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Exploring the performance of a composite membrane
with a nanometer-thin selective layer of chitosan-gallic
acid for the separation of carbon dioxide

Roghayeh Khazaei, Reza Abedini*

EOR and Gas Processing Research Lab., Faculty of Chemical Engineering, Babol
Noshirvani University of Technology, Babol, Iran

Research subject: Permeability and high selectivity are two important
factors of gas separation membranes. To achieve such parameters, gas
separation membranes can be modified and improved in terms of ma-
terial type, material ratio, structure, and etc. For this purpose, in this
research, the performance of chitosan-gallic acid/polysulfone thin film
composite membranes (TFC) has been improved in CO, gas separation.

Research approach: To prepare chitosan-gallic acid/polysulfone TFC
membranes, a nanometer-scale thin layer of chitosan-gallic acid was
formed on the polysulfone support layer (PSF). Following this, chi-
tosan-gallic acid composite thin layer membranes were synthesized
with different mass ratios (1:1, 2:1, and 1:2). Various analytical tech-
niques, including Fourier Transform Infrared Spectroscopy (FTIR), Field
Emission Scanning Electron Microscopy (FESEM), and X-ray Photoelec-
tron Spectroscopy (XPS) were used to examine the structure of the TFC
membranes, alongside CO,/CH, and CO,/N, separation tests.

Main results: Examining the chemical structure of the synthesized
membranes showed the successful formation of chitosan-gallic acid
chains on the PSF surface. The microscopic images of the synthesized
membranes showed that a dense thin layer of chitosan-gallic acid was
uniformly formed on the PSF support layer. The highest CO, separation
was achieved with a chitosan-gallic acid mass ratio of 1:2. Increasing the
gallic acid content in the selective layer of the thin film composite mem-
brane resulted in improved CO, permeability, increasing from 294.4 GPU
and 347.2 GPU for the 1:1 and 2:1 membrane, respectively, to 411.1 GPU
for the 1:2 membrane. Additionally, the permeability of CH, and N, gases
through the thin film composite (1:2) membrane was measured at 24.6
GPU and 19.2 GPU, respectively. The gas selectivity calculations revealed
an increase in selectivity for CO,/CH, and CO,/N,, rising from 13.84 and
17.165 in the 1:1 membrane and 9.684 and 12.969 in the 2:1 membrane
to16.711 and 21.411 in the 1:2 membranes. The results showed that the
performance of the chitosan-gallic acid thin layer membrane, which was
used for the first time in CO, separation, was acceptable.
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Table 1 Naming of thin film composite membranes based on chitosan-gallic acid ratio

Membrane Ratio of chitosan to gallic acid

Ml 1:1

M2 1:2

M3 2:1
L . Chitosan-Gallic acid h“‘
I Cross-Linking ]
[ it : on o E
i ol g ‘: E o 4 0. "
; o o i ' 24 wo i
' = 7 ::0 HyN y i 3 e ¥ o on -
H s ~ Y /¢\ \.:..: i o :
B (_‘lli[_ﬂ_\x_u_ ________ ] on : Fryepees N b | :

Circle Frame
7T

Glass plate,_~”
s e g

Dry PSF substrate

A=W/ ——y/4

Coating with solution

PSFICS-GA

Heat treatment membrane

O3yl ST dsb- GlusginS” (5ol slad cobe Jole 5l slojlszyb ) JSes
Figure 1 Schematic representation of synthesis stages of chitosan-gallic acid/polysulfone TFC membrane
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Figure 6 (a) XPS wide scan of chitosan-gallic acid /polysulfone thin film composite membrane with mass ratio
(1:2), (b) Cls spectrum, (c) Ols, and (d) N1s membrane
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Figure 9 Interaction of CO, with functional groups of chitosan-gallic acid selective layer
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Table 2 Performance comparison of several thin film composite membranes in CO,/N, separation

Selective Support | Operating conditions CO, permea- | CO,/N, Ref
1 1 ili P lectivi
ayer ayer Pressure — bility (GPU) | selectivity
(bar) ture (°C)
PVP/H3BTC | PSF 2 25 1.2 8.5 38
PVAm-PVA PSF 2 25 212 174 39
Pebax® 2533/ | PAN 3.5 35 305 14 40
HMA-PEO
CS-GA PSF 2 35 411.1 21.41 This
study
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Table 2 Performance comparison of several thin film composite membranes in CO,/CH, separation

Selective Support | Operating conditions CO, permea- | CO,/N, Ref
1 1 bility (GPU lectivi

ayer ayer Pressure TPy ility ( ) selectivity

(bar) ture (°C)
CHMA-TMC | PSF 1 30 25 28 41
TETA/TMC PSF 1.1 20 13.3 94.1 41
PVA PSF 1.1 25 120 10.9 42
CS-GA PSE 2 35 411.1 16.71 This
study
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