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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.

*To whom correspondence should be addressed:

abedini@nit.ac.ir


https://arcpe.modares.ac.ir/article-38-77833-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

39 SIGwwil— Gl gas & 0 gl i ¥ WY U (S jguolS G (o 39
O S S 159 (5 jllve

Temmle Loy (Sl ad,

o olSisly (cond wiige 008l 15 (5l 8 g it il py oLl Sl olKiyles]

slalosd oo Jole 99 Yo (6 d 5 5 (53398 1G—atdxS € gmidgo
sblie b el )l o 4 oliws gl s, oo jled 4 55 g5lulas
Hislw g olgs Comnd coadoslauwl poudy go5 LLad 5l g5 o 1) 58 (g5l
oY slalae o, Slos 35 4 Aty (=l 50 glate (e a4 3,5 XL
CO, ;58 Gilwlaz jo (58 g Lo/ SIB sk lwginS (TFC) (=0 5900l8 S5
REI P 4_2:'>|.>).3.

5o SIS TRC (ol s 4 g5 (sl 15mmpind b3
Obimty 4 (55) Slluak GlugiS 5l (6 egill ulode 0 SHL lany
2l S5 Y gl e b LS5 BSF) iyl
SIS sl i) i libe oo sl Ly SIS0l S
an,y9d o das el sla g, jlaiocs aslo (VY o Vi) VY L ol
5 FESEM) (ol Jou (odagn (95501 (9959 S oFTIR) g 3
213155 5 g3l olyma 4y (XPS) Lol (g5 (59,7 Slgisd (il
8y Shoe g izl (—w)p sl— COUN 3 COJCH, slagilwlox sl,—
Db a 8,8 o, o TFC slalie

Lgomooud oad yiw lalie LS,L:.Q.:_..) Sl )y o.rl"‘" FL}‘J
39— PSF a0y jo SIS0k logl ST slwo o e lCabge LSt
3e=eST e S Ay a S ol s sadziin slalae 598wy, S jmglas
S5 PSF ity Y (55, Sl & y5mty S a b plasiS
S sk lognS (V) (y> Cod Lo COL s5lslan - sSTos 0
slie o0l g4y o SIB ol oy S ioliEl el cwoa

59 dm Comed COL (55,3598 (imliil ay jonie (V1) (= jopels 5L ey
FAVY GPU as YAE/T 5 YEV/Y 51 (V1) 5 (:)) (=jemels S a0y lie
¥ glad 3o,k IN 5 CH slals 5l S o (sl ol 2 ogdle o
i ol Cwdy VY GPU 4 YY/F 5 jay (V:V) 055005 S350
3COICH, (s dy S Al oSl L (s S ol alone
9 UPA 9 (V1)) (—u39melS SHLS a Y clie ;0 VVVPO 9 VAT 51 CO N
Y slae B VY g VIV (Vi) ujemels SHL a0y slze 0 \Y/AF
slie o, Sloe a5 ol lis Jools mols .cwl o0gm (V:Y) (=0 59005 S5
3,90 CO, s5lmlaz 10 )L s lym a8 SUB ol lugis S50 a0y

] 09— Js_._a J_’Lé ‘v\_%)f )1)_9 oolaw

o gl

SHb Ay glus
S ok logis
Ostlgm b

CO, sjlulax>

HEA P Ly PLowes S

| abedini@nit.ac.ir



https://arcpe.modares.ac.ir/article-38-77833-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

Sty OBl (V) 09— o0 Lt 3l gl 5l
L e joboas 4 ;o 50 Lid (55515890 9 Sls—
slacasgazme (1) 3,1 9929 Jo—ame jlsan azg
Sly—o i 5 e oly2 0 S
Ol ) Lagl ple a5 (Sl L sl 0929 (olis
2l gy Ly JSid by (YL o S a0y
a0 5l JBlas (TFC) aYais sl slis
S50 oS cwgs aY ol o aS ol oo JuSis
Y ool asd 515 Lsdse iy a0y YU o
B (S (h S i Y ol Olidy
So Ll ol olssise sl Sp9me 50 5 9S00 sl |
Al syl jm ogdle 0,5 Cygdy aBls a b 59
ol (Gl sl )l aml olasias a Y SlKe
Glodg— LBl (©) il (5 obor3 /)~
() S35 g Jsdsvie cwg 4 (7 ) - Jsdsiie s
ol b Lal YU o J5dd55 (6) 5 Bloo (g o oo
AL ol S0 L Sl ol g 5 SzsS (el
(i L) ieg Sen Yoo e jlany g cosbrs [V
Aoy Ve LY u_u)_uu—‘@a_wd_?dwg,\_m‘)_w&
Ll yogili Ve 5l S SasS ol dblis Ly
2l B (Fwgy S Y Gl ) (e b
o Jig e Caglie e ol Lo NA] as
S B by Jodoe 3945 g dy o0 S-Sl
Obeebl gl b oo 2ol (2 S BB e 4
=2b e Jlil csglie ploitiy 4 a Sl |
Fin ;i Ve JBlas 0ol ol Sg a5 a8 o ol
Sr—doiin S Jdoa [Ye] asl bl ay
PSFed 5l (Al olss (only clw aio s 05>
J— sk Sk (PES)  osdly sl L PLo PEI
5 o—tmaneh (PVDF) alyslicnaddins dy «(PAN)
L5 Ve o d0dlis o3lail L (PTFE) o Lsly,g35l8l 5 Ly
Gl 00 8 g bas olg e ol ol el gl Ve
] 0S8 8 esliul 850 lesay anY el
Ggmma TFC slalsé ol au¥ ool bl any [YY
WS- oo Jee Jlad G e Gl 45 055 e
WS (o ot ) (el Lt silulaz o Ses
Y Ceals YU 3985 L Lae o 9 jglcwsns gl
Y Celid 5 515 L o J Bl 4wl JLsd
o=l 5L IYYYO] as s eeSias camnd 15008, L Jlsd
sloie o, Sloe il ;5530 Jlsd aY an a0,
Calrs ol L 50s g ol VL (2 jeelS
Slo=3 Jlmas A gan JLd ¥ el (L Y
(o) Slgs aslalST Gl pjlie ;o (il 05— oo
aoie Sl Y )8 L TRC glalid an vy sl o
Rl an e COp YL oLl ol 5B )L ¢ Jgdne
sk b (ol 5 (Sl b Lasls
alox 3l oaiS Sy Jalge ;b j0 pglde g uo
ol o lls anl glsd sols a8 s (ola lns

ey Y b el slid
doudo

slarmrei ) OM—de (2 St 3l (S 059,
sl oF s it a8 el (o ile S
g 9—dsi 5l (8L (€O nySa—uSliso bl 5
ol DY sl o et slacs s Gl
015 deaSTs (3l 25 (] JLds 4 g (5llax
CO, Ll jials gl ael5 ol olyica
B Olsear COL Ho—am odlcay 050 o Sy
B M czge (a5 L > 0 gl
ol Gl Bl e o JLil by s (58595
3 0l S COL Bas g, ol 5l 0950 (ol S
A SRCOU B U SV CHRSONS I S O 5
Sl— Sl sloagyls =3 sl s
i Jf] ol Gis ok CO, ;K s3l—lax>

= s oz g [F] g p s5lulas o] s
ole ol o aslais $ 15 esliwl o5 [A V] Lus
S doar (plae (6)5ld alwga 5B (5llax
S Sdes S 5l 3550 (65,5l et jlane L i
D59y Ol iy (golaidl adyo g Syl
4] Sg—is g0 ai>bid (gloa S gl
il 52 95290 S sl lalie o e o
SrmhoisS g bl bl el )bes
3l 093 g dileny Lo au il andly (g ig e iy
Silla sla ks Lo g osls (S| (S Sl
e o8 3 a s bl jlaus 8, po—wye
o=l 0l g S s oS e 4y Calxs L
Lo Glool o Lzl dgly 5 slal i a3 o latoa
Y (o5 Sl ol yem 4 conlin (gl Sliogas
Gl o0 4 Sl o o 90 jlwlos ST
S ) sy ol L 0SS aegi s 5
el o e i T g sl Lo (Trade- off)
slwlas glalae el (o oolaiwl 8,50 (6 y—oudy Slgs
spSlas Ly glalsé el oS _ie 5l S 5
WSld S 2 g (sl el
= 55mlS slalae el omlple DY VT ops
Sy 55y = S35 Ay am Ly Sl St
Thin film) L5 4y o jeeels slalcé a5 Jslse
$— cwlio H>oly 4 (igi o 00—l (composite
Yo (=l S 50 iy S ol STas 4
slalce Ly awlio o [NYV0] cilons Jus
hls TFC (slalisé cazr JLSo gy by (Hgoro o) Liel
oS e ol (V) adox el Solite sLl3e
(e e 3 oS ¥ 5l S Ly ) (ol Y slys
Y glyeas e sleay 5 ol Libs ¢l
S o yolie 4S5 ()90 50 Sl 5L 99 (S5l
gy Sl gl (@ 0 50 55 00 390> 5)
Ao 50 Sl 5l 9550 o)Ll slalid am LS,

g Sly—s sloanje 0 42 B sz adro ccl

FA ek - ood oo 690)1 b Jlbg sl Ay o (b9 (oole anlibiad


https://arcpe.modares.ac.ir/article-38-77833-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

ey S Y b (el glid )

as Cwga] (50958l s ea IM-CS (35581 45 ols
JgJ.n le_Qu.u.vLA)—‘ OBM—CAJ v_....:‘ oalo u,..._sl)Bl 4_‘>)LSJ
Gl YF i S el Lae ol as ol las 58
] 005%) COY/CH\‘
S any gl colw ol iag) 5l Bas
SS9 ola) (=il Lo (TFC) (55008
FESEM 3 XPS. FTIR L a_bs, L |_olb> clal_sc
d;)‘)_‘) Py Q)HNV 5(:H‘c ‘COY ua_]l.> ‘_gl_Q)lf

S g ¥

oolaiw! 8590 2 Lo Olgo V-Y

3L sl Solvay) o5, 51 (PSF) 58y Ly
L oale 8 o g0 NN Lol (5 )las 5 plaiiy gany
Merck o5 - 5| PSF P> lscas DMF (g,Lais] ol
A/0% ez L (Acetic acid) Sowlowwl ol 4 g
Sodium) ol s @d—w Sliwl (Galic acid) SIE o
o Slas 1 «(Glycerol) Jg el (acetate anhydrous
celew ly— Merck 5,5 5l 55 (Sodium periodate)
s (Chitosan) )luwgiS ol ags s dobil gay
&)lo— > Sigma-Aldrich 5,5 51 YL TS0 (35
&k o le Pl plaedr 03505005 ol 5 0ads
s oolaiwl S sl loglS

L augs Y-V

Ol Ol Y angd =YY

sl JoPSE ady lol o locis a0 el 6l o
s ced,8 ,18 ool 3o celw VY Gow as £ °C
o 4 DMF (o PSF 170wt (0, J> L (g ,—udy
O—So Jgdze o a3 YOC sleo o celw VY
Celw YE ooty biols gl ool s 4y
od—i ol jole Jedore ol ools I3 Ll glws o
GAPRRD g D (S A5u, Voo M Colbes 4y
Pl Bi > o btedy Celw VT So oy gla il
. ca_;.')&fy)'\ JERERONE 1K S N NS NI BN
035l Garm @l IS 5l sk Lot 71855590 (s
Ah Sis e sleo o g

— g (el (gLl 4 g Y-Y-Y
PSF/ SIS s

Ba S5 (59, 83l Oy9 0y PSF Loy ga Y
l_g ‘515_»4 6‘°)—.'.“> u_lbj K oAJLf_.M_? Sz Ao

05_.»
Sl ab sl lyeas o] 5l g a50,S juw |,
S5 sizsly Lt s 5 53 CO, JLil S
>, Sloe PVA/amino-CS L_zé .55, sola_wl (PVA)
53 (00 GPU) CO, YL (6, 353985 alox 51 98 J18
CO/ = 1, AF bl fien g Sl o
6‘9—:’“’ aS sls UL“”’ L&vQT slaasl ols ULM..: CH\c
4 , e PVA/amino-CS slcé o , YL amino-CS
)L.\_s.a u_;).,YL; 9 03— C()‘,/CH\c ‘_g)_n.\.:ul?b.)‘ u,..\_>‘)5‘
=39 9o, Ve amino-CS a g e bale ;o (5,535344

I, Pebax®\ £V [TFC loce [YV] oK en 4 Jiang
sl 09,5 as (PSF) (odlg by i 59, —
8 7 Shoe sa_sosls| Pebax®\ £0Y = el S5 Ay
o33l gl 0 5l iy COUNG (65
ol gl 658 by e

(TMC) o3, 15 LSe35 [VA] ] 5—ea § Xhiao
= delae Jlasla o, SU Jdoas ase,S colaiul
Silolaz i 5 L VY 1 COL s o oo
B0 yg] o |, Y T ool

Ubgy 5l eslaiul Lo [Yal] ol ssa 5 Zhong Gao
St b 55, | (Sl Sl s p5bogt
aiails gy (Polymers of Intrinsic Microporosity) V-PIM
aS bl lase,S Ay bjeeelS i LSl g
Gl =8 slrog,S 5l g0l sl g5l Sba—ul
155 Sl (JemeS 500 5 S5 9 15) eS|
phth—COr d...sy 9 09— L./-—o.SJ) ..)9_>. e CL“’ &9y =
oleid mols .l ools JSis ], Sl g ai (ygam
Comd Jmolo (0500l gl ie (6,0 dy i35 olo
Uil Sabowl bwg Gibg 5l e COJCH, 4y
U VR W R | FIPPP- SR VY- N - PRI W< 1
58 004,158 o> s YL 5 g sl Cwoas \-PIM
el azd ) S13Y- A

2o Jgjlaes! ST gaw [¥e] oIS en 5 saclw
FTIR ‘579_...4;_0...'0 l_: 9 OQ)J )...._—...J ‘) (Im—CS) QL.»}...S
1y i (050 S (my 1) O 6l 529 'H-NMR 4
by Lxe (PES) (yga)g—u 3l b Lo (e lies glaca—ui )0
“—*-éf ‘) 4_’>)LS_1 u_...:y l_u o)l_; PES LSLQL..M.C 9 ..\_:\))5
CH, ;I CO, jlmlax lym ool agys slalas ass S
sl ooz Loyl slaasl .oxs,S |, 8 sola wl 0,5 »
sobas Lag o), Slee dM-CS o5 jlass j095-81 Ly 4 S
Olts mals wiomen ol A8l 9 (95 LB

oy = (o (criiten (63,5 Sb e g sl Ay (ot (g (oole alidad N,


https://arcpe.modares.ac.ir/article-38-77833-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

st Y b jeeelS slid o)y

S ok loginS Cos bl 5 (050005 S0 Y slalae o l385s0 Y Jgum
Table 1 Naming of thin film composite membranes based on chitosan-gallic acid ratio

Membrane Ratio of chitosan to gallic acid

M1 1:1

M2 1:2

M3 2:1
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Figure 1 Schematic representation of synthesis stages of chitosan-gallic acid/polysulfone TFC membrane
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Figure 3 FTIR spectrum of TFC chitosan-gallic acid membrane with mass ratio: (a) 1:1, (b) 1:2 and (c)
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Figure 4 The cross-sectional FESEM image of TFC chitosan-gallic acid/polysulfone membrane with mass ratio (a) 1:1, (b)
1:2 and (c) 2:1
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Figure 5 The cross-sectional FESEM image of TFC chitosan-gallic acid/polysulfone membrane with mass ratio (a) 1:1, (b)
1:2 and (c) 2:1
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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 7 Permeability diagram of gases (a) CO,, (b) CH, and (c) N,
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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 Tempera- 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 lectivit
ayer ayer Pressure TP ility ( ) | selectivity

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

study
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