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Abstract

Introduction and Objective:

In this study, the separation of methane, carbon dioxide, oxygen,
and nitrogen gases using triple nanocomposite membranes of
polyurethane / polyethylene glycol / nano-alumina has been
investigated. So, experimental design was carried out to
examine the effects of polyethylene glycol molecular weight,
polyethylene glycol weight percentage, and nano-alumina
weight percentage on the permeability and selectivity of the
studied gases.

Materials and Methods:

The membranes were fabricated using the solution casting
method. Gas permeability of the fabricated membranes was
measured using the constant pressure method, and the results
were analyzed using the Taguchi method for experimental
design. Finally, to study the membrane structure, FTIR, XRD, and
SEM tests were performed on several samples, including pure
polyurethane, polyurethane/polyethylene glycol blend, and
polyurethane/polyethylene glycol/nano-alumina
nanocomposite membranes.

Findings:

The effect of factors and their levels on gas permeability and
selectivity of gas pairs CO,/N,, CO,/CH,, and O, /N, were
identified and analyzed using the Taguchi method. Among the
gas selectivities, the highest value was obtained for CO,/N..

Discussion and Conclusion:

This result was attributed to the highest permeability of carbon
dioxide and the lowest permeability of nitrogen. It was also found
that the membrane containing 20 wt% of PEG 6000 has higher
selectivi for CO,/N, and CO,/CH, compared to other
membranes, which is due to the increased presence of polar
groups in the membrane structure.



https://portal.issn.org/resource/ISSN/2008-9228
https://portal.issn.org/resource/ISSN/2423-7264

Extended Abstract

Introduction

Separation = processes are  critically
important in the oil, gas, and petrochemical
industries, especially for natural gas
sweetening, which involves removing CO,
and H,S from CH,. The presence of CO, leads
to pipeline corrosion and reduces the quality
of the gas, making its removal essential.
Membrane technology has gained significant
attention as a cost-effective and efficient
alternative to traditional techniques such as
distillation. In this method, the membrane
selectively permits certain gases to pass
through, thereby achieving separation.
Numerous studies have aimed to enhance

gas  permeability and  selectivity—
particularly  for ~ CO,—through  the
development of polymeric and
nanocomposite membranes, often

incorporating nanoparticles like silica,
alumina, TiO,, Si0,, and PEG-POSS. Results
indicate that such modifications improve
membrane structure and performance in gas
separation.

Overall, polymeric and nanocomposite
membranes are attractive industrial options
due to their low energy consumption,
reduced operational costs, and high
efficiency. Current research focuses on
multi-component membrane design and
nanoparticle incorporation to further
optimize this technology.

Materials and Methods

In this study, polymeric membranes were
fabricated using solution blending and
solvent evaporation techniques. Initially,
synthesized polyurethane was dissolved in
DMF at a 10 wt% concentration. After
filtration, the solution was cast into molds
and sequentially dried in a conventional
oven and then under vacuum to ensure
complete solvent removal. For alloy
membrane fabrication, separate solutions of
polyurethane and polyethylene glycol (PEG)
were prepared, mixed at room temperature,
and dried using the same procedure.

To prepare nanocomposite membranes,
alumina nanoparticles were first dispersed
in a suitable solvent and homogenized using
ultrasonic mixing. Polyurethane and PEG
were then added to the solution. After
thorough mixing and filtration, the drying
process was repeated as before.

The  fabrication process for  the
nanocomposite membranes was designed
using the Taguchi method in Minitab
software. Three key parameters were
selected—PEG molecular weight, PEG
concentration, and alumina nanoparticle
content—each evaluated at three levels.
Nine experimental runs were conducted
using an L9 orthogonal array. The aim was to
examine how these variables influenced gas
permeability and selectivity. Membrane
characterization involved FTIR
spectroscopy to assess chemical bonding,
XRD analysis to evaluate crystallinity, and
SEM imaging to study nanoparticle
distribution and membrane morphology.
Subsequently, the membranes’ gas
separation performance was evaluated
using nitrogen, oxygen, methane, and carbon
dioxide. The time-lag method under
constant pressure was employed to
determine permeability coefficients. In this
method, gas permeation through the
membrane causes water column
displacement in a U-tube, which is measured
over time to calculate diffusion coefficients,
permeability, and selectivity. Testing began
with non-condensable gases and proceeded
to condensable ones, under controlled
temperature and pressure. The results
provided a comprehensive assessment of
membrane performance and enabled
comparative analysis among different
samples.

Results and Discussion

FTIR spectra (Figure 4) confirmed the
presence of characteristic functional groups
such as urethane bonds (N-H), carbonyl
groups, and ether linkages in both pure and
blended polyurethane membranes. The
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addition of PEG and alumina nanoparticles
caused shifts in peak positions and
intensities, indicating new chemical
interactions and alterations in the
membrane’s structure. XRD results (Figure
5, Table 2) showed that the incorporation of
alumina  nanoparticles reduced and
broadened the crystalline peaks, suggesting
an increase in amorphous regions and a
reduction in polymer chain ordering. SEM
images (Figures 6 and 7) further confirmed
uniform internal structures, homogeneity in
alloy membranes, and a nanoscale
distribution of alumina without visible
aggregation.

Using Taguchi design, the effects of PEG
molecular weight, PEG content, and alumina
concentration on gas separation were
analyzed (Table 3). The membrane
containing 20 wt% PEG6000 and 10 wt%
alumina exhibited the highest CO,
permeability (Figure 8, Table 4), attributed
to enhanced polarity and increased mobility
of longer PEG chains, which facilitate CO,
diffusion. For CH,, 0., and N, gases, the
alumina content emerged as the most
significant factor influencing permeability
(Figures 9-11, Tables 5-7), while PEG-
related parameters had no statistically
significant effects.

Regarding gas selectivity, the most notable
changes were observed in the CO,/CH, and
CO2/N; ratios, where alumina nanoparticles
played a decisive role (Figures 12 and 13,
Tables 8 and 9). 0,/N; selectivity, however,
remained largely unaffected due to the
similar physical properties and molecular
sizes of these gases (Table 10).

In summary, incorporating high molecular
weight PEG and optimal levels of alumina
nanoparticles significantly =~ enhanced
membrane performance, particularly for
CO; separation. These findings highlight the
potential of nanocomposite membrane
design for efficient gas separation
applications.

Conclusion

The study revealed that nanocomposite
membranes exhibited significantly higher
permeability for CO, compared to other
gases. Incorporating high-molecular-weight
PEG into the membrane structure increased

CO, permeability due to CO,’s specific
molecular traits—smaller kinetic diameter,
higher polarity, and greater condensability.
Nitrogen, being non-polar, showed the
lowest permeability, while methane and
oxygen demonstrated moderate
permeability levels. With increasing PEG
content, methane permeability exceeded
that of nitrogen. The membrane containing
20 wt% PEG6000 achieved the highest CO,
permeability and selectivity over N, and
CH,4, owing to an increase in polar functional
groups and enhanced solubility-diffusion
synergy. SEM, FTIR, and XRD analyses
confirmed that the membranes were
homogeneous, free from nanoparticle
agglomeration, and rich in amorphous
regions. The addition of PEG and alumina
improved blending and created more free
volume within the structure. For further
enhancement, the study suggests exploring
other rubbery polymers and alternative
nanoparticles such as silica, titanium
dioxide, and carbon nanotubes for the
development of advanced  ternary
nanocomposite membranes.
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