Blend membrane
Pebax®1657

PVA
Permeability
Selectivity

CO,/N, separation

Investigation of performance of Pebax/
Poly(vinyl alcohol) blend membrane for
carbon dioxide separation from nitrogen

Mina Kheirtalab, Reza Abedini*, Mohsen Ghorbani

Faculty of Chemical Engineering, Babol Noshirvani University of Technology,
Babol, Iran

Research subject: Selectivity and permeability are major properties
of polymeric membranes in gas separation process. Hence, nowadays
modification of membranes has been highly noticed in order to
improve the aforementioned properties.

Research approach: In this study, in order to improve the performance
of polymeric membranes, blend membranes containing Pebax®1657
and poly(vinyl alcohol) (PVA) were synthesized for CO, separation.
The effect of concentration of PVA in Pebax matrix was investigated on
structure, morphology, and gas separation properties of the resultant
membranes. Formation of chemical bonds, crystallinity, and cross-
sectional morphology were studied using Fourier-transform infrared
spectroscopy (FTIR), differential scanning caxlorimetry (DSC), and
field emission scanning electron microscopy (FESEM), respectively.
Main results: DSC results indicated an increase in the crystallinity and
also glass transition temperature in presence of 5 to 15 wt.% of PVA,
while the membrane crystallinity decreased by increasing the PVA
content up to 20 wt.%. FESEM images demonstrated a uniform cross-
section without any cracks and defects for the neat Pebax membrane
butby adding PVA to Pebax matrix, cracks and cave structures appeared
on the cross-section of the blend membranes. The CO,/N, separation
performance of membranes was measured using a constant-volume
set-up at 30°C and feed pressure of 2, 6 and 10 bar. The obtained results
revealed that the CO, permeability in blend membranes improved
with increase in the PVA content. The best CO, permeability with the
value of 204.64 Barrer was obtained at 20 wt.% of PVA in the blend at
feed pressure of 10 bar. Moreover, the highest selectivity of CO,/N, for
the blend membrane containing 15 wt.% of PVA was about 100.21 at
10 bar and 30°C.
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Table 1. The composition of each synthesized membranes

Polymer (5 wt.%)
Membrane Solvent (95 wt.%)
PVA Pebax
Pure Pebax 0 100
Pebax/%5 PVA 5 95
Pebax/%10 PVA 10 90 95
Pebax/%15 PVA 15 85
Pebax /%20 PVA 20 80
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Table 2. Thermal properties and degree of crystallinity for neat and blend membranes

Membrane T, (°C) T, o0 CC) | TLPA(CC) | X .0 (%) X o (%) | X (%)
Pebax -53.1 17.2 206.4 16.40 32.88 22.99
Pebax/PVA (5wt.%) -54.8 18.1 206.5 17.07 33.26 23.54
Pebax/PVA (10wt.%) -55.6 18.3 206.6 17.22 33.64 23.79
Pebax/PVA (15wt.%) -56.4 17.8 205.8 17.31 33.99 23.98
Pebax/PVA (20wt.%) -53.3 17.5 206.7 17.13 33.30 23.60
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Figure 4. The cross-sectional FESEM images of (a) Pebax 1657, (b) Pebax/PVA 5/95, (c) Pebax/PVA
10/90, (d) Pebax/PVA 15/85, and (e) Pebax/PVA 20/80 membranes
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Table 3. Properties of carbon dioxide and nitrogen gases [26]

Gas Quadrupole torque | Critical Temperature | Kinetic diameter | Molecular weight
(*10%C.M) (°C) &) (g/mol)

Co, -1.4 31 3.30 44.01

N, -0.2 -147.1 3.64 16.04
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Figure 5. The cross-sectional FESEM images of (a) Pebax 1657, (b) Pebax/PVA 5/95, (c) Pebax/PVA 10/90,
(d) Pebax/PVA 15/85, and (e) Pebax/PVA 20/80 membranes with the magnification of x50k
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Figure 6. The effect of PVA content and pressure changes on (a) CO, permeability,
(b) N, permeability, and (c) CO,/N, selectivity
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Figure 7. Comparison of performance of neat Pebax membrane and Pebax/PVA blend membranes for CO,/
N, gas pair with Robeson upper bound
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Table 4. Summary of blend membranes for CO,/N, separation

Loading Pressure Temperature Co, Co/N
Membrane (wt/wt %) (bar) (°Q) Permeability 2.2 Ref
Selectivity
(Barrer)
Pebax/PEG 50:50 2 30 51.23 47 31
Pebax/ .
PDMS-PEG 50:50 4 35 532 36.1 32
CA/Pebax 92:8 2 25 2.71 27.76 16
Pebax/PVA 85:15 10 30 176.28 100.22 This study
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