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Article Info ABSTRACT

Article type: research paper Objective: The development of facilitated transport membranes often faces
the challenge of reduced selectivity due to the increased free volume within
the polymer matrix. The aim of this study is to investigate the distribution of
Received 26 October 2025 unmodified graphene_ oxide (GO) and modified graphene oxide (M-GO)_ ina
Received in revised form 1 February 2026 PEBA polyn_1er ma-trlx, as _weII as to engL_Jate the effect qf surface-modified
Accepted 13 June 2026 graphene oxide on improving the selectivity of PEBA/chitosan membranes.
Published online 30 June 2026 Material and Methods: To prepare the facilitated transport membranes,
graphene oxide was first dispersed in a water/ethanol solvent using an
ultrasonic device. Then, 2 wt.% PEBA was dissolved in the prepared
dispersion. Subsequently, a 1 wt.% chitosan solution was mixed with the
homogeneous PEBA solution at a 1:1 ratio under magnetic stirring at room
temperature.

The prepared membranes for investigation of the uniform distribution of filer
in the polymer matrix by SEM and AFM tests and the interaction between
Keywords: filer and the polymer matrix were evaluated by FTIR. The CO, permeation
test was performed using constant pressure and variable volume.

Avrticle history:

Membrane Results :According to the SEM and AFM morphological and topological
PEBA - L
. analyses, the membrane containing M-GO exhibited a smoother surface
Chitosan : ol o .
morphology compared to the one with unmodified GO. This improvement is
M-GO - TR - -
. attributed to better compatibility with the polymer chains and a more uniform
CO2/N: separation

dispersion within the membrane structure. The results indicated that
membranes containing M-GO showed enhanced CO: permeability and
CO2/N: selectivity compared to those with unmodified GO.

Conclusion: Surface modification of M-GO, owing to stronger interfacial
interactions through hydrogen bonding and improved interfacial
compatibility between GO nanosheets and the polymer matrix, led to a 314%
increase in CO2/Nz selectivity and a 440% improvement in COz permeability.

Citation: Rezazadeh, Babaluo, (2026). Performance Evaluation of Facilitated Transport Membranes Based on
PEBA/Chitosan/Graphene Oxide for CO2/N. Separation, Journal of Separation Science and Engineering, 18(1), 14-30.
http//doi.org/10.22103/jsse.2026.5527

© The Author(s). Publisher: Shahid Bahonar University of Kerman
BY NC

V¥






YoF1-a-FY 25l

Homepage: http se.uk.ac.ir/

COLIN: gilulaz 45 (53,5 duaST [ ylassieS /PEBAE Jugund JUiil (glalid o Slas gusy s

YL 81 e M Boslila, pligy

B.rezazadeh92@gmail.Com :asbb!, .oyl pl «jp o cdigus nino olKild o coudd cmsdigeo 00SEl )

a.babaluo@SUt.ac.ir :asbll, .oyl 5l oy g oo olBails ¢ gonds (wiige 0SS (ghus 0diny s Y

0 LS > Jlio oledbl
S b (s yeuls aie ol poe aldl s 4 Boes a8l Jugens JUi! slalic anwgs :dum gy sale cllio £y

s 2ol (81,5 0nST R 555 0978 (gmy ¢3RS (| Bus a5 ,409, (6,5 bl ialS
ST 5 pizen 9 PEBA (6 ouly aioj ;0 (M-GO) aial sl b oy 2ol ¢ (GO) o0

Ll GlwgiS /PEBALgL...c Sl ialidl gg, o oads Ls’d"'“‘ C)Lol S5

Jsbl] ST Pl J31s j0 815 STl asdly Jogees Jisl slalid ags cu 1 0dg) 9 Slge
B o ond 4 sl U515 55 539 1Y b PEBA s s a5 Sigol 2l olKiwss Lags clis A U
O Joloa b Vi) Coes by (39 2oy TV L oads ags 3 51 lesinS Jsloee dslsl o
Sz ol ags sbolag. fuod bele lame sled ;o cwabline fyjen lawgs 0ol ags PEBA
o 5 AFM 5 SEM lagygesl bawgi sracy aiej 5 (50 98U 231580 @398 o)z
157 (583,908 S s 8 S5 FTIR (505 bags (6 oy e 5 05 (o iSam s
s o3liul juiie o g Sl JLEE L (89,500 B, VE-O/F/+Q : Las)

VEE/o A/ F el s
VEE/ /1P 2 ples oxb gllol o6 il s
VECO/ F/PY s

ot ombans ool S 0T oad ags slié AFM 5 SEM FTIR 56T Lolul s gl

Siggoge il lad Ll o CBleSh mis g ek Gl b e Gl Jdo & rgouls olals
M'L55|> slag a5 ols UL..J C,uL“..u Ll ‘svula..a C)Lo‘ O9% slae Dged 4 S Slo CJ"‘“

CON: (¢ Sl 5 CO2 23308 Sgmgr sy s _omlans kol GO L aylio ;3 GO ' L..,;:;
e PEBA
e . . . . M-GO

5 A8t Fised slavisn Bk 5l rhein sl iSeen Js 4 M-GO i pF e
LS)‘L""’LX.’ CO2/N2

TVF Sl G 05 el oy 5 GO sloa¥oili (o S tie Jab (655l Ll uizean
25 CO2 (20,5900 40 doy0 FF+ 5 CO2/N2 (5 SOl jo ao o

4 25 CO2N2 g lolaz 4o 81,5 ST/ losiS IPEBA aily Jopus Jl slalie o Sloe cwypm (V54 0) gJLL cooljls, ol
http//doi.org/10.22103/jsse.2026.5527. VF-Y+ (VA (V) «(sjluloz cwdige g pole

ooy © Ole,S el g olKisly 1,50

Vo


mailto:B.rezazadeh92@gmail.com
mailto:B.rezazadeh92@gmail.com
mailto:a.babaluo@sut.ac.ir

Ll wsljls,

o8 o 50 3500 Dgmme (5,585 o gl Ll 505555 5 (S SIS IS I il (Sogll o5 el
—imle,S Jlas,e £rvga> (g la e blod ay aS oy o wasl 1 (ol 51 SalST g0 (slaslls
JEsl by oz slaaly) (5555 sl g Conl 055 Sl (S a1 (63 (izmod [N ] 593 o Jali | s
Bl 59,95 S Gl (plplo 09—b o0 55 il 5 (cony o golio daellinVl b 5l olob polio
3925 CO2 B> 5 silulozr (sln (Alide o by, cal (659780 b Sl laclale b (S ST (60
lobg,y onl aboz 5l (olié anlp 5 laodla Loy (b O (sl laslone bawg Cd Jols 4575l
Iv] acsb o

ekl obulr cobl (Slles (Solu ozmen 63,84 yazie o Shy ol Jds 4 plas slaanl)
9 shaeze Sy SISl 50 pake 1B Wl oo by 551 Bran 9 5B i 4 ks o 2] silulos
2lid 6sld b ol a5 silelas 5, cnl 5 [¥-0] ssl atsls swio sloanlp Slles sloauja
@SS g Ly ol jo (rbls el all co drwgi 5 Zéyiay Jl 50 55) 4 g, 45 0yl glalaxDdle JE Cooal
Ak anils golatdl g daome Gy bl )5 (5590 A Wil so (55l (nl arwgs

Byl 1y eliie Gl Bl Sggm 5 @Ml an T llyd (azmed placuie pf) e (spenl lalié oo cnl o
Sk sblis gilulaa Golul bl ol o e Sl iins azlge olo 2l b ol gnio @l (s
@) 2oy (ol blas ul o (6,5 Bl Gl a5 bl se Sgai-co> g5l Gululyy a5 all e
S ale cpl a8 Sl By pro (5 oy slalie jo ' 6 ok 20900 Cudgaze 4 JSio (ol idls dlgs ol o
Silolaz a5 b yerlysS 5 (o LA ol ous oo jo balae ol 0058 5,05 55 g og (ol
Gl a3l i ara) 1> sewlio 8, Shos a5 wil oo (PEBA) wual S 51 Ly youdysS csonl slasl8

aslo glalig Lol il oo ol o35 gslulas gl canlin (6 auds 4> STPEBA .cel ools Llis 545

! Trade-off
A4



1E<0 Jle ) ojlodds codaomud 593 Silwlaz wiigo 9 pole 4 pis

—oe> go5 5l alas pl o gilwlas [Sgile a5 T w)ls (6, Sobsl- 20 )50 Codgaze youlisS ol b ous
oles o8 |y ey slalid o 5 SOl 5 (a3 yme oy 45 (5918 (30,] Cews [V VF] izl o 3985
sole sloog 5L uﬂ SlaS 5 5l ealasal cools lias ldllas .ol aiey ol jo ladxe slracacs s il
Srorky Glas 1o (oS bl 5 (20,500 Gl Slp by, e RS Mg il plie 4 JrS g0 5 (]
O9ed (wyiws BB g elde S5 JToluS 5 5l PEBA Lie o, il cgx olen 510001 V] sl oo
Jeds 4 (Jy o5 aalss Jlowsl ool ) SG nal 00,5 ABLAIPEBA (g p0cly e ol plie 4 baoy 5L L
& roely o Ol3T e (al38l ey (g ey (6l 5y (@39 b g 50l (L DS 5 S5 JoSUse sl
Deb oo alie pl 6 F Ol b iuli8l el (pl aS 05 oo Lig Lle ;o a w3505 sla JUIS ol 4
YUl ol Ced b gam 90 oS 5l eolaiul ccuogame ol &8, Cya Gidu awl oSl 51 S
S S S ol 4 Jle Gl 5 (Sl el g eole pi (oan ele glaog I i el
Slr SrnPs g 9 5Yeb Gl e om g0 slaryS YL solul cans NVA] cudl - las 00 lgasl
90 slyS p 6,55l pas o 4 Jg oS oo SeS (g pdu i3S iali8l 4 g 00 5 ol 5 sl J9Sge jauc
ol e (nl @) Sl 09d o0 S rouk Slo ) G SS19SG 0 8 @95 Sl (6 yerk Slo ey L s
ool 0 ol (55 8155 sl 1 S T5kr 5 5 pmal (503 L IS S Spste pslaions S 2
Sl e (s orly a0 oo SIS, FaiSTy 5 Jlowl 5sls8 0 1 seins (JU> ol b 112 ]
el 3550 5

13 AT eS| sanr 35 05 5l el SIPEBA wdly oo Jlal slalid (s Sl il jslinee,
ot a5l pl egdle .l suls &l)l (M-GO) aiel ol b ool Mol 5 (GO) ol (900 g0
>t Wlgigo a5 Sl (g 50ely e ;0 M-GO cB1eiSy ms8 Bayb 5l lalas (o,5 Dbl ral8l Gados
0 ol oby Jeo izmen 5 M-GO (VL (solal s 0,25 13 oolitul 3550 S Y lalid arwg o
g 0aiS b ()55 (GO S 5 ¢ Aol cpl 1 ogde .ard 0 CO2 (20,90 dgpp &b CO2 L

DSy oo g S e prhaw jo 1) el

VY



SLL wsljls,

dlge V(Y
M- 0l 6l 5 wSas] a8 1 51 GO 31,5 oS il g anil 3 LS,T eS8 5l PEBA ol sla gl S
e Ggmdliwls az 10 L (CS) luginS ol agd s gieo oKiils (LS Lugl slge ldaxs 55w 51 GO
PS) ilsms sl ok At S o 5 asgs Sl 5 Sl sl b5 45 (03) Kol 553 5l o
Sy30 G853 48 5lls 5LS ) (MWE) aiein b blas s <5, 51 5Ll 4l lyieas 5

Wb ()l ol o8 00 ) pale 390 9 S weSTiss Jold eolinud
M-GO /lusis | PEBA 23500l5 st el Yo

g (Ve-Ye) Jgbl g Of bglse P> J3bs j0 (GO M-GO ) il slop,S 5 (casein (3 ol
Jolzee J31s 50 PEBA ouly (sla gl 5 e -0 20595 4iBo 0 Goe o Dlg YO+ le5 b S gl 2l oK
OluwginS dalolys aials o o5 jebas A °C slos jo (uS, 5l oolainl b g (Sl (0500 S 00l dg
bog celo Y Goe 4 base sles 10 sl Sl g Ol oz o)) Jolowe J3 0 ailflas & jg0
Oyed dawg lae glos jo Vi) i b Joke LwglSIPEBA Jalore (o 0l Jo  pnblon (e
A ools 18 s ;0 Bl 18 Jgloe ( Pl w55 5 6 S el sl )] 5l e dod oS 5 30080 b ceblize
b 0als gy (PS) (ysilgms Jy (oLi 0l 555 22 (559 abse (25 Liudsy bgy & 0 angs Jsloxo (s
‘5,..:)9._.0[5 6L.M.c d)ﬂo.c 64[:»‘ S Selw VY Gos a cbﬁm Lgl.cn) 5o QM g_i....o-ﬂ o= 00 Ay Lgl.bl..i;.é

28,5 1,8 solaiwl o) 40
dL{M’.L&A .YGY

cég).c).’l.ﬂslil.uf"‘ Yoo Cyoxoojm)oowwL;Lmtﬂsjuff@w)bb@bwélf

slic 65999,90 .ol oolazul (IR-Tracer 100 «Shimadzu <FTIR) a5,68 Jos 30,8 ygole  rima b ;)

YA



1E<0 Jle ) ojlodds codaomud 593 Silwlaz wiigo 9 pole 4 pis

ogdle .0l o), (Nanosem 430 ¢FESEM) Slawe oS singy ($9,58) oSg ;e 5l oolainl b oals i

(AFM) (o3l (5955 55mg e 5l oolatul b o jiw glalie g bislug ) slo Shg g law (555193 )50 ) 52

23,8 18 Lo 5 520 9,50 Veeco AFM l solizal L
a3l (sslulazs lalaé o Shos 3l F¥

L8 o3l 1o YO °C sloo jo Cugby byl i o N2 LLO2 ol ol slasl5 ¢ (20,900 slacs plxl sl
b (S ooy Laogs Ol STygs lyz @ sy 0,5 0l (6l (VJSKE) <85 515 s 9550 5L (B-))
Sedise Shhes ol bt ojly e g 0ad OF JLu a4 b 05 dgl I jgae pae j0 g oal o5 Algl 8l
odls JI3 slae Jgsle J3Io jo o gile O Hhad b lopls slocSiuss & g0y ool a5le 20 590lS (slalie
did 5l g)see 5B pz 65 o3l (lp ) )18 )l 2)50 e o i LAS 50 oS j5ie 5 ind
(P) 23,50 Glimn Lig 31 00,5 5.0 515 nox> (6,05 o3l 51 o vals colatl (glo Gl mwpas oo

2,5 dpwloe N oadayly 5l les ol

14
= \
A X Ap ( )

Sl lie o Slae Sbj,l gl aslae Bl g0 Lid S VD Lig Jao prhaw A dlise 5l 00,5 900 55 o> V

(GPU=10"°cm3(STP)/(cm?. s. cmHg))

Sy e dmslone ¥ abaly Lawsgi 1, J slajl5 2350 3l oslitl b Lawg (@) 1. slajl5 ol (5,5 olse

aij=Jill; ™

)4



SLb 2sljls,

PRVOI PRvg __ silicone strip heater / , Permeate

[1 . Al Q \ Membrane Bubble flow meter

Syringe pump Water vaporline

S (23598 (655 oIl s 5l (Sslets ) S0
Figl: Schematic of a gas flow measurement system.

lalié b dasie N oY

daslia ;3 M-GO (13538l jl s PICIGO L b aslia jo PICIM-GO Lié FTIR il ¥ IS ) 455 L

Ll 00l ﬁl?u‘ WT M‘ l.a LJB‘)f



1E D )l o) o)lod oz 293 Silwlaz wiigo 9 pole 4 pis

P/C/M-GO
C-H COOH

v u PEBA

Transmittance (a.u.)

P/C/GO

3000 4000

Wavenumber (cm!)

P/CIGO ,PICIM-GO slalii 5 al- PEBAFTIR ,las :¥ S
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Tablel: Comparison of membrane performance made with different membranes in different references.

Polymer/Filler T p CO: CO2/N; Reference
(°C) (bar) Permeability Selectivity
(Barrer)
PEBA 25 5 92 42 23
PEBA/GO 25 6 104 52 23
PEBA/PEG-MEA/G 30 1 5 57 24
PEBA/ PEG-GO 25 4 650 55 25
PEBA/PVA/NH2-GO 25 7 252 141 26
P/C/M-GO 25 5 425 70 this work
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Fig 8: 2008 Robeson upper bound (Trade-off) curve: comparison of the separation performance of prepared
P/C/M-GO blend membrane with the reported data.
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