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Research subject: One potential method for improving nanocompos-
ite mixed matrix membranes is through the incorporation of nanopar-
ticles and compounds containing hydroxyl and carboxyl groups. These
components are believed to facilitate the penetration of CO, gas. In
this study, we aimed to investigate the selectivity and permeability of a
nanocomposite membrane composed of poly(ether-block-amide)/poly-
vinyl alcohol (Pebax/PVA) and magnesium oxide (MgO) nanoparticles.
Previous research has indicated that the addition of MgO to the Pebax/
PVA matrix can enhance CO, permeability by creating intermolecular
spaces.

Research approach: A Pebax/PVA nanocomposite membrane was pre-
pared using a solution casting method, with a weight ratio of 80:20 and
a 10% content of MgO nanoparticles. The performance of the Pebax/
PVA/MgO nanocomposite membrane was evaluated for the separation
of CH, and CO, gases using various tests.

Main results: The membranes were characterized through Fourier
transform infrared (FTIR), X-ray diffraction (XRD), and field emission
scanning electron microscopy (FESEM) tests. FESEM images showed an
increase in surface roughness with the addition of nanoparticles, and
the nanoparticles were observed to be well dispersed within the poly-
mer matrix. XRD analysis indicated that MgO nanoparticles exhibited
stronger interactions with PVA chains compared to Pebax chains. Peaks
observed in the 42° and 62° regions were attributed to the positioning
of MgO nanoparticles within the polymer chains. Various parameters,
including polyvinyl alcohol and MgO nanoparticle content, pressure,
and temperature, were studied as independent variables to assess their
effects on the permeability of CH, and CO, gases. The permeability of
the constructed membranes was measured, and it was observed that
the addition of MgO significantly enhanced the permeability of both CH,
and CO, gases.
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Table -1 Chemical characteristics of the materials used.

Magnesium oxide | Polyvinyl alcohol | Poly(ether-block-amide)
Molecular weight (g/mol) | 3044 /40 09/86 -
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Figure 1. Fourier transform infrared spectrum of PVA and Pebax copolymer
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Figure 3. X-ray diffraction spectrum of the prepared membranes
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Figure 4. Field emission scanning electron microscope images: a) Pebax/PVA, b) Pebax/PVA/MgO, and c) Pebax

l 4
wlalae o ,las lbl b i Olellas as a > L
I¥alocl oo Limldl op S amaSTss 55 sl s moshy
a>g Iyl el e i Ly —ialS Oygoa
S de—eSls 5 sy el Lo talesl gl ey
3B i =lely e el i e A cod
Pebax/PVA/ Lié o e L aslae jo p,Sa Sl
‘u—")—’ oj)l_c Mlo)_a...l.,)_a QL..A ‘rf..\....sro)s )_"
alio )3 COy yimtion iy bal i =¥ 5l 508 (S0
L anlie ;0 COp (Sl slos 05— YU «CH, L
35 51 Hoge ool a1 S STgs .ol CH,
s COLS eyl sl TP el 3L
YO YO slolos g LA g# ¥ Y slo,lid o CH,

Jeols glas 51 IYF] cls ;K0S a4 cos IS
[ g bl (pel-ankad- D Ly e joralSsil
o093 Lo a8l yo ol oo b-F Sl (0 o jriea—uSTl
artd =l Jobo 5o eidy 4 o jies ST 0,55 0
& o Sglas S g o/ (ael-ankad- ) L
Sg—is o odal i &S a5sSilan [YASYY] il azsl
L e leSs amies syl Jmols o ol il Lie 8l
aS el oo L.Lm.» W ﬂ,_b.uo . @‘P 9 TR0 )L..’>Lw
el oo Lze o, Sloe 04 a ,oxie ol oyl

CO, 3 CH, L35 (o—lgly5 (o F-Y-¥
co—baisle sblic bwy

e 0 58 by lxe —lgly L8, S sl
s Lwo slo sl )y 51 Pebax/PVA/IMEO ;59,05 431
Q_ij)l)_g )¢ Oy9— )LhMB

30 CH,9 CO, 5 —lgly —wyp)-F-Y-¥

s 8 o o 1 et e



Sy 0ym2miy o s S8 o (5 yuly
PR CE K V-1 [0 Y ) B L S [ W R PP
0= 55 (603985 i il o (6 el 0
53950 9 5oy 0y e rs )L ol
oo &3l el S (glamBISs oloml cely
aboe Gl (sl Glie e 03,5 0SS L g

25 35 45 55
- 300
- 200
. —h - 100
e ~ A
o

(b)

sk b 0558l slie sl

=259l 9 Lt lags 31,5 il a0 00 5 O
sl oo oals Lzi & 4 0 S5 o Pebax/PVA/MgO
olie e g odmlin £ g0 [ 04 S 5 bles
Lo el sl 3k 5l 55 i bl
3 8L A e (59, Bl o s il
o=l L anb e nlB el e 5 o Ll

2 4 6 8
- 300
- 200
- 100

S 9eS18 3 sy bsl s lie 2 Lo il (b Pebax/PVAIMEO (slaé ;5 S annsSliss 55 s niyisly oliee 2 Led @0 s
Pebax/PVA/MgO slic o
Figure 5. a) The effect of pressure on the permeability of CO, gas in Pebax/PVA/MgO membrane and b) The effect of
temperature on the permeability of CO, gas in Pebax/PVA/Mg0O membrane.
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Figure 6. a) The effect of pressure on the permeability of CH, gas in Pebax/PVA/MgO membrane and b) The effect of
temperature on the permeability of CH, gas in Pebax/PVA/Mg0O membrane
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Figure 7. The effect of nanoparticles on the permeability of CO, gas in Pebax/PVA/Mg0O nanocomposite membrane

@b C_:L..: O eolan il oo —hdns glis L.'>_’L'))‘
5 (Aol-aski 5 Ly Lle gl mog,5 ,oa> FTIR
ele slomog I jo—d> izmen 5 IS sl
slie 5 (el slose o o2 ey ST 0,99
@bl ol asllas o, S o LU T 0508 gl
Bl ay s et ST 0,34 30 j0g5-8l ols o Lzi XRD
it JS b Ioeolaabs 0 L 5o
Orired Dl oo bl Az o YO Ly g0 o a L8
S5 dsay YO 5 YO oy s yleals
S35 ey slmo iy Ol ) o seede—aST 053550
0,39 ols L3 FESEM ,glay gl o)y 09—3 o0
Sy a9 ek A 50 msrieds S|
e 9 oy LB 99 o (lio )L 5 Al
slo s ol adlhe lo )y oS o)l 59>y
2 Sr—eeh Ll 3 1y (kb slwog S H9—am
S e €O, S U JsSe L i Sy
009 Lo g—B oo (n S 9e—aSTs 3 s d gl
5 SRt ek Lis 4 o rtea—ST 0,39 50
slis am Cod CHyy CO Lol 6 rmdo s
Sl Gl o izren 2Bl il el
PVA j3 i eyl 1 opdle s Lad Saiey 5l b
LU ol islidl Eely 6yanly (gltié Ly yilo 4o
L 5155 g ale a5 ot Ltd (59,9 09l (55
Lol Lo 5 jLid Dl s 5yl (o 2 05300
CH, 5 CO 35 s miybgly ol A an ¥ gl las anlidl

sl azily il

CH,g CO, 355 mdy s 35 (ommyp V-F-Y-Y
‘ B4 )a

VS 0 g S n 5l J—ol> el
cloae slonelawody ;oolae )yl 0a Sl
Gmdy iy ;S aalllas o Pebax/PVA/MEO i j5.slS sl
PESVEUR VEIVA | PSR N Hr 1 WIS L 5 BV TS S PR O W
S53 hSep 0l oo peily (Slmo 2y esdy
DS o2 Gyl Bl Al Bl o e ST Ol 3450 L
0,390 (ygmel yy S sla o Ly SIS oloul U (65-3
Deds oo B35 (6,md 1038 ol o oo juted S|
PRTSSRVLITH ST St [ ) S S
3 e Glweis 3529 poe (s rmd RS
Ay ol an sl aS ege 4SSl lalie sl
Gy i3S Cpols Jdoay a5 il ol e ils
2 S Jg b ey 092s sla—inds sloa oy
S oo (S y—dyyiin S ilidl e el Pebax ole
e 03l Lgs o oS L3 8L 51 [Y0,Y]
4 COy pin Qi Ly gaas o) o, Sa—uSlgo
o= 38 4 coi 1, CO; 55 (5 ,—dy na3S PVA
Cooi Jdoay VU sla,Lzd o [V] was o il
Srmh S g (sl (Swigde s Sl g a8 e 69
Db oo il

SrSami ¥
Oly—ieas Pebax®\FOV slsé jl aallae ol 5o
Oloieds o juiedu ST 0,8556 9 PVA 3l g 6oy s il

oty = (o (piiten (5935 S gy sl ah) (A oode allad A



sk b 0558l slie sl

&=l

[1] Miri S., Omidkhah M., Ebadi Amooghin A.
and Matsuura T., Membrane-Based Gas Separa-
tion Accelerated by Quaternary Mixed Matrix
Membranes, Journal of Natural Gas Science and
Engineering, 84, 103655, 2020. https://doi.
org/10.1016/j.jngse.2020.103655.

[2] Kalantari S., Omidkhah M., Ebadi Amooghin
A., Matsuura T, Superior Interfacial Design in
Ternary Mixed Matrix Membranes to Enhance
the CO, Separation Performance, Journal of
Applied Materials Today, 18, 100491, 2020.
https://doi.org/10.1016/j.apmt.2019.100491.
[3] Cheng S.Q, Lin Q. Li S.L., Guo Y.X,, Han X.L.,
Sun Y., Recent Advancements in Supramolecular
Macrocycles for Two-Dimensional Membranes
for Separations, Journal of Green Chemistry, 25,
7026-7040, 2023. https://doi.org/10.1039/
d3gc01996a.

[4] Bakhtin D.S., Sokolov S.E. Borisov LL.,
Volkov V.V, Volkov A.V,, Samoilov V.0., Mitiga-
tion of Physical Aging of Polymeric Membrane
Materials for Gas Separation: A Review, Mem-
branes (Basel), 13, 1-17, 2023. https://doi.
org/10.3390/membranes13050519.

[5] DaiY, Niu Z., Luo W,, Wang Y,, Mu P, Li ],
A Review on the Recent Advances in Compos-
ite Membranes for CO, Capture Processes,
Separation and Purification Technology, 307,
122752, 2023. https://doi.org/10.1016/j.sep-
pur.2022.122752.

[6] Farashi Z., Azizi S., Rezaei-Dasht Arzhan-
di M., Noroozi Z., Azizi N., Improving CO,/CH,
Separation Efficiency of Pebax-1657 Membrane
by Adding Al203 Nanoparticles in its Matrix,
Journal of Natural Gas Science and Engineering,
72, 103019, 2019. https://doi.org/10.1016/].
jngse.2019.103019.

[7] Khoshhal Salestan S., Pirzadeh K., Rahim-
pour A, Abedini R, Poly (ether-block amide)
Thin-Film Membranes Containing Functional-
ized MIL-101 MOFs for Efficient Separation of
CO,/CH,, Journal of Environmental Chemical
Engineering, 9(5), 105820, 2021. https://doi.
org/10.1016/j.jece.2021.105820.

[8] Ahmad I.,, Alayande A.B., Jee H., Wang Z.,
Park YJ., Im KS., Nam S.Y, Bae TH. Yang E,
Recent Progress of MXene-based Membranes
for High-Performance and Efficient Gas Sep-
aration, Diamond and Related Materials, 135,

109883, 2023. https://doi.org/10.1016/j.dia-
mond.2023.109883.

[9] Yang H., Liang S., Zhang P, Zhang X, Lu
P, Liu Y, Cao X, Li Y, Wang Q. Improved CO,
Separation Performance of Mixed Matrix Mem-
branes via Expanded Layer Double Hydroxides
and Methanol Post-Treatment, Journal of Mem-
brane Science, 670, 1-11, 2023. https://doi.
org/10.1016/j.memsci.2023.121345.

[10] Zhang Y., Wang Y., Xia H., Gao P, Cao Y,
Jin H, Li Y., A Hybrid ZIF-8/ZIF-62 Glass Mem-
brane for Gas Separation, Chemical Communi-
cations, 58(68), 9548-9551, 2022. https://doi.
org/10.1039/d2cc03179e.

[11] Clarizia G., Bernardo P, Polyether Block
Amide as Host Matrix for Nanocomposite Mem-
branes Applied to Different Sensitive Fields,
Membranes (Basel). 12, 1096, 2022. https://
doi.org/10.3390/membranes12111096.

[12] Wong K.C., Goh P.S,, Ismail A.F, Enhanc-
ing Hydrogen Gas Separation Performance
of Thin Film Composite Membrane through
Facilely Blended Polyvinyl Alcohol and PE-
BAX, International Journal of Hydrogen Ener-
gy, 46(37), 19737-19748, 2021. https://doi.
org/10.1016/j.ijhydene.2020.09.079.

[13] Ebadi R., Maghsoudi H., Babaluo A.A., Fab-
rication and Characterization of Pebax-1657
Mixed Matrix Membrane Loaded with Si-CHA
Zeolite for CO, Separation from CH,, Jour-
nal of Natural Gas Science and Engineering,
90, 103947, 2021. https://doi.org/10.1016/j.
jngse.2021.103947.

[14] Wang Z.X, Sun WS, Zhang W.H,, Li S,
Yin M., An Q.F, Construction of High-Per-
formance Thin-Film Composite Membrane
for CO, Separation via Interface Engineering,
Separation and Purification Technology, 322,
124348, 2023. https://doi.org/10.1016/j.sep-
pur.2023.124348.

[15] Cheng]., Yang C., Hou W,, Liu N., Xia R., Chen
Z.,Zhang H., Liu ]., Carbon Nanotubes Grown on
ZIF-L(Zn@Co) Surface Improved CO, Permea-
bility of Mixed Matrix Membranes, Journal of
Membrane Science, 670,121356,2023. https://
doi.org/10.1016/j.memsci.2023.121356.

[16] Vasileiou A.N., Theodorakopoulos G.V,
Karousos D.S., Bouroushian M., Sapalidis A.A,,
Favvas E.P, Nanocarbon-Based Mixed Ma-

AY ok = ood (ot 692,15 o gy gl ah) (e (b gy oole aoliliad



sk alr (el Bl lad el
trix Pebax-1657 Flat Sheet Membranes for
CO,/CH, Separation, Membranes (Basel). 13,
470, 2023. https://doi.org/10.3390/mem-
branes13050470.

[17] Sanaeepur H., Ahmadi R., Sinaei M., Kar-
gari A., Pebax-Modified Cellulose Acetate
Membrane for CO, /N2 Separation, Journal
of Membrane Science and Research, 5(1),
25-32, 2019.  https://doi.org/10.22079/
JMSR.2018.85813.1190.

[18] Azizi N., Reza M., Mohammad H., Zarei M..
Study of CO, and CH, Permeation Properties
through Prepared and Characterized Blended
Pebax-2533 / PEG-200 Membranes, Silicon, 10,
1461-1467, 2018.

[19] Hatami A., Salahshoori I., Rashidi N., Na-
sirian D., The Effect of ZIF-90 Particle in Pe-
bax/Psf Composite Membrane on the Trans-
port Properties of CO,, CH, and N2 Gases by
Molecular Dynamics Simulation Method, Chi-
nese Journal of Chemical Engineering, 28(9),
2267-2284, 2020. https://doi.org/10.1016/j.
cjche.2019.12.011.

[20] Klepi¢ M., Setni¢kova K., Lan¢ M., Zak M.,
Izak P, Dendisova M., Fuoco A., Jansen J.C., Friess
K., Permeation and Sorption Properties of
CO,-Selective Blend Membranes based on Poly-
vinyl Alcohol (PVA) and 1-Ethyl-3-Methylimid-
azolium Dicyanamide ([EMIM[[DCA[) lonic Lig-
uid for Effective CO,/H2 Separation, Journal of
Membrane Science, 597,117623,2020. https://
doi.org/10.1016/j.memsci.2019.117623.

[21] Wang C., Wu ]., Cheng P, Xu L., Zhang S.,
Nanocomposite Polymer Blend Membrane Mo-
lecularly Re-engineered with 2D Metal-Organic
Framework Nanosheets for Efficient Membrane
CO, Capture, Journal of Membrane Science,
685, 121950, 2023. https://doi.org/10.1016/j.
memsci.2023.121950.

[22] Kheirtalab M., Abedini R., Ghorbani M,,
A Novel Ternary Mixed Matrix Membrane
Comprising Polyvinyl Alcohol (PVA)-Modi-
fied Poly(ether-block-amide) (Pebax®1657)/
Graphene Oxide Nanoparticles for CO, Sep-
aration, Process Safety and Environmental
Protection, 144, 208-224, 2020. https://doi.
org/10.1016/j.psep.2020.07.027.

[23] Martinez-Izquierdo L., Malankows-
ka M., Sanchez-Lainez ]., Téllez C., Coronas J.,
Poly(ether-block-amide) Copolymer Mem-
brane for CO,/N2 Separation: The Influence of

the Casting Solution Concentration on its Mor-
phology, Thermal Properties and Gas Separa-
tion Performance, Royal Society Open Science,
6, 190866, 2019. https://doi.org/10.1098/
rs0s.190866.

[24] Vatani M., Raisi A., Pazuki G., Mixed Matrix
Membrane of ZSM-5/Poly(ether-block-amide)/
Polyethersulfone for Pervaporation Separa-
tion of Ethyl Acetate from Aqueous Solution,
Microporous and Mesoporous Materials, 263,
257-267, 2018. https://doi.org/10.1016/j.mi-
cromeso.2017.12.030.

[25] Sridhar S., Kalyani S., Ravikumar Y.V.L.,
Muralikrishna T.S.V.N. Performance of Com-
posite  Membranes of Poly(ether-block-
amide) for Dehydration of Rthylene Gly-
col and Ethanol, Separation Science and
Technology, 45(3), 322-330, 2010. https://doi.
org/10.1080/01496390903409468.

[26] NobakhtD., AbediniR., Improved Gas Sepa-
ration Performance of Pebax®1657 Membrane
Modified by Poly-alcoholic Compounds, Journal
of Environmental Chemical Engineering, 10(3),
107568, 2022. https://doi.org/10.1016/].
jece.2022.107568.

[27] Ghanbari R, Marandi A., Nazarzadeh E.,
Development of Melamine-based Covalent Or-
ganic Framework-MOF Pearl-like Heterostruc-
ture Integrated Poly(ether-block-amide) for
CO,/CH, Separation, Journal of Environmen-
tal Chemical Engineering, 11, 109269, 2023.
https://doi.org/10.1016/j.jece.2023.109269

[28] ChenD,, LiL., SemiatR., He X., Process Para-
metric Investigation of Graphene-Oxide-Em-
bedded Composite Membranes for Boosting
CO,/N2 Separation, Energy and Fuels, 37(15),
11187-11196, 2023. https://doi.org/10.1021/
acs.energyfuels.3c01927.

[29] Luo].,GuoR.,Zhang M., Li]., Gas Permeation
Properties of Polymer Membranes Contain-
ing Pendant Tertiary Amine Groups, High Per-
formance Polymers, 28(9), 1005-1014, 2023.
https://doi.org/10.1177/0954008315620287.

[30] Satilmis B., Lan¢ M., Fuoco A., Rizzuto C.,
Tocci E., Bernardo P, Clarizia G., Esposito E.,
Monteleone M., Dendisova M., Friess K., Budd
P.M,, Jansen J.C., Temperature and Pressure De-
pendence of Gas Permeation in Amine-Modi-
fied PIM-1, Journal of Membrane Science, 555,
483-496, 2018. https://doi.org/10.1016/].
memsci.2018.03.039.

oy = (oo (oigen 501315 S g sl Ay o (SbgR (ol acllad A ¥



[31] Alizadeh G., Abedini R., Rahimpour A,
Kheirtalab M., Effect of MIL-53 Metal Organ-
ic Frameworks on Performance of Pebax/PEG
Mixed Matrix Membrane for CO,/CH, Sepa-
ration, Journal of Applied Research of Chem-
ical-Polymer Engineering, 3, 69-79, 2019.
http://arcpe.modares.ac.ir/article-38-34654-
en.html.

[32] Hassanzadeh H., Abedini R., Ghorbani M,,
CO, Separation over N2 and CH, Light Gases
in Sorbitol-Modified Poly(ether-block-amide)
(Pebax 2533) Membrane, Industrial & Engi-
neering Chemistry Research, 61(36), 13669-
13682, 2022. https://doi.org/10.1021/acs.ie-
cr.2c02760.

[33] Isanejad M., Azizi N., Mohammadi T., Pe-
bax Membrane for CO,/CH, Separation: Effects
of Various Solvents on Morphology and Per-
formance, Journal of Applied Polymer Science,
134(9), 1-9, 2017. https://doi.org/10.1002/
app.44531.

[34] Feng X, Qin Z., Lai Q. Zhang Z., Shao
Z.W.,, Tang W,, Wu W,, Dai Z., Liu C., Mixed-Ma-
trix Membranes Based on Novel Hydroxam-
ate Metal-Organic Frameworks with Two-Di-
mensional Layers for CO,/N, Separation,
Separation and Purification Technology, 305,
122476, 2023. https://doi.org/10.1016/j.sep-
pur.2022.122476.

[35] Kheirtalab M., Abedini R., Ghorbani M., In-
vestigation of Performance of Pebax/ Poly(vinyl
alcohol) Blend Membrane for Carbon Dioxide
Separation from Nitrogen, Journal of Applied
Research of Chemical-Polymer Engineering, 3,
55-71, 2020. http://arcpe.modares.ac.ir/arti-
cle-38-41646-en.html.

AO  roh = oo (it 63, o Gy (sl 4 o (Shbg Ry (oole aolilad

sk b 0558l slie sl



