
separation due to the high cost and energy consumption of cryogenic
distillation and adsorption methods. Increasing the performance of
these types of membranes is still needed for industrial applications.
Research approach: In this research, novel magnetic mixed matrix
membranes (MMMs) were prepared using polysulfone (PSf) as the
main matrix, and also neodymium (Nd) as the magnetic particles for
0,/N, separation. To avoid the particle sedimentation and proper dis-
persion of particles across the membrane thickness, magnetic particle
dispersion in the PSf was controlled by applying an external magnetic
field (MF). The effect of Nd magnetic particle content on the micro-
structure, magnetic properties and thermal stability of the prepared
MMMs were investigated using scanning electron microscopy, vibrat-
ing sample magnetometer and thermo-gravimetric analysis. In this
reseach, a novel magnetic module was designed and constructed to
investigate the performance of prepared membranes in the presence
of various MFs.

Main Results: The obtained results indicated that the permeability of
0, and N, gases was improved by adding Nd magnetic particles into
PSf matrix regardless of the amount of MF due to the chain packing of
polymers disruption and free volume enhancement. The permeability
of 0, and N, in the MMMs containing 5 wt.% Nd in the absence of MF
was about 182 % and 443%, respectively, higher than those of neat PSf
membranes. Furthermore, the permeability and selectivity of PSf and
PSf-Nd membranes were considerably improved by applying the MF
during the permeation experiments. In the MMMs containing 5 wt.%
Nd, 0,/N, selectivity was increased from 2.73 to 3.77 upon an increase
in the intensity of MF from 0 to 570 mT. Considering the findings, the
application of Nd particles and MF during the membrane preparation
and separation processes can be facile methods for enhancement of
membrane performance.
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Table 1 Magnetic properties of oxygen and nitrogen gases at 1 atm and 273 K [35]

Gases Volume magnetic susceptibility
0, 1.91x10°
N, -6.8x107
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Figure 1 Scheme of the apparatus used to create orthogonal MF
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Figure 2 Scheme of the gas permeation setup (Components: V1, V2, V3: Control Valves, PT1, PT2:
Pressure Transmitters, M: Magnetic gas separation module, HT: Heating Tapes, DAB: Data Acquisition
Box, P: Vacuum Pump) [19]
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Table 2 Specification of magnets and created the MF value between the magnets

Magnet name Height (mm) Diameter (mm) Amount of MF (mT)
M1 5 30 330
M2 10 30 570

*The MF between the magnets was measured using a Gauss meter.
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Figure 3 Schematic illustration of the magnetic gas separation module
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module containing magnets (a) M1 and (b) M2

sl .cwl oo, Slay o8l (o asngn o3 YL
slel_ie (Decomposition temperature:Td ) a4 ;=
¥ dsar 59 5 by Lraain) 5 oa J5 sily oy
(B el b slie jo ol oadosls ol
“FEVE "C sles sogaze jo el (3 ) AN
Sl o 50 g L oy o ainSl cde 4 VNP
D9 ) oogdl L Ll [f8 VAl o sl aals oy
S A ¢ meny i 9B O3 Sl (Hig wee s
a0 TV o VYIFY ojlasilay pady s 50 (sl
FS1 o e oMl ay a3 e lial ol s sl
Jyvor i asg L el aolidl 5 oaile S
S 5l s dme 0 B sl by Lieare; sloas ¥

ooy = (ool (cwiiten (68 7)1 Sl gy (o dihy (o (kg Sy (oole dolilad

e 333055 903l ¥-Y
oa—dools L ai A S &y i ol 5l e lie
ol adie 95 Lo asged cusile (L S
saia syl is 4 S 0g b e 003 VY-V °C sl
omizmen [FY] il L 5loasle 8L D> o>
Ol B L sl b slalid Sl )l
=l Gl Jds A ey e A per g

$o



a g

o

Magnetization(emu/g)

Magnetization(emu/g)

-15000

Applied Field(Oe)
T
3
E
[
T
g
n
H
3
E
o
£

wsrerblisn byliaais) slalic o Slos (o) 2
(b)

10 I R R PR IR R |

-10000  -5000 0 5000 10000 15000
Applied Field(Oe)

S000 10000 15000

Applied Field[Oe)

SS9 2230 8 (2) 5 ($i9 wey0 ) () 9l 9y (b Lglieaine) slalic g prandgs D13 (A (pupbline wilowy adl> 0 52

2395

Figure 5 Magnetic hysteresis loops of (a) neodymium particles and PSf MMMs containing (b) 1 wt.%
and (c) 5 wt.% neodymium
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Figure 6 Scanning electron microscopy images of cross sections (first column: overall and second
column: higher magnification) of PSf-Nd MMMs with different loadings of Nd: (a and b) 1 wt.%/, (c and
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Figure 7 Scanning electron microscopy images of surface (first column: overall and second column:
higher magnification) of PSf-Nd MMMs with different loadings of Nd: (a) 1 wt.%, (b) 5 wt.%
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Figure 8 TGA curves of neat PSf and PSf-Nd MMMs containing different loadings of Nd particles
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Table 3 Summary of TGA properties of neat PSf and PSf-Nd MMMs

Sample Name Dt:;g:; ggszitﬂzeo;:z;t M::;::::t;l:leggal Residue content (%)
Neat PSf 440.91 740.16 3
PSf-Nd-1 453.54 769.32 5.2
PSf-Nd -5 482.46 738.54 7.1
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Table 4 Transport properties of PSf and MMMs containing different loadings of Nd particles

Permeability (Barrer)
Wt.% of Nd «(0,/N,)
02 NZ
0 1.58+0.059 0.3+0.014 5.27
1 1.91+0.027 0.45+0.022 4.24
5 4.45+0.01 1.63+0.019 2.73
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Table 5 Physical properties of PSf-Nd mixed-matrix membranes

Wt.% of Nd Mp (g/cm?) Tp (g/cm?) exp (%)
1 1.245 1.25 0.42
5 1.27 1.29 1.8
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Table 6 Effect of different magnetic fields on the transport properties of PSf and MMMs containing

different loadings of Nd

0,

th'\]f; of Permeability (Barrer) a (0,/N,)

Magnetic 570 330

field (mT) S 330

NZ 02 NZ OZ

0 0.29+0.006 | 1.6+0.017 | 0.3+0.03 | 1.58+0.012 5.52 5.27
1 0.42+0.015 | 2.05+0.023 | 0.44+0.012 | 1.97+0.016 4.88 4.48
5 1.53+0.027 | 5.77+0.045 | 1.59+0.009 | 5.6+0.019 3.77 3.52
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Figure 9 Comparison of membranes prepared in the present work with
Robeson’s upper bounds [17]
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