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separation, sometimes a large compression train werlletquired, entailing  distinctive properties make PSF as an appropriate polymer for membrane

much higher power consunip than other technologies that produdgh developmen{40,41] Moreover, polyetheblock-amide (Pebax) is one of the

pressure C@ promising polymers for COgas separation. Pebax composes of polyether
Membrane performance depends on their inherent materials propertied?E) and polyamide (PA) fragments. PA is rigid and has a crystalline

Among various materials for membrane fabrication, polymers are reasonab#tructure, which can lead to the proper mechanical resistance. However, PE

candidates for C@capturing and natural gas sweetgnidue to their  shows high gas permeability primarily for @®ebax®1657 (40wt% PA and

sufficient advantages including lower fabrication cost, several modules desigg0Owt% PEO) is a unique matrix for GQasseparation process as a result of

(i.e., hollow fiber, plate and frame, spiral wound), great variety of materialsts high thermal stability and high G@ermeability[13,29,42]

and feasible changes in their physicochemical propdtigs In membrane In present study, the new TFC and TFN membranes were developed

gas sparation processes, both selectivity and permeability are the mostsing PSF, Pebax and POP patrticles to improve thes€l@ctivity over Chi

important parameters and their tradeoff was presented by Robeson upmerd N. Pebax andPebax/POP solutions were coated on the porous PSF

bound [10,15] Polymeric membranes travail from this treafé that support prepared via phase inversion method. TFC and TFN membranes were

sometimes restricted their usage in industrial lieppion [16,17] Thus, characterized through FTIR, FESERDX, TGA/DTG, DSC methods.

besides the polymers type utilized for membrane synthesis, several studig®reover, the TFC and TFNs performance in gas separation was studied and

have been focused on the membrateicture design. Among suggested  compared. In addition, the ability of each membrane in/CHy and CQ/N;

structures, TFN membranes consist of a thin dense layer filled bgeparation was tested and discussed in various feed pressures. Finally, the

nanoparticles which sported by porous bottom layer have gained more outcomes attained in this study were compared with further similar studies.

concern. The low resistance against gas transport in porous support and thin

selective layer could enhances the gases permeability in TFN membranes

[18]. In TFNs, the thin selective layer has a significane roi overall 2. Experimental

selectivity gained by membranes. To improve the selective layer of TFNs,

there are several available fillers categories such as carbon derived materidsl. Materals

metal organic frameworks (MOFE)9,20], zeolite[21,22], hypercrossdinked

polymers (HCPs[23-25], and covalent organic frameworks (CQE®] that Methylbenzene(99.8) monomer, 1,-8i chl oroet hane (D

can be used to embed within the polymer matrix that ultimately enhances tm®npolar solvent, formaldehyde dimettaylc e t a | ( FDA, 6 99.

performance of membrane. Dorosti et al. investigated the impactBT€e  linker, and anhydrous ferric chloride (Fe€@ 99 . 0%) cat al yze

as a filler on the Pebax®1657 gas separatiafopaance. Gas permeabilities from SigmaAldrich. Pebax®1657 powder as a continuouagehof selective

increased by inclusion of FBTC due to high Cgaffinity of filler. Nafisi and layer of membrane was purchased from Arkema (France). Polysulfone was

Hagg[27] investigated the pure GOCH,, N,, permeability via adding ZH8 provided from BASF (Germany) and used to fabricate the support of TFN.

particles into the Pebax matrix. The gas permeabilities increasedhand Solvents including ethanol (99.99%), dimetiigtim-amide (DMF) were

CO,/N; selectivity reached to 32.3 for Pebax membrane containing 35 wt. %btained from Merck Company.

ZIF-8. Mozafari et al[28] examined the TFN comprising PebaxMOFs

over PMP sublayer for G£ILH, selectivity. The C@CH, selectivity and also  2.2. Synthesis of POGBH;

CO, permeability were 39.8 and3.8 Barrer respectively, for modified TFN

membranes embedding 1.5 wt.% of U86-NH, at applied pressure of 700 To synthesize PGEH; via FriedelCrafts method, methylbenzene (0.02

KPa. mol, 1.84 g) and FDA (0.06 mol, 4.6 g) were added into 25 mL of DCE; drop
The quality of polymer/filler interface in TFNs and mixed matrix wisely. After stirring for 20 min, anhydrous FeQD.04 mol, 4.5 g) was

membranes could influence significantly on the efficiency of gas separati added under aitrogen environment which continued for 10 min. After 15

A poor quality of filler/polymer interface leads to the formation of microvoids min of stirring, the resulting reaction mixture was poured imt@atoclave

which act as noiselective medium for gas transport through the membrane(35 ml) and heated at 353 K for 1 day in an oven. After cooling to ambient

Neuromas studies have been performed to sdhis problem which  temperature, the obtained brown jellylike iseent was filtered by

ultimately terminateso the seveal approaches such as using coupling agentcentrifugation and then washed with methanol seven times. Consequently, the

[29.30], crosslinking of polymer§l7], using compatible fillers with polymers  precipitate was dried overnight at ambient condition and then purified by

[31], fillers functionalization32] and etc. Among them, incorporating fillers Soxhlet extraction in methanol at 348 K for 1 day. Eventually, the product

those compatible with polymers is more easy and auemeapproach. These was driedat 333 K in vacuum oven to obtain a black PCI; particles[43].

fillers such as metal organic frame work (MOF), covalent organic frame work

(COF) and porous organic polymers (POP) owing to their organic nature cah3. Preparation of modified TFN membranes

interact with polymer chains and reduce the possibility of microvoids

formation as an be possible. The PSF sublayer was synthesized via phase inversion procedure. A
A significant category of such materials is porous organic polymer (POPjlefinite amount of PSF was used to prepare a solution of 15 wt. % PSF in

with intrinsic characteristics such as high surface area and unique structuleMF solvent and then kept at stationary for 2 h to eliminate air bubbles. The

The formation of covalent bonds in POPs can result in thetmsaical final homogenous solution was casted on the clean glass plate with the

stability and pregnt the destruction and collapse the frameVj@8f. thicknesso# 00 em and then submerged in t
The effect of POP (2Ph) obtained from biphenyl monomer on gador solvent/nonsolvent exchange. Tperous PSF support membrane has

separation performance of polycarbonate (PC) was investigated by Jardondettached and dried 24 h in an oven at 313 K. The TFN synthesis was

al. [34]. The POP added into the PC matrix by 10, 20 and 30 anécthe conducted through coating a Pebax/PORGHN layer overthe porous

CO,, CH, and N permeability was measured for all MMMs. The support. First, a specific amount of synthesized 8Bk was added into

permeability of all studied gases increased as the POP increased from 10 tod#flonized water/ethanol mixture (30/70 w/w) and stirred for 5 hr to establish a

wt.%. The PC/2Ph (20 wt.%) MMM showed the bestBlp and CQ/CH, homogenous suspension. Afterward, the suspension was sonicated in order to

selectivity of 26.3 and 21.0, respectively. prevent particlesaggregation. Subsequently, Pebax polymer (5 wt. %) was
Soto et al. studied the gas separation performance of MMM comprisingdded into POP/solvent suspension. The uniform solution of 5 wt.% of Pebax
copolyimide  (copolymerized  from APAF and 4;40 found after 24 h stirring. To prepare TFN membrane, the porous PSF support

(hexafluoroisopropylidene) diamine (6FpDA)) and POP. The permeability ofvas immerged in the Pebax/P@Pi; solution for 5 mn and this was
all tested gases (i.e., GHCO,, N, H, and Q) increased as thmembrane  repeated for three times to acquire the Pebax/@B8Psuitable thickness.
embedded by POP particles. The CO2/N2 and/Cla), selectivities showed Finally, the Pebax/PGEH; coated PSF membrane was heated in an oven at
minor decreases. For J#H, and H/N, separations with membranes 313K for 12 hr. TFN membranes composition are tabulat@adlie 1
approaching the -dcfine[B5.Robesonés trade

POPs, with porous structure and surfad@usted cavitiegare privileged 2.4. PORCH; and membrargecharacterization
candidates to incorporate with the selective layer and consequently improve
the TFN membranes performance for efficient ,C&paration[36-39]. FTIR spectrometer (FTIR, Thermo scientific, USApas employed to
Another essential issue is that, similar to the traditionallayer membrane, explore the functional groups of P@m; TFC and modified TFN
the TFNs performace also is a great function of materials used in membranenembranes. The spectra were regularized in the wavenumber rangeiof 400
fabrication. Among studied polymers, polysulfone (PSF) is often preferred a4400 cmt. The BET analysis (Belspmini, Japan) was applied to investigate
it showed premiere gas permeability and selectivity, proper thermomechanictde textural properties of synthesized POP particles. Thermal gravimetric
resistance, low density, and good plasttian stability. Therefore, all these analysis/derivative thermo gravimetry (TGA/DTG, Mettler Toledo, USA) was

2
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used to study the membranes thermal stability. The TFC and TFN nareenb FTIR spectrum of each PGPH;, TFC and modified TFN membranes
were heated under nitrogen atmosphere in the temperature range of 20 °Cstomple was illustrated iRigure 1. The weak bond in the range of 2950'dm
700 °C with the rate of 10 °C/minIn addition, double scans of differential assign to the (G H) bond stretching of methyl group in P@m; [43]. For
scanning calorimetry analysis (DSC, Mettler Toledo, USA) were utilized byPSF, the adsorm bands between 1168 €rand 1325 cm refer to the S@
applying a Perkin EImeB000 differential scanning calorimeter. The TFN symmetric and asymmetric stretch; respectively. Peak at 132@ttributes
membranes samples were kept stable in an alumina pan and heated up to &5¢he (G O) stretching. In addition, peaks at 1380 camd 1583 cm relate
K with the rate of 10 °C/min. Subsequently, the membranes were cooleth asymmetrici(CHs) and (C=C); respective[44].
down to ambient temperature and then reheated to 250 °C agzen. To characterize PPPRK, as was expressed Pebax involves two PA and
morphology of synthesized P@FH; and also the prepared TFC and TFN PE fragments. Peaks at 870 tand 1122 cm are related to (C O1 C)
membranes was studied by means of field emission scanning electrgmoup bonds in PE and peaks at 1732'ggfer to carbonyl group (C=0) in
microscope (FESEM, MIRA3BTESCANXMU, Czech Republic). PA layer. As regards, the bandsL400 cm, 1645 and 3300 ctnare ascribed
to C N, H N C=0 and N H groandp s ;
2750cmtare associated to symmetric and
polymer; respectively. Furthermore, the peak at 3518 mnthe stetching
2.5. Gas permeation experiment refer to (Oi H) group in Pebax polymé45,46]
The physical properties of PGFH; in terms of total pore volume,
To investigate the separati@haracteristics of TFC and modified TFN surface area and pore size found from BET analysis are tabulafedla 2
membranes, the pure gas (i.e.,, CH, and CQ) permeation test was As can be seen ifiable 2 total pore volume, specifisurface area and pore
conducted at various feed pressure and temperature at 30 °C. The gasée of synthesized PGPH; are 0.163 crhg?, 151.06 Mgt and 4.32 nm;
permeability was determined utilizing Eq. 1 as follow: respectively.

273151010 adp
_— &

= @)
760" 76ATP ¢ dt -

|- OO

Table 1
The TFC and modified TFN membranes composition
where P parameter is the pure gases permeability in terms of Barrer unit, t-is

the thickness of membrane (cm), V is the vessel volume®)(ch Polymer (5wt.%)  Solvent (wt.%)
demonstrates the efficient membrane area?)cm parameter is the applied ~ Membrane ——————— ethanol/deionized .
pressure of feed and dp/dtpresents the gradient of pressure change Pebax  POP watero(70130
(mmHg/s). The ideal selectivity (C . wt.%)
PSF/Pebax 100 0 96 PP
L -3A8 @ PSF/Pebax_POBHs 99 1 96 PPPG1
ap_ o
¢ B= PSF/Pebax_POBH; 98 2 96 PPPG2
whereP, andPg are defined as pure gases permeability. PSF/Pebax_PORHs 97 3 96 PPPG3
PSF/Pebax_POBH3 96 4 96 PPPG4
3. Results and discussion PSF/Pebax_POBHs 95 5 96 PPPG5

3.1. Characterization of P@PH; ard modified TFN membranes
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Fig. 1. FTIR spectra of PORH3, PP, PPP@ and PPP&.
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Table 2
The results of BET analysis of P@FHs particles. FESEM used to survey the morphology of synthesized-€8fand also
TFC and TFN membranes to investigétte quality of PORCH; dispersion
Sample Seer (M? @) Viotal (CM® g7) Dy (nm) within the polymer matrix and the polymerffiller interfaéégure 2 shows the
PORCH: 151.06 0163 132 surface images of PGBH; and depicts the crosectionaimages of PP and

PPPCGX composite membranes with various ROH; incorporation.

L1=177.22 am

SEM KV: 150 kV wo: 991 mm | 114 SEM HV 15.0 kV WD: 12.07 mm
SEM MAG: 75.0 kx Det: SE 500 nm SEM MAD: 450 x Det: SE
View fleld: 2.77 ym  Date(midiy): 12/20/18 View flol: 461 Dato(m/dly): 118118

SEM HV: 15.0 kV WD: 11.00 mm
SEM MAG: 450 x Det: SE
View fleld: 461 ym _ Date(m/dly): 12/18/18

SEM HV: 15.0 kV WD: 11.02 mm
SEM MAG: 35.0 kx Det: SE

<&

SEM HV: 15.0 kV WD: 11.00 mm
SEM MAG: 100 kx

Fig. 2. FE-SEM images (a) surface of PA@is; (b) low magnification cross sectional of PP; (c) low magnification cross sectional of
PPPG3; (d) the crossectional quality of Pebax layer and PSF support for PBRE) a sample interface of POP and Reba
4
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The aspect and size of the fillers was similar to some extent, as it waB~C and TFN membrane samples which is related to solvent evaporation
observed by SEMHKigure 2a). POPCH; particles showed a morphology which continued to around 100°C. The second step which assigned to the
consisting on aggregates of sphshaped structures of different size and polymer chains degdation is different for synthesized membranes and as
roughness. According tBigure 2b,c, Pebax top layer was well coated on the Figure 4a shows the decomposition temperature of membranes filled with 3
PSF sublayer and created a deffree boundary. The Pebax layer thickness and 5 wt.% of PORCH; decreases compare to TFC membrane. In addition,
is much thinner than PSF one that can be utilized as a highly selective afidal decomposition of TFC and TFN membrane illustrated arazhtion
permeable layer for COpenetrant. The total thickness of membgane stage. In fact, these results demonstrated the proper thermal stability of TFC
consisting PSF sublayer and selective Pebax layer for PP and-FPPPGnembrane compared to TFN membrane with 3 and.% wt POPCH filler
membranes were 177.22 and 1-8étional6 [48m, respectively. The <cross
images of selective layer of PPBOmembrane are demonstratedFigure According to theFigure 4a, modified TFN membranes have been
2d. As can be observed, the interface @flayer and porous sublayer has an completely degraded in companisto the neat membranes, so that for the
appropriate pattern with no defect. Nevertheless, as P@p&ticles loading  membrane containing 5 wt.% of adsorbent occurred later than the membrane
is enhanced within the polymer matrix up to 5 wt.%, undesirable aggregatiocontaining 3 we®6 adsorbent degradation, so it can be concluded that

of PORCHj; were seen. In fact, particles loading of 5 wt.% is thegation increasing the concentration of adsorbent causes later membranesatie degr
point due to aggregation of particles which can lead to selectivity decline foand collaps§49,50]
TFN membrane$47]. The quality of polymer/filler interface in composite The DTG curve which is the derivative of the thermometer curve is

membrane has been known as a key parameter that influences on the ghswn inFigure 4. It also allows the maximum free fall temperaturg.{T
separation performana# membrane. An interface with no maeroid is a to be set at a fast rate, which is then given(Start) and T (hidden
proper morphology which improves the gas separation properties demperature). Althree temperatures change with changing test conditions.
membraneFigure 2e depicted a sample of polymerffiller interface of Pebax The surface below the DTG curve is proportional to the change in mass. DTG
and PORCH; which confirmed that there is an appropriate intsfexists courier height at any temperature will change the speed of mass at that
between them with no neselective voids as can be possible. temperature. It is noteworthy that the amount aefsrthat is affected by the

The SEMEDX was carried out to verify the presence of PCH in the membrane in the time and temperature unit has been increased by increasing
modified TFN membraneFigure 3 shows the SEMEDX results of the amount of PORH; adsorbent and the effect of heat changes on
synthesized POEBH;, PP, PPP@ and PPP& which represrted the synthesized PPR& membranes has been greater for adsorbent mixed matrix
existence of C, Fe, Cl, N and O elements in the membranes. membraneg51]. DSC was carried out to examine the thermal properties of

TGA was employed tdlustrate the thermal stability of the synthesized membranes in terms of crystallization temperaturg, (fielting temperature
membranes. Thermographs acquired for PRXP@embranes with 3 and 5 (Tm) and glass transition temperaturg)(TThe analysis was performed with
wt.% of PORCH; are displayed irfFigure 4a. TheTGA curves of TFC and  three replications and the average data wegerted.
TFN membranes consist of three stages. The initial decomposition stage of
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Fig. 3. SEM-EDX of PORCH3, PP, PPPG and PPP&.
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Fig. 4. (a) TGA curve of PP, PPRE, PPPG5. PPPG5; (b) DTG thermographs of PP, PRPX; PPPGS5; (c, d, e) DSC thermographs of PP, PFRC
PPPG5.

Ty and T, are a function of polperic chains and intermolecular the energy required for phase change. Th®flboth PEO and PA increases
interactions; respectively. The DSC thermograph for the PP, BP&wil for Pebax containing POP particles.
PPPG5 membranes are demonstratedrigure 4c-e. The thermal properties
including Ty and T, of some membranes are reportedTable 3 The Ty of
membraesdecreased frorrb0.1°C for PP t653.2°C and56.9°C for PPPC

Table 3
Glass transition and melting temperatures of TFC and selected TFN membranes.

3 and PPP@, respectively. Decreasing in fleflects the variation in polymer N S N
chains longrange mobility. It can be concluding that, owing to the low Membrane Ts(0) UpEatS) | Uwen(e)
mobility of synthesized PORH; and higler stiffness of these particles, the  pp 50.1 20.7 203.5
polymer chains mobility would restrict and the, Parameter of Pebax
containing POP membranes would decrgd6¢ Moreover, the DSC curves PPPG3 -53.2 28.5 202.3
show the melting temperature of membranes. It is evident that for an

PPPG5 -56.9 43 201.1

membranesthe T, of PA segment is higher than PEO one. The ibhteck
hydrogen bond in PA is responsible for highenithich ultimately increases
6
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3.2. Gas permeation study nucleophilicelectrophilic interaction among benzene ring and, €hances
the CQ permeability. According td-igure 5b, CQ/CH, selectivity is lower

The permeability measurement of £QH, and N gases was conducted than CQ/N, selectivity due to lower Npermeability in all neat TFC and TFN

at 30 °C and various applied feed pressure with three replications to examineembrane The embedded PGPH; particles improve the sorption properties

the permeation properties of TFC and TFN membranes. A series of gag all TFN membrane, especially for @O'hus, the interaction between £0

permeation tests were design to investigate the impact of both applied feedblecules and Pebax polar groups joined with €@ption by POFCH; with

pressue and PORCH; loading on the gas separation efficiency of TFC and CO, would increase the GIN, and CQ/CHj, selectivity.

modified TFN membranes. The properties of each studied gases are tabulated As can be seen ifrigure 5b, CQ/CH, gas selectivity for neat TFC

in Table 4 membrane at applied feed pressure of 2 bar was 10.01 and increased up to
11.25 for PPP& membrane. In addition, GO, selectivity for PP at feed
3.2.1. Effect of PORZH; pressure of 208Pa was 6%4 and increased up to 70.04 for membrane with

5 wt.% POPCH; loading. These results also confirm the proper compatibility
Figure 5a depicts the effect of P@PH; on gases permeability for all and adhesion between Pebax and the-BEI
TFC aad TFN membranes. As can be seen, embedding the porous organic
fillers into the membrane matrix can alter the permeation properties of 3.2.2. Effect of feed pressure
modified TFN membranes. The outcomes illustrated that the @13
permeability was higher than,Mind CH. The Kinetc diameter of the Figures7 and8 demonstrate the effect of feed pressomeCO,/CH, and
penetrants as well as the condensation property affect the rate of g&®.,/N, selectivity and gases permeability for TFC and modified TFN
permeability. Condensation is defined by the critical temperature and thmembranes. As can be observedrigure 7, the TFC membrane permeability
condensability means the gas interest to adsorb by polymer chains. As canfbe N,, CH, and CQwas increased from 218.1, 21.3 and 3.3 Barrer to 241.6,
observed inTable 4 CO, molecules are more condensable as an outcome 022.9 and 3.5 Barrer, rngscively; as the feed pressure increases from 2 to 10
the higher critical temperature than, Mnd CH. Therefore, C® gas bar. The permeability of all gases also show improvement at intermediate
molecules showed greater permeability thap ddd CH due to higher  pressure of 6 bar. The ,NCH, and CQ gases permeability for TFC
condensability and lower Kinetic diametg9]. Moreover, the riteraction membrane were improved to 230.2, 22.4 and 3.4 Barrer, resggctt 6
among quadrupole carbon dioxide and PA segment of Pebax can lead to thar. As regards, permeability of carbon dioxide raised for all TFN membranes
high CQ permeatior{10]. also showed ascending trend as the applied pressure enhances from 2 to 10
The affinity of other types of POP to adsorb £&fiolecules are reported bar. The PPPG permeability for C@raised from 310.6 Barrer at 2 bar to
previously. Sun et al. synthesized two benzoxazorgaining porous organi  322.8 Barrer at 6 aard this improvement continued to 348.4 Barrer by
pdymer (BPOPR1, BPOR2) by using Sonogashitdagihara coupling increasing feed up to 10 bar. The carbon dioxide concentration within the
reactions based on tetrahedral silie@mtered monomer and brominated polymer matrix increases by applying higher feed pressure which can results
benzoxazine. The existence of benzoxazine with oxygen and nitrogen atorirs plasticization effect. However, the,Nind CH perneablity for TFNs
in the network provided high GGorption[37]. Swn et al. also synthesized reduced as feed pressure increased. The permeability of-PR®O\, and
two ferrocenecontaining microporous polymers (FPQPand FPOR) by CH, decreased from 27.6 and 4.5 Barrer to 24.8 and 3.7 Barrer; respectively.
using Sonogashirelagihara coupling reactions of idlethynylferrocene N, and CH gases permeate through the modified TFNs with dominant
with tetrakis (4bromophenyl) silane or trighromophenyl) phenylsilane. The diffusion and theirpermebility decrease as the applied feed pressure
existene of ferrocene in the network can lead to high,@Ptake as a result increased. Higher feed pressure can lead to polymer chains compactness and
of the good interaction between electmich CO, gas and withdrawing thus confining the penetrant diffusion.
electron ferroceng38].
RegardingFigure 5a, pure CQ CH, and N gases permeability for neat
TFC membrane at feegresure of 2 bar were 218.1, 21.3 and 3.3 Barrer;
respectively and increased up to 310.6, 27.6 and 4.5 Barrer for-PPPCTable 4
membrane. All pure gases permeability demonstrated an increasing trerfiflysical characteristics of studied gafseg.
Increasing fractional free volume (FFV) of PRROmembranes daito the

filler addition, enhances the permeability, especially for the smalleflgas Gas Molecular weight  Kinetic diameter  Critical temperature
This increasing trend indicates interaction between nucleophilic property c @) A) C)
met hyl benzeneds -GHgamaetecrephilicipropgrty offGO P O RO: 44.01 33 31.2
Figure 6 represens the interaction among G@nd PORCH; particles which CHa 16.04 . o

accelerate the permeation of £thorough the TFN. As can be seen, POP
CHjs can improve the COpermeability via two scenarios. G@ith a lower N2 28.01 3.64 -147.1
kinetic size has more chance than,@lpath throug PCP pores and also the
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Fig. 5. Effect of embedded PGEHz on N, CHs and CQ permeability and also on GM2 and CQ/CHs selectivity at 30°C and pressure 2 bar &ir
synthesized membranes.
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Diffusion through POP pores.

§ Pebax Selective layer
on PSF substrate
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Fig. 6. Schematic representation of interaction among &@ POFCHz in TFN membranes
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Fig. 8. The effect 6 applied pressure on GOCH4 and CQ/N: selectivity of TFC and modified TFN membranes.

The permeability is the multiplication of solubility coefficient and efficiency of TFC and modified TFN membranes for£&f@s separation from
diffusion coefficient. According to the dual sorption model, the diffusion N, gas. AsFigure9depi ct ed, the i mprovement ¢
coefficient reducesdue to compactness of polymer chains before the depends on feed pressure and the loading of embedded POP partidies. Bot
plasticization effect[2,29]. The amount of C@sorption is increased by factors have synergetic effect on &K, selectivity and C@ gas
applying higher feed pressure. In fact, the competition between@QP permeability. It can be observed that, adding the POP incorporating within the
intensity to sorb C®and polymer chain compactness which hisdte Pebax along with rising applied feed pressure make condition to overcome the
penetrant diffusion consequences to the highes @®meability and on the Robeson bound in GIN, separatia.
other hands, prevents the &hd CH permeation. Therefore, the trend of pure
gas permeability illustrated that the €6brption by PORCH; has greater
influence on C@permenbility at higher feed pressure. 4. Conclusions

Figure 8 illustrates that the C#N, and CQ/CH, selectivities also
enhanced by enhancing the applied pressure for all TFC and TFN membranes. A TFN membrane comprising selective Pebax layer filled with 2B
The CQ/CH, and CQ/N, gases selectivities for PP membrane were 10.01supported by polysulfone was fabricated to specify the effect ofG@P
and 65.54 82 bar respectively. The GIN, and CQ/CH, gases selectivities incorporation on the characteristics and gases separation efficiency of the
for PPPC5 enhanced from 11.25 and 70.04 to 12.04 and 75.73, respectiveynthesized membmnas. Outcomes indicated that the uniform particle
as the applied pressure enhanced from 200 tok&@0 The best selectivity dispersion was obtained with proper interface quality. This proper interface
achieved at applied feed pressure of 10, lim which the CQCH, and results from the strong interaction between POP particles and Pebax chain as

CO,/N, gases selectivities enhanced to 14.04 and 94.16, respectively. described in FTIR analysis. Incorporating the PCH% within the Pebax top
layer causes high GTH, and CQ/N; selectivity and C@gas permeability
3.2.3. Gas separation performance as a result of the strong affinity of P@; toward polar C@ gas. The

permeation attributes of all membranes were studied in the applied feed

The ability of different fillers for CgICH, and CQ/N, gases separation pressure rangef 21 10 bar. The permeability of TFC membrane for 80,
is tabulated inrable 5 According to the exhibiétd cata, as various fillers were and CH were enhanced as the applied feed pressure increased and reached to
added to polymer matrix, pure gases permeability and selectivity improved41.6, 22.9 and 3.5 Barrer, respectively at applied feed pressure of 10 bar. A
and all studies demonstrated atradé f r el at i onshi p b similareasgendingh teendpwas seerg fors TrBembranes and the gases
selectivity and permeability. As can be observed fiahle 5 the sepaation permeability increased at higher applied feed pressure. The best selectivity
efficiency of all membrane is a great function of polymer type, fillers andand permeability were obtained at 5 wt.% loading of f&R for all tested
process condition. Usually, the membranes with appropriate selectivity angases. The CZN, and CQ/CH, selectivity of TFN membranes enhanced
high permeability are more attractive for industrial application. Based on théom 10.55 ad .02 to 14.04 and 94.16, respectively; at applied feed
data presented ifiable 5, the best efficiency obtained in this work was the pressure of 10 bar by enhancing POR; loading to 5 wt.%. The results of
CO, permeability of 348.4 Barrer and the @R, and CQ/CH, gases  CO,/N, separation performance were compared with Robeson upper bound. It
selectivity of 94.16 and 14.04, respectively; all at applied pressure of 10 bavas concluded that the increment in POP loadiregplying higher applied
and temperature of 30 °C. pressure made a condition to overcome the Robeson bound.

Figure 9 represents the Rebonbound in C@N, separation and the

Table 5
A comparison between the gas separation performances of modified TFN membranes with some selected works
: Loading Condition Pcoz Pcha Pn2 Pcoa/Pcha  Pcoa/Pnz
Polymer Filler _ Ref.
(wt.%) P (bar) T (C) (Barrer) (Barrer) (Barrer)
20 3 25 98.32 4.43 22.2
Peba¥1657 FeBTC - - [27]
40 3 25 425. 34.6 12.3
PebaxX¥1657 Glycerol 15 10 25 50.42 - 0.82 - 61.5 [33]
UiO-66 2 369.3 11.8 31.3
PMP/Pebax 7 25 - - [52]
UiO-66-NH2 15 393.4 9.9 39.8
PORCHs 1 244.2 23.2 3.5 10.52 69.77
PSF/Pebax 10 30 This work
PORCHs 5 348.4 24.8 3.7 14.04 94.16
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